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HEIGHTENING THE LAGES 
DAM, RIO DE JANEIRO. 


Tue Lages Dam, situated at Ribeirao das Lages, 
about 44 miles north-west of the city of Rio de 
Janeiro, is owned by the Rio de Janeiro Tramway, 
Light and Power Company, Limited, which is an 
operating subsidiary of the Brazilian Traction, 
Light and Power Company, of Toronto, Ontario, 
Canada. The reservoir formed by the dam is at 
1,250 ft. above sea level and lies within the munici- 
palities of Sao Joao Marcos and Pirai. In the course 
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of the years 1905 to 1907, the Government of the 
State of Rio de Janeiro, granted the operating com- 
pany the right to store, and to utilise for hydro- 
electric development, the water of the Lages River 
and part of the waters of the Pirai River. The 
construction of the original Lages Dam was started 
in December, 1905, and completed in July, 1908. 
It is a concrete structure 32 m. high and formed a 
lake with a useful storage capacity of 182 million 
cubic m. of water (147,530 acre-ft.). The original 
power-house installation consisted of six units with 
a total rated capacity of 24,000 kW, but capable of 

















Fie. 1. 


GenERAL VIEW oF OrniGInaL Dam, June, 1938. 











Fia. 2. 





DOWNSTREAM Face oF HEIGHTENED Dam, JuNnzE, 1948. 


carrying 36,000 kW when operating under heavy 
overload. 

Some seven years after the plant had been 
started up, additional water was brought into 
the Lages reservoir from the Pirai River, by means 
of a tunnel 8-43 km. long, and further units were 
added to the power plant; in 1913, the installed 
capacity was 63,000 kW. The power derived from 
the water impounded by the Lages Dam, supple- 
mented by the output of smaller plants, was suffi- 
cient for the requirements of the City of Rio de 
Janeiro and the vicinity for many years, but 
increasing population and industrial activity ulti- 
mately called for additional supplies and between 
the years 1922 and 1924 an additional power house 
was built at Ilha dos Pombos, on the Paraiba River, 
and connected to the same system. This was a 
run-of-the-river plant, without storage, operating 
under a head of about 32 m. It had an initial 
capacity of 46,000 kW, but this was later increased 
to 123,000 kW by raising the operating water level 
and adding more machines. Additional power was 
furnished to the system as a whole by the addition 
of a 35,000-kW unit to the Lages plant in 1939, 
bringing the total installed capacity up to 221,000 
kW ; under the most severe drought conditions, 
the plant was capable of an output of 159,700 kW. 

This was the situation at the beginning of the 
war, in 1939, but at that time the load was rapidly 
increasing and it was necessary to arrange for 
additional supplies. The run-of-the-river plant was 
operated continuously during wet seasons, but a 
critical situation arose in drought years, two, or 
even three, of which might come in succession. It 
was considered that the situation would be met most 
satisfactorily by constructing an entirely new plant 
in the neighbourhood of Rio de Janeiro, but war 
conditions made this impossible; the stipulations 
attaching to a new concession and the difficulties 
attaching to the financing of such a project by 
foreign companies ruled out any solution of this 
kind. It was accordingly decided to increase the 
capacity of the Lages plant to the greatest possible 
extent by increasing the height of the dam, leaving 
the utilisation of new sources of supply to more 
favourable times. 

To assist in meeting the present-day demand, a 
final 43,000-kW set is now being installed at the 
Ilha dos Pombos run-of-the-river plant, bringing the 
total capacity up to 166,000 kW, but the most 
interesting part of the work undertaken, and the 
main subject of this article, has been the raising 
of the Lages Dam to almost double its original height. 
When the workis finally completed the useful storage 
behind the dam will have been increased from 182 
million cubic m. (147,530 acre-ft.) to 1,052 million 
cubic m. (852-757 acre-ft.). The storage under 
the two conditions is equivalent to an output of 
112,800,000 kWh and 738,400,000 kWh, an increase 
of over six times. The work, largely carried out 
under difficult conditions created by the war, has 
included the construction of two tunnels 6-15 m. 
in diameter and 2,100 m. long, and the perforation 
of the old dam by two large intakes to connect to 
these tunnels. Three 35,000-kW units, each capable 





of carrying 42,000 kW on overload, have been 








original 8-ft. diameter feeders leading to the power 
house have been carrying nearly three times the 
flow for which they were designed. 

The original Lages dam is a concrete gravity 
structure founded on sound unweathered gneiss. 
It is built in the form of a circular arch in plan, 
with a radius of 100 m. (328 ft.) at the upstream 
face. The length at the crest is 234 m. (767 ft.) 
and the centre portion is occupied by a spillway 
134 m. (439 ft.) long. The crest of the spillway is 
at El. 404 m. and that of the remainder of the dam 
at El. 407-5 m. The maximum height above the 
river bed is 32 m. (105 ft.) and the maximum base 
width is 36 m. (118 ft.) at El. 369m. The dam con- 
tains about 68,000 cub. m. (88,940 cub. yd.) of 
concrete. A view of the original dam, prepared 
from a photograph taken from below the east abut- 
ment on June 3, 1938, is given in Fig. 1, on page 1. 
A schematic sectional elevation and a plan showing 
the general lay-out of the works are given in Figs. 3 
and 4, on this page. The arrangements shown 
include the later extensions; the tunnels shown 
in the upper part of the plan carry the extra water 
provided by the heightening’ of the dam. The 
original connection between the dam and power 
house was furnished by two 8-ft. diameter pipes 
which are marked ‘‘ feeders” in Fig. 4. An intake 
was situated about 150 m. (492 ft.) upstream from 
the dam and about 55 m. (180 ft.) from the shore. 
At the discharge end, the feeders were connected to 
penstocks leading to the power house, about 2 km. 
to the east. 

The total capacity of the plant has been increased 
in stages as the height of the dam has been increased, 
the greater storage permitting larger volumes of 
water to be drawn off through the original feeders. 
When the reservoir level had risen from El. 404 m. 
to El. 420 m. a second 35,000-kW set was installed in 
the power house, and later a third set of the same 
capacity was added. A diagram showing the gross 
and useful capacity of the reservoir in terms of 
the height of the dam is given in Fig. 5, and the 
actual variations in the water level as the dam has 
gradually been increased in height between the 
years 1941 and 1948 are shown in Fig. 6. When 
the whole scheme is completed, the firm power of 
the system will be raised to 243,300 kW. 

After the decision had been made to raise the 
height of the dam by 28 m. (92 ft.), various schemes 
were considered and it was finally decided to rein- 
force the original structure by means of radial 
buttresses launched apainst the old downstream 
face. In working out the details of the composite 
structure which would result, it was recognised that 
a concrete gravity dam, in spite of its great mass, 
may have a low factor of safety owing to the 
deformation of the underlying rock formation. It 
was suggested that the influence of this elastic 
behaviour is frequently neglected in the analysis of 
gravity-dam design with the result that average 
values of stresses are found. Actual maximum 
tresses may be considerably greater, those at the 
downstream toe of a gravity dam sometimes ap- 
proaching the permissible limit for concrete. A 
gravity dam frequently considered as a plain struc- 
ture is actually a structure stressed in three dimen- 
sions. 

Artificial cooling of the concrete and the use of 
low-heat types of cement are now common practice 
for large gravity-dams in order to produce a mono- 
lithic structure without either longitudinal or trans- 
verse cracks. As special cement could not be ob- 
tained for the work, and in order to avoid the 
necessity for artificial cooling of the concrete, the 
design adopted for heightening the Lages dam made 
use of counterforts, or buctresses, with prismatic 
heads. The arrangement is shown in Figs. 7 and 9, 
on this and the opposite pages, the former being a 
cross-section between buttresses and the latter a 
partial horizontal section. The main buttresses, in 
the centre of the dam, are spaced at 15 m. (49-2 ft.) 
centres measured on the upstream face, and have a 
maximum thickness of 5 m. (16-4 ft.) ; the buttresses 
nearer the extremities are spaced at 8 m. (26-2 ft.), 
measured on the upstream face, and have a maxi- 
mum thickness of 3-9 m. (12-8 ft.). A plan of the 
arrangement is given in Fig. 8, opposite, and a view 
of the downstream face of the dam prepared from a 
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photograph taken on June 30, 1948, is given in 
Fig. 2, on page 1. 

The spacing of the buttresses was chosen 80 as 
to fit the dam to the ground with the least expendi- 
ture of concrete. Ordinary Portland cement was 
used, but two-dimensional stress computations 
indicated that with the thicknesses of concrete 
employed, there was not likely to be any cracking 
on account of excessive hydration heat. The 
stress considerations kept in mind in the design 
of the prismatic heads eliminated any necessity 
for reinforcing steel. By varying the angles of the 
heads and changing the thickness of the buttresses, 
both the heads and the buttresses were adjusted 
to correspond with the maximum water pressure. 
This procedure resulted in a saving of 35 per cent. 
of concrete on the quantity required for an equiva- 
lent gravity dam. The 35 per cent. represented 
42,000 cub. m. (54,500 cub. yds.). The factor of 
safety against sliding determined the downstream 
slope of the buttresses, but additional security 
against sliding was provided by dentating the con- 
tact surface of the gneiss foundation. For practical 
constructional reasons, it was necessary that the 
upstream face of the raised portion of the dam 
should be vertical, but, apart from this, an inclined 
upstream face would have reduced the factor of 
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safety against sliding, as the underlying rock forma- 
tion slopes in a downstream direction. 

Before describing the work of raising the dam, it 
should be said that the original intake, the position 
of which is shown in Fig. 4, was a concrete structure 
containing six electrically-operated steel gates for 
regulating the flow into the twin 8-ft. diameter 
riveted steel feeder pipes which conveyed the 
water to the valve house 1,700 m. (5,580 ft.) away. 
The valve house is indicated in Figs. 3 and 4. To 
carry the much larger volume of water which would 
be available after the dam had been raised, and for 
which the original 8 ft. feeders were inadequate, the 
extension scheme included the construction of two 
pressure tunnels connecting the reservoir to the 
valve house, as shown in Fig. 4. When the first 
of these tunnels had been completed, the original 
intake was sealed off. As will be seen from Fig. 4, 
the 8-ft. feeder pipes connected to the reservoir at 
a point some distance to the north of the dam. 
Drilling was carried out in this area to ascertain the 
nature of the rock formation and it was found that 
this was unsatisfactory from the point of view of 
foundations for the ure tunnels. It was 
accordingly decided to locate the new intake in the 
body of the dam, and at a lower level than the old 
one, to permit of greater utilisation of the storage. 
This arrangement necessitated tunnelling through 
the dam, the cutting out of chambers for the intake 
gates and the provision of connection to the pressure 
tunnels. This part of the scheme will be described 
later in this article. 

Work on the heightening of the dam was started in 
November, 1940. The first procedure was the con- 
struction of a concrete platform at El. 413 m. on the 
crest and upper part of the downstream face, near 
the east end. This platform carried the crushing, 
screening and mixing plant antl the rock bins; 
it can be seen in the general view given in Fig. 13, 
on page 12, which shows the condition of the works 
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in February, 1941. The old intake, with the bridge 
connecting it to the shore, can be distinguished in the 
upper left-hand corner of this figure. In order to 
store as much water as possible during the construc- 
tion period and to avoid overspilling, which would 
have interfered with the tunnel work at the bottom 
of the downstream face, the work of raising the crest 
was proceeded with in advance of the supporting 
buttresses. A concrete wall 50 cm. (1-64 ft.) 
thick and 1 m. (3-28 ft.) high was built along the 
entire crest of the spillway and flush with the old 
upstream face. A trestle supporting a narrow- 
gauge track and carrying guy derricks was built 
behind this wall at El. 416-5m. A series of piers 
was then built up to El. 416 m., the piers being 
situated on the centre lines of the future buttresses. 
Curtain walls, 3 m. (9-8 ft.) thick, were built between 
the piers. Where the latter rested on the sloping 
downstream face of the dam, notches were cut in 
the old concrete, and stee] dowels were grouted in 
to improve the bond. The piers later became the 
upper parts of the buttresses and their sides were 
formed with keys. The downstream faces of the 
piers and of the curtain walls were built in the form 
of teeth, the faces of which were normal, or parallel 
to, the line of the thrust which would ultimately 
have to be carried by the finished buttresses. The 
arrangement is shown in the section given in Fig. 10, 
on this page, and a general view of the works as 
they appeared in December, 1941, is given in Fig. 14, 
on page 12. This shows the piers and curtain 
walls at an early stage of construction. The tooth- 
form of the downstream faces can be seen and also 
the keys on the side of the pier which had been 
built at that stage of the work. A later view, 
showing the progress made by July, 1942, is given 
in Fig. 15, on page 12. At that time the lower 
parts of the largest buttresses had been built. 
A system of pipes was embedded in the concrete 
work to enable grouting of the contact surfaces 
between the piers, curtain walls and buttresses 
to be carried out later. 

The curtain walls were provided with expansion 
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joints spaced half-way between the centre lines of 
the buttresses. One face of each expansion joint 
was coated with 5 mm. (# in.) of hot pitch and tar 
paper. Each joint had four transverse seals con- 
sisting of one rubber strip 23 cm. (9 in.) wide by 
lcm. (# in.) thick ; one copper strip 30 cm. (11 in.) 
wide by 1-6 mm. (% in.) thick; and two 14 cm. 
(5$ in.) square vertical wells which were later filled 
with hot pitch. The expansion joints extended 
down to the crest of the old dam. During the time 
that the work of raising the crest of the dam by 12 m. 
to El. 416 m. was in progress, excavation of the 
upstream ends of the two pressure tunnels, immedi- 
ately adjacent to the foot of the old dam, had pro- 
gressed to the point at which blasting in the tunnels 
would no longer interfere with the construction of 
the buttresses; work on these was accordingly 
started in December, 1941. The foundations were 
cleaned off down to solid rock and were cut out in 
rough steps, as shown in Fig. 7, opposite. Several 
test holes were drilled in the foundation of each 
buttress to a depth of from 4 to 6 m. and were tested 
with water at 100 Ib. per square inch without any 
serious leakage being disclosed. Provision was made 
for grouting these holes later and construction of the 
buttresses was put in hand. 

To prevent any separation at the contact plane 
between the buttresses and the old structure, which 
might have resulted from cooling and shrinkage of 
the concrete in the buttresses, or from ¢ i 
stresses in the old dam, the upstream face of each 
buttress was separated from the downstream face 
of the dam by two continuous cells extending from 
the base to the top of the original structure. These 
cells represented about 85 per cent. of the area of the 
buttress faces. Their arrangement is shown in 
Figs. 10, 11 and 12, on this page, the two latter being 
horizontal cross-sections through buttress and dam 
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and showing the form of the cells and the ribs 
between them. The arrangement of the reinforcing 
dowels is shown in these figures. A system of grout 
pipes with outlets on the upper faces of these cells 
was embedded in the concrete for grouting after the 
cells had been filled with concrete. Fig. 15, page 12, 
which has already been referred to in connection 
with the piers and curtain walls, shows work pro- 
ceeding on the construction of the larger buttresses. 

In the early part of 1944, after the concrete in 
the buttresses below El. 404 m. had had time to 
finish cooling and shrinking, the cells were filled 
with concrete. The state of the work at this period 
is shown in Fig. 16, on page 12, this illustration 
having been prepared from a photograph taken in 
January, 1944. The platform on the left carries a 
75-ton derrick used in connection with the piercing 
of the old dam to make connection with the pressure 
tunnels and the structure on the right is a gate tower. 
These items in the scheme will be referred to in more 
detail in a later section of this article. About a 
year after they had been filled with concrete, the 
cells in two of the buttresses were grouted when the 
water in the reservoir was standing at between EI. 
414m. and El.415-5m. The cells in the remainder 
of the buttresses have not yet been grouted. The 
work will be carried out later, at a low stage of the 
Teservoir. 

While the buttresses were being concreted above 
El. 404 m., work on the piers and curtain walls 
for the full length of the crest was being carried on 
in order to keep ahead of the wet season maximum 
water level in the reservoir. The last section of the 
curtain wall along the crest reached El. 416 m. in 
November, 1942, and the water level rose to El. 
414 m. in April, 1948. The next stage brought the 





piers and curtain walls up to El. 423 m., this height 
being reached in June, 1944; the water level had 





4 


ENGINEERING. 


JULY I, 1949. 








risen to El. 420 m. in March of that year. The 
relation between the height of the dam and the 
seasonal maxima and minima of water level is shown 
in the diagram reproduced in Fig. 6, on page 2. 

The work of raising the dam proceeded without 
untoward incident until February, 1948, when 
construction was stopped. At that date, the struc- 
ture had been completed up to El. 426 m., a total 
amount of 118,400 cub. m. (154,850 cub. yds.) 
of concrete having been placed. Reasons of 
economy dictated the temporary stopping of the 
work at this stage. The water in the reservoir 
will not rise above El. 422 m. until 1951, when 
additional supply arrangements by means of 
pumping are scheduled to go into operation. The 
unfinished portions of the work will then be com- 
pleted. In the meantime, cut-off walls have been 
extended well into the hillsides at the ends of the 
dam, and two emergency spillway openings, each 
7-5 m. (24-6 ft.) wide, have been left near the middle 
of the structure. During the progress of construc- 
tional work, the sills of these openings were kept 
about 2 m. above the expected wet season maximum 
water level. The sills are now at El. 423 m.; they 
will be closed completely when the dam is finished 
and a separate spillway structure will be built to 
discharge into a nearby secondary valley. 

The cement used for the concrete for this important 
work was manufactured in Brazil. The bulk of 
the aggregate was obtained from material excavated 
from the tunnels. This was crushed and screened 
to three sizes: coarse stone passing a 3 in. screen 
and retained on a | in. screen; fine stone passing 
a 1 in. screen and retained on a j in. screen; 
and artificial sand from a hammer mill, passing 
a #in. screen. About 3 per cent. of the sand would 
pass a 200-mesh sieve. The sand was sampled 
several times a day and the percentage passing 
different sieves kept within prescribed limits by 
regulating the breaker plates of the hammer mill. 
Materials for the concrete, including the water, were 
batched by weight. The mix for the main work 
required 150 kg. of cement per cubic metre of 
concrete (250 Ib. per cubic yard) and a water-cement 
ratio of 1-0. The average strength in compression 
after 28 days was about 2,100 lb. per square inch. 
The mix used for the curtain walls required 189 kg. 
of cement per cubic metre of concrete (317 lb. 
per cubic yard), and a water-cement ratio of 0-96. 
The average compressive strength after 28 days 
was 2,800 Ib. per square inch. The concrete was 
usually deposited directly in the forms from 
bottom-dump buckets handled by derricks, but 
sometimes it was deposited at the lower levels 
through 12-in. steel-pipe chutes. At the end of a 
day’s run, the surface of the concrete was left on 
a slope of about 5 to 1, with the high part at the 
downstream end, keys being left in the sloping 
surface. Before fresh concrete was placed on a 
hardened surface, this was roughened by chipping 
with pneumatic hammers, cleaned by compressed 
air and a water jet, and slushed with cement mortar. 


(To be continued.) 





SoutTH-East LONDON TECHNICAL COLLEGE.—Sir 
Arthur Fleming, C.B.E., who distributed the prizes 
and certificates for the 1947-48 session to the students of 
the South-East London Technical College on Thursday, 
June 16, gave in his address, a number of examples of 
the help given by research associations to small firms in 
the solution of special problems ; though, he pointed out 
that, by referring such researches to the associations, the 
firms missed the great benefit of doing the work them- 
selves. Nevertheless, the co-operative effort of the 
associations had been of the greatest value to British 
industry in providing a steady flow of new knowledge, 
more up to date than could be found in text-books. 
Discussing the place of young men in industry, Sir 
Arthur said that, over a long experience, he had found 
that their college and works training usually represented 
their sole stock-in-trade for seven to ten years after its 
completion ; only after that interval did they disclose 
their personal characteristics, snvh as a special aptitude 
for leadership or administration. Those who had merely 
scraped through their examinations therefore, should 
take heart; they might develop later. In a previous 
speech, the Principal of the College (Mr. F. H. Reid, 
B.Se.(Eng.), M.I.Mech.E.), stated that it now contained 
over 4,000 senior students, and the need for further 
extensions of the premises and facilities had become 
acute. 





CAL DICTIONARIES. 
By P. E. Errxson, M.1.E.E. 


THE interchange of technical information between 
nations depends in no small measure upon accurate 
translations, which can only be done by fully 
qualified translators, aided by technical dictionaries. 
The word dictionary is here used in a broad sense, 
including works which only give the equivalent of a 
word in another language as well as those in which 
the word is followed by a definition or a descriptive 
text. There is no lack of technical dictionaries, but 
the trouble is that few of the more important ones 
are up to date: the rapid progress of science 
and technology brings forth new discoveries and 
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inventions, for which new terms and expressions | P' 


are needed. On the other hand, the preparation of 
dictionaries is a slow and exacting procedure, which, 
particularly in the case of multilingual text, may 
take years to complete. Some translators resort to 
the expedient of compiling private lists of new 
words, but even so may encounter the difficulty 
that a newly coined word may not have an equi- 
valent in other languages. In this article the author 
Offers some comments and suggestions regarding the 
planning of technica! dictionaries. 

A recent survey of 50 technical dictionaries has 
brought to light some information which may be of 
interest. The majority of them (80 per cent.) were 
published before 1939 and of these 35 per cent. 
comprise three or more languages. Generally 
speaking, these dictionaries are largely devoted to 
heavy engineering and technology. One notable 
exception in this category is the Vocabulaire Télé- 
phonique International on telecommunication, pub- 
lished in 1938 by the Comité Consultatif Inter- 
national Téléphonique. Prominent among the multi- 
lingual dictionaries are those compiled by Dienhardt- 
Schlomann (1910) and Schlomann-Olderbourg 
(1920), which together cover practically the whole 
field of civil and mechanical engineering. In 1928, 
Schlomann brought out a companion volume on 
electrical engineering and electro-cHemistry. The 
languages included are English, French, German, 
Italian, Russian and Spanish. The most valuable 
feature of these works is that, wherever necessary, 
illustrations of the objects described are inserted in 
the text. 

Another eminent work in this class is the Diction- 
naire Technique Illustré, in Dutch, English, French, 
German, Italian and Spanish, which was started in 
1932 under the auspices of Association Internationale 
Permanente des Congrés de Navigation. The 
Association appointed experts from academies and 
institutions in the countries concerned to serve as an 
editing committee. The members of this committee 
gave theirservices gratuitiously, but the cost of publi- 
cation was borne by the Association. The whole work 
was planned to comprise 15 volumes, each dealing 
with a particular phase of the maritime art. Up to 
1939, five volumes were published. As these volumes 
give a fair picture of this ambitious scheme, the 
names, titles and year of issue are worth recording. 
Vol. IT. Streams, Rivers and Canals (1939) ; Vol. VII. 
Ports (1938); Vol. VIII. Locks and Dry Docks 
(1936); Vol. X. River Weirs (1934); Vol. XII. 
Maritime Signals (1937). It was part of the plan 
that each volume should be published as soon as it 
was completed, regardless of the assigned sequence 
number. Of its kind, this dictionary is an excellent 
production and has the added advantage of being 
fully illustrated. It is to be hoped that the work 
will be successfully completed. 

The survey further disclosed the fact that, prior 
to the war, relatively few bilingual dictionaries 
were published. One might infer that the existence 
of many excellent multilingual dictionaries during 
that period made the production of bilingual dic- 
tionaries somewhat redundant. The post-war 
tendency, however, appears to favour the latter 
class of dictionaries. It is appreciated that such 
dictionaries can be produced much more quickly 
and at less cost than multilingual ones ; also, that 
time is an important factor when new words and 
expressions are to be caught in flight, so to speak. 
Without listing the ten bilingual dictionaries 
examined, it may be said that, with one exception, 
they were all published since 1944 and the majority 





are of good quality. They are restricted, however, 
to English, German, Italian, Polish, Spanish and 
the Scandinavian languages, and only one of them 
gives any illustrations. 

Reference was made above to dictionaries com- 
piled by international associations. There is a good 
deai to be said in favour of this method. Experts 
from various countries, who are members of such 
bodies dealing with technical problems, meet 
periodically to discuss them at international con- 
ferences. It is suggested that advantage could be 
taken of such occasions to consider the advisability 
of preparing technical dictionaries on the subjects 
with which the particular body is concerned. For 
example, it is conceivable that the World Power 
Conference could appoint a committee for that 
urpose, much along the lines of the action taken 
in 1932 by the International Navigational Associa- 
tion. Another method would be that the major 
technical institutions of the more advanced coun- 
tries might co-operate in the production of up to 
date dictionaries. Each institution could appoint 
some recognised authority to deal with his subject 
in collaboration with his opposite number in the 
technical society in the other countries participating 
in the work. 

The relative merits of multilingual and bilingual 
dictionaries are frequently discussed. Apart from 
the question of cost, which has to be balanced 
between, say, one six-language dictionary and six 
bilingual ones, other considerations arise. One 
very important requirement for a dictionary is that 
of easy reference. The big polyglot dictionaries are 
very useful as final arbiters, but the busy translator 
needs a quick method of finding the word he needs. 
Owing to the double entries in the make-up of dic- 
tionaries of this kind he is obliged first to look for 
the required word in the alphabetical index and then, 
by means of a number or page reference, locate it in 
a separate subject section. In the very nature of 
things the illustrated, encyclopedic form of such 
works tends to be rather bulky. The experienced 
translator usually finds it more convenient to use a 
bilingual dictionary and to consult the multilingual 
one in doubtful cases. 

From the translator’s standpoint, a good technical 
dictionary should fulfil the following requirements. 
It should give, as far as possible, an ample choice of 
alternative meanings, since the same word can 
have entirely different meanings in different branches 
of the art. The gender of a noun should always be 
indicated. For the benefit of those who are not 
skilled linguists, but may have occasion to consult a 
technical dictionary, it would be an advantage if 
past participies of verbs were given in the alpha- 
betical index. Such participles are sometimes used 
as nouns and can have a slightly different meaning 
from the original verb. All dictionaries should give 
a comprehensive list of abbreviations in common 
use. Many of them only give the particular abbre- 
viations used in compiling the dictionary, but omit 
those in general use. Even the most talented 
translator cannot be expected to know the signifi- 
cance of a multitude of abbreviations used in other 
countries. The larger encyclopedic dictionaries 
should adopt the practice of the main general 
dictionaries (such as Harrap’s French-English and: 
English-French dictionaries) which give illustrative 
phrases and idioms. A word is often used in an 
idiomatic sense which is not clear from the context 
nor from a mere dictionary definition. The com- 
pilers of some otherwise excellent dictionaries use a 
cross-reference method which tends to slow down 
translation work. An example will illustrate its 
demerits. A translator wants to find, say, the 
English word for the German Grindholz. On look- 
ing up that word he finds the legend: see Faulbaum, 
which, after a further search, he finds.is the Black 
Alder. It is suggested that a better method would 
be to put: Grindholz—Black Alder (see also Faul- 
baum). 

A recently published work in two languages illus- 
trates some of the points referred to above. It is 
called Technisches Englisch by Henry G. Freeman 
and was published in Essen 1948 (Vérlag W. Girar- 
det) with the approval of the Controt- Commission. 
Tf is, in fact, not only a technical dictionary, but 
also a text-book intended to teach technical English 
to German students. In some 300 octavo pages 
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the author has ‘brought together a comparative 
English-German grammar, alphabetical lists in 
English and German of the more common engineer- 
ing terms and selected articles in both languages, 
reprinted from English and German technical books 
and journals. On looking up a particular word in 
the alphabetical list, the reader finds a reference to 
a particular page, on which there is an article dealing 
with the subject in question. Say that he wants 
the English word for Werkzeugmaschine. The 
alphabetical list gives him Machine Tool and refers 
him to page 195, on which there is an article on 
Machine Tool Practice. This article, which is con- 
tinued on page 211, is in fact an abstract from an 
article on that subject, published some time ago in 
ENGINEERING. 

The student is expected to translate an article 
of this kind, guided by a footnote vocabulary. In 
this task he is assisted by numerous exercises, to 
which the correct texts are given elsewhere in the 
book. A list of internationally recognised engineer- 
ing terms and symbols is given, as well as articles 


in English and German on the subject of industrial | ~ 


standardisation. It is not suggested that this 
method should be adopted en bloc in compiling 
technical dictionaries, but certain features might 
profitably be used in modified form. 

The same author and publisher have also en- 
riched German-English translation aids by three 
works of considerable value. 





j 
| 
| 
| 
| 
| 


| 
| 
| 
| 


Das Englische Fach- | 301 


wort (in two volumes), published in 1944, is rather | 


more than a recital of English technical terms. As | 401/402 ..| High volatile 


pointed out in the preface of this work, most dic- 


tionaries give numerous foreign equivalents of a | 501/502 .. 


certain word without any indication of their inherent 
significance. Unless the translator is an expert on 
the subject-matter to be dealt with, he is often at a 
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THE PRODUCTION OF 
METALLURGICAL COKE.* 


By M. D. Eptnerton. 


Tue manufacture of coke can be dealt with conveni- 
ently under three headings, namely, the supply of 
suitable coal, the coking process, and the future of 
metallurgical coke. Coke production commences at 
the coal face, the quality of the coke being largely 
determined by the type of coal available. Coal varies 
greatly in its coking properties and over half the coal 
produced in this country, while of excellent quality for 
industrial and domestic use, is unsuitable for conversion 
into coke on account of low caking power. By carrying 
out tests under standard conditions (B.S. No. 1016-1942) 
for volatile content and by examination of the residual 
coke, the coal can be classified and its coke-making 
value accurately assessed. For the sake of convenience, 
code numbers on the volatile content and coke 
type have been adopted by the Fuel Research Board 
and will be used in this paper, a summary of the main 
types “ interest to the coke producer being shown in 
Table I. 


TABLE I.—Code Numbers Related to Coal Types. 





| Volatile 


Fuel | 
Research | Type of Coal. (ny heh 
Code No. | Free). 


| | Per Cent. 


| | Per 
201/205 ..| Low volatile Steam and coking | 10-20 
| coals (S. Wales) 
..| Medium volatile Prime coking coals | 20-30 
Durham and §. | 
caies d | Above 30 
an ve 
(very strongly gas ee 
am S. Wales) 
High volatile Gas coals (Durham | Above 30 
| ess strongly and Yorkshire) 
caking) 








In general, the value for coke making is at a maxi- 


loss to find the right word to be used. The work mum when the volatile content of the coal is between 
referred to contains short essays on the exact | 20 and 30 per cent., the high-grade foundry cokes 
meaning of alternative words with examples of their | being obtained almost entirely from the 301-type prime 


proper application. Alphabetically arranged vocabu- 
laries in English and German enable the user to find 
the explanatory text to the word of interest to him. 

The second work, Elektrotechnisches Englisch, 
second edition, 1948, contains some 8,000 technical 
terms, covering the whole field of @lectrical engi- 
neering. The definitions used are those adopted 
by the British Standards Institution and the Inter- 
national Electrotechnical Commission. Each term 
is fully described in line with the practice of the 
authorities mentioned. The third work, Deutsch- 
Englisches Spezial-Wérterbuch fiir das Maschinen- 
Wesen, is devoted exclusively to machinery and 
mechaniéal engineering. It is compiled on the same 
principle as the other works by the same author. 
Except when a word has only one meaning, descrip- 
tive paragraphs explain the variants of a given word. 
While these bcoks are primarily intended for use in 
German-speaking countries, an English translator 
will find them most useful in his work. 

Having considered the present status of technical 
dictionaries, the question arises as to what can be 
done to meet future demands. The existing multi- 
lingual dictionaries might be modernised and made 
more useful by the introduction of some of the above 
suggested improvements. In view of the relatively 
high cost of these works and the time taken to 
produce new and complete issues, it would be well 
if the authors and publishers were to produce less 
expensive supplements, say every two years. This 
would give the editor an opportunity of introducing 
new words without having to revise the whole work. 
A good example in this respect is the latest edition 
of the Encyclopedia Britannica, which is perpetuated 
by a Year Book, keeping the whole work up to date. 
The language of technology is a living and growing 
thing, which is worth cultivating for the sake of 
clarity and understanding. 

Historically, it is interesting to note that technical 
and scientific dictionaries existed long before the 
industrial development of engineering, as we under- 
stand it, took place. As far back as 1694, the 
Académie Frangaise published a work entitled 
Le Dictionnaire des Arts et des Sciences in two large 
folio volumes. An early vocabulary of English 
and French technical terms was published in 
London in 1786 by W. Ludlam, Fellow of St. John’s 
College, at Cambridge. It is largely concerned with 
astronomical instruments. 


! Durham and South Wales. 








coking coals (20 to 30 per cent. volatile matter) of 
Both the 301 and 401 
coals of Durham and South Wales and the higher 
volatile 501 coal of Yorkshire are utilised for the pro- 
duction of furnace and general metallurgical coke, the 
gas coals of Durham being mainly absorbed by the 
London and South-Coast gasworks. 

Fortunately the best coking seams are usually low in 
ash, sulphur and phosphorus, but they are often thin 
and difficult to work without appreciable contamina- 
tion. The inclusion in the coal from an 18-in. seam of 
2 in. of shale from a dirt band, or from the roof or floor, 
would increase the inherent ash content from 2 per 
cent. in the seam itself to 10 per cent. in the run-of-mine 
coal obtained from that seam, whereas in the case of a 
seam 5 ft. in thickness such an inclusion would only 
increase the ash from 2 to 4 cent. In the past, 
coal could be carbonised practically as-mined, so that 
it was not too difficult in the “ beehive ” days to put 
on the market coke with an ash content of 5 per cent. 
To-day such coals are not available and it is essential 
that all coal used for coking should be washed or other- 
wise cleaned if a reasonably low ash content in the coke 
is to be maintained. 

Modern coal-preparation plant has been, and is being, 
installed, and in some instances has been placed under 
the supervision of the coke-oven manager, but. seams 
are now having to be worked which, though possessing 
excellent coking properties, are difficult to clean. In 
order to produce coke with less than 8 per cent. ash, 
the ash in the coal must not exceed 6 per cent. and 
various coking coals require somewhat different treat- 
ment before they can be carbonised. Taking two 
typical coals, as examples, it is ascertained that both 
require to be washed, but in the case of one, the removal 
of 14-4 per cent. of a is sufficient to give a 
clean product and it can be dealt with adequately in a 
Baum wash box. In this washer, comp air 
imparts a pulsating motion to the water, causing it to 
rise and fall through a perforated screen, the clean coal 
being carried forward bya flow of water and the bottom 
shale layer being removed by rotary extractors at each 
end of the, box. 

The second coal contains approximately 35 per cent. 
of shale, and intergrown coal and shale, and requires a 
“ gravity ” separation in a special bath consisting of a 
mixture of barytes, or other heavy finely-divided 
mineral, with the water. To clean this coal down 
to the required standard, 27-3 per cent. of the 
original raw coal has to be discarded, some of it as a 
comparatively low-ash product which could be used 
only for steam raising on specially designed grates. 





° Paper presented before the 46th annual meeting of 
the Institute of British Foundrymen, at Cheltenham Spa, 
on Thursday, June 16, 1949. Abridged. 








With both the Baum and heavy-medium washers, 
additional equipment in the form of froth flotation and 
filtration plant is necessary for recovering and cleaning 
fine coal. After washing, the coal for carbonisation is 
pea either in drainage bunkers or by means of 
centrifuges, preparatory to blending and crushing. 

In the im seer Médland coalfield ‘an is 
considerable variation in coking ies owing to 
the presence of durain or dull elaborate blending 
alr: ents, consisting of sidings and bunkers, are 
often necessary, particularly at the steelworks ovens 
taking supplies from many different sources. In South 
Wales, careful blending of low- and high-volatile coal 
is required to prevent damage to ovens the highly 
swelling coals in that area. In Durham, where coking 
quality is more uniform, blending is not so important, 
except when mixtures of dry-cleaned and washed coal 
are used, but some alteration in procedure may have 
to be made as the prime coking-coal reserves become 
exhausted and more of the poorer coking types have 
to be used. The strongly caking coals are sénsitive to 
variation in oven temperature and yield a rather in- 
ferior coke when carbonised in narrow ovens at fast 
rates, but by the addition of an inert material such as 
coke breeze, the coking time can be reduced arid a 
tough dense coke can still be produced. 

It should be emphasised that the use of breeze in 
this way is not a means of getting rid of an undesir- 
able product, but can be likened to the beneficial effect 
of the addition of sand to a neat cement mix. Table II 
shows the results obtained over an extended period 


TABLE II.—Jnfluence on the Resultant Coke of Coke-Breeze 
Additions to the Coal. 








| With 4 Per Cent.; Without 
Characteristic. | Cake ewes | Som 
; 
Width ofoven .... 20 ing 20} in 
Run-of-oven coke— 
Grading, above 8 in. 11-0 percemt. | 2-7 per cent 
Ss st ee Se ae 
. ae 7-8 =O 54-8) 
below 4 in 23-2 =” a 
Shatter index, 2 in./1} in. 88/94 | 86/98 





from the addition of 4 per cent. of breeze to a West 
Durham coking coal. The coke breeze is crushed in rod 
mills as far as possible to pass 1-mm. sieve and is then 
carefully blended with washed coal, the mixture being 
finally crushed in pulverisers, usually of the swing- 
hammer type, to a fineness of 70 per cent. below 4-in. 
mesh for furnace coke or 90 per cent. below }-in. mesh 
for foundry coke. The proportion of breeze and the 
degree of crushing of both coal and breeze necessary 
to produce good coke depends on the class of coal and 
also on its ash content. 

It is not proposed to refer in great detail to the 
historical development of the by-product oven; Table 
III, which is taken from the 17th Annual Report of 


FaBLe III.—Types of Ovens in Use. 

















| 1937. 1947. 
} 
Type of Oven. Coal Coal 
No. of (|Carbonised| No.of | Carbonised 
Ovens. (Thousand; ovens. 
| Toms). Tons). 
| | 
Beehive and non- B | 
recovery | 837 456 238 100 
Waste heat ..; 1,919 4,024 1,025 2,080 
Regenerative .. 4,224 17,431 3,625 17,630 
1 | 





the Secretary for Mines, Ministry of Fuel and Power 
Digest, 1946-47, shows the significant reduction duri 
the past ten years in the number of beehive ovens an 
also the continued change-over from the older type of 
slow-burning waste-heat ovens to the high-capacity 

erative ovens which operate on short coking times. 
Owing to the shortage of refractory and other materials, 
a number of veteran plants may have to be kept going 
longer than was expected, but their replacement by 
modern units can only be a matter of time. The effect 
of this change in coke-oven practice is of particular 
importance to foundry-coke users and will be discussed 
later. 

In the beehive oven, four tons of coal in a layer 
2 ft. thick were coked in 72 hours by the downward 
heat from the burning gases in the oven, the deposition 
of graphite from the gases ascending through the coke 
and the quenching inside the oven giving the beehive 
coke its well-known structure and silvery appearance. 
The first battery of by-product ovens in Great Britain 
was built in Durham in 1882 and is still making foundry 
coke. The by-product oven is a ar brick 
chamber, heated from both sides, which results in a 
central cleavage in the oven charge so that the coke is 
short and blocky and in pieces less than 10 in. long, 
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compared with pieces up to 20 in. long produced in the 
beehive oven. 

The older ovens were constructed in semi-silica brick, 
the average dimensions being 33 ft. long, 8 ft. high, snf 
21 in. wide, with a coal charge of 8 tons and a coking 
time of 30 to 32 hours. With the waste-heat system, 
at least 80 per cent. of the gas made is needed for heat- 
ing the ovens, cold air being used for combustion, the 
burnt gases leaving the heating flues at 1,150 deg. C. 
and being used later for steam raising. The coke is 
generally pushed through a quenching hood on to a 
sloping bench and is loaded by means of a conveyor over 
a screen into wagons. 

The modern regenerative oven is constructed in 
silica brick and operates with a flue temperature of 
1,150 to 1,200 deg. C. for foundry coke and 1,250 to 


from plants ““C” and “ D” are smaller, but have a 
uniform size range and are giving good results. The 
effect on size of the higher temperature and the nar- 
rower oven should be noted as the best width and 
coking period for the new coke-oven installations, to 
be built in place of the older foundry-coke ovens, is of 
the utmost importance to both the producer and the 
consumer. The capital cost of these new plants is 
so great that the highest possible throughputs are 
essential, and the production of large-size coke at slow 
rates and from special coals is uneconomic at present 
prices. 

In these circumstances the foundry user will be 
required to accept a smaller type of coke and alterations 
may have to be made in cupola design and practice. 
The only alternative seems to be an early and sub- 





1,350 deg. C. for furnace coke. The usual di ions 
are 38 ft. to 40 ft. long, 12 ft. 6 in. to 14 ft. 6 in. high 
and 18 in. wide, the coal charge being 15 to 16 tons and 
the normal burning time 18 to 24 hours, although this 
may be extended to 30 hours where foundry coke is 
required. As a proportion of the outgoing heat is 
recoverable by the incoming air for combustion, only 
40 to 50 per cent. of the total gas made is required for 
heating the ovens, the remainder being surplus and 
available for other uses. Blast-furnace gas or producer 
gas can be used entirely, or in part, for oven heating, 
additional regenerators being necessary for heating the 
lean gas. The “ Underjet” system is now standard 
practice, the oven masonry being built on a reinforced- 
concrete substructure to form a basement in which the 
fuel-gas mains and burner pipes are accessible for in- 
spection and adjustment. 

The latest figures (1947) for hard-coke disposals and 
the tonnages of foundry coke supplied by the various 
districts are given in TableIV. Ignoring problematical 


TABLE IV.—Coke Disposals and Output by Districts. 





Per Cent. 


Tons. of Total. 





w a 
oon 
NNWACS 


Industrial and domestic 





8 
i] 


fe 
g 


Foundry coke output— 
Durham fe o 
S. Wales 
Scotland 


Lancashire .. 
Other districts 





S| onowhS 
o Gwenwnwmwo 


applications of atomic energy and fluidised heat, it 
would appear that the coal reserves of reasonable 
quality are theoretically adequate to maintain the 
supply of coke for a further half century, although it is 
probable that the output of metallurgical coke may be 
affected temporarily by the gap in the building of new 
ovens during the past few years. The output of foun- 
dry coke has tended to increase, but, as previously 
mentioned, this class of coke is produced almost 
entirely from the 301 coals of Durham and South Wales, 
where the mining losses are heavy, and it can be 
assumed that the cost of extracting the prime coking 
coals, with their thin seams and scattered and diminish- 
ing reserves, is considerably above the average for these 
two districts. It is probable, therefore, that other 
coals, less costly to mine, may have to be used in 
increasing quantities for the manufacture of foundry 
coke. The other important factor is the type of oven. 
Table V shows results which are being obtained at 


TABLE V.—Resulis Obtained from Four Plants. 








Flue temp.,deg.C. ... 
Run-of-oven coke (before 


Below 4 in. 


. mesh oe 39 61 
Shatter test,2in.toljin.| 89/96 86/93 | 84/91 
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| 88/94 





four well-known foundry-coke plants, all using prime 
ing coals having 28 to 29 per cent. volatile matter. 
The coke made at each of the four plants in Table V 
is of excellent quality, that from plant “A” contains 
an appreciable proportion of bed coke, 8 to 10 in. 
size, but production at this plant is uneconomic and 
can be expected to cease at an early date. The cokes 





tantial increase in the price of large foundry coke. 
Experiments, therefore, should be carried out on large- 
scale cupola practice with the object of using smaller 
coke and, if this can be achieved, it will mean greater 
throughput at the coke ovens and cheaper coke at the 
foundries. 





ARC-WELDING ELECTRODE 
PRODUCTION. 


Factors relating to the production of arc-welding 
electrodes were among those referred to at the annual 
general meeting of the Are Welding Electrode Section 
of the British Electrical and Allied Manufacturers’ 
Association on May 12. At this meeting, Mr. W. W. 
Watt was re-elected chairman of the Section, and Mr. 
R. E. Clipsham was re-elected as vice-chairman; Dr. 
J. H. Paterson was re-elected as chairman of the 
Section’s Technical Committee. It was stated that, 
in order to help to increase the supply of wire for 
electrodes, continual stress was being laid on the 
saving in steel, which, it was claimed, resulted from 
the use of welded structures. Deliveries of wire for 
electrode manufacture increased from 20,500 tons in 
1947 to 28,600 tons in 1948, and 40,000 tons was fore- 
cast for 1949. Home-market sales of electrodes were 
37 per cent. greater in 1948 than in 1947, though 
the manufacturers were still unable to meet the full 
demand. As, however, the demand for rolled-steel 
sections and joists appeared to be falling it was not 
quite clear to what extent electrode users were buying 
for stock, but, with the present development in the 
use of welding, it seemed that the peak demand for 
electrodes in the home market would soon be reached. 
The sterling value of the outstanding orders at the 
end of 1948, showed a fall.as compared with the Sep- 


| tember figures, though it still represented about 15,000 | 


tons of electrodes, or about five months’ production 
at the present rate. It was estimated that the home 
production of wire rod would not be adequate until 
1952, when the output was expected to reach about 
1,000,000 tons per annum. 

The greater quantities of wire supplied for electrodes 
during 1948 were largely obtained from electrically- 
melted billets at an increase in price of over 40 per cent. 
Hence, while the Section was pressing for further 
supplies, it was also protesting against the higher pro- 
portions being made from these high-priced sources, 
emphasising the adverse effects on the export trade. 
In conformity with the self-imposed policy amo 
electrode manufacturers, the export sales of finish 
electrodes were restricted to about 1,000 tons a month 
during 1948, though there was an increase of about 
20 per, cent. in the December quarter’s exports com- 
pared with the quarterly average for the rest of the 
year. In 1939 and 1940, export sales were about 15 
per cent. of the total, whereas, in 1948, they were only 
12-7 per cent.; it seemed likely therefore that the 
export market could be developed to a much greater 
extent if the supply of wire improved, though no 
accurate information was available on this point. 

Many of the Section’s activities were designed to 
encourage a closer relationship with the trade organisa- 
tions from whom electrode manufacturers buy, or who 
are their customers, and with Government departments, 
since it was recognised that trade associations such as 
theirs should be able to make their own studies of 
economic problems and advise Government officials 
and others concerned. The Section’s Technical and 
Production Committee had reviewed draft standards 
concerning welding, as prepared by the British Stan- 
dards Institution, and had advised representatives 
sitting on the committees of other bodies; a sub- 
committee was also appointed to formulate tests for 
electrodes suitable for welding ‘a new steel. Owing, 
however, to the increasing interest of other professional 
bodies in the subject of welding, the committee 
seldom needed to initiate specific development or 
research work; they had, instead, ome more con- 
cerned with the appointment of members to other 
committees, so that manufacturing interests were 
represented whenever questions affecting welding were 
being considered. 





AUTOMOBILE ENGINEERING 
RESEARCH. 


Tue laboratory of the Motor Industry Research 
Association, which is situated on the Great West-road 
at Brentford, was open for inspection by members and 
other visitors on Thursday and Friday, June 23 and 24. 
It will be remembered that the laboratory was adminis- 
tered originally by the Institution of Automobile 
Engineers but was transferred to the Motor Industry 
Research Association in June, 1946. This body, how- 
ever, has continued the pre-war practice of holding 
annual open days so as to give members an opportunity 
of inspecting the work in progress and discussing with 
the staff the various activities of the laboratory. 

In common with most research work, a large part of 
the present programme of the Association covers 
long-term projects, a good deal of the work in progress 
having been started some time ago. As a conse- 
quence, much of the present work has been referred 
to already, particularly in connection with the open 
days held during June of last year, a report of which 
appeared in ENGINEERING, vol. 166, page 18 (1948). 
Nevertheless, some new equipment was _ installed 
during the past year and work has been started on 
new investigations. One of the items of new equip- 
ment which was being demonstrated for the first time 
was a strain-gauge accelerometer for use in determining 
the motions of vehicles. The instrument consists, in 
the main, of a weight fitted to one end of a flat-plate 
spring, the other end of which is anchored, thereby 
forming a cantilever. Wire resistance strain gauges 
are cemented to both faces of the spring and are used 
to measure its deflection under the influence of accelerat- 
ing forces. The strain-gauge principle has been adopted 
so that records can be obtained when the instrument is 
used in conjunction with the laboratory’s four-channel 
dynamic-strain recording equipment. This is being 
used for the measurement of strain in the frame and 
superstructure of a double-deck public-service vehicle. 
The initial tests were made with the body panelling 
removed and records were obtained from gauges fixed at 
160 points. The records indicated that throughout the 
structure the greatest strain, equivalent to a stress of 
about six tons per square inch, occurred when the 
vehicle was run over an obstacle and, generally, were 
less during braking and cornering. The vehicle has 
now been equipped with its panels for the second series 
of teste. 

Another machine constructed recently by the labora- 
tory is illustrated on the opposite page ; it is being used 
to study the abrasive wear of materials in relative 
| reciprocatory motion. Two sets of specimens are 
| tested at the same time, one set being arranged at each 
side of a crankshaft driven by an electric motor. The 
| bottom specimens are joined to the crankshaft through 
| connecting rods, and a load is applied to the stationary 
top specimens by weights suspended from stirrup 
pieces. The abrasives are contained in oil which is 
stored in the small cylindrical container visible in 
the illustration, the contents of which are stirred 
continuously to ensure correct distribution of the 
abrasive material. The operating temperature of the 
specimens is increased by surrounding them with 
small cases fitted with electrical heating elements and 
the temperature is measured by thermocouples con- 
nected to the stationary specimens ; in the illustration 
| such a case is fitted to the right-hand set of specimens. 
As previously mentioned, the crankshaft is driven by 
an electric motor; this is an alternating current 
machine, the drive being transferred to the shaft 
through a V-belt and a pair of stepped pulleys arranged 
to give three different speeds. The effect of abrasive 
contaminants on journal and bearing wear is being 
studied on another machine in which the oil is circu- 
lated through a big-end bearing of a connecting rod 
subjected to a steady uni-directional load. Both 
copper-lead and white-metal bearings are being 
examined and so far, concentration of the abrasive in 
the oil, its hardness and particle size have been examined 
for white-metal bearings. The influence on wear 
of shaft hardness and other properties of the shaft 
material when running in copper-lead bearings are 
also being examined. In early experiments, wear could 
not be made to take place with clean oil so long as 
the rate of heat generation was insufficient to cause 
local seizure. As a result, the tests are being run now 
with artificially contaminated oil. Results obtained 
so far suggest that abrasive wear of both shaft and 
bearing tends to decrease with increase of the hardness 
of the shaft. 

The operation of engines on leaded fuel continues to 
be examined and the present experiments are concerned 
with a comparison of the life of valves made from 





had | different materials. The results show that with certain 


valve materials it is possible to obtain exhaust-valve 
life comparable with that of Silchrome 1 on Pool 
petrol with fuels having lead contents up to 54 ml. of 
tetra-ethyl lead per gallon. Asystematic study is being 
made also of the effect on engine operation of the design, 
and location of the piston rings on the piston. The 
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effectiveness of any particular ring assembly is assessed 
by measuring oil consumption, blow-by, engine friction 
and piston temperatures, much time having been spent 


on developing satisfactory methods of measuring these | 


quantities ; it is now possible, however, to determine 
them in a few hours for any one condition. It has been 
found that, apart from the number of gas rings on the 
piston, the depth of the top land has a predominant 
influence on blow-by and oil consumption. 
the ring arrangement comprises a single gas ring and 


a scraper ring, the size of the ring gap appears to be an | 


important variable, but this may not apply to pistons 
having greater numbers of rings. 


Work is in progress on the development of an engine- | 


test method for high-duty oils used in high-speed 
compression-ignition engines, a typical British multi- 
cylinder engine being used in the first instance. 


by ring sticking in about 50 hours with a good-quality 
straight-mineral oil, without departing too much from 


the most severe operating conditions encountered in | 


service. A drop in the power developed by the engine 


and an increase in blow-by are taken as indications of | 
incipient ring sticking, and the quality of the oil is | 


assessed on the time taken to reach this condition. 


Although differences between lubricants have been | 
shown, there is still some difficulty in determining the | 


onset of ring sticking and variations are being examined 
to eliminate this uncertainty. Complementary service 


tests are being carried out by two large vehicle operators | 


who are members of the Association. 
Another new study is the development of a method 
of analysing exhaust gases, which is intended to avoid 


the ambiguity associated with the usual three-com- | 
ponent type analysis near the theoretically-correct | 
In principle, a sample of the | 
exhaust gases is oxidised and its carbon dioxide con- | 
The results obtained so far show no | 


mixture-ratio point. 


tent determined. 
ambiguity in the region of the critical fuel-air ratio 
and there is nearly linear correlation between the 
measured fuel-air ratio and the carbon dioxide content 
as determined by the new process. 

Work on the torsional fatigue of crankshafts con- 
tinues; the machine used for this purpose was des- 


cribed in our last year’s report of the annual open| may well be cited. 


days which has been referred to previously. 


When | 


The | 
aim is to choose the test conditions so that failure occurs | 





| of gear teeth. The object of this investigation is to 


study the problem of tooth breakage and the first stage 
is concerned with the effect of material on this type of 
failure. Tests are being made on gears of the same 
basic design but made from seven different steels, 
including leaded steels, for comparison of the bending- 
fatigue strength of the teeth. The machine used for 
this work, however, was described in detail in our last 
year’s report. Briefly, the test consists of applying a 
fluctuating load to the tip of one tooth of a stationary 
gear; in this way, several fatigue tests can be carried 
out on a single gear. The seven gear steels are being 
examined also for their resistance to surface failure by 
pitting. Two methods are being used; in the first, 
pairs of gears are run in mesh in a power-circulating type 
of machine which can be loaded while it is running. 
To obtain pitting failures which are consistent for all 
gear materials without tooth breakage, part of the 
| gear-tooth sufface is etched away to a depth of a few 
| thousandths of an inch so that the surface load is con- 
centrated on a narrower band in the centre of the 
tooth width without affecting appreciably the bending 
strength of the tooth. In the second method, pairs of 
barrel-shaped discs are run in contact with one another 
| in such a way as to reproduce on their circumferences 
the combined sliding and rolling action which occurs 
between gear teeth. 
| The work of the chemistry section largely is comple- 
mentary to that of the other sections and involves 
both the application of recognised test procedures and 
|the development of new techniques for particular 
purposes. A good example of the former type of work 
| is furnished by the routine test carried out to determine 
the sulphur in motor fuel for which purpose the lamp 
method is used. In this test, the fuel is burned in a wick 
lamp and the products of combustion are drawn through 
a measured volume of sodium-carbonate solution which 
absorbs the sulphur dioxide formed by the combustion 
of the sulphur. The amount of sodium carbonate 
| which reacts with the sodium dioxide is determined by 
| titrating the solution in the absorber with standard 
hydrochloric-acid solution. As an example of the 
| development of new tests, the efforts being made to 
| separate soot from the wear debris in lubricating oil 
One of the main insoluble con- 


| 


Briefly, | taminants of a used oil is soot and from the points of 


it consists of a freely-suspended two-mass torsionally- | view of filtration and abrasive wear, it would be useful 
vibrating system in which the crankshaft forms part | to know whether soot by itself is abrasive. An effort 
of the connecting shaft between the two masses. | is being made, therefore, to separate out the total 
The machine is symmetrical and it is excited by a| insoluble materials from a used oil and then further to 
system of rotating out-of-balance weights, the torque | separate the soot. Centrifuging after dilution with light 
being measured by a capacity-type torque meter. | solvents is being tried followed by fractionation of the 
Work also being continued on the bending-fatigue | total solids with respect to density by means of a carbon 
strength of crankshafts. Tests are in progress on| tetrachloride-Bromoform mixture, the soot having 
single-throw crankshaft specimens of the same design, | the smallest density of the various solids present. 
but made from a number of different cast irons and | Should the scheme prove satisfactory, part of the soot 
steels for comparison of these materials ; concurrently, | will be used for tests on abrasive wear and part examined 
the ordinary physical properties of the materials are | to determine how closely soot resembles carbon black. 
being determined. The investigations have not gone; The work of the materials testing section, like that 
far enough, however, to indicate whether there is a| of the chemistry section, also is largely complementary 
relationship between any of these properties and the | to that of the other departments. Nevertheless, this 
bending-fatigue strength of the respective crankshaft | section is carrying out a certain amount of work itself, 
specimens. }among which is included a study of stresses in the 

A considerable amount of work has been carried out | wheels of public-service vehicles. In the first instance, 
during the past year on the bending-fatigue strength | stresses brought about by tyre pressure and lead loads 








are being examined, the wheel under test being loaded 
through a dummy axle in a universal testing machine. 
The stress is obtained by measuring the strain with wire 
resistance strain gauges and results obtained so far 
indicate that the highest stresses, which have values up 
to 10 tons per square inch, are due to inflation and 
occur in the rim of the wheel. The “ gutter” is the 
most heavily-loaded part, the actual stress depending 
on the fit of the tyre-retaining ring and the presence of 
high spots, while only negligible stresses occur in the 
dise of the wheel. 

The work carried out at the laboratory, however, by 
no means represents all the activities of the Association, 
which is responsible for extra-mural work on fuel 
sprays for internal-combustion engines; piston-ring 
movements; and the ventilation of public-service 
vehicles. Furthermore, facilities for complete-vehicle 
research, development and testing, are now available 
at the Association’s proving ground at Lindley, near 
Nuneaton, the official opening of which was referred to 
in ENGINEERING, vol. 167, page 424 (1949). In order 
to compensate for the absence of hills on this ground, 
the laboratory has designed and constructed an experi- 
mental absorption-dynamometer trailer by which it is 
possible to impose adjustable loads on, and control 
the speed of, the towing vehicle. The trailer is of the 
two-wheel type, the axle of which consists of a standard 
back axle of a commercial vehicle. The final-drive 
assembly is used to drive a generator through a series 
of propeller shafts and a transfer gearbox fitted to the 
towing frame. A subsidiary exciting generator is 
driven by belts from the main generator; this runs 
at twice the speed of the main generator and allows 
full torque to be applied at speeds considerably lewer 
than those that could be obtained with a self-excited 
generator. For the speed control, an ordinary belt- 
driven car dynamo is used which operates at 14 volts. 
This works in conjunction with a standard voltage-con- 
trol unit which is arranged to remove, or place in 
circuit, resistances in the field of the exciter. The energy 
of the main generator is absorbed by air-cooled resistances 
fitted to the trailer and the automatic speed-control 
unit can be set for speeds ranging from 10 miles an hour 
to 40 miles an hour, while the total power absorption is 
of the order of 60 h.p. As already mentioned, the 
trailer, like many other pieces of equipment, was 
designed and constructed by the laboratory and is a 
good example of the use made by the Association of 
existing standard components. 








2,000-H.P. MECHANICAL-DRIVE 
DIESEL LOCOMOTIVE. 


A new Diesel locomotive with a mechanical drive is 
being constructed at the Derby works of the London 
Midland Region, British Railways. It has a 4-8-4 
wheel arrangement and is designed for main-line work, 
hauling heavy-freight and high-speed passenger trains. 
It will have a maximum speed of 84 miles an hour, and 
is expected to be ready for trials early next year. 
The transmission system and various ancillary features 
have been patented by the inventor, Lieut.-Colonel 
L. F. R. Fell. The locomotive is provided with two 
driving cabs to enable it to be driven from either end, 
and the axle loads have been kept low so that it can 
be used on a large number of routes. 

Four supercharged Diesel engines, each developing 
500 h.p. (nominal rating), are housed in pairs at each 
end of the locomotive, and are coupled to the driving 
wheels through fluid couplings and a gearbox, so that 
the power of the engines will be maintained as nearly 
constant as possible throughout the designed speed 
range. Auxiliary Diesel engines will be used to drive 
the blowers for the main engines and auxiliaries such as 
fans, water and oil pumps, and starting and lighting 
equipment. The gearbox unit, which combines the 
drives of the four engines, is placed centrally, and the 
drive to the wheels emerges from the gearbox at two 
transverse shafts, which are coupled to the two inner 
driving axles by flexible-quill drives. These will allow 
for the rise and fall of the axleboxes in the horn guides, 
and give some flexibility to protect the gearbox from 
traction shocks. Coupling rods are fitted to the centre 
group of eight wheels. Owing to the low weight of the 
transmission, it has been possible to provide Diesel 
engines of much greater piston area than in any existing 
Diesel locomotive of the same weight. The locomo- 
tive is being constructed to the designs of Mr. H. G. 
Ivatt, M.I.Mech.E., chief mechanical engineer of the 
London Midland Region, in collaboration with Fell 
Developments, Limited, and Messrs. Ricardo and 
Company (1927), Limited. 





REPAIRS TO RAILWAY Viapuct.—The work of strength- 
ening and repairing the Braidhurst railway viaduct 
on the London-Perth main line, about one mile north of 
Motherwell station, which was described on page 534, 
ante, has now been completed, and normal traffic on 
the two tracks was resumed on Sunday, June 26. 
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DYNAMOMETER CAR; LONDON MIDLAND REGION OF BRITISH RAILWAYS. 











Fie. 1. Genznat View oF Car, No. 3. 





DYNAMOMETER CAR, LONDON 
MIDLAND REGION OF BRITISH | 
RAILWAYS. | 


Tue London Midland Region dynamometer car | 
No. 3, which has recently been completed, was com- | 
menced before the war, but its construction was | 
deferred owing to the national emergency. The new | 
vehicle is shown in the accompanying illustrations ; | 
Fig. 1 shows the exterior and Figs. 2 and 3 show the | 
recording and control room from opposite ends. The} 
car has been built for carrying out variable-speed tests |- 
on service trains, and for working in combination with | 
the constant-speed braking vehicles which have been | 
described by Dr. H. I. Andrews, M.Sc. (Eng.), in a 
paper read before the Institution of Mechanical En- 
gineers on April 16, 1948.* Dr. Andrews’s paper also | 
included a plan and elevation of the new dynamometer | 
car, then under construction, and a description of the | 
equipment, from which some of the following notes | 
have been extracted. 

The dynamometer car is 60 ft. long and weighs} 
40 tons. It is carried on two four-wheeled bogies, the | 
leading bogie incorporating a single unflanged road- | 
wheel, which may be raised when not required, for | 
measuring the speed of the train and the distance | 
travelled. The vehicle is divided into five main com- | 
partments: a small brake compartment (handbrake, | 
cooking equipment, and storage space); the record- | 
ing and control room, illustrated in Figs. 2 and 3; 
a dark room for the cylinder-pressure indicator; a 
chemist’s compartment, not yet fitted up, but to be! 
provided with gas-analysis apparatus; and a first- | 
class compartment for the staff. There are also a 
lavatory and a trailing-end vestibule. 

The master controls, the recording table and the main | 
instrument panel are all located in the recording and | 
control room, so that the three principal members of | 
the testing staff are together. They communicate 
with other members of the staff by a telephone system. | 
Fig. 2 shows the control desk from which the working 
of the constant-speed braking vehicles can be con- 
trolled. The panel on the left of the illustration 
incorporates duplicates of the key instruments of 
the braking vehicles, so that the operator can observe 
the working of each vehicle. The desk is also pro- | 
vided with a speedometer, a drawbar-pull gauge, a/| 
brake-vacuum gauge, a telephone, and a clock. The 
dynamometer and recording table are of the Amsler 
type. The dynamometer consists of two co-axial oil- 
filled cylinders, back to back, with the pistons con- 
nected to each other and to the drawgear, so that the | 
pressure of the oil in one cylinder is a measure of the | 
pulling force, and of that in the other is a measure of 
the buffing force. The drawgear is connected to the 
pistons through a Westinghouse spring-friction draught- 
gear, which prevents the transmission of excessive 
shocks to the dynamometer. This draught-gear is 
mounted on a small carriage, to which is also attached 
a crossbeam connecting the buffer rods, so that both 
the pulling and buffing forces are measured. 

The Amsler recording table, shown in Fig. 3, provides 
a record of the test on a continuous sheet of paper, 
which can be fed through either at constant speed by 
a mechanically-governed motor, or at a speed propor- 
tional to the distance travelled by a drive from the 
unflanged road wheel. Three different rates of 























* See ENGINEERING, vol. 165, pages 596 and 620 
(1948). PS Fig. 3. Amster Recorpine TABLE. 
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RADIOACTIVE MEASUREMENT OF BEARING WEAR. 


MESSRS. HAYWARD-TYLER AND COMPANY, LIMITED, LUTON. 








Fig. 1. 








Fie. 2. 


Lieut-TicgHt CONTAINER. 


advance are available in each case. 


Four pens trace | Mechanical Engineer, London Midland Region. 


Pump with RapDIoactTIvE Busu. 


| axles, and charges a battery through a carbon-pile 
| regulator. This battery supplies the lighting of the car, 
| and, by earthing its centre-point, a 24-volt potential is 
| obtained for the recording table. The 230-volt alter- 
| nating current is supplied by a motor-generator set 
suspended under the car. It comprises a 2-5 kVA 
| 230-volt generator with a separate exciter, driven by 
| either a 7-h.p. 200-volt direct-current motor (supplied 
| with current from the braking vehicles), or a 3-h.p. 
| 48-volt direct-current motor which functions as a 
| generator for charging the battery when the 200-volt 
| motor is in use. The motor-generator control panel 
is shown in the background of Fig. 2. 
| The dynamometer car has been built at Derby; the 
| body and bogies in the Carriage and Wagon Works, 
| and the underframe in the Locomotive Works. The 
principal designs were prepared by Sir William Stanier, 
| F.R.S., M.I.Mech.E., before his retirement, and were 
| completed by Mr. H. G. Ivatt, M.I.Mech.E., Chief 
The 


continuous records on the paper of drawbar pull, British Thomson-Houston Company, Limited, Rugby, 
acceleration and gradient, relative wind velocity and | supplied electrical equipment, and Messrs. Negretti and 


relative wind direction. The combined longitudinal 
acceleration and gradient are measured by the displace- 
ment of a heavy pendulum, the movement of which is 
hydraulically damped. Four other pens record speed, 
drawbar horse-power, work done on the drawgear, and 
work done in connection with acceleration and gradient. 
There are also dials which indicate the instantaneous 
values of the speed, drawbar horse-power, drawbar pull 
or buffing force and the relative wind speed; and 
counters show the totals of the distance travelled and 
the work done. Fourteen electromagnetically operated 
pens are provided for marking positions on the record, 
such as intervals of time, intervals of distance, stations, 
bags of coal consumed (all operated by push-buttons), 
quantities of water consumed (operated by meter 
contacts), and the opening of the locomotive safety 
valve. The instrument panel carries two multi-point 
resistance thermometers for measuring temperatures up 
to 500 deg. F., two multi-point thermocouple pyro- 
meters for measuring higher temperatures, four draught 
gauges, and a barometer. A Dobbie-McInnes Farn- 
borough (Royal Aircraft Establishment) type indicator 
is employed for recording cylinder pressure. This 
type of indicator produces a composite diagram from 
the events of a large number of cycles. 


All instruments installed in the dynamometer car | farming, agriculture, 


are arranged to work from 230-volt 50-cycle current, 
so that they can be adjusted and calibrated in a 
laboratory, and it has been necessary therefore to 
arrange for a similar supply, controlled in voltage 
and frequency to within + 1 per cent., on the dynamo- 
meter car. An ample supply of 200-volt direct current 
is available from the braking vehicles, but a 48-volt 
carriage-lighting generator is driven from one of the 


Zambra, Limited, 122, Regent-street, London, W.1, 
supplied instruments. 





INSTITUTE OF INDUSTRIAL SUPERVISORS.—The general 
secretary of the Institute of Industrial Supervisors, 
Bank Chambers, 47, Temple-row, Birmingham, 2, has 
announced that a London Central Section of the Institute 
has been formed. The Section chairman is Mr. W. J. 
Izzard, of Messrs. C.A.V. Limited, and the honorary 
secretary, Mr. E. A. G. Howitt, of the Projectile and 
Engineering Company, Limited. 





SOUTH-WEST SCOTLAND ELECTRICITY BOARD DIREC- 
ToRY.—The South-West Scotland Electricity Board, the 
temporary headquarters of which are at 62, Dalziel-drive, 
Glasgow, S1, have issued a useful directory showing the 
organisation in diagrammatic form and giving informa- 
tion regarding the territory covered and the names, 
addresses and telephone numbers of the principal officials. 
A map and index of localities are also included. 





WELDING SCHOLARSHIPS FOR FARMERS.—The James F, 
Lincoln Are Welding Foundation, Cleveland, Ohio, 
U.S.A., announces a competition for those engaged in 
or agricultural education and 
services. It will consist of submitting simple descrip- 
tions of how arc welding is being used on farms to increase 
the efficiency of operation and maintenance ef farm 
machinery. A total of 6.2501. in cash awards and scholar- 
ships is being offered, and full particulars of the rules 
and conditions can be obtained in this country from the 
Lincoln Electric Company, Limited, Welwyn Garden 





City, Hertfordshire. 





THE MEASUREMENT OF BEARING 


WEAR BY RADIOACTIVE METHODS. 
An interesting example of how radioactivity can be 
used to deal with certain engineering problems is 
rovided by experiments which are being made on the 
ing wear and lubrication of a power-driven duplex 
oil pump at the works of Messrs. Hayward-Tyler and 
Company, Limited, Luton. This pump, which is 
illustrated in Fig. 1, is at present running in the test 
bay and one of its big-end bearings is fitted with 
a cast-iron bush, which has been made radioactive in 
the larger atomic pile at Harwell so that it emite 
B-rays. Consequently, any particles worn off the 
bush during running also render the lubricating oil 
radioactive. The oil is collected, placed in light-tight 
containers with strips of X-ray photographic film and 
kept in motion in a rotating drum for several weeks ; 
the apparatus used is shown in Fig. 2. It has been 
found in this way that radiations from any particles 
of the bush contained in the oil cause fogging of the 
film and that the density of this fogging is proportional 
to the amount of radioactive material in the oil. Since 
the cast-iron bearing bush is the only source of radio- 
activity in the pump, it is possible to use these results 
to calculate the bearing wear over a given period to 
amounts as small as one micro-inch. ~ 
To determine the clearance between the bush of the 
other big-end bearing of this pump and the sleeve in 
which it rotates, cavities have been sunk in the former 
and in these, coils have been inserted. The radio- 
frequency resistance of these coils depends on the 
proximity of the bush and the sleeve; and the 
impulses generated by the changes in this proximity as 
the crankshaft rotates are reproduced on a cathode-ray 
oscillograph, so that the bearing clearance at various 
positions is indicated. This experiment is “ put 
to immediate practical use to devise an oil-flow 
system which will ensure the admission of oil rather 
than air at the point of separation between the bush 
and the sleeve and thus enable a continuous film 
of oil between the bearing surfaces to be maintained. 
Mention may also be made of an experiment which 
is being carried out by Messrs. Hayward-Tyler and 
Company to determine the positions of stresses by 
photo-elastic methods. For this purpose, two sec- 
tional plastic models of heat-radiating fins, such as 
are used between the pump and motor components 
of a hot-water circulating system, are employed to 
intercept light from an optical system employing Polar- 
oid screens. The models, being made of Columbia 
resin, cause interference of the polarised light when 
under stress so that colour bands appear on the image 
of the model protected on to a white screen. The 
concentration of these bands indicates the areas of 
greatest stress and it has thus been possible to modify 
the distribution of the set-up in the original design by 
altering the shape of the fins. 





THE UNITED STATES IRON AND 


STEEL INDUSTRY. 


Tue United States iron and steel industry spent the 
record amount of 583,000,000 dols. during 1948 to 
expand and improve their production facilities, the 
American Iron and Steel Institute announced recently. 

This year’s expenditure is expected to total 
627,000,000 dols., making an aggregate post-war outlay 
of more than 2,000 million dollars by the end of 1949. 
By that time, it is expected, the annual steelmaking 
capacity of the United States will be at a record high 
level, exceeding 98,300,000 tons. An additional 
500,000 tons will be added in 1950. This year’s 
outlay will increase steel capacity by about 2,200,000 
tons, and provide necessary facilities to roll that 
additional steel into finished products. To illustrate 
the sharp increase in the cost of ‘expanding and im- 
proving facilities, the Institute states that the amount 
spent last year, when 1,887,000 tons of capacity was 
added, was more than four times greater than that 
spent ten years earlier, when about 1,600,000 tons was 
added to raw steel capacity and the companies expendi- 
ture totalled only 140,000,000 dols. During the first 
quarter of 1949, the output was 24,000.000 tons, far 
exceeding an entire year's production in any other 
country. The average weekly output during the first 
quarter was 1,870,000 tons. If continued throughout 
1949, this level of activity will give a total production 
of more than 97,000,000 tons, an increase of about 
9,000,000 tons over 1948. The effect of this increase 
in production is being felt throughout American 
industry. While the supply of steel increased, however, 
United States exports of iron and steel products in 
1948 decreased by 2,196,000 net tons, according to 
preliminary reports by the United States Department 
of Commerce; and the United Nations statisticians 
state that, while the American exports fell to the 
lowest percentage of total shipments in the past ten 
years, all European countries but one exceeded their 
1948 iron and steel production goals. Blast-furnace 
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— in Europe was 37 per cent. greater, and crude 
steel production 29 per cent. greater, than in 1947. 
Excluding Russia, European blast-furnace production 
was about 10,432,000 net tons more in 1948 than in 
1947. Steel ingots and castings were estimated as 
11,500,000 tons greater than the previous year. In the 
American and British Zones, German output of pig 
iron and ferro-alloys more than doubled during 1948 ; 
and crude steel production in Bizone Germany increased 
by 81 per cent. In Europe, the trend is to use more 
Bessemer steel at the expense of open-hearth steel. 
During 1948, 32-2 per cent. of all production was by 
the Bessemer“ process and 59-3 per cent. was open- 
hearth. Schedules for 1949 call for 36-5 per cent. 
Bessemer steel and 55 per cent. open-hearth. By 


comparison, the United States produces about 90 per 
cent. of its steel by the open-hearth process and only 
about 5 per cent. in Bessemer converters. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ‘“ Cazapor.”—Single-screw oil tanker, built 
and engined by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow, for the Estrella Maritima S.A. de 
Navegacién y Comercio, Buenos Aires. Main dimen- 
sions: 425 ft. (between perpendiculars) by 54 ft. 3 in. 
by 31 ft. to upper deck; deadweight capacity, about 
9,300 tons on a draught of 25 ft. 6 in. Six-cylinder 
four-cycle crosshead-type Harland-B. & W. Diesel engine. 
Trial trip, June 7 and 8. 


M.S. “‘ MUNKFORS.”—Single-screw cargo vessel built 
by the Goole Shipbuilding and Repairing Company, 
Limited, Goole, for Uddeholms Aktiebolag. (Messrs. 
Sune Tamm), Gothenburg, Sweden. Main dimensions : 
195 ft. by 32 ft. 6in. by 15 ft. 9in. ; deadweight capacity, 
1,000 tons. Nohab Diesel engine of 750 b.h.p. at 250 
r.p.m. Launch, June 13. 


8.S. “* SaRasvaTI.’’—Single-screw cargo liner, carrying 
16 first-class, 24 second-class and 1,200 deck passengers, 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for the Bombay /Karachi service of the Bombay 
Steam Navigation Company, Limited, Bombay. First 
vessel of a series of four. Main dimensions: 343 ft. by 
52 ft. 6in. by 28 ft. to upper deck ; gross tonnage, about 
3,800. Parsons triple-expansion condensing  single- 
reduction geared turbines developing 5,700 s.h.p. at 
120 r.p.m. in service. Two three-drum Yarrow-type 
water-tube boilers. Trial trip, June 16 and 17. 


M.S. “ FALSTER.”’—Single-screw cargo vessel built by 
the Goole Shipbuilding and Repairing Company, Limited, 
Goole, for Messrs. Alex. Brostrém and Son, Gothenburg, 
Sweden. Main dimensions: 200 ft. by 33 ft. by 
18 ft. 6 in.; deadweight capacity, 1,500 tons. Five- 
cylinder Atlas Diesel engine, developing 815 b.h.p. at 
250 r.p.m., supplied by the Atlas Diesel Company, 
Limited, Wembley, Middlesex. Trial trip, June 18. 


M.S. “‘ THORSISLE.”—Single-screw general cargo vessel, 
carrying ten passengers, built by The Burntisland Ship- 
building Company, Limited, Burntisland, Fife, for A/S 
Thor Dahl, Sandefjord, Norway. Third vessel ordered 
by these owners to service the Christensen Canadian 
South African Line. Main dimensions: 390 ft. by 
53 ft. 6 in. by 34 ft. 6 in.; deadweight capacity, 6,265 
tons on a draught of 23 ft. 82 in.; gross tonnage, 3,713. 
Four-cylinder opposed-pistoa Hawthorn-Doxford Diesel 
engine, of 4,400 b.h.p., supplied by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- 
Tyne. Speed, 14} knots. Trial trip, June 18. 





JOULE’S WATER-FRICTION APPARATUS.—In — June, 
1849, James Prescott Joule announced the results of 
extensive researches carried out in Manchester, in which 
he found that the expenditure of energy, in whatever 
form, was always accompanied by the production of a 
corresponding amount of heat. From accurate measure- 
ments, Joule concluded that the quantity of energy 
necessary to raise the temperature of a pound of water 
by 1 deg. F., was equivalent to that required to lift 772 Ib. 
through a height of 1 ft. Prior to Joule’s experiments, 
there had been considerable argument among scien- 
tists concerning the nature of heat. Some held it 
to be a material fluid, called “ caloric,”” which permeated 
the space between particles composing a hot body, while 
others attributed it to the mechanical energy of these 
same particles which were to be regarded as in rapid 
motion or vibration. Joule’s work settled the con- 
troversy in favour of the second alternative, and thereby 
laid the foundation for the modern theory of heat. The 
original water-friction apparatus with which Joule made 
an accurate determination of the mechanical equivalent 
of heat is preserved at the Science Museum, South 
Kensington, London, S.W.7, where it is on exhibition 
until July 21, in connection with the Joule Centenary. 
The Science Museum is open from 10 a.m. ‘until 6 p,m. 





on weekdays, and from 2.30 until 6 p.m. on Sundays, 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 

Intrinsically-Safe Transformers.—A new specifica- 
tion, B.S. No. 1538-1949, covering intrinsically-safe 
transformers for bell-signalling circuits is intended, 
primarily, to meet the requirements of the coal-mining 
industry. It prescribes a standard, single-phase, 
double-wound transformer for supplying current to a 
oe circuit, for use where there may be a 
risk of igniting methane gas, or firedamp, in the sur- 
rounding atmosphere. It replaces the incomplete 
specification contained in Section C of Part 2 of B.S. 
No. 355-1939, which is concerned with mining-type 
transformers. The new specification is intended to 
secure identity in those electrical characteristics which 
determine the quality of intrinsic safety, as that term 
is defined in B.S. No. 1259. The flameproof enclosure 
of the transformer windings and primary terminals is 
mp because the input, or primary side, cannot 

made intrinsically safe. The output, or secondary 
circuit, is required to be intrinsically safe because, in 
British mining practice, bare-line conductors are com- 
monly used to connect the source of current to the 
bells, and signals are made by bridging the bare line 
wires. The specification provides for input voltages 
of 240 or 110 (r.m.s.) only; the output voltage is 15 
on 0 circuit. Design data are included in the 
specification and appropriate tests are also prescribed. 
[Price 2s., postage included.] 

Eye and Face Protective Equipment during Welding. 
—Another new specification, B.S. No. 1542-1949, 
concerns equipment for the protection of the eyes and 
faces of operatives in welding shops. It is comple- 
men to B.S. 679, covering protective filters for 
welding and other industrial operations, and specifies 
standard dimensions for filter glasses for goggles, 
helmets, face masks, hand shields and similar equip- 
ment, and also the requirements intended to provide 
for safety and efficiency in use, while avoiding undue 
restriction of design. Photographs of typical equip- 
ment are reproduced in the specification. [Price 2s., 
postage included. ] 





BOOKS RECEIVED. 


Ministry of Town and Country Planning. Town and 
Country Planning Act, 1947. Report of the Survey, 
Including Notations for Survey Maps. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. net.] 

Ministry of Transport. Railway Accidents. Report on 
the Accident Which Occurred on 31st January, 1949, at 
Glasgow Cross in the Scottish Region of British Railways. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 9d. net.) 

Report to the Minister of Transport upon the Accidents 
Which Occurred on the Railways of Great Britain During 
the Year 1948. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 3d. net.] 

Diesel Engines. By J. W. ANDERSON. Second edition. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 7 dols.] 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 42s.} 

University of Illinois. Engineering Experiment Station. 
Bulletin Series, No. 377. Flexural Fatigue Strength 
of Steel Beams. By PROFESSOR WILBUR M. WILSON. 
An Investigation conducted in co-operation with the 
PuBLIC ROADS ADMINISTRATION, FEDERAL WORKS 
AGENCY, the CnHIcaGoO BRIDGE AND IRON Company, the 
ASSOCIATION OF AMERICAN RAILROADS and the BCREAU 
or Snips. [Price 20 cents.] No. 378. An Investigation 
of Creep, Fracture and Bending of Lead and Lead 
Alloys for Cable Sheathing—Series 1946. By PROFESSOR 
CurTIs W. Do.Luiins. An investigation conducted in 
co-operation with the UTILITIES RESEARCH COMMIS- 
sion. [Price 50 cents.] No. 379. Non-Pressure Treat- 
ments of Round Northern White Cedar Timbers with 
Creosote. By PROFESSOR EVERETT EDGAR KING. 
[Price 20 cents.] The Director, Engineering Experi- 
ment Station, University of Illinois, Urbana, IIl., 
U.S.A. 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. L/T 193. Ther- 
mal Breakdown with Internal Defects. By S. WHITE- 
HEAD. [Price 9s. net.] No. L/T 197. On the Stress 
Dependence of the Viscosity of Bitumens. By R. A. 
Sack. [Price 6s. net.] No. L/T201. The Dielectric 
Properties oj Silicone Liquids. By E. RUSHTON. 
[Price 6s. nev.] No. L/T 207. The Energy Dissipated 
by Discharges. A Note by Dr. Pui. H. PELZER. 
[Price 3s. net.] No. G/T 212. Carbonisation of Switch 
Oil. Preliminary Report. By A. KoBLER. [Price 
6s. net.) Offices of the Association, 15, Savoy-street, 
Strand, Lorffion, W.C.2. 





PERSONAL. 


Mr. R. W. Foor, O.B.E., M.C., a managing director of 
Powell Duffryn Limited, 40, Lime-street, London, E.C.3, 
has been appointed an additional deputy chairman of 
the company. 

COMMANDER J. H. F. KEnt, R.N. (ret.), has been 
elected President of the Retread Manufacturers’ Associa- 
tion for 1949-50. Commander Kent, a co-founder of 
Auto Tyre Services Limited, Basingstoke, a firm estab- 
lished 23 years ago, has also just become chairman of 
that company. 


Mr. J. Stncuam Kerr, of the Lancashire Steel Cor- 
poration Limited, Irlam, near Manchester, has had the 
Honorary Degree of M.Sc. conferred upon him by the 
University of Manchester. 

Mr. E. L. D1aMonpD, M.Sc. (Eng.) (Lond.), has relin- 
quished his position as head of the Mechanical Section of 
the Plant Engineering Division, British Iron and Steel 
Research Association, on appointment as assistant tech- 
nical director in charge of the Mechanical Industry 
Section, British Standards Institution, 24-28, Victoria- 
street, Westminster, London, 8.W.1. 

The Senate of the University of Dublin has conferred 
the honorary degree of Master of Engineering upon 
Mr. Harry ’eRGUSON, the inventor, and that of Sc.D., 
upon PROFESSOR KARL VON TERZAGHI, the authority 
on soil mechanics. 


Mr. W. J. BORROWMAN, who has been associated with 
the Sulzer interests for over 25 years, has been appointed 
manager of the Diesel department of Sulzer Brothers 
(London), Limited, 31, Bedford-square, London, W.C.1. 

Mr. K. S. ARNOLD, B.Sc., M.I.Mech.E., Assoc.1.E.E., 
has been appointed assistant general manager and a 
director of Messrs. Duncan Stewart and Company, 
Limited. Prior to joining Messrs. Duncan Stewart, 
Mr. Arnold was a director and manager of Blairs Limited, 
Glasgow. 

The names of the members of the newly-formed addi- 
tional transport executive, to be known as the Roap 
PASSENGER EXECUTIVE, were announced in the House of 
Commons on June 27. The chairman is Mr. GEORGE 
CARDWELL, and the other members are MR. W. VANE 
MORLAND, whole-time, and Mr. JAMES AMOS, MR. 
WILLIAM BECKETT, and Mr. STANLEY KENNEDY. part- 
time. The existing Roap TRANSPORT EXECUTIVE is now 
to be known as the Roap HAULAGE EXECUTIVE. 

Dr. J. H. WHITELEY, who has served the Consett Iron 
Company, Limited, Consett, County Durham, for many 
years, has now retired. 

Mr. R. A. West, B.Se. (Eng.), A.M.I.E.F., has been 
elected to the Board of Igranic Electric Company, 
Limited, Bedford. He has recently returned to Bedford 
after 17 years’ service as manager of the firm’s Scottish 
branch. 

Mr. H. SapLerR, formerly billet-mill manager at the 
Stocksbridge works of Messrs. Samuel Fox and Company 
Limited, has been appointed works manager at the 
Templeborough Rolling Mills, Limited, Rotherham. 

Mr. H. P. MANSEL-Epwarps, of 116, Lakeview-road, 
Coventry, has been elected secretary of the Coventry 
branch of the Association of Supervising Electrical 
Engineers, the head office of which is at 54, Station-road, 
New Barnet, Hertfordshire. 

Following the removal of the business of Cantie 
Switches Limited, from Chester to a new and larger 
factory at New Ferry, Bromborough, Cheshire, Mr. 
H. M. Goopy has been appointed managing director of 
the company. Mk. P. J. Surpron, A.M.I.E.E., director 
and general manager of Cantie Switches Limited, con- 
tinues to occupy this position. 

Mr. A. T. FIDLER, assistant secretary to the Dunlop 
Rubber Company, Limited, retired yesterday, June 30, 
after 36 years of service with the company. He was 
appointed assistant secretary on October 16, 1917. 

The Ministry of Supply announce that the functions 
of the DisposaLs SEcTION of the NON-FERROUS METALS 
DIRECTORATE are being transferred to the CONTRACTS 
Division of the Ministry. From to-day, July 1, inquiries 
regarding Government-owned surplus scrap and semi- 
manufactured non-ferrous metals should be made to 
Ministry of Supply, Contracts Division (Disposals/ 
R.E.7), Great Westminster House, Horseferry-road, 
London, S.W.1. Telephone: VICtoria 3811. Virgin 
non-ferrous metals will continue to be dealt with by the 
Non-Ferrous Metals Directorate, 20, Albert-street, 
Rugby. 

MESSRS. SHEEPBRIDGE ENGINEERING, LIMITED, Light 
Engineering Division. have opened a new sales office at 
351, Sauchiehall-street, Glasgow, C.2. The  firm’s 
local representative will operate from this new address. 

Messrs. THE NEWALL ENGINEERING COMPANY, 
LimItED, Peterborough, have opened a new division for 
the purpose of handling used machine tools, after 
reconditioning. The division is being gun as a separate 
organisation on new premises, under the management of 
Mr. J. DUPONT. 
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NOTES FROM THE NORTH. 
GLasGcow, Wednesday. 

Scottish Steel.—With the approach of the summer holi- 
days intense activity is taking place in all sections of the 
Scottish iron and steel trade. The supply of raw 
materials is adequately maintained to ensure maximum 
throughputs at the furnaces, and the output of pig iron 
and steel ingots and castings is on an impressive scale. 
Dispatch departments and rolling mills have been under 
considerable pressure to clear off Period 2 authorisations 
by to-morrow, and particularly to complete shipments 
against export allocations. In addition to this con- 
sideration, makers and re-rollers are faced with appeals 
from shipbuilding and general engineering establishments 
on the lower reaches of the Clyde for maximum deliveries. 
These are wanted to clear off the usual last-minute rush 
of work before the holidays are taken during the first 
fortnight of July and also to ensure sufficient material 
to carry on for the fortnight after resuming, as practically 
all the steelworks will, in turn, be closed then for their 
summer vacation. Bookings by re-rollers of bars and 
light sections on home account appear slightly smaller 
than recently, but indications are that the export alloca- 
tions for Period 3 will be correspondingly more generous. 
Fresh business booked by sheetmakers is substantial, 
assuring capacity operations at the mills for some time 
ahead. 

Scottish Coal.—Colliery outputs recently have fallen 
slightly below the level ruling at the corresponding period 
@ year ago, comparable weekly averages for a part of 
June being 477,000 tons against 479,000 tons. The dis- 
parity is not extensive, obviously, but when viewed in 
conjunction with the expansion in the labour force from 
82,300 last June to 83,200 this year, the result has been 
disappointing to the authorities, both on the production 
and the distribution sides. There is nothing amiss 
technically to account for the unsatisfactory output. 
The failure to reach the weekly target standerd makes 
it difficult for the marketing agencies to equate 
supply against stipulated obligations, and deliveries to 
some consumers are not up to the specified scale. Coke- 
ovens are receiving most immediate attention in view of 
the forthcoming holidays, a start with which is made in 
the Lothians this week, the pits there closing down from 
Friday and resuming on Monday, July 11. Receipts 
of house coal at the depots is in line with basic allocations. 
Heavier passenger traffics as a result of the good weather 
have increased railway consumption, and extra supplies 
will be required. Gasworks are reasonably comfortable, 
but stocks are in need of improvement for the winter. 
The demand from industrial users seems to be less pressing 
than hitherto, and even where deliveries have fallen 
behind schedule, few complaints are made. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The make of Derbyshire pig iron is 
providing much-needed material for Sheffield steelmakers 
who are receiving adequate supplies of hematite iron and 
scrap materials. The latest available returns of Sheffield 
district steel production are for April and show a weekly 
average of 40,200 tons, a drop of 3,600 tons compared 
with March on account of holidays. Even so, the rate of 
production was higher than last year, when the weekly 
average was 39,400 tons. The consumption of materials 
at the steel plants was 49,400 tons, including 32,600 tons 
of scrap steel and 9,000 tons of pig iron a week. ll steel- 
works are fullf employed, and engineering works have 
still many months’ work on their books. Some heavy 
departments report no slackening of export inquiry, but 
lighter branches are feeling the effects of foreign com- 
petition. This is permitting fuller attention to be paid 
to numerous home orders. Quiet progress is being made 
with the extension and reorganisation of engineering 
departments. Heavy iron and steel foundries have a 
lot of work on hand; modernised light iron foundries 
feel the lack of any considerable flow of orders for 
builders’ ironwork, for the production of which facilities 
were recently extended considerably. Adaptations of 
American-type machinery for deep mines and opencast 
workings are being produced extensively by colliery 
engineering firms. 

South Yorkshire Coal Trade.—Supplies are well 
absorbed in most sections of the coal trade. There is 
nothing to spare in hards and screened steams which are 
needed extensively on home and export account. Public- 
utility undertakings are taking freely available supplies 
of doubles and singles. The seasonal decline in house coal 
is experienced. 





“LEADER”? CLASS OF LOCOMOTIVE.—The first loco- 
motive of the ‘ Leader” class, designed by Mr. O. V. 
Bulleid, chief mechanical engineer of the Southern 
Region, underwent a trial run between Brighton and 
Three Bridges last week. The design was described 
briefly in a paper before the British Association last 
year (see ENGINEERING. vol. 167, pages 68 and 94 (1949)). 


NOTES FROM THE SOUTH-WEST. 

CARDIFF, Wednesday. 
The Welsh Coal Trade.—Substantial improvement in 
the operation of the South Wales and Monmouthshire 
coalfield, during 1948, has been revealed by the annual 
report of the National Coal Board, which has just been 
published. This shows that, during the year, working 
losses on pits in the South Western Division (almost 
entirely composed of the South Wales and Monmoutb- 
shire coalfield) were 5,655,1251., compared with 
10,741,405l. in 1947. This meant that on each of the 
23,657,360 tons of saleable coal raised in the year there 
was a loss of 4s. 7-3d. per ton, compared with a loss of 
9s. 7d. per ton in the previous year. Average pithead 
proceeds were 52s. 2-9d. per ton, the highest in the 
country, but production costs were 57s. 0-2d. per ton, 
also the highest in the country. Despite its heavy loss, 
the report states that the Division showed the most 
marked improvement of all Divisions in the country. 
While progress has been slow in rebuilding the coal- 
export trade the report adds that more coal was exported 
through the Bristol Channel ports, during the year, than 
from any other coalfield. Out of a total of 16.132,800 
tons exported by the country as a whole, the Division 
shipped 3,873,600 tons. Of this Divisional total, 
1,047,800 tons were bunkers supplied to foreign-going 
ships and trawlers, and 432,900 tons went to foreign 
bunkering depots. Marshall Plan countries received 
1,407,200 tons, other European countries 115,300 tons, 
and non-European countries 870,400 tons. Trading 
conditions were still very difficult on the Welsh steam 
coal market throughout last week. The demand again 
outstripped the available supplies of all descriptions 
except some of the very poorest qualities, such as open- 
cast smalls. The bulk of current outputs continued to 
be absorbed by deliveries under business already in hand 
from the home section and there was still no indication 
of any falling off in the requirements of these users. 
Foreign inquiry was brisk but shippers were unable to 
entertain much fresh business for early delivery. Ship- 
ments proceeded along steady lines for France, Portugal, 
Italy and South America. Bunkers were eagerly sought 
after but were scarce, while patent fuel encountered a good 

request and was busy. Cokes were well sold forward. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business was quiet after some activity 
and the quantities sold to home consumers were on a 
reduced scale. The export market was quieter and only 
a few orders were placed. Steel sheets continue in 
demand and makers have full order books which will 
keep their mills operating to capacity for months ahead. 
Iron and steel scrap, more particularly the heavier and 
better grades, is sought after. 





CONTRACTS. 


The British Electricity Authority, Great Portland-street, 
London, W.1, announce that during the past month con- 
tracts have been placed for generating station, switching 
and transforming station and transmission equipment 
amounting, in the aggregate, to 2,576,8381. The principal 
contracts include: high-pressure feed pumps for Batter- 
sea “B” station, placed with MATHER AND PLaTT, 
Luwtrep; circulating water ducts, river intake and 
pumping-station substructure, for Usk Mouth station, 
with HOLLOWAY BROTHERS (LONDON) LIMITED ; ash and 
dust collection plant, for Barking “‘C” station, with 
B.V.C. INDUSTRIAL CONSTRUCTION LIMITED; super- 
structure for main building extension for Thornhill 
station, with Hiegcs AND HILL, LIMITED ; 132-kV cables 
at Poole with W. T. HENLEY’s TELEGRAPH WORKS Com- 
PANY, LIMITED; 132-kV, 2,500-MVA switchgear for 
Hinksford substation, with FERGUSON, PAILIN LIMITED ; 
132-kV, 3,500 MVA switchgear for Carrington sub- 
station, Manchester, with METROPOLITAN VICKERS 
ELECTRICAL COMPANY, LIMITED; and 132-kV, 3,500- 
MVA switchgear for Barking “C” station, With A. 
REYROLLE AND COMPANY, LIMITED. 


Messrs. BABCOCK AND WILCOX, LIMITED, Babcock 
House, Farringdon-street, London, E.C.4, announce that 
Messrs. SPENCER-BONECOURT, LIMITED, London, in 
conjunction with Merssrs. WEsT’s Gas IMPROVEMENT 
CoMPANY, LIMITED, Manchester, have received an order 
from the West Midland Gas Board for the supply of 
a gas-turbine driven alternator to operate in conjunction 
with the latest installation of Glover-West continuous 
vertical retorts, on order for the Foleshill Gasworks, 
Coventry. The system comprises a heat-interchanger 
for the gas-turbine circuit, interposed in the waste-gas 
flue; the gases enter the interchanger at 800 deg. C., 
and are reduced to 475 deg. C., before passing on to a 
standard Spencer Bonecourt induced-draught waste-heat 
boiler, where the process steam for the retorts is generated. 
The gas turbine, an eight-stage machine, will operate 
on the closed-cycle principle and is being built by MEssrs. 
JOHN BROWN AND CoMPANY, LIMITED, Clydebank. The 
air compressor is a five-stage centrifugel type machine 





of Messrs. John Brown and Company’s design. 


NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shal] reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





IRON AND STEEL InsTITUTE.—Tuesday, July 5, 5.30 
p.mw., 4, Grosvenor-gardens, Westminster, 8.W.1. ‘“‘ The 
Martensitic Transformation,” by Dr. Morris Cohen, 
Professor of Metallurgy, Massachussets Institute of 
Technology. 

INSTITUTION OF MINING AND METALLURGY.—Wednes- 
day, July 6, 5 p.m., Royal Institution, 21, Albemarle- 
street, W.1. Sir Julius Wernher Memorial Lecture on 
“The Effect of Impurities on the Properties of Metals,” 
by Dr. C. H. Desch. Thursday and Friday, July 7 and 8, 
10 a.m. to 5 p.m. each day, Royal Institution of Char- 
tered Surveyors, 14, Great George-street, Westminster, 
S.W.1. Symposium on “ The Refining of Non-Ferrous 
Metals.” 

INSTITUTION OF SANITARY ENGINEERS.—Friday, July 8, 
Caxton Hall, Caxton-street, Victoria-street, S.W.1. 
5.15 p.m., Annual General Meeting. 6 p.m., ‘‘ Additional 
Works and Construction and Installations of New Plant 
by the South Essex Waterworks Company, under Their 
Act of 1935,” by Mr. Hugh G. Ramsay. Saturday, July 
9, 10 a.m., visit to the waterworks described in the above- 
mentioned paper. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers continue 
to run their plants at as high pressure as conditions 
permit but the continued maintenance of the heavy 
aggregate tonnage output does not cope fully with cus- 
tomers’ current needs. Notwithstanding a growing 
feeling that the end of the trade boom is in sight buyers 
are quite prepared to alvange new contracts. Orders 
already in hand assure great activity at works over the 
third quarter of the year and makers of many commodi- 
ties are fully sold over the next six months. Improve- 
ment in deliveries of raw material from home sources of 
supply can be reported and the recent large imports of 
foreign iron ores have had a welcome favourable influence 
on the unavoidable limited makes of pig iron. Only 23 
blast furnaces are in operation on the North-East Coast 
but the pig iron output of the area exceeds that of other 
districts and is moving promptly into consumption. 
Complaint is still heard of the inconvenient shortage of 
blast furnace products and the consequent necessary 
continued extensive use of iron and steel scrap, supplies of 
which, from home sources and from Germany, are 
plentiful. 

Foundry and Basic Iron.—Users of foundry pig iron 
between Tees and Tyne are still very largely dependent 
on deliveries from producing districts at a distance. The 
output of the Middlesbrough area is little more than 
300 tons a week and the bulk of the tonnage reaching 
northern consuming works is from the Midlands. Makers 
of basic iron are compelled to retain the whole of the 
output for the requirements of their own consuming 
works and the production continues to move into imme- 
diate use. 

Hematite, Low Phosphorus and Refined Iron.—Dis- 
tributable tonnage of East-coast hematite is on a some- 
what increased scale, but regular customers continue to 
call for larger supplies than they are receiving, while 
outputs of low- and medium-phosphorus irons are steadily 
absorbed by the needs of local users. Manufacturers of 
refined iron are meeting the actual requirements of buyers 
of long standing. 

Manufactured Iron and Steel.—The branches of the 
industry turning out semi-finished and finished iron com- 
modities are busily occupied and likely to continue 
actively engaged throughout the year, and steel producers 
have a lot of work in hand. Larger home production 
and much inereased import of the various types of semi- 
finished steel have eased considerably a rather long period 
of stringency at the re-rolling mills. Several finished- 
steel products are stillin strong request. Buyers of plates 
and rails are pressing for maximum deliveries and the 
export demand for black and galvanised sheets continues 
extremely heavy. 





THE LATE MaJOR-GENERAL S. C. PECK, C.B., D.S.O.— 
We note with regret the death of Major-General Sydney 
Capel Peck, which occurred on June 25. General Peck, 
who served as President of the Institution of Automobile 
Engineers in 1937-38, was born on September 2, 1871, in 
Cambridge. He was educated at the Perse School in 
his native city, and, in 1889, went from there to Sidney 
Sussex College, graduating in watural science in 1893. 
In 1900, he obtained a commission in the Royal Artillery. 
In 1924, he became Director of Artillery and in 1927, 
Director of Mechanisation. Until his retirement as a 
Major-General in 1933, he superintended the Mechanical 








Warfare Experimental Establishment at Farnborough. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
preg ener and that no connection exists between 
this Jo’ and any other publication bearing a 
similar title. ° 

Telegraphic Address}: 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPue Bar 3663 and 3664. 


ndence should be addressed 
other correspondence to the 


All editorial corres 
to the Editor and a 


Manager. 





Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada ae distes £410 0 


For Canada £4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
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THE SECOND YEAR OF 
NATIONALISED COAL. 


THE report of the National Coal Board for the year 
ended December 31, 1948*—the second year in 
which the British coal-mining industry has been 
under national ownership—is a document of great 
interest to the coal-using public, though it is to be 
feared that the majority of them are likely to see 
only such extracts and abstracts of it as have been 
quoted in the Press or may be adduced in argument 
on political platforms or in debates in Parliament. 
Whether the individual reader’s personal views 
favour nationalisation or not, he is bound to feel, 
if he does study even superficially the mass of 
information contained in its 300 pages, that those 
who are directly concerned with the operation of the 
nationalised industry have been by no means idle 
during the period under review; but he is likely 
to recall also—perhaps a little ruefully—Mr. 
Emanuel Shinwell’s admission in the House of 
Commons that those responsible for forcing through 
the nationalisation of the industry had not consi- 
dered in any detail, before doing so, what kind and 
magnitude of problems were involved, and to wonder 
why, in the light of their experience with coal, 
they had the temerity to embark on a succession 
of further schemes before having arrived at a proper 
appreciation of this major industrial venture. 

The contents of the report are grouped in twelve 
chapters and nine appendixes, in addition to a short 
introduction and the Board’s statements of accounts. 
A great deal of the text is explanatory in character 
and even apologetic in tone ; a tacit admission, as 
it may seem in repeated instances, that the work of 
co-ordinating the industry on a national basis has 
proved to be much greater in scope and more 
difficult in execution than had been expected. There 
is no attempt to blame the former coalowners for 





* National Coal Board Annual Report and Statement of 
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not having done more to facilitate the work of the 
Board, or otherwise to make political capital out 
of the difficulties in the manner that is all too 
frequently practised by unscrupulous partisans ; 
but, on the other hand, neither is there any recogni- 
tion that many of those difficulties are legacies of 
past political warfare, designed to make the position 
of the former owners untenable. There is, however, 
rather a tendency to laud and magnify the research 
work, the welfare work, the building of miners’ 
cottages, the scientific investigations, the extension 
of mechanisation, and even the sinking of new pits, 
as though these were developments due to the 
initiative of the Board, instead of being (as they are) 
merely the continuation of policies which the 
industry had pursued as matters of common com- 
mercial enterprise, and without making any parti- 
cular fuss about them. 

Apart from the extended story presented in the 
text and the accounts, there are three summaries 
of the operation of the industry during 1948. The 
first of these consists of a series of six charts, cover- 
ing the first two years of national operation and 
showing, respectively, the weekly average saleable 
output of deep-mined coal; the average number of 
wage-earners on the colliery books (with a curve 
also for the face workers only) ; the output per man- 
shift ; the attendance percentage of “‘ all workers ”’ 
(a term having, presumably, the same meaning as 
the ‘‘ wage-earners’”’ on the second chart, but in 
this instance not accompanied by a curve relating to 
face workers only); the proceeds, total costs and 
wages costs per ton of saleable coal; and the quan- 
tities of coal sent out of the country per month as 
exports or bunker coal. The second of the three 
summaries relates to 1948 only and constitutes 
Chapter XII of the report, entitled “‘ Review of 
1948”; and the third summary is a statistical one, 
headed ‘“‘The Year at a Glance.” 

The ‘‘target’’ for coal production in 1948 was 
211,000,000 tons, of which 200,000,000 tons was to 
be deep-mined coal and the rest obtained from 
opencast workings. In the event, the desired figure 
was not reached, but the deficit was not large in 
proportion, the actual output of deep-mined coal 
being 197,600,000 tons between January |] and 
December 31, 1948. It is necessary to specify the 
dates thus exactly, as two other 1948 totals are 
given in the report, both being smaller than the 
figure here quoted; one relates to the 52 weeks 
ended January 1, 1949, and the other omits the 
output of the “licensed” mines—small workings 
still in private hands and employing, in some 
instances, a mere dozen men or so, but responsible 
in the aggregate for 1-1 per cent. of the total output 
in 1948. Though the “‘target”’ figure was not 
attained, however, the output of deep-mined coal 
was 10,400,000 tons better than ‘the 1947 figure, 
representing an increase of 5} per cent.; and the 
opencast coal production, at 11,700,000 tons, was 
700,000 tons above the estimate. Thus the total 
saleable output was not far short of 2094 million 
tons, out of which some 16,000,000 tons were 
exported, rather less than two-thirds going as cargo 
and the remainder in ships’ bunkers. It may be 
noted that unofficial strikes reduced the year’s 
output by an amount estimated at approximately 
a million tons and that, in the later months of 1948, 
the rate of absenteeism was higher than during the 
corresponding months of 1947; if there had been 
no unofficial strikes, and if absenteeism had 
not increased towards the close of the year, the 
“target ’’ total of 211 million tons would have been 
achieved. 

To produce the recorded result in production, 
however, the industry had on the pay-roll at the 
end of the year 726,300 wage-earning employees ; 
considerably less than the figure (750,000) which they 
had hoped to attain, although 8,331 more than at the 
end of the previous year. This total includes both 
surface and underground personnel ; it is satisfac- 
tory to note that rather more than 5,000 of the 
additional 8,331 were face-workers, but not so 
satisfactory to find that, because of normal “ wast- 
age ’’ (a soulless term, though it is difficult to think 
of a better word), the Board had to train 16,000 new 
face-workers to obtain a net increase of 5,000. 

Output per manshift increased during the year 
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1948, taking all wage-earners into account; on a 
basis of face-workers only, the increase was from 
2-86 tons to 2-92 tons. Of the total increase in 
output (10,400,000 tons) over that of 1947, it is 
estimated that 3,200,000 tons resulted from increased 
manpower, 2,000,000 tons from better attendance, 
4,400,000 tons from the greater output per man- 
shift (reflecting directly the higher degree of 
mechanisation in coal-cutting and conveying) and 
800,000 tons from the greater number of working 
days. It is remarked, however, that the influence 
of absenteeism is not to be gauged by a consideration 
of percentages alone, where output is concerned ; 
much depends on the nature of the individual 
absentee’s normal employment. Coal mining is 
team work, and there were many instances in which 
the absence of certain men prevented others also 
from working. This situation, of course, is no 
novelty in the mines, but is a problem of long 
standing, particularly difficult to solve when the 
personnel of a pit includes an appreciable percentage 
of new entrants to the industry, even if there were 
no questions of demarcation involved. 


In view of the many complaints that have been 
made of the high percentages of ash now found in 
almost all grades of coal and coke, it is interesting 
to read the short section of the report dealing with 
**Coal Preparation.” As did the 1947 report, it 
stresses the point that increased mechanisation at 
the coal face must raise the proportion of dirt in the 
coal, because the machine cannot follow irregu- 
larities in the seam as closely as can the individual 
miner. Another important factor is the working of 
thinner seams as the thick seams become progres- 
sively worked out. It is now admitted, however, 
that ‘‘ the coalface workers can do much to help by 
seeing that they do not fill more dirt than is reason- 
able’ and that, ‘‘in parts of the coalfields, too 
much dirt is still being filled.’”” In the opinion of 
the Board, as expressed in the report, ‘‘the main 
solution of the long-term problem lies in the con- 
struction of new coal-preparation plant,” and it is 
recorded that whereas, in 1947, three new plants 
were put into service, having an aggregate cleaning 
capacity of 400,000 tons a year, in 1948 there were 
added 23 coal-cleaning installations, with a total 
annual throughput of 5} million tons. This is all 
to the good, but it does not go far, after all, in 
dealing with an annual production in excess of 
200 million tons; and, presumably, the potential 
tonnages handled are tonnages of uncleaned coal 
in every case. This section of the report concludes 
with the observation that ‘‘ Some 2,000,000 more 
tons of dirt were removed from the coal in 1948 
than in 1947”; a simple statement, the impli- 
cations of which do not need to be stressed. Large 
as the figure is, it represents certainly no more than 
10 per cent. of the dirt mined ; the remainder was 
paid for by the consumer as coal. 

Complete cleaning is an ideal that is impossible 
of attainment, but a considerable improvement on 
the present standard is surely possible.- There was 
a time when, in some coalfields, if not in the majority, 
the tubs were loaded with forks instead of shovels, 
80 providing a primary stage of cleaning at the face. 
This is not practicable with mechanical cutting and 
conveying, so that the cost of supplying clean coal 
must bear a growing charge to cover the high capital 
and operating cost of cleaning plant, and it may be 
that, largely in consequence of this factor, the 
slight fall in the cost of winning the coal, which the 
report shows to have taken place at the end of 1948, 
may not continue. Overthe whole year, the average 
cost of producing a ton of coal was 45s. 7d., which 
was 4s. 4d. more than the average for 1947. Of 
the increase, 2s. 9d. represented wages, and 
materials and power accounted for another shilling. 
As a contrast, it is mentioned that, in 1938, the 
average cost of production was 16s. a ton, of which 
wages took about two-thirds. Average earnings 
(including allowances in kind) were Ils. 8d. per 
shift in 1938 and 33s. 2d. in 1948. The Board 
record with satisfaction that, in 1948, the output 
per manshift regained the pre-war standard ; but 
they observe also, with evident truth, that pro- 
ductivity ‘‘must increase much further through 
better technique and better effort before the industry 
earns the benefits which have come to it through 
increased wages.” 





POWDER METALLURGY IN 
GERMANY DURING THE WAR. 


THE operations of the five principal Allied 
investigating organisations which, after the war, 
carried out intensive examinations of German 
manufacturing techniques, were disappointing in 
certain respects, but in some other directions they 
revealed technical advances of considerable interest 
and peace-time usefulness. It is not surprising 
that little noteworthy progress was found to have 
been made in manufactures and constructions—for 
instance, steam turbines, and shipbuilding—which 
had to be subordinated to other forms of pro- 
duction while the war lasted ; this must have been 
the common experience of all the nations engaged 
in the war. Equally, it was to be expected that 
Germany should make appreciable progress in the 
development of materials and manufactures of a 
substitute nature, when the means to continue 
along peace-time lines were not available. Powder 
metallurgy definitely comes into this category, for, 
although much work had been done in this field 
before the war by German firms and research 
workers, the scale of pre-war production was very 
small by comparison with the outputs, and the 
variety of uses, which war-time conditions forced 
upon the German economy. A perusal of the 
complete story would involve the study of some 
250 British and foreign reports (including those 
emanating from German sources), but the essefice 
of them has been well summarised in a recent 
Overall Report (No. 20)* by the British Intelligence 
Objectives Sub-Committee (B.I.0.S.). 

The five information-collecting agencies to which 
reference has been made were the Combined 
Intelligence Objectives Sub-Committee (C.I.0.S.) 
which, as the title indicates, was a joint organisation, 
actually operated by the British and the American 
Governments ; the B.I.0.S., already mentioned ; 
and three American official bodies, namely, the 
Technical Industrial Intelligence Committee 
(T.I.LC.), the Joint Intelligence Objectives Agency 
(J.I.0.A.), and the Field Information Agency, 
Technical (F.I.A.T.). The reports compiled by all 
five are obtainable from H.M. Stationery Office 
and other documents, of enemy-country origin, are 
filed by the Technical Information and Documents 
Unit (T.I.D.U.) of the Board of Trade. There will 
be no occasion to refer again to these various 
sources in the course of this short review, but the 
abbreviations may be of service to those who wish 
to inquire further. It is sufficient to mention here 
that the accumulation of documentary evidence, 
the cream of which Mr. Hetzig has condensed in 
Overall Report No. 20, represents the gleanings of 
some 800 investigators from Great Britain alone, 
gathered in about 300 tours in German industrial 
and research centres. It is, in fact, an admirable 
example of the difficult art of condensation; but 
it suffers from one defect which we have noticed in 
earlier B.I.0.S. Overall Reports, namely, a tendency 
to use initials without explaining their meaning. 

Turning at last to the subject of powder metal- 
lurgy and the war-time use that the Germans made 
of it, the most surprising development, perhaps, was 
that of the sintered-iron driving band for shells, 
originally introduced because of the shortage of 
copper. In October, 1944, the production of 
sintered-iron driving bands reached a peak of 
3,270 tons out of a total iron-powder production for 
that month of 3,500 tons. The same material was 
used also for bearings, bullet cores, and various 
components for smal]! arms, but the production of 
these was almost negligible by comparison with that 
of driving bands. The suggestion to make driving 
bands of iron dates back to 1932, but it was not 
taken up seriously until 1936. Two more years 
passed before the first successful trials were made, 
and quantity production was undertaken in the 
following year, 1939; evidently too soon, for much 
technical trouble was encountered, which was not 
overcome, apparently, until 1942. The report 
estimates that, in all, about 1,000 million iron 
driving bands were made and states, rather sur- 
prisingly, that they were found to cause less barrel 
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wear, in many cases, than copper bands. They 
had the further ballistic advantage of being stronger 
than copper bands and therefore better suited for 
use at high muzzle velocities ; copper, having less 
shear strength, is liable to strip from the shell at 
some of the muzzle velocities now employed. 

The other German war-time uses of powdered 
metals were less spectacular, though possibly of 
greater potential peace-time value. The principal 
application was to the production of hard-metal 
carbides, not only for the tips of lathe tools, in 
which they had developed a valuable market before 
the war, but also for wire-drawing dies, drill bits, 
and tips for coal-cutter picks. To increase the 
output, Krupp’s used a continuous rotary-tube 
furnace for the hydrogen reduction of the tungsten 
and cobalt oxides and, to mix the powder, the 
Siebtechnik vibrating ball-mill, which was claimed 
to operate four times as fast as the ordinary type of 
ball-mill. It consisted of four stainless-steel ball- 
mill containers mounted on a carrier, supported on 
springs. On a shaft passing through the carrier 
were two eccentrically-mounted flywheels which, at 
a critical speed, rotated round their own centres of 
gravity and so imparted an eccentric motion to the 
shaft, thus vibrating the carrier. The output per 
batch was 45 to 60 Ib. of powder in the small size 
of mill and 350 to 550 Ib. in the large size. When 
time permitted, a batch was given 48 hours in the 
mill, but war-time conditions made it necessary to 
reduce this to 24 hours, to obtain the required 
output. Various substitutes for tungsten carbide 
were tried, but did not prove satisfactory; they 
included a 45-per cent. vanadium carbide, a 45-per 
cent. titanium carbide, 10 per cent. nickel with 
tungsten carbide, and a titanium carbide with 
additions of 5 to 15 per cent. of molybdenum carbide 
and 10 to 13 per cent. of nickel. The research staff 
of Metallwerke Plansee, it is stated, also found that, 
in tungsten carbide-titanium carbide tool tips, the 
titanium carbide could be replaced by 1-7 times its 
amount of zirconium carbide without detriment to 
the quality of the tool. Krupp’s also made a 
diamond-hard metal by hot-pressing a mixture of 
three parts of tungsten carbide and one part of 
nickel with 10 per cent. of diamond dust. 

The production of flake powders of aluminium 
and magnesium developed into an important indus - 
try, which, the B.1.0.S. and other investigators 
pointed out, might have a serious effect on the 
corresponding British industry if German production 
were allowed to continue on the war-time scale— 
possibly as much as 13,000 tons per annum, available 
at a cost with which British manufacturers could 
not compete. Atomised aluminium powder was 
made by a steam-jet method, the jet of molten 
aluminium and steam being discharged into water 
at 50 deg. C. and the powder recovered in a form 
described as ‘‘ filter cake,” which was then broken 
up and dried. Aluminium-alloy powders were used 
for bearings ; and brake linings were made of either 
aluminium or magnesium, together with kieselguhr 
and a phenol resin. It is stated that the best 
results were obtained with brake linings containing 
25 per cent. of magnesium powder, 40 per cent. of 
kieselguhr and 35 per cent. of resin. 

Other uses of powder metallurgy were in the 
production of permanent magnets, cores for induc- 
tion coils, etc., electrical contacts and copper- 
graphite brushes ; and the Mannesmann Company 
developed a process for rolling iron powder into sheet 
for the construction of transformers. The sheet 
was sintered in hydrogen for two minutes at a 
temperature of 1,200 deg. C. Its thickness was 1 mm. 
and it could be reduced to half that thickness by 
further rolling, after which it was annealed at 
1,200 deg. C. in hydrogen. For high-temperature 
work, powdered molybdenum was used ; resistor 
bars of this material could be operated continuously 
at temperatures up to 1400 deg. C. Other experi- 
ments were made in the attempt to produce gas- 
turbine blades of powdered materials, but do not 
appear to have been pursued to finality, though 
sintered alumina seemed to have useful properties; 
the machining costs, however, were excessive. 
Lightweight sintered-nickel plates were made for 
alkaline secondary batteries. They had very low 
internal resistance, but the negative plates lost 
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NOTES. 


Report on LOcoMOTIVE INTERCHANGE TRIALS. 


A seuss of interchange trials was held from 
April 20 to September 10, 1948, in which steam 
locomotives from 12 classes of the four former main- 
line railway companies, and from two ‘ Austerity ” 
classes, were run on selected routes in ‘‘ home ”’ and 
‘‘foreign’’ Regions of British Railways. The 
Railway Executive had decided that this was ‘‘ the 
speediest and cheapest way of obtaining compara- 
tive data,”’ pending more detailed tests at the Rugby 
and Swindon stationary plants and with the mobile 
testing vehicles. The trials were initiated primarily 
as @ means of producing, in the shortest possible 
time, indications of the most desirable features to 
incorporate in the design of future steam loco- 
motives ; “‘they were not intended to be a contest 
between locomotives of similar types, which, it 
was appreciated, had been designed to fulfil the 
requirements of particular Regions.” Thus, while 
all locomotives used the same types of coal during 
the trials, Western Region locomotives, which had 
been designed for burning high-quality Welsh coal, 
were given a further series of trials using this coal 
during November and December. The Locomotive 
Testing Committee, consisting of representatives 
from all Regions, have now published their report on 
the trials. It contains 131 pages, mostly of tabu- 
lated data, which it is not intended to make available 
to the public owing to the high cost of reproduction. 
We have received a copy from the Railway Execu- 
tive, however, and hope to give an appropriate 
summary of it in a subsequent issue of ENGINEERING. 
The trials were carried out in ordinarytraffic. Each 
locomotive ran two trips on each selected route, 
with a dynamometer car incorporated in the train, 
and a “‘ home Region ’’ crew on the footplate. Two 
preliminary trips, without a dynamometer car, were 
run on each “foreign”? route, to enable crews to 
become accustomed to the road. Owing to loading- 
gauge difficulties, Western Region locomotives could 
not be run on all selected routes. The detailed 
results given in the report must be considered in 
relation to numerous variables, but, for the present, 
the Committee’s main conclusions may be noted. 
The locomotives were able to work the trains to the 
overall timings, and performance on “foreign ”’ 
routes was not impaired. For comparable condi- 
tions and duties, locomotives with wide fireboxes 
were found to have a higher overall efficiency than 
those with narrow fireboxes. The importance of 
the correct firing technique in relation to the coal 
used, and the necessity for adjusting design details, 
“such as the spacing of firebars, to suit the coal were 
specially evident in connection with higher power 
outputs. The advantages of a high boiler output 
and a large thermal capacity to give a reserve of 
power and a margin for rapid recovery without an 
appreciable decrease in overall efficiency were clearly 
indicated. There were indications that an increase 
in superheat effected an improvement in the case of 
express-passenger and mixed-traffic locomotives ; 
the improvement was much less marked in the case of 
freight engines. The propensity to slip varied and 
further investigation is desirable. In view of the 
irregular drawbar pull recorded in some cases, it 
is considered that further investigation should be 
made into the effects of balancing, valve setting and 
other relevant factors. No difficulty was experi- 
enced with express-passenger and mixed-traffic 
locomotives with the smaller diameter coupled 
wheels in attaining the speeds necessary to maintain 
the schedules. On all routes it was noted that the 
average power required from the locomotives was 
low in relation to the maximum power required. 


THE ORGANISATION OF STANDARDISATION. 


The President of the Board of Trade (the Rt. Hon. 
H. Wilson, M.P.) announced in the House of 
Commons on Thursday, June 23, that he had 
appointed a committee ‘‘to consider the organisa- 
tion and constitution of the British Standards 
Institution, including its finance, in the light of the 
increasing importance of standardisation and the 
extended size and volume of work likely to fall on 
that body in future.” The chairman of this com- 
mittee is Mr. G. Cunliffe, and the members are Sir 


William Palmer, British Rayon Federation ; Mr. 
A. V. Nicolle, the Automotive Engineering Company, 
Limited; Mr. R. Duncalfe, British Glues and 
Chemicals, Limited; Mr. E. P. Harries, Trades 
Union Congress ; Mr. D. W. Humphreys, General 
Electric Company, Limited ; and Sir Ernest Lemon, 
chairman of the Ministry of Supply Committee on 
Engineering Standardisation. In making this 
announcement the President said that the Govern- 
ment were fully alive to the economic contribution 
standardisation could make, both by savings in 
production costs and by guarantees to the consumer. 
They were convinced that their policy should be to 
encourage the progress of standardisation by every 
means in their power and to look to industry, 
working with and through the British Standards 
Institution, to do the work. They were fully 
conscious of the great progress that industry and 
the Institution were making, but it was clear that 
further advances in standardisation, whether in the 
engineering field or elsewhere, would not be obtained 
without a good deal of hard work and careful 
technical examination and without the fullest co- 
operation of industry in the drafting and adoption 
of standards. This would mean that the British 
Standards Institution would have more work 
to do and would assume an even more important 
place in the economy of the country than it held at 
present. Problems of organisation and finance 
would be created and the question of an increased 
grant from the Government would have to be 
considered. It seemed necessary, however, that 
the constitution and functions of the Institution 
should first be reviewed in the light of this policy. 


Luioyp’s REGISTER AND THE BRITISH CORPORATION. 


On page 303 of our issue of April 1, 1949, we 
gave particulars of the fusion which had then just 
taken place between Lloyd’s Register of Shipping 
and the British Corporation Register of Shipping. 
On April 8 it was announced that, as a first step in 
the reorganisation of the Committees of Lloyd’s 
Register, Sir Maurice Denny, Bt., K.B.E., D.L., 
President of the British Corporation, Mr. G. J. Innes, 
chairman, and Mr. George Barrie, chairman of 
the Technical Committee of the Corporation, had 
been elected members of the General and Technical 
Committees of Lloyd’s Register. Since April 8 the 
following former members of British Corporation 
Committees have been elected to Lloyd’s Register 
General Committee. Mr. Philip Runciman and 
Mr. W. C. Warwick have been elected by the 
British Corporation General Committee; Mr. 
C. G. Mack, M.B.E., and Mr. F. H. Lowe, by the 
Liverpool Committee; Mr. Robert Borland, Mr. 
A. C. Hogarth, Mr. William Logan, Mr. Colin Scott, 
and Mr. G. A. Workman, by the Scottish Committee ; 
Mr. Mungo Campbell, C.B.E., and Mr. Leslie Mann, 
have been elected representatives of the Tyne 
District, and the Hon. R. C. Geddes representative 
of the Leith District. Similarly, the following former 
members of British Corporation Committees have 
been elected to Lloyd’s Register Technical Com- 
mittee. Mr. Robert Borland has been elected by 
the Corporation General Committee, Mr. L. V. 
Dunlop and Mr. A. S. MacLellan, B.Sc., by the 
Institution of Engineers and Shipbuilders in Scot- 
land; Sir Andrew McCance, LL.D., D.Sc., F.R.S., 
by the Iron and Steel Institute; Mr. Ambrose 
Hunter, Mr. J. Lenaghan and Mr. A. J. Marr by the 
Shipbuilding Conference; and Mr. W. H. Purdie 
by the National Association of Marine Engine 
Builders. Mr. James Turnbull, O.B.E., formerly 
assistant chief surveyor of the British Corporation, 
has been appointed an assistant chief ship surveyor 
of Lloyd’s Register. 


Tue Raproactiviry LABORATORY AT HARWELL. 


In describing the Atomic Energy Research Estab- 
lishment at Harwell, on page 97 of our 166th volume 
(1948) we mentioned that a radio-chemical laboratory 
was being constructed in which it would be possible 
for all types of radioactive materials to be safely 
handled in small quantities. It is now announced 
that one wing of this laboratory is ready and that 
work will be started in it almost immediately. The 
laboratory will be used primarily for research into 
the problem of separating plutonium from the 





uranium rods that have been irradiated in a pile. 


radioactive materials, including the separation of 
the radio-isotopes produced in the British Experi- 
mental Pile and the processing of materials that 
have been irradiated in that pile. The laboratory 
will eventually be made up of an administrative 
block in the centre of the ground floor, which will 
contain offices, laboratories and workshops. It will 
be flanked by two wings to which it will be con- 
nected through airlocks. Each of these wings will 
contain a number of suites, consisting of a labora- 
tory for radioactive work and an office. Access to 
these suites will be obtained through a vestibule 
from a corridor, the doors in which will be operated 
by photo-electric cells to reduce the risk of con- 
tamination from the hands. Changing rooms and 
showers will be provided for the staff entering or 
leaving the radioactive areas and foot-operated 
wash basins with air-driers will be installed outside 
each laboratory group. Instruments for detecting 
the presence of radioactivity on the hands and feet 
of the personnel are being installed in the vestibule 
and main changing rooms, while an automatic 
monitoring system will act as a check on people 
leaving the building. As a further precaution, 
some of the operations will be remote controlled. 
The laboratory is to be ventilated by dust-free air, 
which can be admitted at a rate equivalent to 
120 complete changes an hour. Under normal 
condit:ons, however, the rate will not exceed 40 
changes an hour. Any active solids extracted 
in this way will be retained by precipitators, so 
that the exhaust air leaving the central tower of 
the building will be harmless. The operation of this 
system will be supervised in a central control room. 
The effluent will also be segregated and monitored 
before final disposal. Complete systems of alarms 
for fire and radioactive risks are being provided and 
their indications will be recorded centrally. 


Smr ALFRED HERBERT'S JUBILEE AS PRESIDENT 
OF THE COVENTRY ENGINEERING SOCIETY. 


Sir Alfred Herbert, K.B.E., has this year com- 
pleted 50 years as President of the Coventry 
Engineering Society. To mark the occasion, a 
reception and luncheon were given to members of 
the Society on Tuesday, June 21, at the works of 
Messrs. Alfred Herbert, Limited, Coventry. Sir 
Alfred became an honorary member shortly after 
the founding of the Society in 1893, and in 1899 he 
was made President, an office which he has held 
ever since. During that time, the membership has 
grown from about 12 to more than 1,000, and the first 
president, Mr. H. H. Moore, originally a draughts- 
man on the staff of Messrs. Alfred Herbert, is now 
living in retirement at Loughborough. Proposing 
the toast of the guests, Sir Alfred said that, subject 
to the approval of the Society, and with the wish 
to make a useful contribution to its work, his 
Company had decided to arrange for the delivery of 
lectures annually during the next five years, and to 
provide appropriate fees and hospitality for the 
lecturers, who would be chosen in consultation with 
the secretary. If, at the end of five years, the 
scheme proved to be successful, its extension could 
then be considered. After a good deal of thought, 
he had come to the conclusion that the lectures 
should not be limited in scope to technology, but 
should cover a wider field, and that the selected 
lecturers should be leading men in history, philo- 
sophy, literature, art and economics. He believed 
that the Society, while in no way neglecting the 
task ot advancing the art and science of engineering, 
might well spare a little time to consider some of 
the wider and more fundamental problems which 
confronted the world—problems which could never 
be solved completely either by science or by indus- 
try, but only, in the years to come, by a fuller 
realisation of spiritual values. In the course of his 
response to the toast, Mr. H. H. Varley, C.B.E., a 
vice-president of the Society, presented to Sir Alfred 
a bound volume, prepared by the Coventry Art 
School, containing the names of members of the 
Society. He announced also that a plaque com- 
memorating Sir Alfred’s record as President, would 
be placed in the Coventry Technical College and 
that a bird bath would be placed in Lady 
Herbert’s garden. Mr. A. P. Young, 0.B.E., who 
also responded to the toast, suggested that the 





It will, however, also be used for chemical work on 





lectures should be known as the Herbert Lectures. 
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LETTERS TO THE EDITOR. 


A REVIEW OF DIMENSIONAL 
ANALYSIS. 


To THe Eprror oF ENGINEERING. 


Sir,—In EncrnEErine of June 10, 1949, page 533, 
appeared a most interesting and readily intelligible 
opening to ‘‘A Review of Dimensional Analysis,” 
by Professor W. J. Duncan. I feel, however, that 
there is a contradiction between the fourth para- 
graph and the succeeding “ physical identities.” 
These identities contain symbols representing the 
physical quantities themselves, in addition to the 
more prosaic symbols of measure, and seem to be 
mathematical equations in all but name. Certainly 
the manipulations performed on them are algebraic, 
and the only explanation apparent in the text is 
an implied assumption of the validity of the ordinary 
laws of algebra in these circumstances. The 
justification of this procedure appears to be due 
not only to the law-abiding nature of the symbols 
of measure, but also to the acquiescence of the 
operation “‘ change of unit’ in these same laws of 
algebra. 

To summarise, it appears that symbols represent- 
ing physical quantities may occur in equations, 
provided these are of an algebraic nature rather than 
of a functional nature. Thus using the notation of 
the article, 

Q=aU 
is quite permissible, but the apparent deduction 
log Q = log ag + log U 
is both “senseless and incorrect.” 
Yours faithfully, 
G. Duckworts. 


Loughborough College, 
June 13, 1949. 


[We forwarded a copy of Mr. Duckworth’s letter to 
Professor Duncan and append his reply.—Ep. E.] 


To THE Eprror oF ENGINEERING. 

Smr,—I have read Mr. Duckworth’s letter with 
interest. The equation Q = gU is merely a con- 
venient symbolical expression of the relation that 
the physical quantity Q is identical with q of the 
units U, and U is necessarily of the same physical 
nature as Q. The equation is, of course, not a 
relation among numbers for Q and U are not 
numbers. Since Q and U are not numbers it follows 
that log Q and log U are meaningless symbols, and 
I am therefore in agreement with Mr. Duckworth 
on this matter. I cannot detect any inconsistency 
in my exposition of the matter in the article appear- 
ing in your issue of June 10. 

Yours faithfully, 
W. J. Duncan. 
The College of Aeronautics, 
Department of Aerodynamics, 
Cranfield, 
Bletchley, 


June 24, 1949. Buckinghamshire. 





THE METRIC SYSTEM. 
To THE Eprror oF ENGINEERING. 

Smr,—That you should publish the letters by Mr. 
Foldes, of Schaffhausen, and Herr Béorgers, of 
Diisseldorf (on page 568 of your issue of June 17) is 
evidence of great magnanimity and tolerance. I 
reply because to ignore them might imply concur- 
rence. Mr. Féldes says ‘‘ the decimal system con- 
tains only various powers of 10 as conversion factors 
whereas the variety of these factors in the inch- 
pound system is nearly infinite.” If ‘‘ decimal” 
means ‘‘ metric ’’ this statement is untrue, as I have 
shown in previous letters, and as regards the inch- 
pound system it is “‘ nearly infinite ’’ nonsense. On 
account of his confusion of decimal and metric, I 
cannot follow his claim that the decimal system 
*‘ invaded the inch-pound system.”’ Decimals were 
used by us long before the metric system was intro- 
duced. Henry Briggs, whose logarithms Mr. Féldes 
is good enough to approve, was an Englishman who 
died in 1630, and the logarithmic slide rule, which he 
mentions, as well as the present decimal notation on 





which the metric system is based, were the inven- 
tions of a Scotsman, John Napier, who died in 1617. 
More than a century ago, Joseph Whitworth was 
using decimals and micrometers in engineering work- 
shops. To-day, there are famous English factories 
which, for good reasons, use inch sizes in vulgar 
fractions and in decimals as well as metric sizes, all 
in the same workshops. 

Herr Bérger, even allowing for language troubles, 
makes a very poor case. If it is so easy to shift the 
decimal point, and this seems to appeal to many 
simple minded metricists, why not do it instead of 
using two calories, cal and kcal? If the metric 
system is so perfect why should it need so much 
modification in so short a time? Why should 
Continental engineers have a unit of mass 9,810 
times as great as that used by chemists and physic- 
ists ? Why is their unit of force 981,000 times as 
great and their unit of work the kg. metre 
98,100,000 ergs ? 

Herr Borger says “‘ It matters little what system 
is employed in the everyday life of a housewife.” 
It took 50 years of penal laws to force the French 
housewife to use the metric system at all, and after 
160 years she still insists on buying her groceries by 
the livre. In the British Empire and the United 
States, less than one per cent. of the population have 
any interest or use for the metric system, which 
they are free to use if they wish. Why should 
99 per cent. of a vigorous people be forced to change 
their daily habits and measures and weights to 
please a pedantic minority with a passion for merely 
nominal uniformity. (The metre used technically 
in Germany differs from that used in France by 
0-223 mm.) Advocates of the metric system often 
point to the fact that 50 nations now use it, but they 
do not say that any of the 50 nations asked for it 
by any electoral process. They do not add that 
in every case the metric system has been imposed 
by bureaucrats who never consulted the people. 

Yours faithfully, 
Ware. H. 8S. Rowe tt. 


June 20, 1949. ® 


To THE Eprror oF ENGINEERING. 


Smr,—In your issue of May 27, on page 496, your 
correspondent, Dr. H. 8. Rowell, criticised my 
letter published in your issue of May 20, on page 472. 
He quoted my statement ‘It is significant that 
every country, when discarding its own national 
system, has selected and adopted the metric 
system,” but he omitted my next four words “‘ never 
the Imperial system” presumably because their 
inclusion would indicate that when a choice had to 
be made the superior merits of the metric system 
have been demonstrated. 

After describing the rest of my letter as ‘‘ equally 
erroneous,’ Dr. Rowell attempted to belittle the 
progress of the metric system by quoting only the 
names of the smaller countries which have adopted 
it. The following more comprehensive table may 
therefore be of interest :— 

Period. 
Before 1820 ... 
1820-1840 
1840-1860 


Name of Countries. 

France. 

Luxemburg, Netherlands, Belgium. 

Chile, Cuba, Sgain, Colombia, Philli- 
pines. 

Italy, Brazil, Peru, Portugal, Ger- 
many, Austria, Hungary, Switzer- 
land, Czechoslovakia, Ecuador. 

Egypt (partial) Norway, Serbia, 
Roumania, Argentina, Sweden, 
Bulgaria, Finland, Bolivia, Mexico, 
Uruguay. Paraguay, Yugoslavia, 
Tunis. 

Iceland, Denmark, Costa Rica, Gua- 
temala, Malta, Salvador, Russia, 
Poland, Venezuela, Honduras. 

Greece, Japan, Haiti, Siam, Morocco, 
Persia, Turkey, Afghanistan. 

The Colonies and Dependencies of the above 
countries have also naturally followed the metric 
flag and the decisions of the Governments of Russia 
and Japan are especially noteworthy, having regard 
to the large portions of the world’s population they 
represent. Prior to the late war, China also had 
decided in favour of the metric system, and it is 
certain to be revived in her post-war reconstruction. 

Let us therefore recognise this metric trend and 
realise that our choice is now between, on the one 


1860-1880 


1880-1900 


1900-1920 


Since 1920 





hand, our continued use of both systems or, on the 
other hand, our gradual abandonment of the 
Imperial system and our use of the metric system 
only. The use of the metric system is already 
legalised in the United Kingdom—and indeed 
throughout the commercial world—and the growing 
loss of time and the risk of error in making conver- 
sions from one system to the other indicate that the 
transition period should be as short as possible. 
Yours faithfully, 
Harry ALLcook, M.I.Mech.E., M.I.E.E. 
** Radbourne,” 
Hale, Cheshire. 
June 21, 1949. 





BRITTLE FRACTURE OF MILD- 
STEEL PLATES. 
To THE Eprror oF ENGINEERING. 


Str,—Mr. A. J. K. Honeyman confirms, in his 
reply in your issue of June 17, page 568, my impres- 
sion from his previous letter (ENGINEERING, May 20, 
page 472) that he was comparing effective ductility 
measured in a static test with an Izod test in which 
steel is torn apart at a high speed of loading. In 
doing so he was, I suggest, guilty of a fundamental 
error. Plastic deformation is, inter alia, a function 
of time, as Mr. Honeyman would seem to agree in the 
latter half of his letter in your issue of June 17, 
page 568, where he says that effective ductility 
probably increases with increasing rates of loading. 
On the other hand, he says increasing rates of loading 
reduce the notched-bar impact value, as if that 
controverted the argument in my previous writings. 
Of course, it does not, and in pursuing the argument 
further I beg Mr. Honeyman, who is strong enough 
to argue, to accept my assurance that my attack 
is directed not against him personally, but against 
orthodox opinion (of the fundamentals of the 
strength of steel), which has for many years left much 
to be desired, in my opinion. . 

I have suggested that a steel which has a high 
impact value has also a high effective ductility, 
measured, of course, at the same rate of loading. 
I am not yet certain that this is true of all steels, 
and since Mr. Honeyman challenged the statement 
I suggested we should do a practical test on the steel 
which he thought would prove me in error. My 
offer remains open. Lest the users of steel among 
your readers should think the argument a mere 
academic chimera, let. me hasten to assure them that 
it is of the greatest practical importance. The 
correspondence under this heading arose from con- 
siderations of brittle fracture in ships. The steel 
in a ship must be good against both static loading 
and ‘impact’ loading, which, in my view, is the 
same thing as saying that it must have adequate 
effective ductility, both at static and at “impact ” 
rates of loading. 

I have come across a case (see letters in ENGIN- 
EERING, May 6, 1949, page 424, and April 15, page 
352) where American structural steel has half the 
static effective ductility of British steel and this 
may explain why an American ship has failed in 
harbour under static conditions. A ship in service 
has also to withstand loads applied under high rate 
of loading. The Izod test provides, in my view, a 
method of estimating the effective ductility at 
impact rate, but the Izod value depends also on the 
reduction in area. So with a high-tensile steel 
which stretches uniformly only, say, 10 per cent. 
before necking (i.e., effective ductility, 10 per cent.), 
then goes on to draw down to a total reduction in 
area of 55 per cent. or more, a false impression 
may be derived from the Izod value of the capacity 
of the steel in a ship to withstand buffeting. The 
only part of the stretch of any practical value is the 
stretch up to the maximum load, that is the effective 
ductility. That is why it is so important to the 
users of steel that they should insist on steel with 
adequate effective ductility, both at static and at 
impact rates of loading. It is, I suggest, a problem 
of absorbing interest to metallurgists, how to produce 
such steel economically. 

Yours faithfully, 
A. C. Vivtan, M.I.C.E. 
Beaufort House, ‘ 
Gravel-lane, London, E.1. 
June 24, 1949. 
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THE FOURTH 
INTERNATIONAL GAS 
CONFERENCE. 


It was mainly at the instigation of the Institution 
of Gas Engineers that the International Gas Union 
was formed in 1931 and the First International Gas 
Conference was held in London in that year, as we 
recorded at the time. The intention was that 
succeeding conferences should be held at intervals 
of three years and this practice was followed in the 
organisation of the Second and Third Conferences, 
which met in Ziirich and Paris, respectively, in 
1934 and 1937. The Fourth should have been held 
in 1940, but had to be postponed for obvious reasons, 
and it was not possible to resume the work of the 
International Gas Union until 1946. The Fourth 
Conference was held on June 15, 16 and 17, under 
the presidency of Col. C. M. Croft, M.I.C.E., in the 
Great Hall of the Institution of Civil Engineers, 
Great George-street, S.W.1, immediately after the 
annual general meeting of the Institution of Gas 
Engineers. The technical sessions were held in the 
mornings of Wednesday and Thursday, June 15 
and 16, and in the morning and afternoon of 
Friday, June 17. Visits were a: ed to the 
gasworks at Beckton, Ponders End and Wandsworth, 
and to various industrial establishments, and excur- 
sions to places of interest occupied the week end 
following the conclusion of the Conference. There 
was a reception by the Minister of Fuel and Power, 
Mr. H. T. N. Gaitskell, C.B.E., M.P., and Mrs. Gaits- 
kell, on behalf of H.M. Government on the evening of 
June 15, and a banquet at the Dorchester Hotel on 
the evening of June 16. On the Friday evening, 
June 17, the delegates and their ladies attended a 
performance of Debussy’s “‘ Pelléas et Mélisande ” 
at the Royal Opera House, Covent Garden. 

The Conference was officially opened on the 
Wednesday morning, by the Minister of Fuel 
and Power (Mr. Gaitskell); after which the 
President (Colonel C. M. Croft, D.L., J.P., M.I.C.E.) 
welcomed the delegates—some 750 in number— 
and announced that his successor in the presidency 
would be Mr. M. Brabant, of Brussels. In accord- 
ance with custom, therefore, the 1952 Conference 
will be held in Belgium. The formal opening 
being concluded, the delegates separated for the 
two concurrent technical sessions. 

TECHNICAL SEssions, JUNE 15. 

In Meeting Hall A, two reports and a paper were 
presented and discussed. The first report, by the 
Association Technique de |’Industrie du Gaz en 
France, discussed the best means of meeting sudden 
peak loads, as when a fall in temperature causes 
heavy increases in consumption. It was presented 
by Mr. G. David, and dealt mainly with self-con- 
tained plant to provide extra production. Gas 
storage, while an obvious solution, was not exten- 
sively considered because of its practical limitations, 
attention being directed instead to methods involv- 
ing the distillation of coal, the cracking of oil in 
the retorts, and plant for generating gas either for 
substitution or addition. It was found impractic- 
able to establish any quantitative comparison 
between the several processes, although the report 
expressed the various costs on a coal basis, to avoid 
the complication of reckoning in diverse currencies. 

The second report, by the Institution of Gas Engi- 
neers, was presented by Dr. F. J. Dent and discussed 
‘““Some Methods of Maintaining the Output of 
Gaseous Therms in Times of Restricted Coal Supply.” 
It described mainly the expedients adopted to 
meet the shortage of coal during the severe winter 
of 1946-47, these including various methods of 
gasifying oil in horizontal and vertical gas retorts, 
of producing increased quantities from carburetted 
water-gas plant, and of enriching producer gas by 
the injection of volatile hydrocarbons. In many 
cases, the apparatus had to be improvised at rela- 
tively short notice and suitable adjustments were 
made largely by experiment ; for instance, the Bath 
and District Gas Company used a form of ballistic 
pendulum to measure the effect of various steam 
pressures, air openings, etc., in their oil-gasification 
plant. The Dursley Gas Light and Coke Company, 
at their Malmesbury works, developed a method of 


| ; 
| Newcastle-upon-Tyne, extensive experiments were 


made with water-gas production by the American 
method, modified to take account of the different 
type of oil used as enriching agents. Refined 
benzole was also used for the ‘‘ cold carburetting ” 
of producer gas, though this was found to have 
certain disadvantages. 

The paper presented was by Mr. F. M. Birks, 
C.B.E., and dealt with ‘‘ The Characteristics of Gas- 
making Plant to meet the Seasonal Heating Load,” 
showing how, from a knowledge of the probable 
limits of temperature variation (derived from long- 
term observations) and a consideration of the laws 
of probability, an empirical relationship could be 
established between temperature and gas consump- 
tion. The paper was illustrated by six charts 
showing, respectively, the intensity and duration of 
cold-weather periods during the past 20 years in 
the London area ; the effect of the seasonal heating 
load ; the variations of the seasonal heating load 
alone, separated from the remainder of the con- 
sumption ; the magnitude of the space-heating con- 
sumptions during the cold-weather periods over 
20 years; the economic relationship between coal- 
gas plant, carburetted water-gas plant, and oil- 
gasification plant ; and, based on the previous chart, 
another, with the abscisse for the operational 
periods plotted logarithmically so as to show the 
intersections of the curves more clearly over the 
periods of short duration. From the third chart, 
said Mr. Birks, it was possible to ascertain the load 
factor for a plant introduced at any temperature 
level between 65 deg. and 20 deg. F.; at the former 
temperature level, the load factor would be 89 per 
cent., and at the latter, 15 per cent., but at 32 deg. F. 
it would be only 2 per cent. The space-heating 
load, down to the average winter temperature of 
41 deg. F., represented only 42 per cent. of the maxi- 
mum demand, and at 32 deg. F. 68 per cent. The 
question then arose, how the peak loads could be 
met most economically. Consideration of this ques- 
tion in the light of all the data indicated that car- 
buretted water gas might carry a higher proportion 
of the seasonal load than was the common practice 
in Great Britain, and that the contribution to meet 
the maximum demand which could be made 
economically by storage of gas was very small ; 
though Mr. Birks pointed out that other factors 
influenced the determination of the optimum gas- 
holder capacity in relation to the maximum daily 
output. Since writing the paper, he added, he had 
had to consider a programme for the installation of 
additional plant to meet increased demands, and 
this further investigation strengthened his opinion 
regarding the advantages of carburetted water-gas to 
meet the seasonal demand. It appeared, too, that, 
to obtain the full technical advantages of smooth 
operation of the carbonising plants, and to keep the 
labour steadily employed, all short-term fluctuations 
in demand might be met by carburetted water-gas, 
even during the summer months. The gasification 
of oil seemed suitable as a means of dealing with 
sudden variations in demand, because the reserve 
of potential gas could be stored in its liquid form ; 
moreover, the labour required was negligible in pro- 
portion to the thermal output. 

The concurrent session in Meeting Hall B, on the 
morning of June 15, considered a report by the 
Institution of Gas Engineers, and presented: by 
Mr. H. J. Escreet, on ‘‘ Methods of Maintaining a 
Gas Supply, particularly to Priority Consumers, in 
times of Gas Shortage ’’; and a paper, by Dr. J. E. 
Carriére, manager of the Keuringsinstituut voor 
Waterleidingartikelen, on ‘‘ Modern Protection 
Methods for Cast-Iron and Steel Pipes, and the 
Experience Gained with these Methods in the 
Netherlands.” 

The report described the steps taken to maintain 
supplies, during the war, to such priority consumers 
as munition works, food factories, bakers and hos- 
pitals, when pressures were reduced, either deliber- 
ately or by damage to mains. Plans to meet such 
circumstances were prepared at the outbreak of the 
war in 1939, but it was found that other factors, 
not foreseen, greatly complicated the actual situa- 
tion. In London and some other large cities, the 
evacuation of a large part of the population so 
reduced the demand that there was a good margin 
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of spare plant; but in some centres, such as 





Birmingham and Sheffield, the industrial load 
increased at a rate which more than offset the reduc- 
tion due to evacuation. Damage to mains, however, 
proved to be more serious than had been expected 
and, in some areas, on many occasions, the supply 
was completely interrupted until the damage could 
be made good. In some cases, the damage to 
buildings reduced the demand to an extent which 
mitigated the effect of the damage to mains ; but 
frequently there was trouble due to the flooding of 
gas mains as a result of damage to adjacent water 
mains, causing a complete stoppage until the gas 
mains could be cleared of water. To enable the 
priority consumers to continue to use their appara- 
tus, steps were taken to adjust it to work at very low 
pressures (say, 1 in. or even 3 in. w.g.) or boosters 
were installed to keep up the normal pressure locally. 
Details of these various measures were given in 
the report. Towards the end of the war, the 
evacuated population returned to the big cities, 
and the demand for gas immediately increased ; 
and the shortage of domestic coal also added to the 
demand. Concurrently, the effect of long-deferred 
maintenance, of delays in the construction of new 
plant, and of shortage of labour to operate the plant 
that was available combined to produce a situation 
which obliged many gas undertakings to restrict 
supplies, and pressures were again reduced for these 
reasons. For example, in the severe winter of 1944- 
45, the Gas Light and Coke Company had to reduce 
their pressure from the normal 4} in. to 5 in. w.g. to 
between 1 in. and 2 in. w.g. on several occasions. 
Eventually, regular ‘‘ pressure schedules”’ were 
introduced, but these involved much labour in the 
adjustment of governors. It was found that even a 
heavy reduction in pressure did not greatly affect 
the demand, because the consumers turned their 
apparatus, on fully and kept it in use for longer 
periods in the endeavour to obtain the heat required. 
A good deal of experimental work had to be done to 
ascertain the most suitable adjustments of appa- 
ratus to work at low pressures ; and in some areas 
(such as, Newcastle-on-Tyne and Sheffield) it was 
necessary to have recourse to ‘“‘load shedding,” 
some large consumers being deprived of gas entirely 
during stated periods, by arrangement among 
themselves. Details of the system of voluntary 
rationing applied in Sheffield were given in an 
appendix to the report. It involved peculiar 
difficulties in that area because of the amount 
of valuable material in process of treatment at any 
given time in the steelworks and associated factories, 
and also because of the geographical configuration 
of the country. 

The paper by Dr. Carriére described the difficulties 
encountered in parts of the Netherlands, where, in 
some areas, the life of cast-iron and steel pipes, 
laid in strongly corrosive soils, was as little as five 
or six years, after which entire mains had to be 
renewed. Similar trouble, but due to internal 
corrosion, was experienced with some water mains 
in which there was only a small flow through a long 
length of pipe. To cater for such conditions, regu- 
lations were made in 1937 for the systematic coating 
of pipes with asphalt bitumen of the blown type. 
These rules applied to pipes of 80 mm. bore or more, 
but in 1941 further regulations were drafted for 
the coating of smaller pipes ; and, later in the same 
year, for the use of pitch as a coating. Four degrees 
of protection were specified, namely, “‘ light protec- 
tion,” with a layer of blown asphalt bitumen not 
more than 0-5 mm. thick ; ‘‘ reinforced protection,”’ 
with, first, a layer of bitumen up to 0-5 mm. thick, 
and then 2-5 mm. of bitumen and a filling material ; 
“heavy protection,” consisting of the same coatings 
as the reinforced protection, plus a wrapping and an 
outside protective layer of bitumen and filling 
material ; and “‘ very heavy protection,” in which 
there was an additional paper covering and, outside 
of it, a wrapping of straw cord. For the internal 
coating of water pipes, there were two methods of 
protection : ‘‘ light,” consisting of a layer of blown 
asphalt bitumen, for which it was stipulated that, 
with the hydrochloric-acid test, not more than 
10 mg. of iron should dissolve in 500 sq. cm. of 
surface ; and “‘ reinforced,”’ consisting of a layer of 
blown asphalt bitumen, the thickness of which 
should be at least 1 mm., but not more than 2mm. 
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THE JUBILEE OF THE 
METROPOLITAN-VICKERS 
ELECTRICAL COMPANY. 


THE jubilee of the foundation of the well- keown | | 
engineering works at Trafford Park, Manchester, 
which are now owned by the Metropolitan-Vickers | 
Electrical Company, Limited, falls on Sunday, | 
July 10. To celebrate this interesting occasion | 
in the history of engineering numerous guests | 
have been invited, since Wednesday, June 22, to| 
see the factory in its present state ; and these visits | 
will continue until Saturday, July 9. Such an| 
inspection, in which our representative has taken | 
part, may fittingly be described as an attraction | 
for all who are in any way associated with the | 
generation of electricity, similar to that of a great | 
exhibition. It is hardly necessary to add that the | 
various “‘ exhibits ” have been staged so as to bring | 
out the appropriate lesson ; and that every visitor | 
will learn something from what is to be seen. 

The British Westinghouse Company, Limited, was 
founded in 1899 and the works at Trafford Park 
began operations some three years later. According 
to a description, which appeared in ENGINEERING* 
at the time, they were “‘the largest of their kind 
in this country and probably no other firm has ever 
commenced a manufacturing engineering business 
on such a large scale.”’ It was also recorded that the 
area of the site acquired was about 130 acres, some 
55 acres of which were enclosed, while 32 acres were | 
roofed in. The various departments occupied | 
separate buildings, which were “arranged in such | 
order of position that the least possible time is taken | 
in passing the materials and parts of the machines 
under manufacture from one process to the next.” 
There were nine buildings in all, arranged with an 
iron foundry on the extreme east; followed by 
brass and malleable iron foundries, with pattern 
shop and stores tothe south ; a steel foundry; and, 
finally, a machine shop with the offices at its northern 
end. The machine-shop building was 900 ft. long 
by 440 ft. wide, by 60 ft. to the eaves, and was 
divided into five parallel aisles. One of these 
aisles was devoted to the manufacture of electrical | 
equipment and a view of it, as it appeared in 1902, | 
is given in Fig. 1. By way of contrast, a view in 
the same aisle at the present time is given in 
Fig. 2. 

The early history of the company, however, did not 
fulfil the hopes which its enthusiastic send-off may 
have raised. A number of initial difficulties were 
encountered and, although the concern had the 
benefit of the experience of its parent Westinghouse 
Company in America, considerable adaptation to 
British conditions was necessary. Competition, 
also, was severe, so much so that during the first 
decade of the undertaking’s existence at times 
even survival seemed doubtful. By 1917, however, 
the company had become British, in fact as well as 
in name, and had established both an efficient 
organisation and a sound reputation. The present 
name was adopted in 1919 during a brief association 
of the original firm with the Metropolitan Carriage 
Wagon and Finance Company and Vickers Limited. 
There was, however, no important change in the 











organisation ; and no break in the continuity of its | 
traditions. In 1929, Associated Electrical Indus- | 
tries was formed to combine the activities of Metro- | 
politan-Vickers ; the British Thomson-Houston Com- 
pany; Ferguson, Pailin, Limited, and the Edison 
Swan Electric Company. This association still 
continues and has, in fact, been extended by the 
inclusion of some subsidiaries. Broadly speaking, 
it may be described as providing for the exchange of 
information and some combination of resources. 
Each main company, however, conducts its activities 
separately and has remained practically unchanged 
in its organisation. Another result of this associa- 
tion is that liaison with the Westinghouse Company 
of Pittsburgh has ceased, although a connection 
of a somewhat similar character has been established 
with the General Electric Company, of Schenectady. 

The arrangement of the Trafford Park Works 
shortly before the time when Associated Electrical 
Industries came into being, twenty years ago, 








* See ENGINEERING. vol. 73. page 397 (1902). 
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was dealt with in a series of articles in ENGINEERING* 
at the time. In these it was pointed out that al- 
though the area of the site had remained constant at 
130 acres, the total area roofed over had been 
increased to 53 acres, both by interconnecting the 
original separate main buildings and by erecting 
others. The new buildings included a shop 420 ft. 
long by 200 ft. wide, in which large switchgear was 
assembled, as well as three others, each 306 ft. 6 in. 
long, in which the iron and brass foundries, tin 
shop, pattern stores, fan, magnetic-brake, cooker 
and heater departments were grouped. Another 
large shop was devoted to the manufacture of tanks 
for transformers, circuit-breakers and other equip- 
ment, while a new three-storey building provided 
accommodation for the pattern shops and the wind- 
ing, instrument and meter departments. Other 





* See ENGINEERING, vol. 125, page 64, et seq. (1928). 





ELEcTricaL AISLE IN 1949. 


buildings, which had been added to the works up to 
this time, included a school for apprentices, a con- 
denser-testing station, shops for moulded stone and 
insulation and, perhaps most important of all, a 
research department and library. In addition, 
further office buildings had been erected and a main 
substation had been constructed to replace the 
power station of the original works. It stands to 
the credit of the first planners of the factory, how- 
ever, that the original buildings—the main machine 
shops and the iron and steel foundries—still served 
efficiently for the larger products without major 
alterations to the structure. The principal altera- 
tions were, in fact, the general adoption of individual 
motor drives and, of course, improved facilities for 
testing. As already mentioned, a view of the 
present main electrical aisle is given in Fig. 2, while 
the existing mechanical aisle is illugtrated in Fig. 3. 
It may be added that besides the works at Trafford 
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Park, the company had by this time acquired fac-| manufacture and the same is, of course, true of its 


tories at Birmingham; at Attercliffe, Sheffield for | successor. 


It is also true to say that whether in 


the manufacture of traction equipment; and at the field of plant for electric power generation and 


Brimsdown, for the production of lamps. 


transmission, in that of traction and industrial 


Coming to more recent times, in 1939 a new fac- | electrification, or in that of relays, meters and instru- 
tory, with main bays 100 ft. wide, was erected in| ments the company has made notable contributions 
Mosley-road, adjacent to the main Trafford Park | to electrical progress. For example, on the mecha- 
Works, for the assembly of aircraft, bringing the total | nical side the multi-exhaust principle in steam tur- 


area occupied up to 148 acres. This factory was 
trebled in size during the following year, to give a 


bine design and the application of regenerative feed 
heating to power-station plant have been major 


total floor area of 800,000 sq. ft. Although at first it | contributions towards an improvement in thermal 


was only intended to assemble aircraft in this factory, 
before long the complete manufacture, except for 
the engines, was undertaken. The first product 
was the twin-engined ‘‘ Manchester,” but this was 
immediately superseded by the four-engined ‘* Lan- 
caster,” of which more than 1,000 were completed 
before the end of the war. The layout of the works 
was such that it was possible to produce 30 bombers 
a month. Since the war, the Mosley-road factory 
has been replanned and is now used principally for 
the large-scale production of industrial electric 
motors. The Leonard and Barton works, which 
were also erected during the war, are at present being 
used for industrial purposes, while the company have 
a factory at Stockton-on-Tees for steel products 
and one at Bury for instruments and meters. Instru- 
ments and meters are also being made at Motherwell 
in a new factory, of which we gave an account on 
page 519 of our 167th volume (1949). 

From the date of its inauguration the British 
Westinghouse Company undertook a wide range of 








efficiency. The 105-MW turbo-alternator set, which 
was constructed by the firm and installed in the 
Battersea generating station of the London Power 
Company in 1935 is still the largest generating unit 
in Europe. Last year, the company completed the 
first British-built hydrogen-cooled generator which 
has a capacity of 60 MW and is now installed in the 
Littlebrook station in Kent. A second similar unit 
is at present in the shops. The Saunders-Roe 
SR/AI, the first fighter flying boat, was equipped 
with Metrovick ‘‘ Beryl’’ jet engines and the same 
engines have established a mile-a-minute record 
in climbing speed in a Gloster ‘‘ Meteor.”” In the 
associated development of gas turbines a 2,500-h.p. 
Metrovick unit was the first to be applied to ship 
propulsion and another unit is being built for a 
turbo-electric locomotive. As is well known, a 
2,000-kW gas-turbine generator set has been installed 
in the company’s works power station and a 15-MW 
set is being built for the Stretford station of the 
British Electricity Authority. 


On the electrical side, the company led in the 
British development of 132-kV transformers and 
switchgear by providing equipment for the Victoria 
Falls Power Company’s system in South Africa. The 
company later supplied similar equipment for the 
British grid and more recently manufactured a 
220-kV transformer for Holland. Passing over 
many other developments, at the light-current end 
of the scale reference may be made to the 1,000-kV 
| X-ray apparatus which the firm recently installed in 
St. Bartholomew’s Hospital, London, and to the 
| various types of electron microscope now produced. 

Mention has been made of the company’s war 
| work in connection with aircraft production. Per- 
| haps the most spectacular item in its war-time activi- 
| ties, however, was the development and manufacture 
‘of radar equipment, first for the Air Ministry and 
| later for the Admiralty and War Office. Following 
| a request for high-power valves, the company made 
| the first commercial radar transmitters. These were 
| for a chain of 20 stations, which were placed round 
| the coast of Britain to give early warning of enemy 
|raiders. An order for 500 transmitters followed, 

and, later, complete sets of many different types 
| were produced in large quantities. An interesting 
| sequel to this work has been the production of radar 
|equipment for merchant ships. This equipment is 
| known as “‘ Seascan ”’ and is now carried by about 
| 150 merchant ships of different nationalities, includ- 
|ing both the Queen Mary and the Queen Elizabeth. 

The war work of the Metropolitan Vickers Elec- 
trical Company also included the production of such 
equipment as 2,000jgun mountings, 10,000 auto- 
| matic pilots and numerous compasses for aircraft, 
| as well as mobile power stations and other apparatus 
| both of normal and special design. Of particular 
|interest in this connection is the application of 
| Metadyne control to the operation of guns. This 
|equipment embodies a power amplifier with a 
| ratio of up to 10,000 to 1 and a very rapid response, 
so that large forces can be applied with great 
| accuracy and extremely small time lag when small 
| initial ‘‘ signals ’’ are transmitted. 

No account of Metropolitan-Vickers activities 
| would be complete without a mention of the fact 
|that the Company was one of the first in this 
| country to recognise the part played by research in 
| improving design and manufacture. At the present 
|time, investigations in the research department 
| include work on acoustics with the help of equip- 
|ment designed to allow measurements to be made 
at frequencies up to 20,000 cycles per second. 
Investigations are also being conducted on mag- 
netic steels of various types and on Metrosil, a 
resistance material, which is largely used in 
lightning arresters and surge absorbers. 

Recognition of the importance of training new 
personnel has been another notable feature of the 
policy of the Company, since its earliest days. 
Among the principles adopted in carrying out this 
work are the selection of apprentices of all grades 
by merit, the payment of wages during training, 
the allowance of time for technical education, and 
the planning of the courses to give comprehensive 
and well-balanced experience. About 1,000 trade 
apprentices and 500 “college” and “school ” 
apprentices are in training at a time, a large 
proportion of whom remain with the Company to 
form a valuable addition to the manufacturing, 
design and commercial staffs. Even those who 
leave the company do much to carry on the Metro- 
vick tradition. It may be added that the Company 
has had remarkably little trouble with labour 
problems. It is, in fact, a proud claim that no 
important dispute or work stoppage has originated 
in the factory. It is also worthy of record that the 
Long Service Association, qualification for member- 
ship of which at present is 29 years’ service, numbers 
nearly 2,000 members out of a total roll of 23,000, 
of whom 19,500 work at Trafford Park. 

It will be clear from what has been written above 
that the first 50 years of the Metropolitan- 
Vickers Electrical Company has been marked by 
great technical and commercial progress. In large 
measure, this success must be attributed to the 
early managers, who insisted that a first-class 
product must be produced, who encouraged the 
personnel to accept responsibility and who awarded 
both credit and blame to all who deserved it. 
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THE WEMBLEY RESEARCH 
LABORATORIES OF THE 
GENERAL ELECTRIC COMPANY. 


Tux staff of the Research Laboratories of the General 
Electric Company, Limited, North Wembley, held 
an open-day on the afternoons of June 21 to 23, 
when representatives of industry, universities and 
research establishments were invited to inspect some 
of the developments in These covered both 
short- and long-term investigations ranging from 
severely practical problems concerned with workshop 
techniques and the design of prototype machines, to 
those relating to the development of pulse techniques 
for multiplex radio-telephone links, and to the possi- 
bilities of molecular resonance at millimetre wave- 
lengths. The late Sir Clifford Paterson first undertook 
to form a research organisation for the G.E.C. in 
1918, though it was not until 1923 that the laboratories 
at North Wembley were formally opened by Lord 
Robert Cecil and Sir J. J. Thomson. Under the 
general direction of Sir Clifford, and the growing 
recognition of the importance of research, the labora- 
tories rapidly expanded and widened the scope of 
their activities. To-day they cover a floor area of 
about 200,000 sq. ft., and employ a staff of nearly 
1,400, of which about 300 are scientific members. 
Each works or technical department in the G.E.C. 
needing scientific advice is represented by a staff group 
at the laboratories. There are now 34 such groups 
and about one-third of the work is for the Govern- 
ment. 

In welcoming representatives of the technical Press, 
Sir Harry Railing, chairman of the G.E.C., said that 
one of the objects of the occasion was to make known 
what the company’s research laboratories were 
doing. In general, their activities were planned as 
“scientific service to industry ” and covered funda- 
mental or academic work which might open up new 
fields, as well as the more immediate problems associated 
with the improvement of existing techniques or the 
establishment of new products. Only a few of these 
activities can be mentioned here. In the engineering or 
workshop sections were shown some of the tools used for 
the cold welding of aluminium as described in Enet- 
NEERING, vol. 165, page 535 (1948). Also being demon- 
strated was a prototype machine for the production of 
cold-welded aluminium tube from flat strip. This 
was uncoiled from a reel at one end of the machine, and 
then passed between rotating wire brushes to remove 
the oxide film—a procedure essential for satisfactory 
welding. The strip then passed between two pulley- 
shaped rollers which bent or folded it into a U-shaped 
form ; it then passed between another pair of similarly 
sha rollers. These were located and shaped 
to bend the lower portions of the U into its final circular 
form, at the same time, forcing and welding together 
the upper ends, and cutting off surplus material from the 
welded seam. The tube being made was intended for 
cable sheathing; different sizes and shapes of roller 
can be used to permit the production of different dia- 
meter tubes from strips of differing widths. 

Among the researches initiated during the war 
period, mention can be made of the processes developed 
for the production of diamond dies for the drawing 
of the fine filaments for lamps and valves, and of syn- 
thetic sapphires for instrument bearings and pivots. 
Before the last war, synthetic sapphire bearings were 
imported from Switzerland and Germany, but, from 
development work started in 1940, the laboratories also 
evolved a successful manufacturing technique. Sapphire 
is essentially a form of aluminium oxide, and in this 
technique a fine “rain” of the powdered oxide falls 
through an oxy-hydrogen flame on to a fireclay support 
in a vertical form of furnace. The fused alumina 
grows into single crystals known as “ boules”; these 
are eventually split up according to the purposes 
for which they are required. In a recent development 
single crystals are grown in the form of long slender 
rods. After the crystal begins to form, it is auto- 
matically lowered as it grows in length, so that the 
fused oxide continues to fall on to the same spot 
within the furnace. The lowering mechanism is 
operated by means of a photo-electric cell and small 
motor. 

The production of diamond dies has been considerably 
accelerated by an electrical technique. The hole in the 
die is first drilled to a certain depth in the usual way 
by vibrating the diamond against the point of a 
hardened-steel needle in a medium of oil and diamond 
dust. The partly-drilled diamond is then placed 
just below the surface of an electrolyte under the point 
of a needle-shaped electrode. When the circuit is 
made, the arc drawn between the electrode and electro- 
lyte continues the process which was begun and is 
finally finished by mechanical means. Other displays 
of particular engineering interest, included those 
arranged to illustrate the production of tungsten bar 
by methods of powder metallurgy, the development 
of special alloys for switchgear contacts, and for 
inductance coils in communication circuits. 





LABOUR NOTES. 


A DEMAND for a wage increase of 20s. a week for all 
employees in the shipbuilding and engineering indus- 
tries was decided upon at last Friday’s session of the 
annual conference of the Amalgamated Engineering 
Union’s national committee, which has been i 
place at Scarborough during the past fortnight. The 
original motion asked for a weekly increase of 40s., 
but an amendment reducing the amount to 20s. was 
accepted by the delegates, on the ground that the 
latter figure was more realistic. It was agreed that the 
Confederation of Shipbuilding and Engineering Unions 
be requested to make an immediate application to the 
employers’ organisations for the increase. As nearly 
3,000,000 shipbuilding and engineering employees are 
likely to be affected by the claim, the total addition 
to the wage bill of the two industries, if the claim were 
granted in full, would amount to approximately 
150,000,000/. annually. 


In the discussion on the possible economic effects 
of the claim, Mr. Jack Tanner, the Union’s President, 
put forward the view that the Government were adopt- 
ing their present attitude to wage increases from sheer 
necessity only and not because they wanted to do so. 
He told the national committee that the introduction 
of the claim might mean that the employers would 
postpone consideration of the proposed new wage 
structure which, in itself, involved an increase in 
wages. He suggested that this proposed new wage 
structure should remain a long-term policy of the 
Union. The committee deleted from the motion a 
re-statement of the proposals for bonus consolidation, 
and a 44-hour week, and the resolution, as sed, 
requested that the 20s. weekly increase should be met 
from profits in the industries and not added to the 
prices of consumer goods. It was agreed that the 
joint committee of the Amalgamated Engineering 
Union and the other engineering unions should press 
for the increase for women employees. The meeting 
asked that it should be recalled if the claims were 
rejected. . 


At the session held on Monday last, the national 
committee of the A.E.U. decided to present immedi- 
ately a similar claim for an increase of 20s. weekly 
on behalf of engineering personnel employed in estab- 
lishments' under the control of the Admiralty, War 
Office, Air Ministry, and Ministry of Supply. The 
wage demands of approximately 100,000 engineers in 
Government service will thus be brought into line with 
those of engineers and shipbuilders in civilian employ- 
ment. On the same day, there was considerable criti- 
cism of the Government’s policy on wages and profits, 
but a resolution calling for the withdrawal of the White 
Paper on “Personal Incomes, Costs and Prices,” 

ublished in February, 1948, in which that policy is 
aid down, was defeated by a large majority. In its 
place, a composite resolution, which was moved by 
Mr. L. Stubbs, of Letchworth, was carried unani- 
mously. This called upon the Union’s executive to 
approach the Trades Union Congress and the Govern- 
ment and to request the introduction of legislation to 
restrict increased profits, the lowering of prices by the 
reduction of distribution costs, and, if necessary, the 
extension of subsidies. 


Mr. W. B. Beard, O.B.E., general secretary of the 


United Patternmakers’ Association, refers, in his 
editorial to the Association’s Trade Report for June, 
to the resolutions ed at the recent annual conference 
of the Confederation of Shipbuilding and Engineering 
Unions, and mentions in particular the one relating 
to a new wage structure for the engineering industry, 
the composite resolution on the question of the public 
ownership of the shipbuilding industry, and that 
asking for a plan for the engineering indust The 
resolution on the shipbuilding industry called for 
discussions by the Confederation with the affiliated 
unions with a view to the preparation of definite pro- 
posals and the resolution relating to the engineering 
industry asked the Confederation to conduct a further 
examination into the main sections of the industry to 
determine whether any of them were ‘“ appropriate for 
nationalisation or for the establishment o elopment 
Councils under the Act of 1947.” Mr. Beard writes 
that members of his Association will realise from the 
foregoing that matters of great magnitude were 
discussed by the Confederation and adds, “I say great 
magnitude because the more one examines these 
proposals, the more involved and complex they appear.” 


The main desire of those who were responsible for the 
resolution on shipbuilding, Mr. Beard considers, was 
that a recurrence of the slump which occurred between 
the two recent wars should be prevented. A slump, 
Mr. Beard reminds his members, which had such 
disastrous effects on trade-union funds and on the 
morale and standards of living of those employed in 





the industry. He continues: ‘‘ To my mind, however, 
something more than nationalisation is required to 
achieve this object, for it appears quite clear to me that 
if we had had nationalisation of the shipbuilding 
industry before the 1914 war, that would not have 

revented the slump which followed, for shipbuilding, 
ike many of our other industries, is largely dependent 
upon foreign orders. When a slump is world-wide and 
goods are no longer carried by sea in reasonable quan- 
tities, it follows that fewer ships are required and, 
consequently, less new tonnage is built.” 


A considerable proportion of the output of the ship- 
building industry, Mr. Beard states, is exported over- 
seas, and when it is realised that we are dependent 
upon imports for nearly half our food and nearly the 
whole of our raw materials, excepting for coal and 
some iron ore, “ it is reasonable to expect that all the 
increase we can make in our exporting industries 
should be accomplished. I think that this fact must 
be faced, in view of the possible competition in ship- 
building from America, Germany, Japan, and the 
Scandinavian countries. It would appear as if, no 
matter whether this industry is nationalised or not (the 
italics are Mr. Beard’s), it will have to contract con- 
siderably eventually and many thousands of workers 
will ultimately be forced to find employment elsewhere.” 


Mr. Beard feels that nothing but difficulty lies ahead 
until the spirit of the old pioneers, who subordinated 
the desires of the individual to the general good of the 
community, is inculcated into the younger people of 
to-day. He concludes his remarks on this subject by 
stating: “‘ With regard to engineering, that, too, is a 
major exporting industry and, while it is necessary to 
plan this industry to supply our other exporting 
industries with capital equipment, it is also necessary 
that we should be in a position to compete in world 
markets. The true test of nationalisation is that 

ater efficiency and, consequently, greater produc- 
tivity, should accrue.” 


Members of the National Union of Railwaymen wiil 
work to rule as from midnight on Sunday, July 3, 
according to a resolution passed at a special delegate 
conference of the Union, which met in London on 
June 28. Eighty delegates, representing the Union’s 
membership of nearly 460,000, had been summoned to 
consider the offers of the Railway Executive and London 
en Executive to the railwaymen’s claims for an 
ov increase of 10s. a week and for time-and-a- 
quarter payment for work on Saturday afternoons. 
The Railway Executive, in reply to these demands, 
had offered increases of up to 3s. a week for those 
employees, to the number of about 160,000, in receipt 
of a basic weekly wage of 4l. 18s., or less. An offer 
of similar increases had been made by the London 
Transport Executive. These would have benefited 
some 4,500 out of the Executive’s total railway staff of 
16,000. The voting of the 1,500 branches of the Union, 
which had been carried out over last week-end, was 
very largely opposed to the increases offered by the 
Executives. 


At the close of a private session of the conference 
lasting nearly eight hours, the Union’s general sec- 
retary, Mr. J. B. Figgins, announced that the offers 
made by the Executives had been rejected as totally 
inadequate and that the members of the Union would 
be called upon “ to cease working any tonnage, bonus 
or piece-work schemes and to work strictly to rules 
and the 44-hour week, until such time as their just 
demands are met, as from Sunday, July 3-4.” Amend- 
ments to this resolution, in one case, calling for the 
setting up by the Government of a court of inquiry 
into the wage structure on the railways and, in the 
other, asking for the acceptance of the offers of the 
Executives, are understood to have been heavily 
defeated. Mr. Figgins stated that several motions 
calling for strike action had been submitted, but had 
been ruled out of order by Mr. -W. T. Potter, the 
Union’s President. The offers have also been rejected 
by the Railway Clerks’ Association and the Associated 
Society of Locomotive Engineers and Firemen. 


Industrial production for all industries during April, 
as measured by the index of industrial production 
compiled by the Central Statistical Office, is provision- 
ally estimated at 123, a decline by eight points from 
the revised figure of 131 for March. The figures for 
all industries for March and April last year were 119 
and 124, respectively. Mining and quarrying industries 
together attained a level of 108 during April, 1949, 
compared with one of 118 during March, 1949. Pro- 
duction in the manufacturing industries declined from 
135 during March, 1949, to 125 during April, 1949. 
The index was commenced in 1946, when production 
in all instances is taken as 100. 
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SOME NOTABLE ALUMINIUM- 
ALLOY CASTINGS.* 
By A. R. Marttn, B.Se., A.R.S.M. 


For convenience, this paper is divided into three 
sections. The first gives a description of two types 
of intricate, high-strength alloy sand castings. In the 
second are given examples of intricate gravity die- 
castings, one in high-strength alloy together with further 
examples of high-strength gravity die-castings of a 
more straightforward nature. In the third section 
are given examples of finned, air-cooled cylinder-head 
castings, one cast in sand and the other gravity die-cast 
in an evecuated die. The castings have been chosen to 
illustrate, not only the specialised technique and 
metallurgical control necessary for the production of 
castings in the high-strength aluminium alloys, but, 
where possible, points of interest relating to die design 
and the construction of pattern and core-box equip- 
ment. 

The characteristics of the alloys used are as follows. 
The two binary aluminium alloys employed, containing 
10-per cent. magnesium and 4}-per cent. copper, 
respectively, have been developed comparatively 
recently though they made their appearance in 1936-39. 
They are remarkable, not so much for their high proof- 
stress and ultimate tensile strengths but for their 
ductility. The 10-per cent. magnesium alloy— 
ee DTD 300—is particularly useful where 
ability to withstand shock loading is important and its 
application during the late war, towards increasing the 
payload of aircraft by replacing built-up welded steel 
structures, gained for it an enviable reputation. 
Against these desirable features must be set a high 
rate of oxidation during melting and holding; attack 
of the metal at the mould face by the moisture con- 
tained in the moulding sand; a tendency to inter- 
crystalline shrinkage porosity in inadequately fed 
portions of the castings; extreme susceptibility to 
handling and contraction cracks immediately after 
casting, and brittleness in the as-cast condition. 

The 4}-per cent. copper alloy used—specifications 
DTD 298 and 304—being free from magnesium, does 
not present the same oxidation problems, neither does it 
suffer from intercrystalline shrinkage, but castings in 
this alloy still require adequate feed and the alloy is 
extremely hot-short. Except for straightforward 
castings with ample radii on all contours and freedom 
from sudden changes of section, the alloy is unsuitable 
for the production of die castings. 

Three other alloys are used for the production of 
the castings to be described. Two of them, the eutectic 
12-per cent. silicon alloy B.S. 2L33 and “‘ Y ” alloy, are 
among the original commercial aluminium casting 
alloys. B.S. 2L33 is an alloy possessing excellent 
fluidity enabling intricate castings of thin section to 

run under almost any conditions. Its feeding 
characteristics, however, depend on the state of “‘ modi- 
fication,” and this factor can be troublesome at times. 
“Y ” alloy, the original heat-treated aluminium alloy 
developed at the National Physical Laboratory, is 
still the best alloy for castings which are stressed at 
high temperatures, but it also possesses a tendency 
to oxidation troubles and inter-crystalline shrinkage 
porosity (detrimental alike to tensile properties and 
pressure tightness) and is extremely hot-short. The 
third alloy, a 5-per cent. silicon, 1}-per cent. copper, 
$-per cent. magnesium alloy, specifications DTD 272 





* Paper read at the 46th annual meeting of the 
Institute of British Foundrymen, held at Cheltenham 
Spa on Wednesday, June 15, 1949. Abridged. 
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and 276, is a heat-treated medium-strength alloy 
possessing the ability to run moderately intricate 
castings of thin section and possessing reasonably good 
rigidity at elevated temperatures, which property 
makes it suitable for use in the majority of cylinder- 
head applications. 

The castings to be described comprise the following. 
The two examples of high-strength sand castings are 
in DTD 300; a bomb-rack casting for a fighter bomber 
and two ordnance castings of a similar type, which 
presented an unusual problem in core-box design. The 
first example replaced a fabricated light-alloy com- 
ponent and the two castings in the second group 
replaced welded-steel components. First in the 
gravity die-cast section are a range of sink units cast in 
B.S. 2L33 alloy with a double or single draining-board 
cast integrally. This range of castings, because of 
their size, present a problem in die distortion as well 
as a problem in casting technique. An intricate high- 
strength die-casting in DTD 300—an aircraft rudder 
pedal (also replacing a built-up component)—affords 
an illustration of how die design and casting technique 
can overcome the susceptibility of the alloy to contrac- 
tion and handling cracks. 

Further examples of high-strength gravity die-cast- 
ings are afforded by an aircraft-engine support member 
cast in DTD 300—almost an ideal design for a die- 
casting—and a range of tool-holders and pulley wheels, 
for large capstan lathes, cast in the 44-per cent. copper, 
DTD 304, alloy. In the heat-treated condition, 
corresponding to DTD 304, this alloy has a higher 
proof stress than DTD 300, which is essential for giving 
the rigidity required in this application. 

Finally, the two examples of cylinder-head technique 
are provided by the sand-cast head of a four-cylinder 
motor-cycle engine and a die-cast air-cooled aircraft- 
engine cylinder head. The motor-cycle engine head, 
owing to its complexity, is built up in a simple-cavity 
mould from fifteen cores. In addition, since the head is 
jig-machined, strict dimensional tolerances have to be 
adhered to, and the means whereby the various cores 
are located are ingenious. The air-cooled aircraft- 
engine head is a good example of what may be achieved 
in the way of cooling-fins cast under vacuum. 

Both the intricate high-strength alloy sand castings 
are in DTD 300 alloy, which is produced to the following 
specification requirements. Chemical composition : 
Cu 0-15 per cent. maximum ; Mg. 9-5 to 11-0 per cent. ; 
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Si 0-35 per cent. maximum; and Fe 0-35 per cent. maxi- 
mum. Tensile properties: 17 tons per square inch, 
7 per cent. elongation, on 2 in. (0-1 per cent. proof 
stress should not be less than 10 tons per square inch). 

The bomb-rack casting for fighter-bomber aircraft 
was originally designed to carry a 330-lb. bomb load 
under an acceleration of six times gravity. A reserve 
factor of two was applied which was equivalent to a 
static load of 4,0001b. Later, the loading was increased 
to 500 lb., which, with the same acceleration and reserve 
factors, raised the equivalent static load to 6,000 Ib. 
This load was suspended from the transverse members 
and a hoisting pulley was attached to the boss on 
the curved, box-section transverse member. 

The casting measured approximately 26 in. by 14 in. 
by 3 in. deep, and the sections were ¥ in. thick with 
flanges $ in. wide. The weight as-cast was 31 lIb., 
fully fettled it weighed only 11 Ib. The pattern-plate 
equipment and ccre-box equipment were cast in 
B.S. 2L33 alloy. The bosses on the curved cross-tube 
and a small boss on the side member were formed by 
loose pieces, the remaining undercut sections being 
produced 11 cores. Riser patterns were 
integral with the pattern plate and the risers were 
subsequently opened by hand. Runners and gate were 
also embodied in the pattern equipment. At first, 
the casting was bottom-gated but, owing to shrinkage 
troubles, the casting later was top-gated so that metal 
entered the casting immediately under a riser. Cast 
aluminium-alloy moulding boxes were used, 28 in. by 
21 in. by 4} in. deep, a support bar being cast in the 
cope box. 

Moulding and core sands must be inhibited to prevent 
attack of the magnesium by moisture. After trying all 
the usual methods applied to the magnesium-base 
casting alloys, it was found that the sands could be 
most effectively and conveniently inhibited by the 
addition of boric-acid powder. Quite large castings 
can be thus produced completely free from “sand 
attack,” and the fumes evolved during casting are not 
too unpleasant. Although it may appear unnecessary, 
baked cores also need inhibiting. The moulding sand 
used is essentially a silica sea sand and natural clay- 
bonded sand mix to which an addition of boric acid 
is made. The properties aimed at are:—A.F.S. 
permeability 70-90 units; green compression strength, 
4-6 lb. per square inch, and moisture not more than 
5 per cent. This sand is re-milled after use, with fresh 
additions of water and boric acid and of either the silica 
sand or the natural clay-bonded sand. Frequent tests 
are made on the properties and boric acid content of 
the sand and the quantities of the various additions to 
each mix depend on the trends shown by graphs of 
these properties. 

The core sand is based on silica sand with additions 
of cereal binder, a small amount of natural clay-bonded 
sand, boric acid and linseed oil. Average properties 
for this sand are:—A.F.S. permeability 120 units, 
and baked compression strength, 400 Ib. per square inch. 
Owing to the risk of contraction cracks, baked strengths 
of over 500 Ib. per square inch should be avoided. 
In this connection the boric-acid content must be 
carefully controlled, since increasing boric acid will 
increase the baked strength of the cores. 

Melting and metal treatment prior to casting play 
an important part in the production of successful 
castings in D.T.D. 300 alloy. Elaborate gating tech- 
niques to avoid turbulence and to skim the metal as it 
enters the mould are of no value if the metal be in 
poor condition. Crucible melting is preferred, and the 
need for cleanliness of crucibles, ace tools and 
ladles cannot be too highly stressed. Any scra 
re-charged in the circuit should be good clean metal, 
free from dross and moulding sand, and be of reasonable 
size so as not to introduce undue oxide during melting. 
The charges of ingot and scrap are melted down under 
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a flux cover of sodium-free salts. This flux cover is 
not removed until the metal is ready for pouring. 
The transferring from the melting furnaces to the bale- 
out holding furnaces, the adjustment of temperature 
and the de-gassing are all carried out under flux. 

The stringent control of the temperature of the molten 
metal is essential and, during pe ingot and scrap 
should be charged continuously so that it is preheated 
before it reaches the molten metal. It is bad practice 
to allow part of the charge to become completely 
molten and then to add the remainder, as serious gas 
pick-up can result. If the metal has to stand in the 
molten state for any length of time it should not be 
allowed to rise above 670 to 680 deg. C. Of the 
several methods available for de-gassing aluminium- 
base alloys, nitrogen has been found the most effective 
for D.T.D. 300. Its efficiency has been proved over a 
number of years, and furthermore it is easy to handle 
and produces no objectionable fumes. The metal is 
always de-gassed immediately prior to casting because 
of its capacity for rapid gas absorption. The technique 
employed is as follows :—the burners are shut off and 
de-gassing commenced. At the end of the five-minute 
de-gassing period, the residual heat in the furnace 
should have raised the metal temperature to the highest 
casting temperature required and then the metal is 
withdrawn immediately. Ladles are well preheated 
for this p' and must not be warmed in the metal. 

The position and size of the gate and risers may be 
seen from Fig. 1, on page 21. The casting is gated at 
five points along one side from two separate runners and 
sprues. Chills are placed under the bosses at each 
end of the curved cross tube; on the small bosses on 
the cross tube ; on the three pads on the closed end of 
the frame; and on the outsides of the bosses on each 
side of the frame on the open end. A small chill is 
included on the core which forms the boss at the open 
end of the frame on the gated side. The mould is 
placed on a plate and tilted for pouring so that the 
metal runs uphill from the gates. The casting is 
poured at 720 to 730 deg. C., and the mould is lowered 
as pouring proceeds. Pouring is stopped when the 
level of the metal is within one inch of the top of the 
risers. Fresh hot metal is then added to the risers. 
This precaution is necessary to avoid surface shrinkage 
under the base of the risers which otherwise tends to 
occur. The fettled casting is shown in Fig. 2, page 21. 

Heat treatment is carried out in electrically-heated, 
forced-air, circulatory furnaces of the vertical pit type. 
For D.T.D. 300 alloy, a 12 to 16-hour soak at 425 deg. 
C. is followed by a hot-oil quench. Even so, distortion 
can be a problem, and these castings are packed on 
the standing vertically on their closed end. 
Owing to the ductility which the alloy possesses, any 
distortion could be corrected by setting the casting to 
a jig with a raw-hide mallet. Visual inspection for 
cracks is carried out conveniently by the chalk test, and 
to satisfy the Air Ministry demands the casting is 
radiographed in ten positions. 

As an illustration of the effect of small defects on 
the strength of the casting as a whole, the following 
investigation was carried out. The castings were 
suspended by the four corners from a special test rig 
and load was applied in the tensile testing machine to 
a steel channel bolted to the two cross members which 
carry the load in service. The load was applied in 
steps of 1,000 Ib., and a mark was scribed on the casting 
at each step. At first, the deflection of the side 
members was measured, since the defects occurred in 
these regions. A few tests showed, however, that the 
two cross members were deforming to a greater extent, 
and measurements were made on these as well. 
_ Although the castings contained defects of quite 

issimilar nature, position or degree, the results given 
in Table I are remarkably consistent. 


TABLE I.—Tensile Tests on Defective Bomb-Rack Castings. 
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The ordnance components, seen as castings in Fig. 3, 
on page 21, were originally built up from steel tube 
and sheet by welding. Later, the tube was replaced 
by three rings in a manner similar to the casting, but 
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the resulting articles were yoy | heavy and not 
very strong. In addition, the difficulty in producing 
a smooth helix on the four ribs resulted in a total 
fabricating time of something like 250 man-hours. 
The production of these components as castings 
resulted, not only in a lighter, more satisfactory article, 
but cut the fabrication time to at least one-twentieth 
the figure quoted. Cast in D.T.D. 300 alloy, the larger 
casting was 28 in. overall length by 9 in. dia. and weighed 
10 Ib. when fully fettled. The smaller casting was 
35 in. long by 6 in. dia. and weighed 8} Ib. when fully 
fettled. The average thickness of section was ~ to }in. 

To produce smooth ribs it was evident that to make 
a core in several pieces would be impracticable ; there 
would be the risk of slight cross-joints and also of 
flash, both being defects which would increase dressing 
costs. The notion of making the cores in one piece 
presented the problem of removing those portions of 
the core box which were to form the ribs. This 
problem was eventually overcome by making helical 
ribs in metal and withdrawing them through a metal 
stripping plate in the end of the core box. The 
method of accomplishing this is illustrated in Fig. 4. 


hogany and were slotted to receive the metal ribs. The 
smaller core carried a projection on one end and this 
conveniently allowed the core to be rammed up through 
the stripping plate which was made sufficiently thick 
to form the projection. Fig. 4 shows the ribs partly 
withdrawn. 

The method by which the metal ribs of the pattern 
were made may be of interest. A cylinder of wood 
was prepared and the helix was marked-out along its 
length. The cylinder was then cut along this line to 
itsaxis. Alength of wood was next fitted to this form 
and, when a satisfactory fit had been obtained, the 
width of the rib was scribed on it. The rib was then 
cut away and the necessary radial taper was applied. 
No taper was allowed along the length of the rib and 
in practice the twisting of the blade as it was withdrawn 
from the corebox was sufficient to produce a clean 
draw. The rib blades were cast from the wooden 
master in B.S. 2L33 alloy in a two- mould, gated 
along one edge. After fettling, the blades were set to 
the original form on the cylinder and then fitted to the 
corebox. The actual time taken to make the blades 
was 40 man-hours, but fitting four blades to a corebox 
took 300 man-hours. Even so, the time taken was 
lower in relation to the 250 man-hours required to weld 
a single component in steel. The actual time to 

roduce a finished casting was less than 12 hours. 

e patterns for these castings also were made in 
mahogany and were completed in a matter of some 
100 hours each. 

The same core sand was used as already described. 
The cores were rammed up around a l-in. diameter 





perforated brass tube for support and were turned-out 


page 21. The coreboxes themselves were made in ma- | base 
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on to an oil-sand carrier for passage through the stove. 
Fig. 5 shows a finished core for the larger component. 

The castings were made in a two-part mould and 
were gated into each of the rings on both sides of the 
castings at the parting line. A blind riser was cut at 
each gate and risers were also cut at the highest point 
on each ring; risers were also placed on the lugs 
of the smaller castings. These lugs were formed by 
side cores and the handle on the larger casting was 
also cored out. A pouring temperature of 730 to 740 
deg. C. was finally adopted as being the lowest that 
would produce a casting free from mis-runs. This 
temperature range was strictly adhered to owing to the 
risk of hot cracks occurring when higher temperatures 
were used. 

To minimise sagging during heat-treatment and 
distortion during quenching, the castings were sus- 

ded from the heat-treatment cage from one end. 
is method was successful. Although very little 
trouble was experienced, each casting was checked 
with a dummy projectile. 
iginally a sink unit with a draining board on each 
side of the sink bowl was cast in sand in an aluminium 
jum-zine alloy to replace a unit pressed 
in stainless-steel sheet. With the prospect of increasing 
production, a die was constructed. Following the 
success of this die a variety of dies for single draining- 
board sinks and one unit comprising a single draining- 
board sink and wash-tub were constructed. Changing 
from sand to gravity die-casting involved a number of 
factors. In the first place, the original alloy, although 
providing an excellent finish, was too hot-short to be 
considered as suitable material for producing a die 
casting measuring 63 in. by 21 in., of 4 in. maximum 
thickness and containing a bowl 19 in. by 15 in. by 8 in. 
deep. The most suitable alloy which could be chosen 
for such a casting was B.S. 2L33, which is produced to 
the following specification. 

Chemical composition : Cu, 0-1 per cent. maximum ; 
Si, 10-0 to 13-0 per cent. ; Fe, 0-6 per cent. maximum ; 
Mn, 0-5 per cent. maximum; Ti, 0-2 per cent. maxi- 
mum ; and Pb, and Zn, 0-1 per cent. maximum (each). 
Tensile properties, sand cast: 10-5 tons per square 
inch, with 5 per cent. elongation; chill cast: 12-0 
tons per square inch, and 7 per cent. elongation on 2 in. 
This alloy was considered to have sufficient fluidity 
and at the same time complete freedom from cracking. 
In addition, it was obvious that castings of this nature 
would distort on being removed from the die and the 
ductility of the alloy permitted the castings to be reset 
in the cold without damage. 

Involved in the change was the problem of die 
distortion. The die had to accommodate a casting 
of a double draining-board type of sink unit, 63 in. 
long, which was poured at a temperature of 800 deg. C. 
at the start of a day’s production. After several trials 
had been made, pouring the casting from either end or 
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both ends, with the die horizontal, it was evident that the 
die would have to be tilted and pneumatic rams were 
used for this purpose. Even with the die tilted there 
was still a tendency for the casting to mis-run on 
the end remote from the gate. This end of the die, 
therefore, was heavily lagged with asbestos wool on 
both sides. A further fault became apparent after 
production was under way. Slight oxide inclusions 
on the gated end, trapped by the riffies on the draining 
board, were spoiling the appearance of the finished 
article. This defect was associated with overheating 
of the die in this region and an air blast directed on 
both sides of the ingate fortunately provided all the 
necessary heat-extraction to clear up this trouble. 

The alloy was melted either in crucible furnaces or, 
when the demand for metal from the foundry was 
sufficiently great, an oil-fired open-hearth furnace was 
used. The effect of modification on the shrinkage 
characteristics of the alloy was mentioned earlier in 
the paper. If untreated metal were used, small 
shrinkage cavities occurred on the back of the bowl 
and along the flange on the lowest edge of the sink as 
cast. Furthermore, this shrinkage could not be 
overcome by suitable adjustment of the thickness of 
die-coating in the affected region. On the other hand, 
appreciable quantities of sodium metal, while producing 
the necessary modification of the alloy, generally 
strip the coating from the impression. Finally, a 
suitable balance was struck between too little and too 
much sodium by the use of pre-modified ingot of 
consistent quality and reliance on the residual sodium 
after re-melting to produce the required modification. 
In production, at least 60 - cent. re-melt has been 
included in the charges without reducing the state of 
modification below the required level. 

The die was thinly coated on the side corresponding 
to the top side of the sink with a proprietary mixture 
of finely-divided refractory oxides to produce a fine 
finish. The surface of the other die was coated fairly 
thickly with a proprietary whitening-sodium-silicate 
wash. At the start of a day’s production pouring was 
carried out at 800 deg. C. Although the die was pre- 
heated before casting, a number of castings had to be 
made before the pouring temperature could be reduced. 
When the die reached a steady working level, the 
pouring temperature could be reduced to 720 deg. C. 
About 80 castings per shift were obtained from this die. 
The castings were generally distorted on removal from 
the die and were roughly flattened in the foundry. 
After fettling they were finally set with a rawhide 
mallet. 

Two dies were made on the same principle for sink 
units with single draining-boards. With slight modi- 
fication in casting technique, these were equally 
successful. They measured 42 in. by 21 in. with a 
bowl of the same dimensions as before, namely, 19 in. 
by 15 in. by 8 in. deep. The dies, however, all suffered 
in some degree from the defect that had been antici- 
pated, namely, cracks produced by the high thermal 
stresses. Two further single draining-board sink units 
of similar dimensions and a further sink and wash tub 
unit have been produced. The latter consisted of two 
castings: a sink and draining-board measuring 47 in. 
by 24} in. with a bowl 21 in. by 17} in. by 9 in. deep, 
and a tub casting 25 in. by 24} in. with a bowl 21 in. 
by 17} in. by 14 in. deep. All these castings were 
made with a nominal metal thickness of ¥ in. 

When these dies were put in hand, the principle on 
which they were designed admitted severe distortion 
of the die and, instead of attempting to make the dies 
rigid to counter this, the die sides were made flexible 
so that they could be sprung together and held by the 
latches. Instead of the usual box-form castings, the 
die sides were built up from grey-iron castings 1} in. 
thick and these were bolted to a welded framework of 
6 in. by 3 in. steel channel sections. In production, 
these dies have behaved very well. Apart from the 
advantage of reduced size and greater ease of working, 
the heat input required to keep them at a suitable 
working temperature is much reduced and these dies 
do not require lagging, although the air blast is still a 
necessary feature. 

The die for the aircraft rudder pedal casting was 
made as an experiment in the early days of the develop- 
ment of D.T.D. 300 alloy gravity die-castings. The 
casting was successfully produced in sand to replace a 
built-up steel component, and it was considered that 
the technique employed for its production could be 
applied in the die with very little change. Fig. 6, 
opposite, shows the finished casting which measures 
17} in. long by 6 in. wide ; the stirrups are 8 in. broad. 
The over-all thickness of the webs and flanges is 
0-15 in. ; the barrel is 0-21 in. to 0-23 in. thick; and 
the stirrup is 0-6 in. by 0-4 in. thick. The finished 
weight is only 4 Ib., the as-cast weight being 134 Ib. 
Internal form is given to the casting by two main 
cores, one is withdrawn into the base of the die and 
the other is lifted clear of the casting. The impression, 
gate and risers are cut in the two die sides, and the 
barrel, the flanged arms and stirrup are formed by 
five cores each sidé which are withdrawn through the 








side of the die. Provision -is made for tilting the die. 
Melting and degassing procedure was the same as for 
the sand castings previously described. The metal 
was maintained in bale-out type holding furnaces 
under a flux cover until it was required, when the flux 
cover was removed completely. It was not found prac- 
ticable partially to remove the flux cover before each 
casting was made. In point of fact, if the metal were 
brought to the required casting temperature and used 
at once, comparatively little oxidation was experienced. 

The die was coated with a proprietary whitening- 
sodium-silicate wash to produce a rougher surface than 
would normally be expected from a die-casting : 
a fine surface finish must take second place to sound- 
ness and freedom from cracking with alloys of this 
type. At the commencement of the pour, the die was 
tilted (so that the metal flowed uphill from the gate 
at the stirrup) and was lowered to a horizontal position 
just before pouring was completed. Pouring tempera- 
tures in the range 730-760 deg. C. were found suitable 
and had to be strictly adhered to so as to avoid 
producing either a cracked or mis-run casting. 

Immediately pouring ceased, the cores forming the 
stirrup and the core-pins forming the barrel on both 
sides of the die were withdrawn, in that order. Next, 
the smaller cores forming the stirrup were promptly 
withdrawn, followed by the four cores (two each side) 
forming the flanges on the arms. After a short pause, 
the bottom and top cores were withdrawn and finally, 
after a further waiting period, the casting was removed 
from the die. This sequence was adopted to reduce 
contraction stresses to a minimum. Waiting periods 
between operations were necessary because the alloy 
has a long freezing range, and prematurely, though the 
casting may appear to have solidified, it may still be 
in a pasty state and extremely susceptible to cracking 
when handled. 

These castings do not present a difficult problem in 
heat-treatment and a good deal of the distortion which 
might occur during quenching is eliminated by the 
tie-bar between the stirrups. Visual inspection by the 
chalk test reveals the greater part of the trouble 
associated with this casting, namely, fine cracks on the 
stirrup flange. In spite of the nature of the casting, 
production running into tens of thousands of castings 
has been obtained with a very high proportion of good 
castings. 

As an example of a component which is well designed 
as a casting, the aircraft-engine support bearer in 
D.T.D. 300 alloy, now to be described, is almost ideal. 
Although it is a heavy casting of thick section, uni- 
formly high tensile properties were obtained throughout 
by attention to the die coating technique. The impor- 
tance of correct coating technique is brought out later. 
The toolholders, cast in D.T.D. 304 alloy to take advan- 
tage of the higher proof stress of this alloy over D.T.D. 
300, illustrate the more straightforward sort of casting 
that may be made in a gravity die in an extremely hot- 
short alloy. 

This casting was developed in the early days of the 
“ Sabre ”’ engine and, as its name suggests, it is situated 
on the airframe and the front of the engine is bolted to 
it. This must obviously place heavy fluctuating stresses 
on the component in service. Originally it was made 
as a sand casting, but increased production demands 
warranted the construction of a die and, as with the 
rudder pedal just described, the successful sand casting 
technique was retained in the die design. The overall 
dimensions of the casting were 27} in. by 6 in. by 8 in. 
high and the weight, fully fettled, was 26 Ib.; as-cast, 
the component weighed 64 lb. Ample radii (normally 
0-6 in. or more) were allowed on corners, and the 
nominal taper of three degrees was increased to seven 
degrees on deep-drawn flanges. Changes of section 
were gradual and the largest masses of metal were well 
placed to allow adequate feeding. 

The casting was cradled on the base of the die and 
the cores forming the bosses, which were fastened to 
the airframe, were withdrawn into the base. The two 
die sides carried integrally all the cores for producing 
the form of the flanges and bosses. These were not 
independently drawn. At first, the central riser 
(seen in Fig. 7, opposite) was omitted, and this resulted 
in severe cracking at the apex of the casting. When 
this riser was added, the castings produced proved to 
be sound by external inspection and by radiographic 
examination. The die was heavily coated but some 
adjustment of the thickness of coating was necessary 
to produce a uniformly sound casting. The die was 
gated at one end. It was tilted for ing and was 
lowered as pouring progressed. Shortly after com- 
pletion of pouring, the cores were withdrawn, and 
after the risers had solidified a further waiting period 
was allowed before the die was opened and the cast- 
ing withdrawn. This necessarily resulted in a low 
rate of production, about 50 to 55 castings per shift 
being produced. After heat-treatment, visual inspec- 
tion was supplemented by the chalk test for cracks. 
A radiographic tecpnique, involving eight exposures, 
completed the inspection procedure. 
(To be continued.) 





BRAZING TOOL TIPS BY 
INDUCTION HEATING. 


An example of the use of electric induction heating 
for brazing the tips of cutting tools is ided by an 
installation at the works of Messrs. George Beaton and 
Son, Limited, Willesden, London, N.W.10. The neces- 
sary current is obtained from a 5-kW generator and, 
although the equipment was designed primarily for 
brazing tungsten-carbide tips on to s up to 
} in. square, in practice it is capable of heating 1 in. 
square shanks as well as more complicated tools such as 
milling cutters. To enable this to be done the inductor 
has been formed of a U-shaped copper tube, } in. 
in outside diameter, which is mitred and silver-soldered, 
while the ends are square-cornered. A single low- 
voltage coil is used for all shanks from # in. square down- 
wards and as the frequency is normal the operator is not 
exposed to the risk of high-frequency burns. Since 
the equipment, which was supplied by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, was put into operation in 1947 some 
137,000 tips have been brazed with a very small number 
of rejections ; and the process has been found to be 
quicker, cleaner and more convenient than furnace 
heating for the same type of work. It is also cheaper 
where the production is sufficiently high to justify the 
cost of installing induction-heating equipment. 

Johnson Matthey’s “ Easiflow” spelter, in conjunc- 
tion with the recommended flux, is used for joining the 
tungsten carbide to the steel. This spelter melts at 
about 650 deg. C. In carrying out the work, the 
surfaces to be brazed are made bright and true by 
machining or grinding the shank in the ordinary way 
and by cleaning the tips, although the latter process is 
not essential. The rate of heating depends on the size 
of the tool that is being brazed. For instance, § in. by 
din. by } in. tips can be brazed to § in. squ.are shanks in 
25 seconds. The cycle of operations consists in brush- 
ing the prepared surfaces of the shank with flux, placing 
a piece of spelter and the tip on the shank and sliding 
the assembly along the work table until the joint lies in 
the plane of the inductor. The circuit is then closed by 
a foot switch, so that the current raises the metal round 
the joint to red heat in about 20 seconds, and the 
spelter runs and flows under the tip. The current is 
next switched off, either automatically or by hand. 
The shank is finally slid away from the inductor and the 
tip pressed on to it with a steel rod as cooling takes place. 

In the case of milling cutters the bodies are slotted 
to receive the tips snugly and are then mounted on a 
horizontal arbor and placed in the inductor. Each 
slot is brushed with flux, the tip inserted and spelter 
placed on the body in contact with the tip. When 
heat is applied the spelter melts and fills the small space 
between the tip and the body. For small cutters, such 
as spot-facing cutters about 1 in. in diameter, a single 
heating is sufficient for all four blades. 





PricEs oF P.V.C. SHEETING.—The Board of Trade 
have issued an Order which revokes the P.V.C. Sheeting 
(Maximum Charges) Order of 1948. The effect of this is 
to free from control the prices of manufacturers, whole- 
salers and retailers of polyvinyl chloride sheeting. 





FILM ON FLOOD-DAMAGE REPAIRS.—A 16-mm. sound 
film, which runs for about 20 minutes, has been produced 
by the Railway Executive to record the measures taken 
to restore railway communications and to repair the 
extensive damage caused by the disastrous floods of 
August, 1948, in South-East Scotland. The film is of 
general, rather than technical, interest, and copies may 
be obtained on loan by applying to the Public Relations 
Officer of any Region of British Railways. 





Roap TRANSPORT EXECUTIVE.—An Order has been 
made by Mr. Alfred Barnes, Minister of Transport, 
providing for the setting up of an additional Executive, 
which will be known as the Road Passenger Executive. 
On Monday, June 20, the existing Road Transport 
Executive was re-named the Road Haulage Executive. 
The names of members of the new Executive, and a 
note of the changes in the composition of the Road 
Haulage Executive, will be found in our Personal column 
on page 10 of this issue. 





RaDIO COMMUNICATION AND THE MAINTENANCE OF 
WATER Supplty.—The service and maintenance vans 
of the Brighton Waterworks Department have now 
been equipped with a 10-watt radio transmitter /receiver 
by Marconi’s Wireless Telegraph Company, Limited, 
Chelmsford. Similar apparatus has been installed at 
the reservoir two miles from the engineer’s office, from 
which it is remotely controlled over a Post Office line. 
It will thus be possible to give instructions, especially 
regarding emergency work, to the vans, so that they 
will not have to return to the office ; much time will be 
saved in this way. The new system is expected to be 
of great value during the winter months. 
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NOTES ON NEW BOOKS. 


Coal: Production, Distribution, Utilisation. Edited 
by P. C. Porr. Industrial Newspapers, Limited, 
49, Wellington-street, London, W.C.2. [Price 
12s. 6d. net.] 

Tuts book should be welcomed by all those who wish 
to understand something of the technical structure 
of the first of the basic industries to come under 
public ownership in Great Britain. It has been 
produced by The Coal Industry Society and by The 
Institute of Fuel, and provides an authoritative survey 
of the many processes involved in the mining, and 
transport of coal, and in its use as a fuel and as a 
source of important by-products. The fifteen chapters 
are written by a team of specialists, there being a short 
preface by Lord Hyndley, chairman of the National 
Coal Board, and Dr. D. T. A. Townend, president of 
the Institute of Fuel. The book deals mainly with 
technical matters ; these are presented objectively and 
in a compact form which should be satisfactory to the 
layman and to those having some previous knowledge 
of the industry. Among the subjects covered, are the 
formation and classification of coal, its preparation for 
the market and distribution by rail and sea, storage 
and handling, use in boiler plant, the production of 
gases, oils and other 5 agrees and consumption for 
domestic and household purposes. Diagrams and 
photographic illustrations are included, together with 
an index and list of references from which more 
specialised information may be obtained. Although 
the problems of management are beyond the scope 
of the book, its contents help to reveal some of the 
complexity and ramifications with which such questions 
are associated. Publication at this juncture is par- 
ticularly opportune, and the book is recommended to 
those desiring to understand some of the problems 
facing the industry upon the future success of which so 
much depends. 


First and Second Interim Reports of the Admiralty Ship 
Welding Committee. H.M. Stationery Office, York 
House, Kingsway, London, W.C.2. [Price ls. 6d. 
net.] 

Tue Admiralty Ship Welding Committee was set up 

in June, 1943, by the then First Lord “ to consider and 

investigate special problems arising from the employ- 
ment of welding in ships’ structures and to advise on 
methods for their solution,” a similar organisation being 
established at the same time in the United States. 

The investigation has proved to be somewhat 

and, in fact, is still proceeding ; but these two interim 

reports show that a great deal of useful work has been 

done, and provide a key to the sources where fuller 
details may be found—for example, in the report of the 

Cambridge Conference on Brittle Fracture, reprinted in 

our 164th and 165th volumes (1947-48). Much of the 

work covered by the two reports is fairly familiar, so 
need not be described at length; the first was dated 

January 17, 1946, and the second, which is virtually 

a continuation of it, April 19, 1948. Broadly, the 

conclusions reached so far are that good detail design 

is of primary importance ; that experimental researches 
have failed to establish that, in a weld which can 
behave in a normal ductile manner, the locked-up 
stresses due to welding are a source of weakness ; 
and that the need for sound workmanship cannot be 
over-emphasised. The Committee endorse the recom- 
mendations of the British Iron and Steel Research 

Association regarding the relative proportions of man- 

ganese and carbon in ship plates and the advisability 

of normalising plates more than } in. thick, as precau- 
tions against the development of notch brittleness. 


Motion and Time Study. By Proressor Ratrx M. 


Barnes, M.E., Ph.D. Third edition. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 5 dols.]; and Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 30s. net.] 
Stnce we reviewed the first edition of this book on 
page 92 of our 146th volume (1938), it has undergone 
considerable revision and amplification. The present 
edition contains five new chapters, making 29 in all, 
these dealing with process analysis, gang process charts, 
activity charts, and man and machine charts. A few 
of the reproductions of charts have been reduced, of 
necessity to an extent that makes the type difficult to 
read, but in general the illustrations are well planned 
and well executed, and add materially to the value of 
the book. Those who are concerned to avoid wasted 
effort in a works, whether large or small, should find 
the book worth studying with care, and will appreciate 
its generally practical outlook; but the impression is 
unavoidable that American labour is much more 
amenable and co-operative in the acceptance of time 
and motion study than the personnel of the average 
British factory engaged on quantity production. This 
is not to say that the American operative does not 
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sometimes question the activities of the observer with 
the stop-watch, and the results likely to accrue from 
them ; there is evidence in the book that he does—for 
example, in the statement that “some companies are 
guaranteeing to their employees that no one will be laid 
off as the result of the introduction of new machines, 
processes or methods, or because of the installation of a 
wage-incentive system.” A of the book may 
be recommended not only to those who already think 
as the author does, but to those who, by reason of their 
environment and upbringing, are disposed to regard 
all attempts at labour-saving with suspicion or even 
active hostility. Further study will be facilitated by 
the ample bibliography, though the majority of the 
references are to American sources. 


Hot-Water Engineering. Second edition. Edited by 
E. Motioy. George Newnes, Limited, Tower 
House, Southampton-street, London, W.C.2. [Price 
21s. net.] 

Tue first edition of this book was published in 1945, 
when the public mind was turning again from the 
problems of war to the long-neglected needs of peace, 
and —— ly to the arrears of housing and other forms 
of building activity. Naturally, therefore, the edition 
was soon sold out. In preparing the second edition, 
Mr. Molloy took the opportunity to amend the text 
where necessary to bring it into accord with the latest 
British Standard Specifications and Codes of Practice. 
In addition, the chapters dealing with gas-heated 
appliances and with electric water heaters have been 
entirely re-arranged, and particulars of current types 
of apparatus are now included. As now revised, the 
book is a serviceable guide to the general principles 
and established practice in a branch of engineering 
which is assuming a steadily increasing importance. 


Experiments on the Preservation of Mine Timber. 
Forest Products Research Records, No. 3. (Wood 
Preservation Series, No. 1.) By J. Bryan, (M.Eng., 
A.M.L.C.E., and N. A. Ricnarpson, B.Sc., A.R-I.C. 
H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 6d.] 

THE consumption of timber in the form of pit props, 

which may have a life of only six to twelve months 

before they decay beyond further usefulness, is a heavy 
item in the cost of coal-getting, and service tests were 
instituted as long ago as 1930 to ascertain, by compar- 
ing the life of treated and untreated ee props, the 

ractical value of various methods of preservation. 

The results are equally applicable, of course, to timber 
used in ventilation doors, railway sleepers laid under- 
ground, and shaft timbers and linings. The timbers 
tested were Scots pine, and both imported and home- 
grown props, 50 of each kind being treated and a 
further 50 left untreated as controls; and the pits 
selected were chosen because it was known that fungi 
flourished in them. The preservatives were all water- 
soluble except in one case, where creosote was used, 
and included solutions of common salt, zinc chloride, 
sodium fluoride, and Wolman salts (a patented pre- 
servative). Creosote proved to be the most effective, 
no decay having been observed in timber treated with 
it, even after 16 years; but all the solutions tried were 
found to be markedly beneficial. 


Elements of Acoustical Engineering. By Dr. Harry 
F. Orson. Second edition. D. Van Nostrand 
Company, Incorporated, 250, Fourth-avenue, New 
York, 3, U.S.A. [Price 7.50 dols.]; and Macmillan 
and Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 42s. net.] 

In this considerably enlarged edition of his book 

Dr. Olson has collected together the essential results 

relating to practically all existing types of acoustical 

and electro-acoustical communication systems and has 
presented them in such a form that the engineer and 
scientist can apply them directly to specific problems. 

Developments in acoustics and improvements in 

acoustical devices since 1940 are dealt with, so 

that the new edition has been expanded from 344 to 

539 and contains 342 illustrations as compared 

with 197, of which 50 have been revised and 145 are 

new. The original chapters dealing, respectively, 
with sound waves, acoustical radiating systems, 
mechanical vibrating systems, dynamical analogies, 
acoustical elements, direct radiator loud-speakers, 
horn loud-speakers, microphones, miscellaneous trans- 
ducers, measurements, architectural acoustics and the 
collection and dispersion of sound, speech, music and 
hearing have been brought up to date and amplified. 
Two new chapters have been added on topics that have 
received considerable attention, and in which notable 
advances have been made during the war, namely, 
underwater sound, ultrasonics and supersonics. It is 
unfortunate that Dr. Olson, as a member of the com- 
mittee responsible for the recent “‘ Pro American 
Standard Acoustical Terminology,” should have 











adopted a definition of supersonics at variance with the 
Committee’s recommendation; and, that no pheno- 
mena associated with speeds higher than the speed of 
sound receive any mention in this connection. The 
method of treatment has not been altered. The book 
has been written and illustrated so that the derivations 
may be taken for granted, though references are usually 
— for the reader who is not prepared to take 
ormule on trust. The wide variety of acoustical and 
mechanical vibrating systems preset are generally 
translated into equivalent electrical circuits. Formule 
are accompanied with a statement of the meaning of 
the symbols appearing in them and of the units in 
which they are measured, and a large amount of data 
is presented in graphical form. The work of revision 
has not been sufficiently thorough to eliminate all the 
misprints and errors contained in the first edition. 
The double appearance of “‘ connection” instead of 
“correction ’’ makes nonsense of the aph on 
page 66; while, on page 184, “ principle ” should read 
‘ principal.” There are fairly obvious misprints or 
omissions in equations 1.10, 1.20, 1.27, 1.28, 8.68, 
8.69 and 8.72; and on page 356, 56 should be substi- 
tuted for 560. In the table on page 53, 0-2261 should 
read 0-2165; in that on 54, 0-05 should read 
0-50; and in that on page 498, 1-325 should read 
1-335. 


A Prospector’s Handbook to Radioactive Mineral 
Deposits. By Dr. C. F. Davipson. H.M. Stationery 
Office, York House, Kingsway, London, W.C.2. 
[Price 6d. net.] 

Tus —- has been produced by the Geological 

Survey of Great Britain (in which department Dr. 

Davidson is chief geologist) at the request of the 

Ministry of Supply, for the guidance of the numerous 

rospectors who are now, or may be ex to 
a interested in the commercial possibilities of 
discovering uranium ores. The value of these ores 
has increased enormously as a result of recent develop- 
ments in the field of atomic energy ; and, although the 
production of uranium oxide has also increased from 
about three tons a year at the beginning of the century 
to 600 tons in 1949 and several thousands of tons at the 
present time, the potential demand still exceeds the 
visible supply. The Ministry have undertaken to 
purchase, over the next ten years, all the high-grade 
uranium ore that is produced in the British colonies, 
at the price of 1,5401. per long ton (13s. 9d. per Ib.) of 
contained uranium oxide, and it is expected that this 
offer will greatly stimulate prospecting. Dr. David- 
son’s survey describes the radioactive minerals, indi- 
cates the geological circumstances in which they are 
likely to occur, shows how to test ores for radioactivity, 
and gives particulars of the market which exists for 
those of approved uranium-oxide content. 


Safety Practices in Dredging and Hydraulic Mining. 
Bulletin 470 of the Bureau of Mines, United States 
Department of the Interior. By R. W. Farzincrr, 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C., U.S.A. [Price 
25 cents.] 

In 1942, it is stated in this report, 5,039 men were 
employed in dredging in the United States; four of 
them were killed in accidents and 397 were injured. 
Hydraulic mining employed 1,003 men in the same 
year, of whom 27 were injured, but no fatalities. On 
the basis of these figures, it was calculated that the 
accident rate (including fatalities) was 48-45 for dredg- 
ing and 31-41 for hydraulic mining per million man- 
hours worked. The report investigates the hazards 
to which dredging and “ hydraulicking ” personnel are 
exposed, and makes various recommendations for pro- 
moting their greater safety, but it has considerable 
technical interest also as a descriptive study of pro- 
cesses with which British mining engineers and their 
staffs, employed in this country, are not generally 
familiar. The report is liberally illustrated by repro- 
ductions of photographs. If it appears to exaggerate 
the hazards to which men so engagéd may be exposed, 
this is only the natural result of an attempt to include 
all possible risks and tial causes of accidents ; 
it does not follow that such accident-inducing circum- 
stances are general. We should suppose that many of 
them are quite exceptional, and that most of the 
accidents could be avoided by the exercise of ordinary 
care and common-sense. 





100-KW BROADCASTING TRANSMITTER FOR DENMARK. 
—A 100-kW air-cooled broadcasting transmitter with 
a frequency range of 525 to 1,605 kilocycles per second, 
has been ordered for erection at Skive, by the Danish 
Post and Telegraphs Department from Marconi’s Wireless 
Telegraph Company, Limited, Chelmsford. It will be 
vtted with the firm’s “ high-constancy ” frequency 
drive, the drift of which is not more than two cycles in 
100,000,000 in one month. 
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HEIGHTENING THE LAGES 
DAM, RIO DE JANEIRO. 


(Concluded from page 4.) 


As already described and as shown in Fig. 4, on 
page 2, ante, the original connection between the 
dam and the power house was made by two 8-ft. 
diameter feeder pipes connected to an intake 
situated 150 m. upstream from the dam and about 
55 m. from the shore. Owing to the various exten- 
sions which had been made in the power-house 
capacity over a course of years, these pipes were 
carrying nearly three times the flow for which they 
were designed. With the raising of the dam, and 
the consequent increase in the volume of water 





to be handled, it became necessary to provide 
additional connection between the reservoir and 


old dam at the place where it was to be perforated. 
A hollow steel bulkhead, furnished with two steel 
shafts or chimneys, providing access from the surface 
of the water in the reservoir, was then fixed in 
position against the wooden seat. The dam was 
then perforated, working from the downstream face, 
the break-through at the upstream face taking place 
inside the bulkhead. Two views showing the bulk- 
head are given in Figs. 17 and 18, on this page, and 
a cross-section of the dam showing the bulkhead in 
place and one of the intake chambers after the dam 
had been cut through is given in Fig. 20, on page 26. 
Fig. 17 shows the bulkhead on a trial lift and Fig. 18 
is a closer view in which the inlet holes for the con- 
necting shafts can be seen clearly. 

Although the company had several ‘divers among 
its personnel, who had been carrying out diving work 
intermittently for many years on other projects, 
the magnitude of the task which had to be under- 























examining the upstream face of the old dam and 
clearing away debris of old construction material 
which was lying in the neighbourhood of the position 
at which the new intakes were to be formed. A 
number of protruding bolts, which had been left on 
the upstream face when the original forms were 
stripped, were cut off flush with the concrete face. 
Two floating sheds were constructed, equipped with 
lockers for the diving equipment, dressing room, 
ladders from which divers could start their descent, 
and offices for the recording of diving operations. 
After investigating the possibility of purchasing 
or renting a hospital lock in the United States, an 
order was placed with a Sao Paulo firm for the 
manufacture of a lock to the company’s specification. 
The hospital lock was required for the treatment of 
possible cases of caisson disease. A spare section of 
steel penstock, 7-5 m. (24-6 ft.) long, 1-75 m. 
(5-75 ft.) inside diameter and with a wall thickness 











Fic. 17. 


power house, and two tunnels 6-15 m. in diameter 
and 2,100 m. long were driven. To make connec- 
tion to these tunnels it was decided to construct 
new intakes through the old dam at the lowest 
possible elevation, instead of building a new intake 
structure. The reasons for this decision were that 
the direct connection reduced the possibility of 
contaminating the reservoir water, which forms 
part of the water supply of the city of Rio de 
Janeiro; that the arrangement of the gate tower 
was simplified and gate maintenance facilitated ; 
that the length of the connection to the tunnels 
was greatly reduced; and that, by making connec- 
tion at the lowest possible point, the maximum 
useful water storage was provided. 

As it was essential to accumulate all available 
storage, the perforation of the old dam had to be 
undertaken under water at a depth varying between 
34 and 45 m., an operation which, as far as was 
known, had not been attempted previously. The 
work was carried out behind a steel caisson, or bulk- 
head, which had to stand a water pressure of some 
3,500 tons and, although seals of a similar type had 
been used at lesser depths, and for smaller open- 
ings, in various parts of the world, no operation of 
the magnitude concerned had been attempted 
before. Briefly, the procedure followed was to 
fit a wooden seal against the upstream face of the 


Trrat Lirt oF BULKHEAD. 


taken at Lages made it necessary to recruit a 
crew of divers to work under an experienced chief. 
In 1941, the General Superintendant of Construc- 
tion, Mr. J. G. Hollman, who was then travelling 
in the United States, was accordingly instructed to 
co-operate with the company’s Toronto office in the 
selection and engagement of an experienced man 
who could successfully handle the work required. 
The duties called for were the selection, training and 
direction of the necessary crew of divers, the inspec- 
tion and maintenance of all diving equipment, and 
the supervision of all underwater work. It was 
also necessary that the man selected should be able 
to adapt himself to living conditions in Brazil and 
to recognise and appreciate the differences between 
United States and Brazilian labour. Ifa knowledge 
of Portuguese could have been added to the other 
qualifications involved, it would have been an 
advantage. In 1941, skilled construction men were 
at a premium in the United States and the task of 
finding anyone with the necessary qualifications was 
not easy. After dozens of applicants had been 
interviewed, a French Canadian, Mr. Frank Cote, 
was selected. He appeared to meet all the require- 
ments of the post, except for a knowledge of 
Portuguese. He was engaged and arrived at Lages 
in November, 1941. 





In the meantime, the company’s divers were 








Fie. 18. BULKHEAD SUSPENDED OVER ASSEMBLY PLATFORM. 


of 12 mm. (# in.), was furnished to the manufac- 
turing company. They cut the flanges from this 
pipe and fitted a domed steel head at one end, 
closing the other end with a flat steel head reinforced 
with radial ribs and furnished with a hermetically- 
sealed door, opening outwards. A transverse steel 
partition was inserted, dividing the chamber into 
two compartments, the partition being fitted with 
an airtight door opening in the same direction 
as the outer door. The construction was electrically 
welded throughout. The lock was designed for a 
maximum working pressure of 65 Ib. per square inch. 
When it arrived at Lages, it was tested hydraulically 
to 110 Ib. per square inch. It was then set in 
wooden cradles on a hardwood raft supported on 
empty painted oil drums. 

Each compartment of the lock had one indicating 
pressure gauge inside and one outside and a recording 
pressure gauge was mounted outside and connected 
to the compartment for pressure therapy. The air 
inlets and outlets of each compartment were 
equipped with valves which enabled the air pressure 
in the compartments to be regulated either together 
or separately. Glass windows in each compartment 
and in the partition permitted observation either 
from, outside or between the compartments. These 
were fitted with floor boards and equipped with a 
bench, pressure-tested electric lights, a clock, 
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telephone, and a copy of the decompression-time 
tables. A bed was provided in the compartment 
which was to be occupied by divers under treatment. 

The exterior of the hospital lock was painted 
white and a shed was built over it to protect it from 
the sun. A small shed was built at one end of the 
raft for use by the doctor in attendance. The raft 
was moored alongside the shore at the east end of 
thedam about 110 m. (460 ft.) from the site of the 
new intakes. A flexible connection was made to 
the air line on shore, which led to the compressor 
house. The lock was completed and ready for use 
in April, 1942. Fortunately, it was never necessary 
to make use of it for the treatment of caisson 
disease, but it was regularly employed by the divers 
for decompression. 

After Mr. Cote arrived on the job in November, 
1941, he immediately began to select men to be 
trained as divers. The pool from which he was 
able to select was very limited as a rigid physical 
standard was necessary, coupled with coolness, 
courage, mental alertness and the mechanical 
ability essential for the execution of the underwater 
work. Despite the difficulty of the task, Mr. Cote 
succeeded in recruiting and training a gang of 
divers on whom he could depend for the task of 
sealing-off that part of the upstream face of the dam 
which was later to be cut out for the intakes. Dur- 
ing all diving operations for the entire project, 
records were kept for each diver, showing the time 
spent working, the time of ascent and the depth 
at which he was operating. A doctor was in 
attendance during all subaqueous work and the 
divers were given a thorough medical examination 
every two weeks. Any individual who developed 
respiratory tract troubles, or other symptoms of 
ill-health, was not allowed to dive again until he 
had thoroughly recovered. 

The first stage in the construction of the new 
intakes was the fitting of a rectangular wooden seal 
tightly on the upstream face of the dam. The steel 
bulkhead was held in position against this sealing 
frame by six turnbuckles at each end, which had 
previously been anchored into the concrete. At an 
early stage the 75-ton derrick, manufactured by the 
American Hoist and Derrick Company, was erected 
on a permanent concrete platform at elevation 
439-75m. The derrick, which was tested to 99 tons, 
was used for lifting the bulkhead from the fabricating 
platform and lowering it into position, as shown in 
Fig. 17. The fabricating platform was built on the 
downstream side of the dam at elevation 404 m. 

The preliminary underwater work consisted in 
the installation of the steel anchors in the face of 
the dam for the 12 turnbuckles which held the 
bulkhead in position. The turnbuckles are shown 
in the horizontal half section of the bulkhead, which 
is given in Fig. 19, on this page. In addition, two 
pockets were cut in the face of the dam to accom- 
modate two hinged hook supports for the wooden 
sealing frame. These supports are indicated in the 
cross-section of the dam given in Fig. 20. An 
important part of the early work was the deter- 
mination of an accurate profile of the concrete face 
along the lines which were to be occupied by the 
sealing frame. A cross-section of the seal is shown 
at the left-hand side of Fig. 19. It consisted of a 
three-sided steel box in which wooden sealing 
blocks were confined. At the top of the box there 
was a steel bearing plate against which the bulkhead 
was seated. To determine the profile of the face 
of the dam around the inner and outer perimeters 
of the sealing frame, the rectangular steel frame, 
without the wooden blocks, was lowered into 
position. It was held at a distance of about 
5} in. from the concrete face by means of adjusting 
screws fitted to the outside of the frame. The 
divers then marked two lines, one inch apart, on the 
faces of both sides of the steel box around the entire 
perimeter of the frame. This was dorle by means 
of a specially-constructed steel scriber with small 
wheels at one end, which travelled over the face 
of the dam. The lines were 5{ in. and 6% in. from 
the closest point on the concrete face and were 
parallel to each other and to the face, showing all 
minor irregularities. 

The frame was then lifted out of the water and the 
side plates were cut along the line that had been 
marked 5{ in. from the concrete face, leaving the 
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6% in. line as a reference. Hardwood blocks, 5 in. 
in thickness, were then placed in the steel box and 
bolted in position, each block being marked for its 
particular location in the frame. The downstream 
faces of the blocks were then cut to conform to 
the contour of the concrete face as determined by 
the marking on the sides of the steel box. The 
blocks were recessed on the downstream corners and 
grooved on the upstream face to provide space for 
rubber seals. They were also drilled for pipes 
through which compound could be injected to the 
bearing face, if necessary, after the frame was 
finally in position. Holes were drilled near the 
sides of the blocks for follower bolts arranged to 
compress the rubber corner seals against the face 
of the concrete. The completed frame was then 
lowered into position on the face of the dam in 
order to check the accuracy of its fit and to adjust 
the blocks if necessary. It was then removed from 
the water. 

When all arrangements had been completed for 
placing the bulkhead in position, the hardwood 
blocks of the sealing frame were removed, coated 
with compound on the sides and replaced in the 
frame. The injection pipes, follower bolts and 
rubber seals were then inserted and the downstream 
faces of the blocks coated with a sealing compound 
consisting of a mixture of grease with cement and 
sand. The frame was then lowered to its final 
position against the face of the dam and suspended 
from the two steel supports which had been se- 
cured previously to the concrete face. A view of 
the upstream face of part of the sealing frame ready 
for lowering to its final position is given in Fig. 22, 
on page 36. 

The bulkhead was designed and built not only to 
act as a caisson during the formation of the intakes, 
but also to serve as a permanent gate which could 
be used to close the intake openings for inspection, 
maintenance or repair work on the trash racks and 
control gates. ‘To serve this dual purpose the bulk- 
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head was built with inner and outer sealing edges. 
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The left-hand side of Fig. 19 shows the arrangement 
of the outer edge which bore against the wooden 
sealing frame during the constructional period, and 
the right-hand side shows the inner sealing edge 
which was arranged to seat on a permanent steel 
sealing face set in the concrete just outside the 
trash rack, the position of which is indicated in the 
figure. A detail drawing showing the arrangement 
of the outer sealing edge of She bulkhead is repro- 
duced in Fig. 21. A series of steel rocker bearings, 
each about 3 ft. long, were located in the channel 
formed in the edge of the steel bulkhead frame. The 
final seal was provided by a rubber strip, as shown. 

In designing the bulkhead consideration had to 
be paid to limitations imposed by war priorities on 
materials, to shortage of skilled labour, and to the 
necessity of keeping the weight within the capacity 
of the derrick. In addition to training a diving 
crew, it was necessary to set up a school for welders. 
The results of training were entirely satisfactory 
and a thoroughly good job was turned out. A view 
showing the bulkhead during construction is given 
in Fig. 23, on page 36. The overall dimensions 
were 8 m. (26 ft.) by 14 m. (46 ft.) by 2-4 m. (7-8 ft.) 
and the total weight was 82 tons, which was within 
the tested capacity of the derrick. The two steel 
access shafts located at the top of the bulkhead, 
which are shown in Fig. 24, on page 36, were 
0-75 m. (2-46 ft.) in diameter. The bulkhead was 
built up entirely by welding and all welds were 
tested. The bulkhead and shafts were painted 
inside and out with three coats of red lead. It 
was fabricated partly in the company’s Rio shops 
and partly on the site, final assembly being carried 
out on a platform on the downstream side of the 
dam at Elevation 404 m. and within easy reach of 
the derrick. It was completed in December, 1943, 
and was seated in position over the east intake in 
January, 1944. 

Starting from the upstream face of the dam, each 
new intake consists of a trash rack, an inlet opening 
9-7 m. (32 ft.) by 4-86 m. (16 ft.), a transition tunnel 
section from the inlet to the steel-lined gate cham- 
bers, the gate chambers, and another transition 
section from the gate chambers to the 4 m. (13-1 ft.) 
diameter steel pipe connecting to the pressure 
tunnel. These arrangemefits are shown in Figs. 19 
and 20. 

While the bulkhead was being fabricated and 
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subaqueous sion iene made on the up- 
stream side of the dam, the work of chipping out 
a tunnel through the concrete of the old dam, and 
the chipping away of the old concrete for the base 
of the gate towers was being carried out on the down- 
stream side of the dam. This work had to be done 
carefully to avoid damage to the old structure, and 
progress was slow. On the centre line of the new 
intake, a rough horizontal opening, about 2-7 m. 
(8°26 ft.) wide by 3-5 m. (11-48 ft.) high, was cut 
through the dam to within about 2 m. (6-56 ft.) of 
the upstream face. The bottom of the opening was 
slightly below the finished bottom of the intake. 
As the opening approached the upstream end, the 
height was reduced to about 1-8 m. (5-9 ft.). A 
hole, large enough to allow a 12-in. pipe to be con- 
creted in, about 50 cm. (20 in.) above the intake 
floor, was then cut to within 1-2 m. (3-9 ft.) of the 
face of the dam. The pipe was fixed and a 12-in. 
valve bolted to its protruding end. A view inside 
the rough tunnel, showing the pipe and valve in 
place, is given in Fig. 25, on page 36. 

On the upstream side of the valve, a 4-in. drain 
pipe and drain valve were connected to the 12-in. 
pipe. By means of a special drilling rig, bolted 
downstream to the 12-in. valve, it was arranged to 
cut an 8-in. hole through the remaining 1-2 m. 
(3-9 ft.) of concrete. The 8-in. hole was to be 
formed by drilling a circle of 14 in. diameter holes. 
The intention was that, after the 8-in. hole had been 
made, the drillhead should be removed and the 
12-in. pipe extended to discharge the water which 
it was expected would leak past the bulkhead seal. 
This would enable the inside of the bulkhead to be 
dewatered. Actually, however, it was found un- 
necessary to complete the 8-in. hole. After the 
first 1}-in. hole had been drilled, the 4-in. drain 
valve was opened and the slight discharge showed 
that the bulkhead had sealed tightly against the 
sealing frame holding the wooden seal blocks. 

Divers verified the fit of the bulkhead against the 
seal and of the sea] against the face of the dam. Both 
were found to be tight all round and the inside of 
the bulkhead was unwatered through one 1}-in. 
hole. The total leakage around the entire peri- 
meters of the bulkhead and sealing frame was of 
the order of one gallon per second, much less than 
had been anticipated. Access could then be obtained 
to the inside of the bulkhead through the steel 
chimney shafts. It was thoroughly inspected and 
the cutting away of the old concrete to form the 
intake and the concreting in of the steel liner of the 
gate chamber and the gate seats were proceeded 
with. A view showing the inside of the bulkhead 
after most of this work had been carried out is 
given in Fig. 26, on page 36. 

The permanent gate arrangement consists of one 
emergency gate opening 7-6 m. (25ft.) from the 
upstream face of the dam, and one service gate 
opening 3-56 m. (11-68 ft.) downstream from the 
emergency gate. The gates are of the self-closing 
Broome type, 4-85 m. (16 ft.) by 2-75 m. (9 ft.), 
designed to open and close under the full pressure 
of 54 m. (177 ft.) of water. One gate is provided 
for the service opening in each intake, but only one 
gate is provided for the two emergency openings, 
provision being made to move the gate from one 
intake to the other, as required. The operating 
platform at the top of the gate tower is at elevation 
439-75 m. The gates are raised and lowered by 
means of a single-drum 95-ton Phillips and Davies 
hoist. Exposed parts of the gate frames, guides and 
gates are coated with Bitumastic enamel. Although, 
owing to delays in the construction of the pressure 
tunnel and the connections at the valve house the 
first intake, the east, was not put into operation until 
1946, it was finished and ready for service in 
October, 1944. 

The decision to undertake the unique operation of 
cutting the intakes through the old dam was taken 
by Mr. A. W. K. Billings, who at that time was 
Vice-President of the Rio de Janeiro Tramway, 
Ligight and Power Company, and was in general 
charge of hydro-electric developments in Brazil for 
the operating properties of the Brazilian Traction, 
Light and Power Co., Ltd., Toronto, Ontario. 
Mr. Billings was responsible for the whole of the 
work carried out at Lages. The chief civil engineer 
was Mr. W. L. Zeigler, and those associated with 





various aspects of the work included Mr. J. G. 
Hollman, superintendent of construction; Mr. 
P. H. Haag, chief mechanical engineer; Mr. 
A. Santos, Jr., hydraulic engineer; and Mr. F. 
Knapp, structural design engineer. The bulk- 
head and seal frame were designed by Mr. F. Salgat. 
In the field, the men in charge were Mr. E. G. 
Hansen, superintendent ; Mr. J. J. Pucek, assistant- 
superintendent; Mr. F. Cote, chief of divers; 
and Mr. G. V. Bemel, rigger foreman. The excellent 
health of the men, and especially of the divers, was 
due to the vigilance and skill of Doctors A. Vargas, 
U. Braganca, and P. Portella. In conclusion, it 
should be said that some of the ideas employed 
in heightening the Lages Dam came from the 
successful heightening of the O’Shaughnessy Dam in 
California in 1935-1938.* Acknowledgement has 
been made by the engineers in Brazil to the engi- 
neers of the Hetch Hetchy Water Supply Depart- 
ment for providing helpful information, and particu- 
larly to Mr. L. T. McAfee, Chief Engineer of the 
San Francisco Public Utilities Commission, for his 
co-operation. 
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Safety and Performance Characteristics of Liquid-Oxygen 
Explosives. By W. E. TOURNAY, F. M. BowEr and F. W. 
Brown. United States Bureau of Mines Bulletin 472. 
Superintendent of Documents, Government Printing 
Office, Washington, D.C., U.S.A. [Price 30 cents.] 


Tuis investigation was made by the United States 
Bureau of Mines in conjunction with the Linde 
Air Products Company, of New York, to develop 
methods for assessing the safety and performance of 
liquid-oxygen explosives, commonly called LOX. 
In the United States, the use of such explosives is 
restricted to open-pit operations, and beyond 
mentioning the hazards entailed by using them in 
closed workings, the report does not cover risks 
such as carbon-monoxide formation, or the danger 
of oxygen combining with fire-damp or dust. 
American practice appears to favour the use of a 
cartridge packed with lamp-black or carbon black, 
soaked in practically pure liquid oxygen. The 
greatest hazard arises from the flow of oxygen gas 
emanating from the soaked cartridge, which is thus 
highly inflammable. No firm opinion is offered in 
the report as to the practical significance of a test 
made to determine the relative inflammability 
of a large range of cartridge wrapper materials, 
but it was established that, when complete cartridges 
of commercial size were set on fire, none would 
burn to detonation unless confined. The same was 
found to be true of glycerine dynamite and ammonia 
dynamite. | Unfortunately, because large-scale 
detonations on the testing ground could not be 
tolerated, the main tests for determining liability 
to burn to detonation under confinement—as in a 
shot-hole—were done on a small scale ; and, since 
no degree of controlled-pressure confinement an 
by a container can simulate t ee ** mass 
effect” which all experience shown to be 
critical to the occurrence of such detonation, the 
results must be regarded with suspicion. Further 
criticism may be levelled at a series of experiments 
aimed at determining the impact sensitivity of LOX 
when subjected to the shock wave from a stick of 
dynamite exploding nearby; these might have 
been of some value for a war explosive, but they do 
not (as the report admits) simulate any hazard 
encountered by the practical shot-firer. As the 
professor of mathematics said of the “Ode to a 
Nightingale,” such experiments “‘ prove nothing.” 
The investigations show that, compared with 
40-per cent. nitro-glycerine dynamite, LOX is 
markedly more sensitive to impact, but (no doubt 
by reason of its mechanical structure) less sensitive 
to friction. As, unfortunately, nearly all forms of 
rough usage applied in practice combine both 
stimuli in indeterminate proportions, these findings 
are of little direct value to the user. The energy 
released by the detonation of LOX is shown to be 
about half as much again as that from 40-per cent. 
nitro-glycerine dynamite, and its velocity of 








* Engineering News Record, May 25, 1939, page 707. 





detonation between 4,000 and 6,000 m. per second ; 
its brisance (defined as the product of energy per 
unit volume and speed of detonation) is therefore 
substantially higher than that of the dynamite. 
The report concludes with a short review of American 
methods in preparing and using LOX; and a very 
instructive summary of fatal and serious accidents 
recorded in the American continents with this form 
of explosive in the past 20 years, which emphasises 
the fire hazard. 


World Power Conference: Transactions of the Fuel 
Economy Conference at the Hague, 1947. Percy Lund, 
Humphries and Company, Limited, 12, Bedford-square, 
London, W.C.1. Three volumes. [Price 101. per set.] 

TuE public activities of the World Power Conference 
were necessarily suspended during the war, but they 
were resumed in 1947 by a sectional meeting at the 
Hague, convened more particularly to discuss 
matters relating to fuel economy. The meeting, 
which lasted from September 2 to September 10, 
was attended by representatives from 32 of the 38 
countries associated with the organisation. We 
gave a general report of the proceedings at the time, 
and the complete official record of the transactions 
is now available in the form of three volumes, com- 
prising a total of over 1,700 To give any 
adequate account of their contents would be as 
impossible a task as that of reviewing an encyclo- 
pedia, so wide is the ground covered, but a brief 
survey may serve to indicate that the reports con- 
tain much of technical and economic interest. 

The first volume contains the programme of 
events, social and otherwise, together with a list of 
members attending the Conference, but its technical 
interest lies chiefly in the reports submitted by 
19 national committees upon the fuel situation in 
their respective countries, during and after the war. 
The longest of these, and, in many respects, the best, 
is that of the British Committee, which relates in 
considerable detail the organised effort made in 
this country to mitigate the effects of a shrinking 
output of coal accompanied by a serious deteriora- 
tion of its quality and a great increase of its price. 
The practical advice made available to users as 
regards economy of operation, and the relief afforded 
by the use of oil, creosote-pitch and opencast mining, 
make a creditable story that deserved to be placed 
on record. The United States Committee also 
reported a fuel-shortage during the war, which 
was countered by restrictive and educational mea- 
sures on much the same lines as in this country, 
though for details reference would have to be made 
to the numerous publications listed. Of the 14 
European countries submitting reports, the great 
majority were over-run by the German armies, 
and the inhabitants were more interested in obstruct- 
ing than in assisting any policies that might have 
assisted the enemy. Those that escaped invasion 
had to rely mainly on their indigenous resources, 
as little or no fuel could be imported ; hence wood, 
lignite, peat, and, to a less extent, hydro-electric 
power were called on to relieve the shortage. The 
most deplorable story of makeshift fuel came from 
the Argentine Committee, who stated that, between 
1939 and 1945, an average of 3,000,000 tons of 
wheat, linseed and maize had to be burnt annually 
for steam-raising, because of shipping difficulties. 
The report on conditions in Germany, prepared 
under the auspices of the Allied Control Commis- 
sion, showed that, in spite of the war, German coal 
production had increased from 199 million tons in 
1939 to 269 million tons in 1943; after that date 
there was a decline, due probably to the high 
percentage of forced labour and the intensified 
bombing of the Ruhr. No report was furnished 
about the conditions in Russia, although there were 
Russian delegates at the Conference. 

The remaining work of the Conference was divided 
into three sections, concerned, respectively, with 
the production, distribution and utilisation of fuel 
and energy. Altogether, 79 papers were submitted 
on these subjects, which, together with short dis- 
cussions of several at a time, make up the second and 
third volumes of the Transactions. The production 
section, which accounted for about half of the 
papers, covered the extraction and of 
solid, liquid and gaseous fuels, and included three 
papers on atomic energy. Except for explanations 
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of the working of an atomic pile given by both 
Mr. W. F. Davidson, of the Consolidated Edison 
Company and by Dr. (now Sir John) Cockcroft of 
the Atomic Energy Research Establishment at 
Harwell, the substance of the papers was naturally 
more speculative than informative, and speakers in 
the discussion emphasised the amount of work yet 
to be done before there could be any prospect of 
atomic energy replacing ordinary fuel. Among 
other papers, of interest because of the comparative 
novelty of their themes, was one by Mr. E. L. 
Ritman, of the Dutch Experimental Station, describ- 
ing the production of methane by the fermentation 
of waste vegetable material. This is the only 
practical fermentation product when the substance 
to be acted on consists of insoluble matter held in 
suspension. Dutch engineers appreciated the possi- 
bilities of the process many years ago, and, during 
the recent war, the waste liquor from a strawboard 
factory in Holland was used to provide 88,500 cub. ft. 
daily of nearly pure compressed methane for use in 
motor vehicles. Another paper, by Mr. Ming H. 
Tsu, of the Chinese National Committee, told of the 
resourcefulness of the Chinese in manufacturing 
substitutes for petroleum during the war. Over 100 
distilleries were producing alcohol from molasses or 
grains, but more important technically was the 
description of various processes for the cracking of 
vegetable oils. Between 1939 and 1946, no less 
than 1,600,000 gallons of Diesel oil, 400,000 gallons 
of petrol and 160,000 gallons of various kinds of 
lubricant were made from tung oil that could not be 
exported as all the ports were in Japanese hands. 

The underground gasification of coal formed the 
subject of a paper by Professor P. Demart, of the 
Belgian National Committee, but he confined him- 
self to calculations without giving any description 
of the method proposed. His conclusions were 
favourable to the process, for which a saving of 
85 to 88 per cent. in man-power was claimed in 
Russia ; but no Russian took part in the discussion, 
although they were invited to do so. There were, 
however, five Russian papers on other subjects 
presented to the Conference, three of which were 
contributed by members of the “‘ All Union of the 
Labour Red Banner Order Thermotechnical Re- 
search Institute.” Among other topical subjects 
discussed at the Conference was the distribution of 
heat from central stations, to which several papers 
were devoted. In New York, when the modernisa- 
tion of the waterside stations of the Consolidated 
Edison Company was completed, they would be 
able to supply nearly 900 tons per hour of back- 
pressure steam at 175 lb. pressure for district heat- 
ing. In Holland, the central area of Rotterdam, 
after its war devastation had been repaired, will be 
heated by calorifiers on consumers’ premises, sup- 
plied with hot water at a temperature of 284 deg. F. 
from the central station at Schiehaven, which would 
deal with a heating load of 7,180 therms per hour. 
In Denmark, the city of Copenhagen has been pro- 
vided with district heating since 1925. By 1946, 
this was serving 232 consumers with steam or hot- 
water heating. It was intended to enlarge the 
plant, thereby effecting a saving of 160,000 tons of 
imported coal per annum. In France, there is a 
district-heating system in Paris with a total pipe 
length of 18-5 miles, ultimately to be extended to 
about 60 miles, when it should effect a yearly saving 
of 364,000 tons of coal and 1,000 tons of oil. 

English and French were the official languages of 
the Conference, and 23 out of the 79 papers are 
printed in French. Every paper, however, is also 
briefly summarised in both languages. The 7'rans- 
actions conclude with an excellent index, occupying 
270 two-column pages. English and French refer- 
ences are intermixed, the whole sequence being 
alphabetical, but it should be noted that references 
in either language only relate to passages printed in 
that language. 





EXPORT OF RALEIGH CYCLES TO CANADA.—A statement 
issued by Raleigh Industries Limited, Nottingham, shows 
that during the first four months of this year they sent 
to Canada 25 per cent. more bicycles than the total 
dispatched to the Dominion by the company during 
the whole of 1948. The firm add that production for 
export alone during 1949, will exceed their pre-war 
maximum annual output, for both home and overseas 
markets, by more than 100,000 machines. 





THE SOLUTION OF 
ENGINEERING EQUATIONS. 


By W. R. Mrrowett, B.Sc. 


Many problems in engineering lead to equations 
involving the cube or higher powers of the required 
quantity. Some such problems occur so frequently 
that graphs and nomograms have been published 
from which results can be read. When the question 
under consideration is an isolated one, however, 
much labour is involved in determining an accurate 
solution graphically, and the method described 
below can be employed. Its advantage over the 
usual methods of solving equations is that it does 
not assume any knowledge of differential calculus 
or of the theory of equations. In the following 
f(z) is used to mean any expression involving z ; 
(2), etc., means the value of this expression on 
putting z = 2, etc. 

First write the equation in the form f(z) = 0. 
By substituting simple numbers for z, find an 
approximate solution of the equation ; for example, 
if f (1) = — 7 and f (2) = + 3,f (xz) = 0 is probably 
satisfied by a value of x seven-tenths of the way 
between 1 and 2, so that x = 1-7 would be a good 
approximation. Now find which term in the 
expression is varying most rapidly. This could 
be done in the above example by finding the value 
of each term, first when z = 1-6 and next when 
x = 1-7, and ascertain which term has changed the 
most. 

Rewrite the equation with this rapidly variable 
term alone on the left-hand side of the equation. 
By substituting the approximate value on the 
right-hand side (i.e., by regarding as constants all 
terms except the most rapidly variable term) a 
better approximation is found. By repeating this 
process, the solution can be found to any required 
degree of accuracy, and an exact result is obtained 
if the process gives the same value of the variable 
as the value substituted on the right-hand side. 
The following examples should make the method 
clear. 

First, in connection with ventilation trunking, 
the diameter of the circular equivalent of a rect- 
angular trunk for equal volume and pressure drop 
is given by the formula 


a = 1-265 .°/ #e 
a+b 


where a and 6 are the sides of the rectangle. It is 
required to construct a 10-in. deep rectangular trunk 
equivalent to a 20-in. diameter circular one. What 
should be the width of the rectangular trunk ? 
The equation becomes : 


a \5 a \5 
ev -(—5) il (Ses) =" 


a® b*? — 0-3087 d'a — 0-3087 d5b = 0. 
Putting b = 10 and d = 20, the equation becomes 
1,000 a? — 987,840a — 9,878,400 = 0. 


i.e., 


1.€.5 
f (a) = a — 987-844 — 9,878-4 = 0. 
f (30) = 27,000 — 29,635-2 — 9,878-4 = — 12,513-6 
f (40) = 64,000 — 39,513-6 — 9,878-4 = + 15,618-0 
-*. A good approximation would be a = 34:5; 
a* is varying more rapidly than 987 - 84a. 


ee 
Put a = 4/987 -84 (a, + 10) 


and 


cae ROE aa 

Put a, = 34-5; Then a = 987-84 x 44-5 = 35-3 
oh A aT 

Put a, = 35-3; Then a = 4/987-84 x 45-3 = 35-5 


3 

Put a, = 35:5; Then a = V/ 987-84 x 45°5 = 35:56 
Ee en 

Put a, = 35-56; Thena = 0/987 84 x 45-56 = 35-57 


ol nacigetuincnnesee 
Put a, = 35-57; Thena = 987-84 x 45°57 = 35-57 
The width is therefore 35-57 in. 


As a further example, consider the case of a 
train on an inclined track. A train on level track 
is resisted by 6 + 0-07v? lb. per ton, where v is in 
miles per hour. The train travels at 55 m.p.h. on 
level track, what will be its speed up an incline of 
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1 in 100 if the horse-power of the locomotive is 
constant ? 
Original H.P. = New H.P. 


.. 55 {6 + 0-07(55F} = of a 


100 bs 
S(v) = 0-07 v® + 28-4v — 11,976-25 = 0 
Let f (v) = v® + 405-7 » — 171,089°3 0 
f (50) = 125,000 + 20,300 — 171,100 = — 25,800 
f (55) = 166,200 + 22,300 — 171,100 = + 17,400 
.*. A good approximation would be v = 53; 
varying more rapidly than 405-7 v. 


6 + 0-07 al 


v is 


ouieiatian nadie sted 
-. Put v = 0/171,089 — 405-7», 

Put v, = 53. wv = 171,089 — 21,502 = 53-1. 

Putv, = 53:1. ..0 = 4/ 171,089 — 21,543 = 53-08. 

Put v, = 53-08. .-.0 = 171,089 — 21,532 = 53-08- 

+. Speed up the incline = 53-08 m.p.h. 

The method is similar to that used by Dary, but 
the following differences should be noted: 1. It 
is here shown precisely which term should be 
isolated on one side of the equation, whereas Dary’s 
method relies on trial and error at this stage. 
2. Dary’s method is confined to equations of the 
type z2*+axzx+b=0; ie., only one term can 
be a power of 2 higher than unity. The above 
method is not limited in this way, and is therefore 
capable of solving much more varied equations, 
as illustrated by the following examples. 

A ship is 1,000 nautical miles from port and is 
steaming at 20 knots. It is found that there is only 
enough fuel for 800 nautical miles at this speed. 
At what speed should the vessel proceed to reach 
port with half a day’s fuel in reserve ? Assume 
that the fuel consumption varies as the cube of the 
speed. 

Let speed = v knots ; let fuel consumed = k v’. 
1,000 _ 125 4 

ee ay Y® 

. 125 1 

Time to be assumed = = + 

days. 


1 
.. Fuelon board = Sy (200 +3) x ke’. 


Time to reach port = 


1 
= = 5, (250 + 30) 


800 
Fuel for 800 miles at 20 knots = ———_—- x k x 208 
20 x 24 
_ £9,000 

3 


1 
k = = (250 + 30) (k v*). 


3 
7. 30% + 250 & — 80,000 = 0. 


f (17) = 14,739 + 72,250 — 80,000 = 6,989. 
f (16) = 12,288 + 64,000 — 80,000 = — 3,712. 


-'. & good approximation would be v = 16-35 and 
since 250v* is varying more rapidly than 3v*, put 
250x? = 80,000 — 3v} 

1 


— (80,000 — 301) = 


1 —————ee 
o = Bie — 8,000 — 0-3r?. 
250 5 Vv . 


1 a Sees 
v= — 78,000 — 0-3 (16-35) 
vw 
= 16-36. 
-. Ship should proceed at 16-36 knots. 


To solve the equation e*7 — 2x — 1 =0 where 
e = 2-718) 

f(1) = 2:72 —2 —1 = — 0-28 

f(2) = 7-40 —4 —1 = 2-40. 

.*. First approximation is 1-1 and e* is varying more 

rapidly than 2z. 
e& = 27, +1 

*. 2 = log (22, + 1) + loge = 2-303 log (22 , + 1) 
Putz, =1:1 .-.2 = 2-303 log 3-2 1-173 
Putz, = 1-173.-. 1-208 
Put 2, = 1:23 .-. 1-242 
Put z, = 1-25 .-. 1-253 
Put z,; = 1-255.-. 1-256 

o's & = 1-256. 

To solve the equation 2° + 1 — tana = 0. 

f (1) = 2—-—1-54 = 0-46 

f (1-4) = 3-75 — 5:14 = — 1-39 

.*. First approximation is 1:25 and tan a is varying 

more rapidly than 2°. 

tang =2,3 +1 

Put z, = 1:25; 


Put v, = 16-35. .- 


xz = 2-303 log 3-346 
xz = 2-303 log 3-46 
xz = 2-303 log 3-50 
x = 2-303 log 3-510 


tanz = 1-255 +1 = 2-9532; 
z2=1-244 

Put 2, = 1/244; tana = 1-2443 + 1 = 2-9250; 
z= 1-241 

Put z, = 1:241; tanz = 1-241 + 1 = 2-9100; 
z= 1-239 

Put z, = 1°239; tanz = 1-239 + 1 = 2-9020; 
xz = 1-239. 





ot. & = 1-239, 
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CONVERSAZIONE OF THE 
INSTITUTION OF CIVIL 
ENGINEERS. 


FAMILIARITY may, or may not, breed contempt, 
but unfamiliarity with the latest works of his pro- 
fessional fellows is more likely to engender feelings 
of admiration in an engineer when he is confronted 
with an exhibition of engineering models and 
scientific apparatus, such as that presented annu- 
ally at the Conversazione of the Institution of 
Civil Engineers. Once again, on Thursday, June 30, 
a judicious selection of models and apparatus com- 
bined entertainment with instruction. Members 
of the Institution, with their ladies and guests, 
were received by Sir Jonathan Davidson, Presi- 
dent, and Lady Davidson. During the evening, 
Miss Olive Zorian gave a violin recital, and the 
orchestra of the Central Band of the Royal Air 
Force, conducted by Wing Commander A. E. Sims, 
gave selections of light music. 

Mr. J. H. de W. Waller, D.S.O., M.I.C.E., and 
Mr. Kurt Billig, A.M.I.C.E., showed some models 
and photographs to illustrate a novel method, 
developed during the war, of constructing large-span 
shell-type roofs. The roof is an inverted catenary 
* in cross section and corrugated in longitudinal 
section, The catenarian form ensures that all 
stresses due to the weight of the structure are 
purely compressive, and the corrugations, the pitch 
of which is fairly wide, render the structure 
extremely rigid and resistant to wind loads. Tubular 
scaffolding or pre-fabricated steel ribs, of catenarian 
form, are erected at intervals equivalent to the 
proposed pitch of the corrugations. A covering 
of jute fabric is stretched over the steel skeleton 
and fixed to it so as to form a tight skin. The fabric 
is wetted and a }-in. layer of mortar is applied all 
over it. Under the deadweight of the mortar, the 
fabric sags between the ribs, thus forming corru- 
gations. Wire-mesh reinforcement is laid, and the 
thickness of the mortar increased by two more 
layers up to a final thickness of 2} in. The scaffold- 
ing is then removed and re-erected for the next 
section. The weight of the steel reinforcement does 
not exceed 12 Ib. per square yard, and is intended 
mainly as shrinkage reinforcement. Multi-span 
roofs of this type have been constructed for buildings 
up to 90,000 sq. ft. in area, the roof consisting 
of a number of contiguous catenarian sections, sup- 
ported at their junctions by longitudinal lintels 
on columns. 

Mr. J. W. Dalton, A.M.I.E.E., and Dr. W. B. 
Whitney, A.M.I.C.E., demonstrated a machine 
designed to obtain records of chance faults in 
electrical networks, and of their spread to other 
phases or lines. It has many other uses, however, 
in recording sudden events, of which the exact 
time of occurrence cannot be depicted, and which 
only occupy periods of the order of a second or less. 
For example, it can be used to record the movement 
of a structure due to a sudden wave or wind shock 
which exceeds a predetermined value. It could 
also be used to record, to an expanding time scale, 
the final disruption due to a slowly developing force. 
A drum, covered with magnetic-recording steel tape, 
helically wound, rotates continuously at one revolu- 
tion per second. When the phenomenon occurs, the 
recording coils operate. The machine, which is 
called the E.R.A. magnetic Recollectograph, can 
secure and store records of eight different simul- 
taneous or non-simultaneous events, and by provid- 
ing a wider drum it could easily be arranged to 
record 50 events. It embodies a play-back arrange- 
ment, so that the magnetic records can be observed 
as stationary traces on an oscilloscope screen. 

Mr. T. E. H. Williams, M.Sc., Stud.I.C.E., and 
Dr. A. A. Fordham, A.M.I.C.E., exhibited a number 
of ‘‘ petrified ’’ model casts which are used to show 
the general form of soil disturbance when model 
poles are overturned in dry granular material and 
in cohesive mortar. The material used for the 
casts is a dry mortar composed of sand, rapid- 
hardening cement, and ‘‘Cementone” colouring 
matter. Two or more mixes are made with different 
colours, and are then laid dry in horizontal strata, 
with the colours alternating, and compacted around 
the pole in a suitable container. For a model to 


show the disturbance of dry granular material, the 

pole is now pulled over through a suitable angle. 

Water is then carefully poured over the material 

so as to saturate it without further internal distur- 

bance. When the mortar has solidified, after one 

or two days, it is cut into vertical sections to show 

the form of the disturbance. If it is desired to 
show the effect on cohesive material, it is saturated 

before the pole is pulled over. In this state the 
damp mortar represents a cohesive soil, and the 
form of the disturbance is preserved in the material 
after it has been allowed to set. Tests of this type 
have been made at Swansea University College and 
used to derive practical formule for estimating the 
overturning moment on poles. 

Mr. W. S. Atkins, B.Sc., A.M.I.C.E., exhibited a 
model apparatus which has been developed to meet 
design-office requirements for a rapid, reliable 
and sufficiently accurate method of analysing the 
highly redundant “fully-rigid”’ building frames 
which are becoming increasingly popular. It is 
particularly useful in cases where, due to haunches, 

etc., the frame is of non-uniform section, and where 
many loading cases have to be considered. The 
principle of the apparatus is that of the well-known 
Beggs’s method, but following on the work of 
Professor A. J. S. Pippard, displacements are used 
which greatly simplify the experimental technique. 

Using finely-divided graph paper and a hand lens, 

displacements of the model frame can be measured 
to within + 0-005 in. Devices are incorporated 
which enable influence lines for bending moment, 
shear or thrust to be obtained directly at any selected 
point in the structure; or thrust lines can be 
produced in cases where these are preferred. 

A model of an aluminium domed roof, to a design 
which is suitable for circular roofs up to 600 ft. in 
diameter, was shown by Mr. G. P. Manning, M.Eng., 
M.L.C.E. The frame consists of a regular squared 
network of aluminium members which are all of 
the same square-box section and curved to the same 
radius. The external appearance of the joints 
between crossed members resembles that of a half- 
lapped joint in wood, but owing to the box section of 
the members, each joint actually consists of several 
tenon-type joints. A roof 82 ft. 6 in. in diameter 
weighs approximately 4 tons, and a roof 365 ft. in 
diameter would weigh approximately 200 tons. 

The Forest Products Research Laboratory, of 
which Dr. F. Y. Henderson is Director, showed an 
interesting selection of tropical timbers. Owing to 
shortages of many conventional timbers, the pro- 
duction of tropical hardwoods in the Colonies is 
being increased substantially to meet the require- 
ments of this country. In addition to such well- 
known species as greenheart from British Guiana, 
and mahogany from British Honduras, the Gold 
Coast and Nigeria, the Colonies provide a wide range 
of timbers suitable for engineering and industrial 
purposes. African Iroko and Afzelia, and Malayan 
Keruing, were among the substitutes for teak of 
which samples were shown. Research now being 
undertaken is intended to prevent deterioration by 
insect and fungus attack under tropical conditions. 
The exhibits also included samples of Nigerian ply- 
wood (the first plywood to be made in the Colonies), 
and photographs of timber work in tropical forests. 

The Road Research Laboratory, of which Dr. 
W. H. Glanville, C.B.E., M.I.C.E., is Director, exhi- 
bited apparatus, etc., used in connection with the 
study of traffic flow and related problems. A simple 
model was used to demonstrate, very convincingly, 
the most conspicuous (to the motorist) pattern for 
pedestrian crossings—a series of alternate black 
and white broad stripes parallel to the line of the 
road. Apparatus has been designed for measuring 
the flow (numbers of vehicles passing the recording 
point) and speed of traffic. The National Physical 
Laboratory showed models for the photo-elastic 
method of stress analysis, and a ball bearing of the 
angular contact type with the races made of trans- 
parent material. The latter is used for studying 
the motion of the balls at various angles of applica- 
tion of the load. The N.P.L. also showed a model 
bridge, to the members of which electrical-resistance 
strain gauges were attached, so that the strains due 
to running a model locomotive over the bridge 
could be demonstrated. 








The Building Research Station, of which Dr. F. M. 
Lea, O.B.E., is Director, showed a portable vibrat- 
ing-wire strain-gauge unit for measuring strains at 
any number of positions on steel structures. With 
the conventional gauge of this type, the variation in 
frequency of vibration of a wire stretched between 
two small pillars, screwed into a member of a struc- 
ture, is used as a measure of the change in strain 
in the member. Hitherto, vibrating-wire strain- 
gauge equipment has consisted of two parts : (1) the 
gauge proper, comprising a stretched wire, with 
means for causing it to vibrate and for electrically 
transmitting its vibrations, and (2) a measuring set 
for comparing the frequency of vibration with 2 
standard. This type of equipment is expensive. 
With the new unit which was exhibited, the gauge 
proper is in two separate parts, namely, the vibrating 
wire, and the energising and pick-up head. Only 
the wire needs to be installed at each measuring 
point, and one head will then indicate the strain at 
any number of points. The head is brought up ‘o 
each wire in turn; it plucks the wire electro- 
magnetically and transmits the vibrations electrically 
to the measuring set, in which a standard wire is 
caused to vibrate. Both vibrations are transmitted 
to headphones and are tuned to the same fre- 
quency. 

Two models of recently-built dredgers were 
shown. The Mersey Docks and Harbour Board, of 
which Mr. Leopold Leighton, M.I.C.E., is Engineer- 
in-Chief, exhibited a model of one of their two twin- 
screw Diesel-electric hopper grab dredgers. This 
vessel was described in ENGINEERING, vol. 166, page 
607 (1948). The constant-current series circuit, 
which is used in these dredgers, is stated to have 
proved fundamentally sound and remarkably stable. 
The Crown Agents for the Colonies showed a model 
of the Nigerian Government's suction dredger Oyo, 
of 4,000 tons capacity. The vessel was completed 
in 1948 by Messrs. Wm. Simons and Company, 
Limited, Renfrew, and was designed primarily for 
working on exposed sand bars. The i 
equipment consists of a centrifugal sand pump 
driven by a triple-expansion engine and connected 
to a 33-in. pipe system. 

Two models of power stations were exhibited. 
The British Electricity Authority, Eastern Division, 
showed a model of the Cliff Quay generating station, 
Ipswich, which is one of the first to be built as a 
complete station since the end of the war. It is a 
base-load station with an installed capacity on 
completion of 270 MW. Mr. C. H. Pickworth, 
M.LC.E., lent a planning model of a proposed 
generating station at Larnaca, Cyprus, which, with 
an ultimate installed capacity of 70 MW, will 
serve all parts of the island. The favourable 
climatic conditions will enable a semi-outdoor 
design to be adopted, resulting in substantial 
savings in building costs. 

“The Directorate of Colonial Surveys, of which 
Brigadier M. Hotine, C.B.E., is Director, exhibited 
apparatus used in connection with map making. The 
Directorate, with the assistance of the R.A.F., under- 
take mapping of colonial territories, for which they 
employ modern air-survey methods. Two groups 
of exhibits came from the Research Laboratories 
of the General Electric Company, Limited: appa- 
ratus for cold pressure welding (to which reference 
has been made in ENGINEERING on previous occa- 
sions), and samples of synthetic fluorescent and 
phosphorescent materials and a few naturally- 
occurring fluorescent materials. Mr. P. B. Mitchell, 
B.Sc., A.M.I.C.E., showed his winning entry for 
the 1949 Charles Hawksley Prize Competition— 
drawings, etc., of a concrete gravity dam. Finally, 
there were three historical exhibits: Mr. M. K. 
Rice-Oxley’s loan of an ‘“‘ Arithmometer or calcu- 
lating machine,” first patented by M. Thomas 
(de Colmar) in 1820; a selection from a collection 
of prints made by John Rennie and his son, George, 
which has been presented this year to the Institution 
by Mrs. John Rennie; and a holograph letter of 
John Smeaton, lent by the Docks and Inland 
Waterways Executive (Mr. C. A. Wilson, M.I.C.E.). 
The latter is headed “‘ Austhorpe 12th November 
1782,” and in it Smeaton presses for payment of a 
sum of 26/. 5s. for professional services rendered to 
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THE ROYAL AGRICULTURAL 


SHOW AT SHREWSBURY. 


THe Royal Agricultural Society’s annual show, 
which opened at Shrewsbury on Tuesday, July 5, 
and closes this evening, is the fourth occasion on 
which the show has been held in this neighbourhood. 
‘The Royal Agricultural Society first held its annual 
show there in 1845 when the entries numbered 437 
head of stock and 942 implements, whereas this 
year, well over 3,000 head of livestock are being 
exhibited while the implements on view total several 
thousands. Altogether, there are 660 trade and other 
stands on the show ground compared with 550 at 
York last year, while, owing to the impossibility 
of enlarging the show ground and obtaining suitable 
materials to construct extra sheds, it became 
necessary to reduce the entries in most livestock 
sections. Nevertheless, the aggregate entry of 
livestock is well in excess of last year, there being, 
for example, 769 horses on show this year against 
542 last year, while the cattle exhibits have increased 
from 1,103 to 1,272. 

The continued increase in the number of exhibits 
both in the machinery and livestock sections has 
set the Society a difficult problem. Obviously, the 
show must be held near a large populated centre 
for reasons of accommodation, transport, essential 
services and labour. On the other hand, open spaces 
of 150 acres or so near large centres of population are 
becoming increasingly difficult to find. It has been 
suggested that this difficulty could be overcome by 
acquiring a permanent site and holding the show 
there every year. The Council of the Society 
have considered such a proposal and have decided 
against it, as they considered that the experience 
gained with the permanent show ground at Park 
Royal from 1903 to 1905, during which the Society 
lost money on the show each year, showed that the 
suggestion was impracticable. Furthermore, it was 
considered unlikely that they would get the same 
support from farmers if they knew that the show 
was always to be held in the same area and would, 
therefore, preclude them from competing, from time 
to time, on their own home ground. Nevertheless, 
it is important that some measure be taken to ensure 
that sites are available near those towns associated 
with the annual show but where suitable sites are 
becoming difficult to find. A later proposal has 
suggested, therefore, that the Society should acquire 
two or three sites in such areas of some 200 to 300 
acres in extent ; these would not be the only places 
where a Royal Show was held, but would be addi- 
tional to those where the Society knew it could get 
grounds. This suggestion was made to ensure that 
the show can continue to be held in certain important 
areas where buildings are encroaching on the few 
remaining sites. It is only a suggestion, however, 
and there is little doubt that the Council would 
welcome ideas on the subject from the members of 
the Society. 

This year’s show is probably the largest ever held, 
all phases of agriculture being represented on the 
various stands. The National Master Farriers and 
Blacksmiths Association, for example, are giving 
demonstrations of welding and holding competi- 
tions for horse-shoeing and wrought-iron work, 
while the exhibits of the Rural Industries Bureau, 
in addition to showing what is being done to main- 
tain and develop craftsmanship, also aim at en- 
couraging youth to make a career of country 
occupations. The Ministry of Agriculture are 
staging an exhibition entitled “Farming To-day,” 
designed to portray some of the methods by which 
farming efficiency can be improved, while the Milk 
Marketing Board’s exhibit shows how this body 
helps and advises the farmer and provides informa- 
tion on how to iniprove and increase milk production. 
The range of machinery in the implement section 
covers almost every requirement of modern agri- 
culture and includes much of interest to overseas 
visitors. Although British agriculture is acknow- 
ledged as being one of the most highly mechanised 
in the world, there is still scope for considerable 
expansion, not only to replace the labour lost to 
other industries and to remove the drudgery from 
much of the field work, but also to give the farmer 
every chance of carrying out quickly those tasks 
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which, in this country, are frequently limited by 
the weather to brief periods. The scale of the 
required expansion is emphasised in the White Paper 
on European Recovery which anticipates that if 
by 1952 we are to achieve the necessary expansion 
of British agriculture, 450,000,000/. additional capi- 
tal will have to be invested in our farms, nearly half 
of it for increased mechanisation. The average 
small farmer, therefore, is presented with a difficult 
problem as, in many cases, the individual capital 
outlay required is large in comparison with the size 
offarm. Fortunately, the manufacturers of farming 
appliances have produced during recent years 
a range Of machines which, by a simple system of 
interchange of parts, can be adapted to perform a 
wide variety of tasks, thereby enabling any farmer 
to achieve a certain degree of mechanisation at a 
comparatively modest outlay. 

The principle has been adopted for many classes 
of machines ; a sugar-beet lifter, for example, has 
been designed so that it can be used as an elevator 
or loader, while a muck-spreader has been con- 
structed so that, when required, it can be converted 
to an ordinary two-wheel trailer. The manufac- 
turers of horticultural implements, however, have 
probably gone farther than others in this direction, 
as single machines are now available which are 
capable of cultivating between rows or preparing 
a seed bed, hedge-clipping, grass cutting and lawn 
mowing, to mention but a few of the operations. 
It may be appropriate, therefore, to commence our 
description of the exhibits at the Royal Show by 
describing a newcomer to the range of this type of 
machine which has been entered for the Society’s 
silver medal. The machine, which is known as the 
Howard Rotovator ‘ Bantam,” is illustrated in 
Fig. 1 on this page ; it is manufactured by Messrs. 
Rotary Hoes, Limited, Station-road, East Horndon, 
Essex. As its name implies, the machine, basically, 
is a rotary cultivator, but it has been designed so 
that it can be fitted with a wide range of implements, 
which include a cylindrical mower and grass box, a 
reciprocating cutter bar, rigid-tine cultivator, hedge 
clipper, rotary brush and a power take-off pulley 
for driving sprayers, etc. In the illustration, the 
machine is shown fitted with the cylindrical mower. 
The use of a rotary cultivator reduces substantially 
the time taken to prepare a seed bed. The imple- 
ment consists, in the main, of a number of steel 
blades projecting from a horizontally mounted 
rotor. The rotor is power driven and its height 
above the ground is adjusted so that, as the rotor 





revolves, the blades break up the soil. On the 











“Bantam” Rotary CULTIVATOR AND Mower; Messrs. Rotary Hogs, Limrrep. 


** Bantam ”’ machine, however, the blades are in 
the form of hoes which are shaped to have a positive 
cutting and dividing effect on the soil ; furthermore, 
the rotor moves in the same direction as the driving 
wheels so that it assists in driving the unit forward. 

The machine is driven by a single-cylinder air- 
cooled petrol engine, which develops 2 h.p., but 
may be either of the two-stroke or four-stroke 
types. As will be seen from the illustration, the 
engine is set across the frame of the machine and 
the drive is transmitted to the propeller shaft by a 
V-belt and a pair of stepped pulleys arranged to 
give two speeds. The propeller shaft drives both 
the land wheels and the rotor, the former through 
a@ worm, worm wheel and gearbox, and the latter 
through a worm and worm wheel only. The gear- 
box is fitted with case-hardened gears, while the 
shafts rotate in either ball or roller bearings; it 
gives two forward speeds so that, in conjunction 
with the belt drive there is a total of four forward 
speeds. The land wheels, which have a diameter 
of 14 in., are fitted to a drum and are provided 
with solid-rubber tyres having bar treads. The 
controls for the main clutch and carburettor are 
fitted to the ends of the steering arms, while 
those for the rotor clutch and gear change are 
located in a quadrant mounted centrally between 
the steering arms. The complete machine has a 
length of 5 ft. 2 in. and a width of 1 ft. 3 in., while 
the steering arms can be adjusted from a minimum 
height of 2 ft. 7 in. to a maximum height of 3 ft. 9 in. ; 
the arms can be fixed in three different positions, 
so that the operator may walk behind or on either 
side of the machine. The cultivating width is 
10 in. and the maximum depth of tilth that can be 
prepared 7 in. The weight, when fitted with the 
rotary cultivator, is 135 lb. 

A new motor cultivator of a somewhat different 
character from that just described is illustrated in 
Fig. 2, opposite. This machine, which has been 
designated the MG 5 motor cultivator, is manufac- 
tured by Messrs. Ransomes, Sims and Jefferies, 
Limited, Orwell Works, Ipswich, and is being shown 
on their stand. As will be seen from the illustration, 
the MG 5 is a track-laying machine that resembles 
its predecessor, the MG2; the new machine, 
however, has been redesigned throughout and 
embodies many improvements which experience 
with the earlier machine has shown to be desirable. 
It is an all-purpose tractor and has sufficient power 
for such heavy work as ploughing, cultivating and 
harrowing, yet the steering is sensitive enough for 
inter-row cultivation. A wide range of implements 
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Fic. 2. Moror Cuntivator ; Messrs. Ransomzs, Sms AND JEFFERIES, LIMITED. 


is available for use with the tractor and there is 
little doubt that it is eminently suitable for the 
mechanisation of holdings up to 25 acres in area, 
while for larger holdings it should prove useful for 
inter-row cultivation. 

The MG 5 is fitted with a single-cylinder air- 
cooled side-valve petrol engine having a bore and 
stroke of 86-84 mm. and 101 mm., respectively. 
Fan cooling is employed, metal cowlings being 
fitted to direct the air on to the cylinder and 
cylinder head. Lubrication is on the dry-sump 
principle, two cam-operated plunger-type pumps 
being provided, one of which acts as a scavenge 
pump, while the other delivers the oil under pressure 
to the main bearings, etc. Ignition is by magneto, 
which is of the impulse-starting type with auto- 
matic advance and retard mechanism. The fuel is 
carried in a tank situated between the driver and 
the engine, and it is fed to the carburettor by a 
diaphragm-type pump operated by an eccentric on 
the camshaft. A Zenith petrol filter is incorporated 
in the fuel system, and the air entering the induc- 
tion manifold is cleaned by an oil-bath air filter. 

The power is transmitted from the engine to a 
4 to 1 reduction gearbox through a flexible coupling 
and a centrifugal clutch. The clutch is fitted with 
two shoes and in order to delay its action, the shoes 
are joined to each other by coiled tension springs 
which permit an engine speed of 500 r.p.m before 
engagement. The transmission to the front driving 
axle is through a standard crown wheel and pinion 
and differential, and the machine is steered by 
applying friction brakes to the half shafts in the 
usual manner. The tracks are of rubber-jointed 
construction, the width of each being 6 in. They 
do not require lubricating and are designed so 
that they cannot stretch. The machine can be 
supplied with tracks set at centres of 2 ft. 4} in., 
2 ft. 74 in. or 2 ft. 10} in.; alternatively, parts 
can be supplied for converting one setting to 
another. The ground pressure is 5 lb. per square 
inch. The chassis is punt shaped and is of all- 
welded steel construction ; it will be seen from the 
illustration that the driver is seated in the centre 
of the machine and between the tracks. A power 
take-off shaft is provided; this is brought out to 
the rear of the tractor and is capable of trans- 
mitting 4 h.p. when employed on stationary 
work. 

The machine has an overall length of 6 ft. 2 in., 
&@ height of 3 ft. 44 in. and, with the tracks in the 








narrowest position, an overall width of 3 ft. 2 in. 
The weight is approximately 12} cwt. and the effec- 
tive drawbar pull 800 Ib. The speed is 2} m.p.h. in 
both directions of travel and the manufacturers 
state that the petrol consumption is from 3 to 4} 
pints per hour, the actual figure depending, of 
course, on the class of work on which the tractor is 
employed. Two drawbars are supplied, one floating 
for direct attachment of the tool-bar frame, the other 
being a swinging drawbar for use with independent 
implements. The manufacturers have designed a 
range of implements for use with this tractor, which 
includes a self-lift plough which can be fitted with 
a variety of bodies, a tandem-disc harrow, and a 
tool bar frame to which can be fitted attachments 
for cultivating, hoeing, ridging, furrowing, and 
potato lifting. The tractor can be used also for 
spraying, in which case the pump is fitted to the back 
of the tractor and the liquid stored in a trailing tank. 
(To be continued.) 





UNSHEATHED PERMITTED EXPLOSIVES FOR MINES.— 
The Ministry of Fuel and Power announce the intro- 
duction, in accordance with the provisions of the Coal 
Mines Act, 1911, Section 61, of permitted explosives 
which, without sheathing, have been certified, after 
appropriate tests, to be not less safe than a corresponding 
sheathed explosive of the same group. The new explo- 
sives, however, will be subject to the official tests for per- 
mitted explosives and also to special tests by the 
Ministry’s research staff. Explosives of this type will 
be accorded the distinguishing code lettering “‘ Eq. S.,” 
to be clearly marked on each cartridge and on the 
wrappers of the packages. These explosives will be 
distinguished in the same manner in the published list 
of permitted explosives. 





MULTI-OPERATOR AROC-WELDING INSTALLATION FOR 
IraLy.—An arce-welding installation comprising a trans- 
former and nine independent current regulators, each 
with a capacity of from 35 to 450 amperes, has recently 
been produced by the Quasi-Aro Company, Limited, 
Bilston, Staffordshire, for use in an Italian shipyard. 
The transformer is supplied with three-phase current 
at 10 kV and 42 cycles, and is wound for an unusual 
ratio, so that the secondary voltage is 176. Manually- 
operated tap-changers, to give a variation of + 5 per cent., 
are provided on the primary side. The continuous rating 
of the transformer is 183 kVA, but a maximum output 
of 405 kVA is obtainable. The welding voltage between 
each phase and neutral is 100. The desired welding 
current is selected within close limits by using one of 
five plugs, the final adjustment being made by a radial 


Perrier. 
not only to the current volume, but also to the principal 
contents of previous volumes from 1945 to 1949. The 
same attractive presentation and all the other familiar 
features that have established the reputation of this 
widely 
Evidence of the care taken in its compilation is afforded 
by the brevity of the list of errata for last year’s volume, 


ANNUALS AND REFERENCE BOOKS. 


Annuaire pour l’An 1949. Issued by the Bureau des 


Longitudes.—In conformity with long-established prac- 
tice, each issue of this well-known annual of the Bureau 
des Longitudes contains five main chapters, the first 
four relating, respectively, to the calendar, the Earth, 
astronomy and units of measurement. In even years, 
Chapter V is devoted to physical and chemical data, 
and in odd years to geographical, demographic and 
other statistics. Each chapter contains a wide range of 
useful information in the form of tables of numerical 
data and authoritative descriptive articles. Every care 
is taken to keep this information up to date. Thus, for 
instance, in Chapt 
types of stars has been revised; in Chapter II, the 
probable diurnal variation in the magnetic declination 
during 1949 has been computed, using a method des- 
cribed in the previous issue of the Annuaire; while, in 
Chapter III, particulars relating to international radio 
time signals have been corrected. Additions to Chap- 
ter III include two maps illustrating the precessional 
displacement of the celestial poles of the equator and 
articles on solar physics, by M. L. d’Azambuja, on 
galactic nove and supernove, by M. Ch. Bertaud, and 
on cosmic radiation by M. Leprince-Ringuet, which 
provide excellent summaries of the present position in 
these subjects. An article on stellar parallaxes and the 
distances of the stars replaces two separate articles in 
the Annuaires of 1946 and 1948. Chapter IV, on units 
of measurement, remains unchanged. The fifth and final 
chapter, this year, is devoted to geographical data, 
French vital statistics, tables of mortality and sur- 
vival, and includes an article on ocean currents by 
Mm. A. Gugenheim and H. Lacombe. Selected data 
for 1950 are given in asupplement. In a supplementary 
article of 48 pages on certain peculiarities of the earth’s 
rotation, M. Pierie Tardi discusses in some detail pre- 
cession and nutation, the variation of latitudes, and, 
more briefly, the long-period and short-period irregu- 
larities in the velocity of this rotation. 
by short obituary notices of two former members of the 
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tion of the spectral 


It is followed 
Bureau des Longitudes, Robert Bourgeois and Georges 


The very complete index provides references 
used work of reference have been maintained. 


which appears at the head of this volume. Copies are 


obtainable at the price of 800 francs (plus 110 francs 


postage) from Messrs. Gauthier-Villars, 55, Quai des 
Grands-Augustins, Paris (6e). 

The Atomic Energy Year Book.—The object of the 
Atomic Energy Year Book, which has been edited 
by Dr. John Tutin and is published by the 
Temple Press, Limited, Bowling Green-lane, London, 
E.C.1, at the price of 21s. net, is to assist the integration 
between science and industry which will be necessary 
for the commercial development of the new ferm of 
energy. Much ground is covered, beginning with a short 
history of nuclear science and followed by accounts of 
the chain reaction and of the necessary moderator ma- 
terials. The possible applications of atomic energy in 
industry and for ship propulsion with the economic 
consequences are then discussed, and a useful survey of 
atomic energy developments in various countries is 
given. Other chapters deal with legislation, the design 
of radiation laboratories and the part that isotopes 
can play in human welfare and medical research. The 
class of reader for whom the book is intended will 
therefore find much that is both interesting and inform- 
ative. It is regrettable, however, that, since this year 
book is intended mainly for those who are not atomic 
scientists, more care has not been taken to provide 
simple explanations of the fundamental and asso- 
ciated reactions involved. We would suggest that 
when the time comes to make the annual revision the 
question of replacing the present Chapter III with a 
straightforward account of the chain reactions and the 
phenomena which occur in the pile should be con- 
sidered. We cannot help feeling, too, that chapters IV, 
V, and VI may lead to misunderstanding. It is 
certainly unwise for atomic scientists to encourage the 
idea that the generation of power by this means is 
“just round the corner”; indeed, some of the most 
eminent have expressed exactly the opposite view. 





“THE BAILEY SUSPENSION BRIDGE”: ERRATA.—We 
regret that three typographical errors occurred within a 
few lines in the third column of Mr. O. Bondy’s article on 
page 577 of our issue of June 24. The denominator on the 
right-hand side of the equation for the parabola should, 
of course, be 7, not 1,, as printed. In the next line, the 
numerator in the equation for the length of a parabolic 
cable should read 64 f*2*; and in the approximate 
formula the second bracket sign should be outside the 














knife switch having ten positions. 





plus sign and the ellipsis, to indicate a series. 
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SIDE-FLUE DAMPER FOR 
LANCASHIRE BOILERS. 


In a paper on “ Losses Due to Intermittent Operation 
of Boiler Plants” (Journal of the Institute of Fuel, 
February, 1939), Mr. B. F. Karthauser gave some 
examples of the considerable waste of fuel from this 
cause. The primary loss during shut-down periods is 
due to heat stored in the brickwork being carried away 
by the air which the chimney continues to draw 
through imperfectly-fitting dampers. A_ typical 
example quoted in the paper is that of a hand-fired 
Lancashire boiler, 30 ft. long by 8 ft. in diameter, 
with a steaming capacity of 7,500 lb. per hour. The 
heat stored in the brickwork when the boiler is operating 
normally is 20,000,000 B.Th.U., which is equivalent 
to the heat input of 2-2 steaming hours, and much of 
this may be wasted during a temporary shut-down 
period. Owing to the varying temperatures in the 
flues, and the dust in flue gases, conventional dampers 
are required to be mounted very freely, with consider- 
able play. As a result, when a boiler is temporarily 
shut down and the fires are banked, the warm chimney 
draws air through gaps in the dampers, thereby cooling 
the brickwork. On restarting the boiler, fuel is required 
not only to build up steam pressure, but also to 
restore the brickwork to its normal operating tem- 
peratures. As Mr. Karthauser suggested, the heat- 
storage capacity of the brickwork, used in the right 
way, can be, for intermittent operation, what the 
steam or water accumulator is for load fluctuations. 
“* While the steam accumulator has been described as a 
thermal flywheel to overcome load fluctuation, the heat 
stored in the brickwork can be used as a latent force 
for a quick and economical starting-up of boilers after 
shut-downs, provided the heat can be retained over 
long periods.” 

The Metropolitan Engineering Company, Limited, 
75, Wool Exchange, Coleman-street, London, E.C.2, 
have developed a side-flue control system for Lancashire 
and Economic boilers, which is designed to eliminate 
this type of loss. The Metro-Flex system is illustrated 
in Figs. 1 and 2, on this page, which show the equipment 
from opposite sides, set up in a typical section of brick- 
work kor demonstration purposes. One is normally 
built into the discharge end of each side flue so that, 
where there is a bank of several boilers, one or more 
can be shut down independently of the others, and the 
heat stored in the brickwork largely retained over 
reasonably long periods. The damper is of the gate 
type and is opened and closed manually. It is loosely 
mounted but, when closed, a gas-tight joint is made. 
The possibility of the gate jamming, due to an accumu- 
lation of flue dust at the bottom of the opening, has 
been overcome by providing a small opening (below 
the main damper opening), which is shut off after the 
damper has been closed, and is opened before the 
damper is opened. It is incorporated in the bottom 

of the damper frame, which is partly visible in 

ig. 1. This arrangement causes a rush of gas through 

the small opening, which clears any accumulation of 

dust. The operation of the main damper and the 

subsidiary damper is effected by a simple crank handle 
and a wire cable through a head gear. 

The main damper pivots loosely on two hinges, but 
is suspended on, and pivoted by, a vertical shaft which 
is carried on a self-lubricating bearing. This bearing 
is fitted to the top of the damper frame; it is not in 
the gas stream, and is accessible from the outside. The 
damper closes on a strip of glass fabric around the 
opening. Fig. 3 is a sectional plan of the damper, the 
frame and the glass fabric. The damper is indicated 
at a, and is pivoted at b. . As it closes, it presses against 
the fabric strip (c, c), and the difference in pressures on 
opposite sides of the damper, due to the draught, 
draws the strip closer to the damper and frame, thus 

rfecting the seal. The subsidiary opening at the 
sete of the flue is closed by a heavy steel roller, 
which is allowed to fall, due to its own weight, inside 
a U-shaped curtain of glass fabric. 

The main damper is closed by the action of a counter- 
weight in the head gear (Fig. 2), which is fixed to one 
arm of a bell crank; the bell crank is rotated by the 
weight falling, the other arm of the crank pulling on a 
horizontal tie rod which is connected to one end of 
a double-ended lever at the top of the damper shaft. 
The closing effect on the damper, due to the weight and 
lever system, is more than sufficient to resist the 
draught in the flue. The mechanism for opening the 
damper, against the force of the counterweight, is on 
the other side of the head gear, as shown in Fig. 1. 
The wire cable from the hand winch, shown on the left 
of the illustration, passes over two guide pulleys to the 
large pulley in the head gear, round which it is laid 
to the extent of one circumference (with the damper 
in the closed position), its end being fastened to the 
pulley. When the winch is operated to open the dam- 
per, the first stage in the rotary movement of the 
pulley does not affect the main damper, but opens the 
subsidiary damper referred to above. In the second 
stage, however, a projection near the periphery of the 
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pulley comes into contact with an arm which is pivoted 
coaxially, but loosely, with the pulley, and the projec- 
tion carries the arm round with it. (In Fig. 1, the 
projection is hidden behind the pulley-mounting 
bracket, but the arm is just visible.) The arm is 
connected by an adjustable tie rod to one end of the 
double-ended lever—the opposite end to that connected 














to the damper-closing tie rod. When the damper is 
being opened, the counterweight is, of course, raised by 
the tie-rod and lever system. 

The heavy steel roller for opening and closing the 
subsidiary damper is raised and lowered by a cam 
which is fixed to one side of the pulley. The shape 
and relative position of the cam ensure that, on first 
operating the hand winch, the cam presses on a roller 
follower in a lever (Fig. 2), which, in turn, raises the 
vertical rod in the centre of the head gear. The rod 
is forked lower down into two rods which pass down 
each side of the main damper opening (as shown at 
d, d, in Fig. 3) to the heavy roller. The hand winch is 
fixed to the brickwork at the front of the boiler, remote 





from the damper, and a simple pointer and scale indicate 
the position of the damper, as shown in Fig. 1. A 


| ratchet and retractable pawl are fitted to the winch, 
;to enable the damper to be set at any required 
| Opening. =m 
The width of the Metro-Flex damper has been 
standardised, to suit the width of the normal side flue, 
but units of several heights are available. The frame 
consists of four main pieces : two vertical side members, 
a bottom horizontal channel, and a top wedge-shaped 
piece. The latter enables the side members to be 
| pressed against Fibreglass pads between them and the 
| brickwork when installing the damper, thus making a 
| gas-tight joint. Air infiltration through the top is 
| prevented by an expansion seal, which is packed from 


| outside and is accessible while the boiler is in operation. 





PORTABLE HAMMER FOR BORING HOLES IN WALIS.— 
Messrs. S. Wolf and Company, Limited, Pioneer Works, 
Hanger-lane, Ealing, London, W.5, have introduced a 
portable electric hammer for making holes in brick- 
work and concrete preparatory to plugging, or for in- 
serting conduit up to y% in. in diameter. It weighs 7 Ib. 
and is driven by a universal $-h.p. motor. 
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CROSS-CHANNEL 


WILLIAM DENNY AND BROTHERS, 


MESSRS. 





STEAMER “MAID OF 


ORLEANS.”’ 


LIMITED, DUMBARTON, SCOTLAND. 














TWIN-SCREW CROSS-CHANNEL 
STEAMER ‘‘ MAID OF ORLEANS.”’’ 


Tue latest addition to the fleet of British Railways, 
the twin-screw passenger steamer Maid of Orleans, 
made her inaugural trip on the Folkestone-Boulogne 
route on Thursday, June 23. The Maid of Orleans 
was built by Messrs. William Denny and Brothers, 
Limited, Dumbarton, and replaces the ship of the same 
name which was sunk by enemy action during the 
Normandy invasion. A photograph of the new vessel, 
taken during her trials, is reproduced above, and it 
will be seen that she is built on modern lines, the 
raked and rounded stem, cruiser stern, single stream- 
lined funnel and two masts giving the vessel a hand- 
some appearance. During trials, a speed of over 
22 knots was attained, and, when fully loaded, she can 
accommodate 1,400 passengers with their baggage, 
30 motor cars and a crew of 76. The length overall is 
341 ft., the moulded breadth 50 ft., and the depth, 
moulded to the main deck, 18 ft. The loaded draught 
is 12 ft. 6 in., while the gross tonnage is 3,777 and the 
net tonnage 1,670. 

The Maid of Orleans is the first vessel built speci- 
fically for the short sea route to be fitted with a Denny- 
Brown stabiliser. It was decided to install this unit 
after the Falaise, which is equipped with a similar 
unit and usually operates from Southampton, had 
acted as a relief vessel on the Dover-Calais route. 
During her service at Dover, the Falaise encountered 
some bad weather and the use of the stabiliser was 
found to reduce the rolling to a negligible amount. 
The Maid of Orleans is fitted also with a bow rudder for 
use when steaming astern into the Channel ports, each 
rudder being operated by a twin-motor electro-hydraulic 
steering gear. Furthermore, in order to ensure safe 
navigation into the harbours, exceptionally high power 
is provided for astern working, the vessel being capable 
of steaming astern at 17 to 18 knots. Passenger 
sleeping accommodation is not required on the 
Folkestone-Boulogne route and all available space, 
therefore, has been allocated to large public rooms. 

The vessel was built to Lloyd’s special class A for 
cross-channel service. There are two continuous steel 
decks, namely, the main and upper decks; a lower 
deck extends forward and aft lh the machinery 
space, while there is the usual boat deck and bridge 
deck over the forward end of the boat deck. Sub- 
division of the vessel into watertight compartments is 
provided by 11 watertight bulkheads. he forward 
— and upper and lower after tanks are arranged 
or carrying water ballast, a further deep ballast tank 
being located slightly forward of amidships. The 
fuel oil for both the boilers and the auxiliary Diesel 
engines is carried forward of the boiler room in five 
tanks arranged side by side but independent of the 
ship’s shell plating. Fresh water is carried in two 
tanks at the wings of the shaft tunnel and distilled 
water in tanks arranged in the boiler room. The 
stabiliser is fitted in the forward end of the boiler room. 
There are two cargo holds, while *tween-deck spaces 
forward and aft are fitted out for the carriage of motor 
vehicles or baggage, these spaces being provided with 
carbon-dioxide fire-extinguishing equipment. The 








| upper-deck hatches are provided with steel hatch 


covers of the hinged type, electric winches being 
installed for raising and lowering them. A combined 
electric windlass and warping capstan, together with 
an independent capstan, are fitted forward and two 
electric capstans aft. 

The vessel is propelled by twin screws, each of which 
is driven by a set of Parsons-type geared turbines 
constructed by the shipbuilders, the combined output 
being 11,000 shaft horse-power at 275 r.p.m. Each 
unit consists of a high-pressure ahead turbine of the 
impulse-reaction type and a low-pressure ahead turbine 
of the all-reaction type. For astern running, a high- 
pressure impulse turbine is incorporated in each high- 
pressure ahead casing, and there is a low-pressure 
impulse-reaction astern turbine in each low-pressure 
ahead turbine; as previously mentioned, the astern 
power is sufficient to enable the vessel to steam astern 
at 17 to 18 knots. The turbines drive the main shafting 
through single-reduction double-helical gearing of the 
all-addendum type, a single-collar Michell thrust bearing 
being incorporated in each gearcase. The condensers, 
which are of the Weir two-flow regenerative type, are 
fitted below the low-pressure turbines in the usual way. 
The condensers are arranged to work in conjunction 
with a Weir closed-feed system, which includes closed- 
feed controllers, ‘‘ Maxivac”” three-stage air ejectors, 
motor-driven two-stage vertical extraction pumps and 
turbo-driven feed pumps; a Weir six-stage electro- 
feeder, however, is installed for use in harbour and for 
transferring the distilled water. Weir gland-steam 
condensers, feed heaters and drain coolers are installed, 
and the circulating pumps, which are turbine driven, 
are of Messrs. Drysdale’s vertical centrifugal type. 

Steam for the main and auxiliary machinery is 
supplied by two Foster Wheeler “ D” type boilers 
designed for a working pressure of 250 Ib. per sq. in. 
and a steam temperature at the superheater outlets of 
500 deg. F. The boilers are arranged to burn oil fuel 
under the closed-stokehold system, two electrically- 
driven forced-draught fans being located in a separate 
compartment on the main deck. The oil-burning 
equipment was supplied by the Wallsend Slipway 
and Engineering Company, and consists of duplicate 
motor-driven pumps, heaters and filters; an electric 
lighting-up pumping and heating unit, together with a 
manually-operated pumping set also is installed. The 
level of the water in the boilers is controlled by Weir 
* Robot ” regulators, while the water-level gauges are 
of the Klinger double-plate type; Igema distant- 
reading gauges, however, are also fitted. Pyrometers 
are fitted to measure the temperatures of the steam and 
boiler-exhaust gases while the carbon-dioxide content 
of the products of combustion is obtained by a Malone 
indicator. An interesting feature of the boiler instal- 
lation is the provision of a coned top for the inner 
funnel. This was designed by the Thermotank Co. 
and is intended to prevent soot and dirt from the funnel 
falling on the decks. The effect of the coned top is to 
increase the velocity of the gases as they leave the 
funnel thereby raising them sufficiently high to avoid 
the area of low pressure usually found abaft the funnel. 

Direct current for the engine-room auxiliaries, 
lighting, hotel services, etc., is provided by two turbo- 





generators, each of which has an output of 300 kW at 
225 volts, and one Diesel weaned of 250 kW capacity, 
the latter being capable of taking the complete harbour 
and hotel load. All three prime movers were supplied 
by Messrs. Peter Brotherhood, Limited, and the 
dynamos by the Lancashire Dynamo and Crypto 
Limited. The three generators are side by 
side forward of the main engines , the main switchboard 
being situated on a platform above, and just forward 
of the machines. The turbo-generators are self-con- 
tained units, each being provided with its own conden- 
ser, circulating-water and extraction pumps, air 
ejectors and closed-feed controllers. A 35-kW Ruston 
and Hornsby Diesel-driven emergency generator is 
installed in a separate compartment hheding off the 
engine room at main-deck level. 

Two main-engine lubricating pumps, of Messrs. 
Drysdale’s Vertoil type, are installed in the engine 
room, each pump being capable of supplying the 
requirements of both engines. Serck oil coolers and 
Autoklean strainers are incorporated in the lubricating 
system, while a Sharples oil purifier is arranged for 
continuous purification. An evaporator and distiller 
having a capacity of 25 tons a day is also installed ; it 
is arranged for boiler-feed make-up purposes and can 
be supplied either from the ship’s domestic fresh-water 
system or by a separate pump. Steam for domestic 
and allied services is supplied by a Spanner “Spiralfio” 
oil-fired boiler located in the boiler room. Other auxi- 
liary machinery installed in the engine and boiler rooms 
includes two vertical general-service pumps, a sanitary 
pump, a bilge oily-water separator, a sewage-dis 
system and the usual gauges, alarms, counters, etc. 

The wheelhouse and chartroom contains a compre- 
hensive range of navigational equipment. The tele- 
motor steering unit for the stern rudder is situated 
in the wheelhouse, while the bow rudder steering 
mechanism is operated by telemotor controls situated 
in each wing of the bridge. A Marconi “ Radiolocator ” 
radar set is installed in the wheelhouse and other 
navigational equipment. includes an echo sounder, a 
Chernikeef electric log, and the usual helm indicators, 
Clear-View screens, etc. The accommodation for the 
master and mates is situated on the bridge deck, 
while that for the engineers is on the after part of the 
boat deck, each officer being provided with a separate 
cabin. The remainder of the crew are accommodated 
amidships on the main deck and aft on the lower deck. 
Ratings are housed in two-berth cabins and separate 
messrooms and bathrooms are provided for each 
department. The entrance vestibule for the first-class 
passengers is situated at the forward end of the boat 
deck and opening off the forward end of the vestibule 
is a large observation lounge. The first-class smoke 
room is situated at the forward end of the upper deck, 
while extending aft to the restaurant is a large general 
lounge. The restaurant is entered from this lounge 
and has seating accommodation for 118 gers. 
Separate lounges for men and women are provided, 
those for the first-class passengers being situated port 
and starboard on the forward part of the lower deck, 
while those for the third-class passengers occupy similar 
positions aft on the main deck; the third-class smoke- 
room is between the two lounges. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. “ Cousan.”—Twin-screw vessel, to carry 484 first- 
class and 549 tourist-class passengers, built and engined 
by Messrs. Vickers-Armstrongs Limited, Barrow-iu- 
Furness, for the Eastern service of the Peninsular and 
Oriental Steam Navigation Company, London, E.C.3. 
Main dimensions: 672 ft. 6 in. by 85 ft. by 48 ft. to 
“E” deck; gross tonnage, approximately 24,000; 
draught, 29 ft. Two sets of Pavsons-type geared turbines 
and two large and two small Foster Wheeler water-tube 
boilers, to develop an aggregate of 42,500 s.h.p. at 
139 r.p.m. and a speed of 23? knots. Launch, June 28. 

S.S. “CLAN MACTAVISH.”—Twin-screw cargo liner 
built by The Greenock Dockyard Company, Limited, 
Greenock, for Messrs. Olan Line Steamers, Limited, 
London, E.C.3. Main dimensions: 470 ft. (between 
perpendiculars) by 65 ft. 6 in. by 40 ft. 9 in. to upper 
deck; deadweight capacity, about 10,800 tons on a 
mean draught of 28 ft. 3 in. Two sets of reaction 
turbines, with double-reduction gearing, developing 
9,400 s.h.p. at 1214 r.p.m. in service, constructed by 
Messrs. Parsons Marine Steam Turbine Company, 
Limited, Wallsend-on-Tyne, and two single-pass water- 
tube boilers, constructed by Messrs. Babcock and Wilcox, 
Limited, London, E.C.4. Machinery installed by Messrs. 
John G. Kincaid and Company, Limited, Greenock. 
Trial trip, June 21. 


M.S. “ LExa MAERSK.”—Single-screw cargo vessel, 
carrying twelve passengers, built by Messrs. Bartram 
and Sons, Limited, Sunderland, for A/S Dampskibssel- 
skabet Svendborg & D kibsselskabet af 1912 (Messrs. 
A. P. Méller), Copenhagen, Denmark. Main dimen- 
sions: 430 ft. (betw perpendiculars) by 58 ft. 9 in. 
by 38 ft. 2 in. to shelter deck; deadweight capacity, 
8,740 tons on a draught of 26 ft. 2} in. Five-cylinder 
single-acting two-stroke opposed-piston N.E.M.-Doxford 
reversible oi] engine, to develop 5,500 b.h.p. at 115 r.p.m., 
constructed by the North Eastern Marine Engineering 
Company (1938) Limited, Wallsend-on-Tyne. Speed, 
15 knots. Launch, June 27. 


M.S. “‘ DAGFRED.”—Single-screw cargo vessel, carrying 
six passengers, built by Messrs. Bartram and Sons, 
Limited, Sunderland, for Messrs. John P. Pedersen & 
Sén, Oslo, Norway. Main dimensions: 425 ft. (between 
perpendiculars) by 59 ft. 6 in. by 37 ft. 11 in. to shelter 
deck; deadweight capacity, about 8,700 tons on a 
draught of 24 ft. 6 in. Four-cylinder opposed-piston 
two-stroke N.E.M.-Doxford reversible oil engine, to 
develop 4,400 b.h.p. at 116 r.p.m. in service, constructed 
by The North Eastern Marine Engineering Company 
(1938), Limited; Wallsend-on-Tyne. Mean speed on 
trials, 16-04 knots. Trial trip, June 24. 


M.S. “ Atcyon.”—Single-screw trawler, built and 
engined by the Chantiers et Ateliers Augustin Normand, 
Le Havre, for the Pécheries de l’Océan, Arcachon, 
France. Main dimensions: 117 ft. 6 in. by 22 ft. 5 in. 
by 12 ft. 9in.; displacement, 384 tons ; fishroom capa- 
city, 4,240 cub. ft. Augustin Normand-M.A.N. Diesel 
engine of 450 h.p., to give a speed of 11 knots. Launch, 
June 27. 

M.S. “‘ FERNCASTLE.””—Single-screw tanker, built by 
the Furness Shipbuilding Company, Limited, Haverton 
Hill, County Durham, for A/S. Glittre, Oslo, Norway. 
Second vessel of a series of ten. Main dimensions: 
589 ft. by 80 ft. by 42 ft. 3 in.; deadweight capacity, 
about 24,900 tons on a summer draught of 32 ft. 3 in. 
Six-cylinder opposed-piston two-stroke N.E.M.-Doxford 
reversible oil engine, to develop 6,800 b.h.p. at 116 r.p.m. 
in service, constructed by The North Eastern Marine 
Engineering Company (1938), Limited, Wallsend-on- 
Tyne. Speed, 14 knots. Launch, June 28. 

M.S. “‘ VEsTFoss.”—Single-screw tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for Skibs. A/S Thor Thoresens Linje, Oslo, Norway. 
Main dimensions: 487 ft. 6 in. by 59 ft. by 34 ft. 10 in.; 
deadweight capacity, about 12,000 tons on a draught of 
27 ft. 6 in.; gross tonnage, about 8,200. Six-cylinder 
single-acting four-stroke Harland-B. and W. Diesel 
engine, developing 115 r.p.m. Trial trip, June 28. 

8.S. “ PRIMELLA.”—Single-screw trawler, built by 
Messrs. John Lewis and Sons, Limited, Aberdeen, for 
Messrs. J. Marr and Son, Limited, Hull. Main dimen- 
sions: 175 ft. (between perpendiculars) by 30 ft. by 16 ft. 
Triple-expansion engine of 1,000 i.h.p., and one vil-fired 
Scotch boiler. Launch, June 28. 


8.8. “Crry or PERTH.”—Single-screw cargo liner, 
carrying twelve passengers, built by The Caledon Ship- 
building and Engineering Company, Limited, Dundee, 
for Messrs. Ellerman Lines, Limited, London, E.C.3. 
Main dimensions: 484 ft. by 61 ft. 6 in. by 41 ft. 9 in. 
to shelter deck ; deadweight capacity, about 10,000 tons 
on @ draught of 28 ft. 6 in. Single-reduction geared 
turbines developing a maximum of 7,920 s.h.p. at 119 
r.p.m., supplied by The Parsons Marine Steam Turbine 
Company, Limited, Wallsend-on-Tyne, and two oil- 
burning water-tube boilers supplied by Messrs. Babcock 
and Wilcox, Limited, London, E.C.4. Machinery installed 
by the shipbuilders. Speed, 16 knots. Trial trip, June 28. 
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PERSONAL. 


THE Rt. Hon. THE VISCOUNT FaLMouTs, M.I.Mech.E.’ 
Comp.I.E.E., has been re-elected President of the British 
Internal Combustion Engine Research Association, 
111-112, Buckingham-avenue, Slough, Buckinghamshire, 
for 1949-50. Vick-ADMIRAL (E) Stir Denys C. Forp, 
K.C.B., C.B.E., LiftutT.-GENERAL SIR FREDERICK G. 
WRISBERG, K.B.E., C.B., Dr. S. F. Dorey, O.B.E., 
M.I.C.E., M.I.Mech.E., F.R.S., AiR CoMMODORE F. R 
Banks, C.B., O.B.E., and Sm LYNDEN MACASSEY, 
K.B.E., K.C., have been re-elected vice-presidents. 
Masor-GENERAL E. H. CiayTon, C.B.E., has also been 
elected a vice-president, and Mr. JOSEPH JONES, 
M.I.Mech.E., has been elected chairman of Council in 
succession to the late Mr. E. P. PAXMAN. 

Mr. O. VY. S. BULLEID, C.B.E., M.I.Mech.E., has 
been elected President of the Institute of Welding, 
2, Buckingham Palace-gardens, Buckingham Palace- 
road, London, S.W.1, for the year 1949-50, and Mr. C. 8S. 
MYLNE has been elected vice-president. Mr. Bulleid, 
as stated on page 538 of our issue of June 10, is about 
to retire from his present post as chief mechanical 
engineer, British Railways, Southern Region, and has been 
appointed consulting mechanical engineer to Coras 
Iompair Eireann (Irish Transport Company). 


Mr. J. W. ELuiorr, whose service with Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend-on- 
Tyne, commenced 45 years ago, has been elected to 
succeed SIR PHILIP WIGHAM RICHARDSON, Bt., as chair- 
man of the company as from December 31. Sir Philip 
is retaining his seat on the board. 

Mr. W. K. WALLACE, C.B.E., M.I.C.E., who recently 
retired from the position of Chief Civil Engineer to 
British Railways (London Midland Region), has been 
appointed ehairman of the Building Research Board, in 
succession to Sir GEORGE Burt, M.1.C.E., who has held 
the position since 1939. 

Sm Harotp Hartiey, K.C.V.O., C.B.E., F.R.S., 
retired on June 30 from the chairmanship of the board of 
British Overseas Airways Corporation and has been 
succeeded by Str MiILes THomas, D.F.C., who has been 
deputy chairman since April 1, 1948. Mr. WHITNEY 
STRAIGHT, O.B.E., M.C., D.F.C., is succeeding Sir Miles 
Thomas as deputy chairman. 


Mr. H. E. ALDINGTON, C.B., M.LC.E., M.Inst.T., 
chief engineer (highways), is retiring from the Ministry 
of Transport on July 31, after 27 years of service with 
the department, the last four of them in his present 
post. Mr. E. B. Huau-Jones, M.C., B.Sc., M.LC.E., 
who joined the Ministry of Transport in 1923 and has 
been deputy chief engineer for the past four years, 
is to be Mr. Aldington’s successor. 

Mr. K. RussELL Brapy, assistant general manager 
to the Manchester Ship Canal Company, Ship Canal 
House, King-street, Manchester, retired under the age 
limit on June 30 after 23 years of service. He will 
continue to advise the company in his professional 
capacity as architectural consultant. 

Mr. F. W. HALLIWELL, M.I.Mech.E., M.1.P.E., has 
been re-elected President of the Gauge and Tool Makers’ 
Association. Mr. H. S. HoLpEN has been re-elected 
chairman, Mr. A. L. DENNISON, M.I.P.E., vice-chairman, 
and Mr. R. KiIRcHNEeR, M.I.P.E., A.M.I.Mech.E., 
honorary treasurer. 


Mr. R. W. AYERS has been elected chairman of the 
Resistance Welding Machine Manufacturers’ Section of 
the British Electrical and Allied Manufacturers’ Associa- 
tion, 36 and 38, Kingsway, London, W.C.2, for the year 
1949-50. Mr. F. Smmmons has been elected deputy 
chairman aud Mr. E. S. WADDINGTON, vice-chairman. 


Mr. N. L. C. Macaskire, K.C., has been appointed 
chairman of the Appeal Tribunal constituted under 
Section 15 of the Road and Rail Traffic Act, 1933, on 
and from July 1. Mr. Macaskie succeeds Mr. REGINALD 
CLARK, K.C., who has relinquished the appointment. 


Mr. E. A. Aust has been appointed traction engineer 
of British United Traction Limited, in succession to 
Mr. C. C. OAKHAM. 


Mr. B. W. SILVERWOOD has been appointed technical 
commercial] welding engineer to the industria] department 
of Philips Electrical Limited, Century House, Shaftes- 
bury-avenue, London, W.C.2. Mr. Silverwood has also 
been elected secretary of the North London branch of 
the Institute of Welding in succession to the late Dr. E. 
SHARRATT. 


Messrs. V. L. FARTHING AND COMPANY are moving 
into larger premises as from to-morrow, July 9. The 
new address is 329, Tower Building, Liverpool, 3. They 
are retaining their present telephone number, namely, 
CENtral 5002, with an additional line, CENtral 1768. 


Messrs. B.S.A. Toots Limirep, Mackadown-lane, 
Marston Green, Birmingham, announce that their Glasgow 
branch and that of the distributing organisation, Burton, 
Griffiths and Company, Limited, has been moved to new 
premises at 46, Carlton-place, Glasgow, €.5. (Telephone: 
South 1121-2.) 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—There has been a slight falling off in 
one or two directions recently, but nothing of a nature 
to justify calling this a recession. Indeed, the volume 
of actual orders, and also the tonnages which will 
accrue with reasonable certainty, constitute a total which 
seems likely to keep works operating at current capacity 
levels for some time ahead. The output of steel ingots 
and castings is on an impressive scale, and, in great 
measure, this is due to the regular circulation of essential 
raw materials. For the new Period makers have bookings 
to absorb the major portion of the prospective production, 
which will be reduced, of course, because of the holiday 
interruption. A fairly steady sale seems assured for 
sections, and large bars over 3 in. in diameter are also 
well booked up. Following a few cancellations by stock- 
holding merchants, the outlook for small bars is some- 
what easier. Sheets and light tubes continue to enjoy 
the readiest markets. Delivery for No. 12 gauge material 
and under, for example, is unprocurable before Period 4. 
The tube-making branch of the industry has very heavy 
order books, much of it for the account of oil-producing 
companies in various parts of the world. In common 
with the other branches, there has been a slight improve- 
ment in the equation of the supply with the demand, 
but the delivery indicated for several items remains 
lengthy. 

Scottish Coal.—The provision of adequate supplies of 
coking coal to meet the requirements at the coke ovens 
in the course of the next few weeks, when production at 
the pits will be restricted by holidays, continues to be 
the main preoccupation of distributors. Practically the 
entire output of this grade of fuel is being diverted to 
the ovens, entailing the switching of compensatory 
supplies from other areas for gasworks, steelworks, and 
other industrial consumers. The supplies available for 
this purpose are also now reduced on account of the holi- 
days in the Lothians coalfield, but the position seems 
likely to be secured adequately without abnormal with- 
drawals from the supply channels for other users. A 
slackening of the demand from industrial firms has been 
evident recently, relieving the general stringency to 
some extent, although no surplus fuel, other than occa- 
sional quantities of gum, has become available. This, 
in turn, is having a marked effect on the coal-exporting 
business, and shippers find it difficult to obtain cargoes. 
Deliveries to domestic consumers are being rigidly upheld 
in accordance with stipulated tonnages, and stocks on 
the ground show a steady improvement. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—There was a persistent demand 
for all but the very poorest qualities on the Welsh steam- 
coal market throughout the past week, but the acute 
scarcity of free supplies held new business severely in 
check. As a rule, order books were already sufficiently 
well filled to ensure the steady lifting of potential outputs 
over some little while to come and there was as yet no 
indication that the requirements of the home section 
would show any early easing. The bulk of current 
outputs are still being steadily absorbed by the railways, 
public-utility undertakings and the principal industrial 
users. In view of the loss of outputs which will be 
suffered between now and the end of August, owing to the 
holidays in various parts of the coalfield, sellers have to 
keep a careful watch over new business. Consequently, 
there seems little prospect of any expansion in the 
foreign export trade as yet. Shipments are going out 
quietly under existing allocations, but a good deal of 
business from foreign consumers, particularly for early 
delivery, cannot be entertained. What shipments are 
being made are again usually in respect of the French, 
Portuguese, Italian and South American markets. 
There is very little coal to spare for Eire or for the near 
Continental countries other than France. Bunkers come 
in for a sustained demand both for the foreign depots 
and for delivery at the home ports. Patent fuel is 
being again eagerly sought after by foreign customers 
anxious to eke out their coal supplies. There has also 
been some development in the foreign market for cokes, 
and sales have been made to Kireann and South American 
consumers. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, home business in tin-plate appeared to 
have aslightly easier tone. Consumers were placing their 
requirements less fully and makers were not disposing 
of “ wasters ” as readily as was the case recently. The 
export market, on the other hand, although not active, 
was better, and the volume of business transacted showed 
an increase. Steel sheets continue in demand and as 
the rolling mills have well-filled order books, they will be 
fully employed for some months ahead. Iron and steel 
scrap continues to have a strong demand and the steel- 
works are anxious to buy quantities of heavy material. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The market continues strong and 
buyers are still prepared to put through considerable 
business despite the increasing belief of an early end of 
the trade boom. Producers have good bookings and the 
requirements of customers promise to keep works in 
full activity over the second half of the year. Adequate 
supplies of raw material are reaching consuming plants 
and substantial deliveries of iron and steel scrap from 
home sources and from Germany not only meet current 
needs, but enable some addition to be made to stocks 
which, until quite recently, were at an inconveniently 
low level. Better parcels of pig iron are coming forward, 
but users would much welcome still larger deliveries. 
Supplies of semi-finished commodities are on a more 
satisfactory scale than for some time past and outputs 
of finished products continue heavy, though the holiday 
season is now checking the make to some extent and the 
shortage of water has had a disquieting influence in 
various branches of industry. Australia is a big client 
for Tees-side products and the rapid expansion of ship- 
ments to the Argentine promises to follow the recently 
signed trade agreement. There is no easement of the 
large demand for finished materials for home purposes. 


Foundry and Basic Iron.—North-East Coast users of 
ordinary foundry pig iron are receiving rather better 
parcels from the Midlands, which is almost their only 
source of supply. Complaints are heard that deliveries 
are not yet adequate for their actual needs and that the 
quite extensive use of good cast-iron scrap is still neces- 
sary. The whole of the production of the basic blast 
furnaces continues to move into immediate consumption 
at makers’ adjoining steel plante. 


Hematite, Low-Phosphorus and Refined Iron.—Some 
improvement in the distributable tonnage of East Coast 
hematite can be reported, but regular customers con- 
tinue to call persistently for larger parcels than they are 
receiving. Low- and medium-phosphorus iron outputs 
are steadily taken up. Refined iron manufacturers 
report a ready sale for their products. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron producers are well employed on running 
contracts and fairly good inquiries are circulating. 
Increased home production and big imports of semi- 
finished steel are dealing satisfactorily with the lerge 
requirements of the re-rolling mills. Deliveries from 
Belgium, Luxembourg and France have been heavy. 
Various types of finished steel are still in greater demand 
than can be met. Producers are seeking increased export 
quotas. The intense pressure for maximum supplies of 
black and galvanised sheets is uaabated. Descriptions 
in strongest request for home needs are shipbuilding 
material and railway equipment. 





OLD CENTRALIANS.—The next luncheon meeting of 
the Old Centralians, the old students’ association of the 
Imperial College of Science, London, will be held at the 
Chez Auguste Restaurant, 47, Frith-street, Soho, London, 
W.1, at 12.45 for 1.5 p.m., on Thursday, July 14. The 
guest speaker will be Brigadier John French, C.B.E., 
T.D., D.L., who will give an address on the work of 
the City Livery Companies. 





SHIP-TO-SHORE RADIOCOMMUNICATION AT FLEETWOOD. 
—tThe vessels of the Isle of Man Steam Packet Company, 
plying between Fleetwood and Douglas, are equipped 
with very high-frequency radio-telephone sets which 
enable them to communicate with the latter port so that 
docking instructions and meteorological information can 
be transmitted. Similar equipment of the “ Seaphone ” 
type, rented from Marconi International Marine Com- 
munication Company, Limited, Electra House, Victoria 
Embankment, London, W.C.2, has now been installed 
at Fleetwood and, it is hoped, will greatly facilitate 
docking and the punctual departure of the boat trains. 





“ BLow-BacK’”’ FROM LOCOMOTIVE BOILER.—In @ 
recently-published accident report, Brigadier C. A. 
Langley, an Inspecting Officer of Railways, recommends 
that the position of the blower handle on locomotive 
boiler backplates should be standardised. ‘‘ Opening 
the blower valve before closing the regulator is part of 
the routine and it is the driver’s ultimate responsibility, 
whatever may be the practice of different enginemen, 
and wherever the blower may be placed on the back- 
plate.” In making the recommendation, which is 
receiving attention, he remarks that he does not 
think it had any bearing on the cause of the accident 
which is the subject of his report. The accident occurred 
on April 26, 1949, at Brandon and Wolston ; the driver 
and fireman died as a result of a blow-back which 
occurred through the fire-hole door due to failure to 
open the blower before shutting the regulator. 





NOTICE OF MEETING. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





RoyaLt Sanirary InstiruTe.—Friday, July 15, 
2.15 p.m., The Guildhall, Nottingham. (i) “‘ Atmospheric 
Pollution: the Present Position and Outlook for the 
Future,” by Mr. Alfred Wade. (ii) “‘ Sewage Disposal in 
Nottingham: Some Recent Developments,” by Mr. 
Hugh Lawson. 





CONTRACTS. 


Messrs. A.E.C. Limtrep, Southall, Middlesex, have 
received many repeat orders for their “‘ Regal ” Mark III 
single-deck road vehicles. They include contracts for 
24 vehicles from Trans-United Limited, Rochdale ; 
six vehicles for J. T. Whittle and Sons, Highley, near 
Kidderminster; five vehicles for James Smith and 
Company (Wigan), Limited ; six vehicles for Neath and 
Cardiff Luxury Coaches, Neath; and four vehicles for 
Gillette Bros. (Motor Services) Limited, Ferrybill, 
County Durham. Orders have also been received for the 
firm’s ‘‘ Monarch” Mark III vehicles and for their 
“Mammoth Major ” six-wheel and eight-wheel vehicles. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Some record high production of pig 
iron has been achieved at blast furnaces in the district. 
Reconstruction work at the Park Gate Works is pro- 
ceeding satisfactorily. No. 1 blast furnace, to be blown 
in at the end of September, will work on the new 
“bunker” system. The extension of facilities is 
designed to provide the open-hearth furnaces with an 
ample supply of hot metal. Sanction has been given 
by the Ministry of Supply to the Park Gate Company 
to proceed with their scheme for the erection of an 11-in. 
continuous bar mill. When the mill is completed in 
24 to 3 years’ time, it will be possible to cope adequately 
with the demand for the company’s special products; 
now beyond present capacity. Holidays at works have 
been started. At one leading plant they are in operation, 
but the majority of employees in Sheffield prefer the 
August Bank-Holiday week. All steel and engineering 
works are very well booked. Markedly busy are colliery- 
engineering concerns; coal-cleaning plants are to be 
installed at 20 collieries in the North-Eastern Division 
at an estimated cost of 6,000,0001. Agricultural-steel 
firms are on what is really the last stage in the production 
of edge tools and machine parts for this year’s season. 
The demand has been exceptionally heavy. 

South Yorkshire Coal Trade.—The demand for coal is 
strong, and production has improved a little since more 
men have worked voluntarily a Saturday shift, at over- 
time rates, to offset the losses in earnings occasioned by 
the Whitsuntide holidays and the annual rally. The 
average number of shifts worked per man per week, 
in the North-Eastern Division, however, is only 4-15; 
and no more than 25 per cent. of the men qualify for the 
bonus shift. Washed and graded steams are very active, 
and there is a sustained demand for hards for the rail- 
ways. House coal is seasonally quiet, and there are 
hardly any orders for off-the-ration fuel. Coking coal is 
very active and furnace coke is quickly taken. More 
coal of the best qualities is available for export. 





AUTOMOBILE ASSOCIATION’s RapIo Mast.—A 60-ft. 
high lattice-type aluminium tower has been erected on 
the roof of Fanum House, New Coventry-street, London, 
W.1, the headquarters of the Automobile Association. 
Its purpose is to extend the radius of communication 
of the radiotelephone system by which the A.A. controls 
its night breakdown service in the London area. The 
top of the tower is 160-ft. above the pavement and carries 
a dipole aerial of a Marconi transmitting and receiving 
installation which is housed in a building on the roof 
and remotely operated by a 24-hour emergency staff in 
the reception room on the ground floor. 





MANUFACTURE OF WOOD-VENEERED ALUMINIUM.— 
The processes adopted by Messrs. Venesta Limited 
in the manufacture of ‘“‘ Vendura ’—wood-veneered 
aluminium sheet—are described in Technical Notes, 
Bulletin 78, published by Messrs. Aero Research, Limited , 
Duxford, Cambridge, who supply the Redux materials 
for bonding the wood to the metal. Vendura, after 
being damped, can be bent and formed into any desired 
shape, subject to certain limitations, and possesses other 
useful characteristics. The bonding process during manu- 
facture is carried out at a temperature of 145 deg. C. 
for 20 minutes—a lower temperature and longer time 
than are usual with Redux, but these are necessary to 
prevent damage to the wood. 
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HEIGHTENING THE LAGES DAM, RIO DE JANEIRO. 
(For Description, see Page 25.) 














Fie. 22. Upstream Facr or SEATING FRAME. 

















Fie. 23. BULKHEAD UNDER CONSTRUCTION. 




















Tic. 25. Upstream Enp or Opreninc THroveu Dam. LownsTREAM Facer oF BULKHEAD IN POSITION. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bark 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada pesebuabeets 


For Canada 


£410 0 
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Subscribers receiving incomplete copies through 

mts are requested to communicate the fact to 

the Publisher, mentioning the agent’s name and 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘“‘ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra c is 
ls. per insertion, with the exception of advertisements 
a ing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
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A REVISED PLAN FOR 
LONDON’S RAILWAYS. 


THE haphazard growth of the network of railways 
in and around London is a direct invitation to the 
planner, and there can be no complaint that the 
chance has been overlooked. The nature of the pro- 
blem, however, has undergone fundamental changes 
in the 112 years that have elapsed since London’s 
first steam-operated railway was opened, from 
London Bridge to Deptford. Then, and for many 
years afterwards, the aim was to develop traffic, 
but now the problem is how to keep pace with its 
growth. When the first main-line surface railways 
were projected, a primary need was to avoid arousing 
too much opposition among the property owners 
whose estates bordered on the proposed lines ; 
now it is the property owners—smaller individually, 
but many times more numerous—who clamour for 
improved facilities. A century ago, a railway was 
a convenience to be enjoyed by the comparatively 
few ; now it is a necessity for the multitude. At 
the same time, however, the cost of providing 
and operating a railway, either on the surface or 
below ground, have risen out of proportion to the 
revenue to be expected from it. Finally, there 
must be taken into account changes in the habits 
of the people that were hardly to be envisaged in 
the dawn of rail transport. The several plans 
prepared since the war for the co-ordinated develop- 
ment of the city, county and environs of London 
have been largely based on the need for greatly 
improved transport facilities, for there seems little 
hope ,of overcoming the disability that many 
thousands of Londoners must travel daily over 
considerable distances to and from their work. 
Added to this fundamental requirement is the 
effect of the attraction which London exerts upon 
the population of the rest of the country. Already, 
Greater London contains a fifth of the population of 
Great Britain, and this proportion seems certain to 
increase in spite of arbitrary attempts to arrest the 





tendency by building satellite towns and controlling 








the distribution of industry. Any railway plan for 
London which is to be feasible must allow, therefore, 
for an overall expansion of traffic, almost impossible 
to predict with accuracy, but reasonably certain to 
occur. 

The County of London Plan, presented in 1943, 
contained a recommendation that a special com- 
mittee should be appointed to investigate the ques- 
tion of rail transport in London, and this was done 
in the following year. The committee, under the 
chairmanship of Professor Sir Charles Inglis, F.R.S., 
produced their first report in 1946 and a final report 
in 1948. Both reports were discussed in our columns 
at the time of their presentation, the former being 
summarised, with an accompanying diagram of the 
proposals made, on pages 450 and 451 of our 161st 
volume (1946). The second report was concerned 
mainly with the siting of main-line terminals and 
was outlined on page 39 of our 166th volume (1948). 
With the advent of railway nationalisation, how- 
ever, and the establishment of the British Transport 
Commission, the questions at issue needed to be 
reviewed from a somewhat different angle, and a 
new committee entered upon this task under the 
chairmanship of Sir Cyril Hurcomb. This com- 
mittee deputed a ‘‘ working party” to investigate 
anew the proposals of the earlier Railway 
(London Plan) Committee. Their report* has been 
published during the past week and has been 
submitted to the Minister of Transport by the 
British Transport Commission, who “are in general 
agreement with the conclusions and recommenda- 
tions put forward.” 

The proposals in the new report are divided into 
the two broad classifications of “ first-priority 
works ” and “ works of lower priority ” ; but these 
categories are not entirely separated, as, in some 
cases, portions of proposed routes are given “ first 
priority,” while possible subsequent extensions of 
the same route must await the completion of other 
schemes. It is estimated that the whole plan, if 
adopted, could not be carried out in less than about 
30 years and that the total cost, at present-day 
prices, would be of the order of 340,000,0001. Of 
this total, new works would account for 238,000,000/. 
the remainder being expenditure on associated 
improvements of existing routes, stations, signalling, 
etc. It is assumed thatethe present termini at 
Charing Cross and Cannon Street would be retained 
and that the Blackfriars railway bridge would be 
removed ; a new tube for freight traffic only would 
be provided under the Thames at Greenwich to 
handle the goods trains which now pass over Black- 
friars Bridge. As a general basis for the proposals, 
a distinction has been drawn between ‘urban ” 
and “‘ outer suburban ” services, and different types 
of rolling stock would be used for these respective 
duties. Many existing surface lines, now steam- 
operated, would be electrified ; and an experiment 
has been sanctioned already to test the suitability 
of double-deck trains as a means of dealing with 
heavy passenger-traffic loads. 

The introduction of double-deck trains or the 
lengthening of existing trains from eight to ten 
coaches, to be tried on the Southern Region suburban 
services, is the first of the proposals listed as having 
“ first priority,” because it can be most readily put 
into practice. Next in order come a number of 
new routes, of which Route B, the goods-traffic 
tunnel at Greenwich, has been mentioned above. 
Route A is a new tube of main-line size via Euston 
to replace Blackfriars Bridge and to connect the 
Kings Cross-Hitchin and St. Pancras-St. Albans (or 
Luton) lines, which would be electrified, with the 
Southern Region suburban services, the Chatham 
line, Catford loop, and Tooting-Wimbledon-Sutton 
lines, via Loughborough Junction. Route C is a 
new tube from Tottenham and Edmonton via Kings 
Cross, Euston and Victoria to Vauxhall, Brixton 
and East Croydon. Route D would be a new tube 
from the Eastern Region Chingford and Enfield 
lines (to be electrified) via Liverpool Street, Bank, 
Ludgate Circus and Trafalgar-square to Victoria, 
Route F is an electrification of the Berkhamsted- 





* London Plan Working Party: Report to the Minister 
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Tring, High Wycombe and Aylesbury services into 
Marylebone. Route G is another electrification, 
with widening where necessary, of the London Mid- 
land Region Tilbury and Southend line into Fen- 
church-street. Route H is an extension of the 
Bakerloo line to Camberwell; and Route M is an 
electrification of the Eastern Region Cambridge line 
from, possibly, Bishops Stortford into Liverpool- 
street. In the Southern Region, the line from 
Norwood Junction to Purley would be widened, and 
the Oxted branch would be electrified. Other 
works, previously proposed under the 1935-40 
e and now given first priority, include 
electrification of the Alexandra Palace branch and 
a connection from it to the Northern City line ; the 
completion of electrification and doubling of the 
Edgware branch line, and its extension to Bushey 
Heath; and the provision of four tracks from 
Harrow to Rickmansworth, with electrification 
from Rickmansworth to Amersham and Chesham. 
The works of lower priority, not already men- 
tioned, include a possible western extension of 
Route D via Knightsbridge and Olympia along the 
line of Uxbridge Road as far as Yeading-lane ; 
Route E, a new tube, parallel with the Northern 
Line, between Kennington and ‘South Wimbledon 
and onward to Chessington Park via Raynes Park 
and, by a second branch, to North Cheam; an 
extension of Route F by a new tube which would 
link the Southern Region Gillingham and Sevenoaks 
services, via Fenchurch Street, Trafalgar-square, 
Marylebone and Neasden, with the Berkhamsted- 
Tring, High Wycombe and Aylesbury electrified 
lines ; a new tube to extend Route G (Tilbury and 
Southend services) from Fenchurch Street to 
Waterloo and the Southern Region suburban lines 
in South-West London; Route L, a new tube 
extending the Holborn-Aldwych tube to Waterloo ; 
and Route K, a cross-river tube in east London, for 
which various alternative locations are suggested. 
The first-priority tube railways proposed total in 
length some 49} route miles, which is only 17} miles 
less than the length of the London Transport tubes 
already in use. Two sizes of tube tunnel are con- 
templated : those for main-line rolling stock would 
be 17 ft. in diameter and the others would be of the 
same diameter (12 ft.) as the existing tubes. The 
trains to be used in both giges of tube would be fitted 
with sliding doors, p bly power-operated. 
In general, the trains of main-line size would have a 
large seating capacity, would make few stops in the 
central area of London, and would run at frequencies 
up to 25 trains per hour. The trains of the present 
London Transport tube type would carry more 
standing passengers, would make frequent stops in 
the central area, and would be operated at rates up 
to 40 trains per hour. It should be mentioned that, 
extensive as the new schemes are, the Working 
Party point out that a further four new cross-river 
tubes would be needed to compensate for the removal 
of the Charing Cross and Cannon Street bridges, if it 
should be decided to adopt this feature of Sir 
Patrick Abercrombie’s Greater London Plan. 
It will be realised from the above brief summary 
that what the report proposes is very much more 
than merely another instalment of the patching and 
cobbling of London’s rail transport that has pro- 
ceeded almost continuously, except for the war 
years, for the past two decades ; it is virtually a 
redesigning of a great part of the present network, 
with numerous new routes to relieve congestion on 
the existing lines and on the streets, and several 
new links, long badly needed, between focal points. 
The probable cost is colossal, but it must be borne 
in mind that much of this cost would have to be 
incurred in any event unless the existing systems 
are to be allowed to fall farther and farther below the 
demands likely to be made upon them. There are 
many associated problems upon which the report 
does not touch, even by implication, though it is 
hardly to be supposed that they have escaped 
attention ; and there are numerous comments and 
criticisms in detail which might be advanced. The 
scheme as a whole is still no more than a scheme, as 
the Minister of Transport indicated when referring 
to the report in the House of Commons; but 


the proposals do, at least, bear the stamp of 
practicability. 





THE MINISTRY OF WORKS. 


Tue extent of the activities of the Ministry of 
Works are indicated by the fact that in 1948 the 
value of building and civil engineering work author- 
ised and licensed amounted to 682,476,000/.; the 
corresponding figure for 1947 was 659,860,0001. 
These totals do not include the cost of annual main- 
tenance licences and work not requiring licence or 
authorisation. Including these, the grand total of 
work put in hand in 1948 was 824,572,000/., com- 
pared with 762,919,000/. in 1947. These figures 
represent the total building and civil engineering 
programme of the country ; a substantial propor- 
tion, but not all, of which fell within the ambit of 
the Ministry of Works. The work licensed by local 
authorities amounted in value to 115,321,000/. in 
1948 and Government departments, other than the 
Ministry of Works, authorised the expenditure of 
349,656,0007. Until the end of October the responsi- 
bility for selecting industrial building projects which 
should proceed because of their importance to the 
export trade or the saving in imports which they 
could bring about was in the hands of an Inter- 
Departmental Committee, but from November 1, 
each Government department became responsible 
for the selection of projects. 

It was natural that a large proportion of the 
building force of the country should be directed to 
the provision and repair of dwelling houses in the 
years immediately following the war, but it might 
have been expected that it would have been possible 
to release a larger number of operatives to deal with 
the urgent requirements of industry by 1948. A 
table given in the report* of the Ministry of Works 
for the year 1948 shows, however, that while 
527,000 operatives were engaged on new house con- 
struction, conversion and adaptation of houses, repair 
and maintenance of houses and war-damage repairs 
to houses, only 209,000 were engaged on ‘‘ industry 
and agriculture.”” There is not sufficient informa- 
tion given in the report to show precisely what is 
meant by the term “industry and agriculture ” and 
the difficulty of estimating what proportion of the 
labour force was actually engaged on %uilding work 
of industrial importance is augmented by the 
information that 235,000 employees were engaged 
on “other work.” The vital question of power- 
station construction does not appear to be men- 
tioned in the report ; possibly a power station is an 
example of ‘‘ other work ” not of “‘ industry.” 

It is stated that the average number of operatives 
engaged in the building and civil engineering indus- 
tries in 1948 was slightly larger than in 1947, but 
that by December, 1948, it had dropped to 995,000 
compared with 1,002,000 in December, 1947. This 
latter figure included 9,000 prisoners of war, but 
these had all been repatriated by June, 1948. This 
loss was made up for, to some extent, by 2,000 Poles 
who were placed in the industry during the year. 
The steps which had been taken to increase the 
labour force by training unskilled men were con- 
tinued in a modified form in 1948. The adult train- 
ing classes for masons, civil engineering and various 
ancillary trades continued, but entry into the classes 
for the main building crafts, which was suspended 
in August, 1947, except for disabled persons, was 
not resumed in 1948. A total of 53,412 building and 
civil engineering craftsmen have completed their 
courses at the training centres since the training 
scheme was started in 1945. A total of 864 men 
were still being trained at the end of 1948. 

The training scheme for apprentices is still in 
full operation. The Building Apprenticeship and 
Training Council registers boys whose conditions 
of apprenticeship satisfy its minimum standards. 
During the year, 12,582 boys were registered, bring- 
ing the total number registered since the beginning 
of the scheme to 35,869. Completion certificates 
were issued to 2,919 registered apprentices® the 
total number which had been issued amounted to 
3,620 by the end of the year. The Council held an 
examination in April for four scholarships, each of 
2001. per annum, for three years. The successful 
candidates are all taking B.Sc. courses in building, 
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three at Cardiff University and one at the Man- 
chester College of Technology. Book-token prizes 
were issued to 265 registered apprentices for excep- 
tionally good work at technical schools. In June, 
1948, the Minister of Works appointed an Appren- 
ticeship and Training Council for the Electrical 
Contracting Industry, one of the duties of which 
will be to draw up a deed of apprenticeship for 
apprentices in the electrical-contracting industry. 

As is only too well known, the building and civil 
engineering industries have been hampered by 
shortages of some kinds of material, as well as short- 
age of labour, and it is satisfactory that the compilers 
of the report are able to write that “‘ at the end of 
the year most building materials were being pro- 
duced at a rate which met both the essential needs 
of the building industry and export targets.’ This 
remark, however, does not seem to apply to steel. 
In spite of the remarkable record of the industry, 
demand still exceeds supply. Timber is clearly 
also in short supply, and the report states that inves- 
tigations are continuing into the possibility of ex- 
tending the uses of pre-stressed concrete. Plans for 
the development of the use of pre-stressed concrete 
joists in houses were under consideration, as well as 
the possibility of using telegraph poles and electricity 
transmission line towers of the same material in the 
interest of timber and steel economy. Pre-stressed 
concrete sleepers were produced throughout the year 
both by private firms and by Royal Ordnance 
Factories, and were sold to the British Railways. 

The Ministry of Works is closely concerned with 
the activities of the Advisory Council on Building 
Research and Development and has undertaken 
investigations on non-traditional houses. An im- 
portant study is concerned with the economy of 
timber in house building; in normal practice, 
two-thirds of the permitted quantity of timber in a 
house is utilised in the roof and first floor. Much 
of the work concerned with house construction is 
carried out in conjunction with the Building 
Research Station and the Forest Products Research 
Laboratory. The Ministry has concerned itself 
with the development of building plant suitable for 
small-scale operations. Designs have been prepared 
for plant suitable for excavating house footings and 
for concrete transporters. The possibility of provid- 
ing cheap temporary cover to enable house building 
to be carried on in wet weather is being investigated. 
Three prototype plants are under construction. 

The increase in the number of civil servants, which 
is a feature of the times frequently commented on, 
is no doubt responsible to a considerable extent 
for the fact that “‘ during 1948 the Ministry of Works 
spent about 50,000,000/. on the erection and main- 
tenance of Government premises.”” At the end of 
that year the Ministry was responsible for the 
maintenance of about 24,000 separate buildings. 
No doubt the major part of the expenditure and 
the majority of the buildings concern Government 
activities with which engineers as such are not 
directly concerned, except as taxpayers. A modest 
part of the total sum, however, is devoted to 
services of an engineering and scientific character. 
It is stated in the report that the cost of building 
and maintenance for research establishments 
operated by the Ministry of Supply and the Depart- 
ment of Scientific and Industrial Research in 1948 
exceeded the cost in 1947 by some 2,000,000/. 
The report does not say so, but it may be presumed 
that a considerable part of the extra expenditure 
has been due to atomic-energy developments at 
Harwell and Windscale. Work at the National 
Aeronautical Establishment at Bedford no doubt 
also represents a substantial sum. The high cost of 
modern research laboratories is illustrated by the 
fact that the new Mechanical Engineering Research 
Station at East Kilbride, in Renfrewshire, will 
involve an expenditure of 1,250,0001. This establish- 
ment is now being put into operation in temporary 
premises. Work was also done on the provision of 
research centres for the Agricultural Research 
Council. Work was commenced on an important 
extension to the Field Research Station at Compton, 
Berkshire, and preparatory work has been started 
on what will be an Institute of Animal Physiology 
at Babraham Hall, near Cambridge. Several centres 
for the National Agricultural Advisory Service have 
been completed. 
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NOTES. 


NATIONAL RESEARCH DEVELOPMENT 
CORPORATION. 


Tue functions of the National Research Develop- 
ment Corporation, set up by the President of the 
Board of Trade with effect from June 28, are 
defined in the Development of Inventions Act, 
1948. Briefly, they involve the development or 
exploitation of inventions resulting from public 
research, where the public interest requires this ; 
the development of any invention which the Cor- 
poration consider is either not being developed at 
ali or is being insufficiently exploited; and the 
acquisition and disposal of rights in connection with 
inventions resulting from public research and, where 
the public interest require this, in connection with 
inventions resulting from other sources. According 
to the Act, the expression ‘invention ” includes 
any new process or technique, and is construed 
without regard to whether or not a patent has 
been, or could be, granted, and the expression 
‘public research” means research carried out by 
a Government department or other public body, 
or any other research in respect of which financial 
assistance is provided out of public funds. The 
Corporation is empowered to borrow up fo 5 million 
pounds sterling from the Treasury within five years 
of its establishment, but is expected to refund any 
such loans and to pay their way in the long run. 
The members of the Corporation have just been 
announced: Sir Percy H. Mills, K.B.E., has been 
appointed part-time chairman for two years, and 
the Rt. Hon. the Earl of Halsbury, F.R.LC., 
F.Inst.P., has been appointed full-time managing 
director for a term of three years. The other 
members are Professor P. M. S. Blackett, M.A., 
F.R.S., Sir John M. Duncanson, Sit Edward H. 
Hodgson, K.B.E., C.B., Mr. W. E. P. Johnson, 
A.F.C., A.F.R.Ae.S., and Sir Edward de Stein, 
all of whom are to serve as part-time members. 
Mr. Johnson bas been appointed for one year, but 
the other members have agreed to serve for two 
years. It is emphasised that the Corporation has 
yet to appoint their staff, and it may be some time 
before they are ready to go into full operation and 
deal with any great volume of work. Meanwhile, 
however, correspondence should be addressed to the 
National Research Development Corporation, Im- 
perial Chemical House, Millbank, London, S8.W.1. 
(Telephone : WHItehall 5140.) 


Tue InstTITUTE oF Puysics. 


This year’s summer meeting of the London and 
Home Counties Branch of the Institute of Physics 
was held on Saturday, July 2, when about 300 
members and guests were invited to inspect the 
research activities of the Clarendon Laboratory, 
Oxford. Those arriving during the morning were met 
by guides at the station and first conducted around 
some of the colleges. Lunch was held at Brasenose 
and Hertford Colleges, and afterwards the visitors 
assembled at the laboratory, where they were 
welcomed by the Rt. Hon. Lord Cherwell, P.C., 
F.R.S., and by the director of the laboratory, Mr. 
T. C. Keeley, C.B.E., M.A., F.Inst.P. The original 
Clarendon Laboratory, built in 1872, was the first 
in the world to be specially designed for the study 
of physics. An electrical laboratory to cover 
electricity and magnetism was added in 1910, it 
being intended that heat, light, and sound should 
be studied at the Clarendon. Both laboratories 
were run as autonomous departments until 1945, 
when they were amalgamated by the University 
authorities. The present Clarendon Laboratory 
was completed in 1940; it replaced the older 
buildings which by then were too small for the 
growing number of undergraduates and research 
workers, and also unsuitable for the special plant 
and high-voltage equipment needed for research in 
modern physics. Even so, there are already 
demands for more space and greater facilities to 
cover the fields opened up by recent developments. 
Most of the heavy and expensive equipment is 
installed on the ground and basement floors, and the 
visitors had an opportunity of inspecting the 
400-kV cascade generator, then arranged for 
examining the interactions of heavy hydrogen 





(deuterium) nuclei. With this apparatus, deuter- 
ium ions are produced in a high-frequency ring- 
discharge, and accelerated down a high-vacuum 
tube to strike a target occluded with a layer of 
deuterium. This apparatus and other equipment 
also illustrated some of the engineering and manu- 
facturing difficulties raised by modern research tools 
and by what first appear to be simple requirements. 
There was, for example, a model of a Synchrotron 
which is being installed Jater this year to increase 
the energy of an electron beam to 140 million volts ; 
its magnets alone will weigh 15 tons. The study 
of magnetic nuclei at very low temperatures with 
the objects of examining their radioactive pro- 
perties, and of reaching nuclear demagnetisation, 
had also called for large and heavy equipment. 
This included a 2,000-kW direct-current generator 
which was used to supply a relatively small water- 
cooled iron-free coil with 4,000 amperes at_500 volts, 
thus producing a magnetic field of 50,000 oersteds. 
The cooling water circulates at the rate of 250 
gallons per minute. 


THE WorK or THE CHEMICAL RESEARCH 
LABORATORY. 


The Chemical Research Laboratory, Teddington, 
Middlesex, was open to visitors from industry, 
Government departments, and universities on 
Thursday, June 30, and Friday, July 1. The work 
of the laboratory is organised to carry out research 
work leading to fundamental data of general value, 
and into new methods and techniques. The conserva- 
tion of indigenous raw materials, particularly those 
of low grades (including wastes) and new materials 
and processes, is also studied. Engineers will be 
mainly interested in the investigations which are 
being conducted into the corrosion of metals. These 
include a study of the influence of surface finish 
on the corrosion rate of mild steel in aqueous solu-" 
tions under conditions of rapid movement. The 
behaviour of low-alloy steels under static and 
moving conditions is also being investigated. The 
research work carried out during the war, which 
brought to light the valuable corrosion-inhibiting 
properties of sodium benzoate, are being continued, 
particularly with regard to industrial developments. 
Studies on the mechanism of corrosion inhibition, 
together with a search for inhibitors other than 
sodium benzoate, are also going forward. Much 
evidence has already been accumulated regarding 
the rapid external corrosion of buried ferrous pipes, 
particularly those laid in clay subsoils and research 
to ascertain how this type of corrosion may be pre- 
vented is now proceeding along two main lines. In 
the first place, field tests on 50-yard lengths of pipe 
line covered with bituminous or cement coating are 
being carried out at Chigwell, while at Willesden the 
action of heavy waterlogged clay sprayed with 
mass cultures of sulphate-reducing bacteria on 
some 20 protective materials is being studied. 
Fundamental studies on these bacteria are also being 
carried out at the Laboratory. Another interesting 
investigation is the survey of the coal and coal 
products, which is being made to discover the 
presence of gallium and germanium. It has been 
found that the flue dust resulting from the com- 
bustion of Durham coal, yields about 0-1 per cent. 
of both these metals. A quantity of pure metallic 
gallium has also been isolated. A programme of 
work comprising the analysis and concentration of 
radioactive minerals and ores by chemical, physical 
and radiometric methods is also being carried out 
for the Division of Atomic Energy, Ministry of 
Supply. 


GavUGE aND Toot Makers’ AssocraTIon. 


A total of 212 firms, wholly or primarily engaged 
in the production of gauges and measuring equip- 
ment, jigs and fixtures, special-purpose machines, 
engineers’ small tools, press tools, moulds and dies, 
and diamond tools, are now members of the Gauge 
and Tool Makers’ Association. This, and other 
facts concerning the Association, are contained in 
the council’s report which was presented at the 
annual general meeting on Wednesday, June 29. 
Regarding liaison with Government departments, 
the report notes that the Association has operated 
an agreement with the Ministries, under which 


from abroad are not granted unless the authoritie® 
are satisfied that the particular product cannot be 
manufactured or supplied by a British firm. As a 
result of representations made to the Board of Trade 
and Ministry of Supply, in nearly all the bilateral 
trade agreements concluded with other countries 
during the past twelve months, a figure for the export 
of gauges and tools has been given. The Association 
organised a stand, to the cost of which about 30 
members subscribed, at the British Exhibition in 
Copenhagen last year, and the report states that 
this greatly enhanced the prestige of the Association 
both at home and overseas. Arrangements are 
being made to reserve space at the Canadian Inter- 
national Trade Fair in Toronto in May and June 
next year. The Association heve also been in con- 
sultation with the Council of Industrial Design, with 
a view to participating in the 1951 Festival. of 
Britain, afd have been co-operating with the 
Scientific Instrument Manufacturers’ Association 
in endeavouring to arrange a symposium of engineer- 
ing metrology early next year. The conditions 
governing the award of a new craftsman’s certificate 
have been drawn up. The scheme is intended for 
those apprentices who are ‘‘ more anxious to become 
highly skilled craftsmen in their trade than to 
absorb matters relating purely to design, planning 
and administration.” 
THE PROFESSIONAL CLassEs AID COUNCIL. 

With the present multiplicity of charitable organi- 
sations, in addition to the national insurance provi- 
sions, it might be supposed that all possible cases of 
individual hardship could be met by recourse to 
one or another. In fact, however, the very number 
and variety of the independent organisations intro- 
duces difficulties, especially to widows and other 
dependants who, in the lifetime of the respective 
contributors to funds, had never learned any details 
of the funds themselves. Always, too, there are 
cases of hardship requiring quite special considera- 
tion, often outside the legal powers of specific 
organisations to relieve. To deal with such cases 
among the professional classes, and to provide a 
means of liaison where two or more benevolent 
organisations were concerned in a single case, the 
Professional Classes Aid Council was formed in 
1914. The immediate reason for its establishment 
was the widespread distress caused by the first 
World War, but the need for something of the kind 
did not pass with the relieving of the initial cases 
of hardship, and the Council have found that their 
work continues to grow, year by year. From the 
outset, the engineering institutions have colla- 
borated freely, and the benevolent fund committees 
of the Institutions of Civil, Mechanical, Electrical, 
Structural and Municipal Engineers, among others, 
are represented on the “P.C.A.C.” and on the 
executive committees. The 48th annual report of 
the Council, recently issued and covering the 12 
months ended March 31, 1949, shows that the 
amount spent in general relief during that period 
was 12,3431. (including certain grants administered 
on behalf of other s6cieties); but this takes no 
account of the relief afforded to inquirers by putting 
them into touch with the administrators of the 
various funds created to meet just such needs as 
theirs, but of the existence of which, quite often, 
they wet. completely unaware. An important 
feature of the Council’s work is that it is concerned 
less with the maintenance of the completely indi- 
gent—whose requirements are usually covered by 
some other association or fund, where the profes- 
sional classes are concerned—as with the provision 
of help to enable the beneficiaries to become self- 
supporting. Unfortunately, the Council find that 
lack of funds prevents them from considering 
new applications for educational grants, but, in 
the past year, grants to orphaned children repre- 
sent more than a third of the expenditure, 
and a further 2,0001. (in round figures) went 
in grants to students and others in course of 
training, who were unable to meet the rising cost 
of living by means of the existing resources. In 
these and other directions, 282 families were assisted 
during the year. Copies of the report, and further 
particulars of the Professional Classes Aid Council 
and its work, are obtainable from the secretary, 
Miss G. M. Walters, 20, Campden Hill-square, 





applications for licences to import tools and gauges 





London, W.8. 
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LETTERS TO THE EDITOR. 
TECHNICAL DICTIONARIES. 


To THe Eprror oF ENGINEERING. 


Smr,—Mr. Erikson’s article on technical diction- 
aries in your issue of July 1, page 4, is worthy of 
approbation, and technical translators will be 
grateful to you for publishing it. Correct and up-to- 
date technical dictionaries are few and far between, 
and it is awkward to use home-made glossaries for 
want of more reliable resources. 

Such works of reference, however, may not be a 
paying proposition for the trade, particularly highly 
specialised ones. Would not the establishment of 
some editorial office be a proper way to bridge the 
gap? If, for instance, the three senior engineering 
institutions, the various Government departments 
concerned, the research associations and, perhaps, 
the universities, would join forces for this purpose, 
and similar tasks requiring collective intelligence, 
much overlapping work and duplicated research 
could be saved by issuing bilingual and multi- 
lingual, comprehensive and specialised dictionaries 
for technical translations, supplemented from time 
to time by revised editions. To me it appears to 
be a clear case for co-operation. Such a bureau 
might be kept out of competition with the pub- 
lishing trade by having the results of its labours 
issued by one or more publishing houses, if only for 
the sake of wide distribution. An excellent 
counterpart to the existing dictionaries of a 
technical character could thus be obtained. 

I would appreciate your readers’ opinions on my 
suggestion. 

Yours faithfully, 
ArtTnur LassaLLy. 
20, Southfield Gardens, 
Twickenham, Middx. 
July 2, 1949. 





THE METRIC SYSTEM. 


To THE Epiror OF ENGINEERING. 
Sm,—In his letter on page 16 of your issuegof 
July 1, Mr. Allcock does himself an injustice by 
presuming that I omitted the words ‘“‘never the 


Imperial system ” in order to distort the argument. | 8T° 


I omitted these words for brevity as they seemed an 
idle tautology on the words which they follow and 
which I quoted. Moreover, the words seemed to 
me @ solecism in that the discussion is not re the 
metric system versus the Imperial system, whatever 
that may mean with liquidation of the Empire as a 
daily topic. The case is the metric system versus the 
Anglo-U.S. system which has grown and developed 
during nearly a thousand years. Since the metric 
system was introduced 160 years ago it has been 
modified a great deal to suit new sciences and 
industries ; it is still undergoing change. As a 
considerable user of the metric system I have never 
opposed it. Nor have I ever “attempted to 
belittle the progress of the metric system by quoting 
only the names of the smaller countries’; I had 
mentioned and discussed the big four metric nations 
in the same letter. My purpose in mentioning the 
small nations was to correct Mr. Allcock’s argument 
from his statement that the metric tystem is 
“compulsory in over 50 countries.” 

In his list of 51 countries including Malta and 
Siam which I had omitted, he mentions Czecho- 
slovakia in the group 1860-1880. This is open to 
doubt since that country had no national status 
until the Versailles Treaty—my information is that 
Czechoslovakia did not join the Metric Convention 
until 1922, and, to my personal knowledge, was 
exporting products in inch sizes at least ten years 
later. 

It is a notorious fact mentioned in my B.A. paper, 
and endorsed by Mr. Good, that many countries 
who have joined the Metric Convention and made 
the metric system “‘compulsory ” still use inch 
sizes and export high-grade products in inch sizes. 
In the Anglo-U.S. countries the output of aero 
engines and automobiles requiring fine measurement 
and interchangeability is probably more than five 
times that of the rest of the world. Why should we 
change ? 





As this is my last letter in this discussion, please 
allow me to thank you for the generous hospitality 
of your columns. 

Yours faithfully, 
H. 8. Rowe tt. 


Ware, 
July 2, 1949. 





FOUNDATIONS FOR MACHINERY. 
To tHe Eprror oF ENGINEERING. 


Str,—Referring to your reply to our letter dated 
May 22, published in your issue of June 10, on 
page 544, we quite agree that the fullest evidence 
should be given to substantiate any ‘‘ important 
discovery,” in this case to demonstrate that the soil 
on any site can oscillate at its own natural frequency, 
and that machines may get into resonance with it. 
Since so many other important properties are 
clearly connected with this phenomenon, properties 
which the designing engineer requires in his work, it 
is perhaps more than usually necessary that the 
fullest reasons and measured results of large-scale 
tests, as well as laboratory-controlled experiments, 
ought to be properly published. You chastised us 
for not doing this in our recent paper to the Institu- 
tion of Mechanical Engineers, but overlooked that 
this work is already published, and that our paper, 
‘*The Dynamic Principles of Machine Foundations 
and Ground,” is mostly a brief résumé of the work 
carried out by others over many years, and, there- 
fore, cannot state full statistical evidence. The 
paper was written for experts who should already 
know the general field, and we can say, knowing 
many of these people in other countries besides 
this, that they are in possession of the information. 
Nevertheless, our paper was written also to be more 
general for all engineers interested in machines and 
their foundations, and to state what we believe to 
be the principles of behaviour and the general 
picture of the whole subject, so that any further 
research may simply fit in to some part of this 
picture; whereas before, any research had of 
necessity to be isolated, foundation failures had to 
be considered on their own merits, often without 
proper recognition of their nature, and nothing 
could be seen against any adequate specific back- 
und. 

In both your editorial article of April 2, page 373, 
and your reply of June 10, you mention that seis- 
mologists and geophysicists should be interested in 
this subject ; this is true only in part, because their 
work is more directed to exploration and finding 
out the nature of ground movements at a distance 
remote from the source of disturbance, whereas 
engineers are particularly concerned with what 
happens at the very centre of the action. Up to 
the present time, most of the study has been carried 
out by engineers, physicists, and mathematicians 
working in connection with soil-mechanics institu- 
tions. We agree with you, however, that it is tims 
for another paper to gather the latest information 
for showing how soil can oscillate at its own natural 
frequency ; we think this should be written primarily 
for engineers. Such a paper would have been 
out of place in the past, because there was no 
statement of the general picture showing the rest 
of the subject. 

We are sorry that we must once more take you to 
task for mis-statement of our paper, and now also 
of our letter. You have now twice said that we 
have introduced the impact theory of Hertz and 
Fuchs. Again we say that we have not. Hertz 
and Fuchs did not produce one, so far as we know, 
though Hertz did ; we did not, however, quote from 
that. Neither have we introduced anyone else’s 
impact theory. You have said that we have even 
introduced a diagram about it from Love’s Mathe- 
matical Theory of Elasticity. Engineers have come, 
rightly, to rely upon the accuracy of ENGINEERING 
in much the same way as we do about The Times. 
It is therefore quite surprising to find that you 
have even misquoted Love. It is clear that you 
have been doubly careless in quoting from the wrong 
article in this excellent standard book, both the 
figure we reproduce and some of the matter being 
from the previous article to the one you mention, 





must again object to your quoting only a part of a 
context and making an unfair comparison ; in your 
recent reply you have in this way mentioned the 
effect of the thickness of the top stratum on the self 
frequency of the soil, which is somewhat different 
from the effect from the plural strata. Our state- 
ments are all correct so far as we understand the 
subject after about five years’ research, but this 
point and many others must wait for further 
description in the next paper, which may be within 
the next year. 
Yours faithfully, 
J. H. A. Crockett. 
8, Carlyle-close, 
London, N.2. June 25, 1949. 


[As regards the matter of soil oscillating at its own 
frequency, Professor P. Byerly remarks, on page 245 
of his book entitled Seismology, that ‘“‘ There has been 
considerable discussion as to whether or not certain 
parts of the earth’s crust have ‘ free periods’ of their 
own. There is no theoretical ground for expecting 
such periods.” The conclusion reached by this 
distinguished seismologist in his work, published in 
1942, remains consistent with the evidence of current 
records. Our references to the introduction of the 
theory of Hertz and Fuchs on page 5 of the paper, and 
to a page in Love’s treatise, may readily be verified 
by reading the passages quoted.—Eb., E.] 





OBITUARY. 


ENGINEER REAR-ADMIRAL 
H. H. PERRING, C.B., C.B.E. 


WE have learned with much regret of the sudden 
death on July 1 of Engineer Rear-Admiral H, H. 
Perring, for a number of years a director of Messrs. 
J. Samuel White and Company, Limited, Cowes, 
Isle of Wight, and formerly manager of the engineer- 
ing department of H.M. Dockyard, Chatham. We 
understand that Rear-Admiral Perring, who was 
only 63 years of age, collapsed while attending the 
tennis tournament at Wimbledon. He was taken to 
Thames Ditton Cottage Hospital, but died there 
shortly afterwards. 

Harold Hepworth Perring was a native of Devon- 
port, where he was born on November 11, 1885, 
and was educated at the Royal Naval Engineering 
College, Keyham, and the Royal Naval College, 
Greenwich. He received his commission as engineer 
sub-lieutenant*in 1905 and, after serving in various 
ships, was appointed in 1912 to Malta Dockyard 
as second assistant chief engineer : the first of a 
number of dockyard appointments, for he 
a marked aptitude for the production side of 
engineering. He was promoted to lieutenant- 
commander in 1914 and, in that rank, returned to 
sea in September, 1916, in the battle-cruiser 
Australia, which had been repaired and refitted 
after a collision with her sister ship, the New 
Zealand, which kept her out of the Battle of Jutland. 
After some three years afloat, he was appointed to 
Portsmouth Dockyard as second assistant chief 
engineer. Promotion to commander followed in 
1920, but without change of duties, Perring remain- 
ing at Portsmouth for three years longer. He then 
served with submarines until the middle of 1925, 
when he was again appointed to Portsmouth 
Dockyard, this time as assistant chief engineer. 
For a short time he was again at sea, in H.M.S. 
Valiant, being promoted to captain in 1930; but 
two years later he was back on shore, as M.E.D., 
Chatham, an appointment which he continued to 
hold until, in September, 1938, he was placed on 
the retired list at his own request, having then been 
an Engineer Rear-Admiral for two years. His 
appointment to the board of directors of J. Samuel 
White and Company followed immediately on his 
retirement from the Royal Navy, but was of short 
duration, as he was recalled to the Admiralty in 
1940 as advisor on machine tools. Five years later, 
he returned to Messrs. White, continuing to serve 
on their board until his death. Engineer Rear- 
Admiral Perring was appointed a Naval A.D.C. to 
H.M. the King in 1936, and was awarded the C.B. 
in 1938 and the C.B.E. in 1945. He was a member 
of the Institution of Mechanical Engineers and of 


and from which you have also take a passage. We | the Institution of Naval Architects. 
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MR. R. H. GREEN. 


Mr. RicHarp Henry GREEN, who died at his 
home in Haslemere on July 2, at the age of 83, was 
possibly the last—certainly, one of the last—of the 
Thames-side shipbuilders ; indeed, there must have 
been many who, on reading the notice of his death, 
with its brief description, ‘‘of Blackwall Yard,” 
did not appreciate the full significance of the phrase. 
Mr. Green was born in London in 1866 and educated 
at Uppingham. He served his apprenticeship as a 
shipwright with James (later Sir James) Laing and 
Company at Sunderland and made two voyages to 
Australia in a sailing ship before joining the family 
business, R. and H. Green, Limited, at Blackwall. 
In due course, he became a director and when, in 
1910, the firm amalgamated with Silley, Weir and 
Company, he was the first chairman of the new firm, 
Messrs. R. and H. Green and Silley Weir, Limited. 
He remained a member of their board of directors 
until about two years ago. Mr. Green served on 
the Executive Committee of the Shipbuilding 
Employers’ Federation from 1926 to 1940, and was 
President in 1931-32. He was also chairman, for 
a number of years, of the River Thames Dry Dock 
Proprietors’ and Shiprepairers’ Association ; Presi- 
dent of the Institute of Marine Engineers in 1917 ; 
and, to go farther back, was the first mayor of 
Poplar, when it was incorporated as a borough in 
1900. His father, Henry Green, had been Poplar’s 
first Member of Parliament. Mr. Richard Green, 
following what had become a family tradition, 
took a keen interest in local affairs, and, when the 
shipyard closed, deposited in the Poplar library a 
fine collection of the firm’s ship models—since 
transferred, we understand, to the National Mari- 
time Museum at Greenwich. 





THE INSTITUTION OF 
NAVAL ARCHITECTS. 


Tue 1949 summer meeting of the Institution of 
Naval Architects was held in Edinburgh on Tuesday, 
Wednesday and Thursday, June 28 to 30, under the 
presidency of Admiral of the Fleet Viscount 
Cunningham of Hyndhope, K.T., O.M. It is an 
innovation, we believe, for the Institution to hold 
three meetings in a year, as they are doing in the 
present year, and it may be that the proximity 
of the third meeting, to be held in Copenhagen at 
the end of August, had the effect of reducing the 
attendance in Edinburgh to fewer than 100. Be 
that as it may, the company gathered in the lecture 
theatre of the Royal Society of Edinburgh for the 
opening session on the morning of June 28 was 
large enough to be fully representative of the 
Institution’s interests, and the discussions on the 
various papers were well up to the usual standard. 

The proceedings opened with an address of wel- 
come, on behalf of the City of Edinburgh, from 
Bailie Stewart Lamb, deputising for the Lord 
Provost, Sir Andrew Murray. The President, in 
acknowledging the welcome, said that the occasion 
was the first, in the 89 years’ history of the Institu- 
tion, on which it had met in Edinburgh. As a 
native of Edinburgh himself, and a Freeman of the 
City, he was particularly pleased to be thus received, 
and that the members and their ladies were to be 
Atertained to tea in the City Chambers on the 
following afternoon. He took the opportunity to 
thank the President and Council of the Royal Society 
of Edinburgh for their kindness in offering the 
facilities of their building for the meetings. The 
Royal Society, he understood, was in its 166th year. 
As a mere Victorian of 90 years, the Institution of 
Naval Architects paid respectful tribute to its 
senior, with most grateful thanks for the Royal 
Society’s courtesy and hospitality. It was not 
often that the professional interests and occupations 
of the members enabled them to visit a city so 
beautiful, or an environment so full of historic 
interest. Shipbuilding was both a science and an 
art, and it was appropriate that the members should 
hold their meeting in a city famous for its wisdom, 
learning, culture and art. From their upper win- 
dows the citizens of Edinburgh looked out over the 
Firth of Forth. During two great wars they had 
watched the masterpieces of the ship designers’ 





and shipbuilders’ art, passing up and down. For 
centuries, shipping history had been unfolded 
within sight of the Castle Rock. 

The President then called upon Dr. Oscar Parkes, 
O.B.E., to present his paper on ‘‘German and 
Japanese Battleships.” 


GERMAN AND JAPANESE BATTLESHIPS. 

The warships considered by Dr. Parkes in his 
paper were four in number, namely, the German 
battleships Bismarck and Tirpitz, and the Japanese 
battleships Yamato and Musashi, the latter pair, 
with a full-load displacement of 72,200 tons each, 
being, as he said, “the largest and most heavily 
armed and protected gun-carrying ships ever built 
and now likely to be built”; in fact, he observed, 
“* Japan—the youngest aspirant to sea power—closed 
her naval history having possessed by far the largest 
and most powerful fighting ships ever built.” The 
Bismarck and Tirpitz were completed in August, 
1940, and February, 1941, respectively, and had a 
full-load displacement of about 51,000 tons. They 
carried eight 15-in. guns in four turrets, disposed 
on the centre line and having a maximum elevation 
of 45 deg., corresponding to an extreme range of 
41,300 yards. There was a secondary armament 
of twelve 5-9 in. guns, and a liberal provision of 
anti-aircraft guns—16 4-1-in. and 16 2-cm. guns in 
the Bismarck, but in the Tirpitz, towards the end 
of her career, 70 2-cm. guns as well as the 4-1 in. 
The total weight of armour was 17,510 tons (metric), 
the side armour being 12} in. thick. The propelling 
machinery was turbo-electric, on three shafts, the 
designed speed being 29 knots with 150,000 h.p., 
and the maximum speed 30-9 knots, with 163,000 
h.p. The cruising range was 10,000 miles at 23 
knots, and the war complement was 2,200 officers 
and men. The overall dimensions were: length 
822-6 ft., beam 118 ft., and draught at full-load 
displacement 34 ft. 6 in. 

The Yamato and Musashi measured 863 ft. in 
overall length (2 ft. 6 in. more than the Hood) 
and had a maximum beam of 127 ft. at the deck, 
which overhung the water line amidships by 3 ft. on 
each side. The load draught was 35 ft. 6 in. The 
Yamato was built at Kure and the Musashi at Naga- 
saki, both being completed in 1941. They carried 
nine 18-in. guns in three triple turrets, two forward 
and one aft. The original secondary armament 
consisted of eight 8-in. guns, in twin turrets, one 
forward, one aft and one on each beam ; but these 
were replaced later by triple 6-in. guns in the 
forward and after positions, and the broadside 8-in. 
turrets by various additions to the very heavy anti- 
aircraft armament, which was clustered in the 
superstructure amidships. The lightly-armoured 
gunhouses of this anti-aircraft armament proved to 
be the weak spot in the Yamato, a 2,000-Ib. bomb 
penetrating them and exploding the magazine, 
though she was hit also by many more bombs and 
by nine aircraft torpedoes before being sunk. 
The Musashi remained afloat until she had received 
almost double that number of hits. The side armour, 
16} in. in thickness, sloped outwards at about 
20 deg. and was joined across the ship by horizontal 
armour beneath the magazines as a protection 
against mines and torpedoes. The ships had four 
screws, driven by geared turbines, and attained a 
maximum speed of 27-7 knots with 158,000 shaft 
horse-power. They could cover 10,000 miles at 
18 knots. Following the Japanese practice, no 
boats were carried under war-time conditions. 

Mr. D. E. J. Offord, who opened the discussion, 
referring to the protection of the ships described, 
said the author had detailed the type and number 
of hits which the Bismarck had received before 
sinking, and claimed that she had taken a great deal 
of punishment ; but, on analysis, it appeared that 
much of the damage was not such as to cause 
underwater flooding, and therefore could not have 
contributed to her sinking. The underwater 
damage was not excessive for her displacement, 
which was 20 per cent. greater than that of the 
King George V class. In describing the protective 


values of ships, it was not fair to talk about the 
damage a ship received before she sank. The 
only true criterion was the damage that a ship was 
found to have received when she returned to har- 





The author had shown that the Bismarck 


bour. 





did not appear to have any special secret devices 
either in her armour disposition or in her under- 
water protection ; he believed that was admitted. 
But Dr. Parkes attributed her great resistance to 
the high quality of the armour plates, plus an 
exceptional beam, which allowed torpedo bulkheads 
to be placed 17} ft. from the sides. He had seen no 
evidence whatever that the armour was superior to 
British armour ; indeed, there was no evidence that 
the ship was hit on her main armour belt. In 
discussing the underwater protection, it was neces- 
sary to be careful; even when the protection had 
successfully withstood the attack, if the bulge was 
flooded, the edge of the water plane for initial 
stability purposes became the protective bulkhead. 
Thus, if the full amount of extra beam were devoted 
to extra depth of protection, there might be no 
gain in stability or reserve of buoyancy after 
damage. The author had fallen into the old fallacy 
of simply adding armour thicknesses to arrive at 
total protection, which was quite wrong. There 
was little to criticise in the paper concerning the 
protection of the Yamato. Her armour disposition 
was sound and of the type that would have been 
adopted in this country if our ships had sufficient 
beam to provide adequate stability for so much 
top weight. In his opinion, the outstanding lesson 
to be drawn from the designs, from the protection 
point of view, was not that the British naval con- 
structors were out-matched in quality of armour, 
in constructional features, in bulge protection or 
in watertight subdivision, but that they were most 
seriously handicapped by rigid and conscientious 
adherence to treaty limitations, and even more so 
by the beam restrictions imposed upon them by 
operational requirements of the Naval Staff. 

Mr. Hans Volpich, referring to a table in the 
paper showing the overall length, beam, draught 
and displacement of German, French, Italian, 
American and British battleships, asked if the 
author could include a column giving the water- 
line lengths, to give a basis of comparison in terms 
of block coefficient. Commenting on a section 
through the Tirpitz, which showed the torpedo 
bulkheads carried down to the bottom of the vessel, 
he said that the German Admiralty adopted that 
practice also in former vessels, such as the Deutsch- 
land and Scharnhorst classes. He believed that the 
Germans attempted to weld those bulkheads, but 
had experienced a lot of trouble and had attributed 
it to inexperienced welders. He asked whether, even- 
tually, they adopted welding or resorted to riveting. 
The high G.M. figure quoted for the Bismarck 
(13-12 ft.) was probably » record for a warship, 
but there were at least two recent merchant vessels, 
of special design, where the G.M. (loaded) exceeded 
by several feet that of the Bismarck. Asking 
whether the triple screws were of orthodox design, 
he said that the cruiser Leipsig had triple screws, 
the centre screw being a patent variable-pitch 
propeller, quite unusual, which could be feathered 
when the vessel was driven by the turbines only at 
cruising speed. Probably such a propeller would 
have been out of the question for the Bismarck, 
because of her high power—about 55,000 shaft 
horse-power per shaft at top speed. The Yamato 
had a rather uncommon rudder arrangement, both 
rudders lying on the centre line, one forward of the 
other. He assumed that the forward rudder was 
used, only in emergency, because, if both rudders . 
were used together, an appreciable interference 
would have resulted. 

At the request of the President, the secretary 
then read a communication from Mr. H. 8. Pengelly, 
R.C.N.C., outlining the essential points of the 
Washington Treaty of 1922 and the subsequent, 
London Treaties in 1930 and 1936. The Washington 
Naval Treaty, between the United States, the British 
Empire, France, Italy and Japan, limited the 
standard displacement (i.e., full load less oil fuel 
and reserve feed water) to 35,000 tons and the 
largest calibre gun to 16in. By the London Naval 
Treaty of 1930, the same five Powers agreed not to 
exercise their rights to lay down the keels of capital 
ships’ replacement tonnage during the years 1931 
to 1936, inclusive. France and Italy could, how- 
ever, build the replacement tonnage which they 
were entitled to lay down in 1927 and 1929. Thus 
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the earliest date at which the British Empire could 
lay the keels of new capital ships became January 1, 
1937. The London Naval Treaty of 1936, between 
the United States, France, and the British Common- 
wealth, stated that no capital ship was to carry a 
gun with calibre exceeding 14 in.; provided, how- 
ever, that, if any of the parties to the Washington 
Treaty should fail to enter into an agreement to 
conform to this provision not later than April 1, 
1937, the maximum calibre of gun carried by 
capital ships should be 16in. In the event, Japan 
did not enter into an agreement to conform to this 
provision. The Anglo-German Naval Agreement 
of 1937 followed the London Naval Treaty of 1936, 
except that, in capital ships, the calibre of the 
largest gun was to be 16 in. instead of the 14 in. of 
the el Treaty of 1936. 

The British Government desired to commence 
capital-ship replacement at the earliest possible 
date and the keels of the King George V and Prince 
of Wales were, in fact, laid on January 1, 1937. 
This meant that the design had to be completed 
about the middle of 1936, and that Britain became 
committed to the 14 in. gun. British ships were 
designed within the Treaty limits. Other Powers, 
notably Germany, although ostensibly adhering 
to the Treaty limits, deliberately cast aside these 
restrictions. Apart from Treaty limitations, the 
King George V class were limited in beam by a 
requirement that they should be capable of using 
certain docks in the United Kingdom. The large 
beam of the Bismarck, possibly partly determined 
by limitation of depth of water in the Kiel Canal, 
permitted the provision of a wide underwater 
protection belt outside the longitudinal protection 
bulkhead, probably giving complete protection to 
the vitals against aircraft torpedoes ; but an aircraft 
torpedo, by putting the steering out of action, despite 
twin rudders, played a big part in the final 
destruction of the Bismarck. 

Sir Charles Lillicrap said that the main cause of 
the rapid growth of displacement between the 
Baden of the 1914-18 war and the Tirpitz was due 
to the demand for increased protection. The 
Queen Elizabeth class, of approximately 27,000 tons 
displacement, had a fair measure of protection ; 
but since that time, plunging fire and the advent 
of the bomb had necessitated reconsideration of the 
problem of protection, and had involved heavy and 
thick armoured decks. Commenting on the section 
through the Tirpitz and Bismarck, Sir Charles said 
that the basic idea showed no advance whatever on 
the German design for the 1914-18 war. There 
was no appreciation of the increased menace of 
long-range fire and bombing. There was nothing 
in the design to warrant the view that the Germans 
had appreciated fully the new conditions of warfare, 
except for the very big beam which, by cheating, 
they were able to give the ship, so obtaining @ large 
space outside the protective bulkheads, which gave 
a certain amount of protection against torpedoes. 
The diagram showed why the Bismarck, in the 
circumstances, was so difficult to sink. Aircraft 
torpedoes should not have had any considerable 
effect on that underwater protection. The great 
merit of the torpedoes dropped from aircraft was 
that they damaged the steering gear, thus crippling 
the ship. Gunfire at close range smashed the upper 
protection (which was very thin) and the upper 


* works, but could not and would not have sunk the 


ship. The handicap from which the British 
Admiralty suffered in adhering strictly to treaty 
limits, and that inflicted by docking considerations, 
were very severe. He imagined that Britain, and 
probably America, had learned the lesson not to 
undertake again treaty obligations limiting their 
possibilities, when there was no question of possible 
enemies adhering to them. The Japanese battle- 
ships, however, showed signs of the exercise of 
initiative, in continuing the armoured bulkhead to 
form the base of the magazine, thus attempting to 
protect the magazine from underwater explosions. 
The Germans seemed to have shown no 

that any such problem existed; but Sir Charles 
doubted whether the system of protection adopted 
by the Japanese would work in practice. Like 
Mr. Volpich, he found it difficult to understand why 
the Japanese had provided two rudders, both on the 





centre line. This arrangement had been tried in 
the Royal Sovereign class, but, though the forward 
rudder in that class was smaller than that used by 
the Japanese, it was so ineffective that eventually 
it was taken out. 

Vice-Admiral A. E. W. B. Cunninghame Graham, 
in defence of the Naval Staff, said that it seemed 
evident that all that was wanted in British warships 
was extra beam; unfortunately, at present the 
provision of the extra beam was dependent on 
being able to dock the ships. The scientists and 
technicians might be asked to devise some new 
method for making a more economic graving or 
floating dock; he could not believe that it was 
beyond the realms of science to provide a new 
method of docking. All naval officers were indi- 
vidualists, however, and it was difficult to get them 
to agree on nautical subjects. 

Sir Stanley V. Goodall said that his first thought, 
on reading the paper, was of the extreme danger, 
in a matter of such vital importance as the strength 
of the Royal Navy, of a Government putting its 
trust in ‘‘rotten parchment bonds.’’ There was a 
footnote by the author that Germany was not a 
signatory to the London Treaty. Germany had 
affirmed that the standard displacement of the 
Tirpitz and Bismarck would be 35,000 tons; the 
length, beam and draught had been given, and, 
from memory, he believed it was said that the 
draught was 26 ft. His immediate reaction had 
been to ask the Director of Naval Intelligence if 
those dimensions could be confirmed, because they 
seemed utterly impracticable for a ship of 35,000 
tons. It was stated in the paper that Britain had 
ended the war with battleships smaller than those 
of the enemy Powers, in terms which would rather 
suggest that this was something of which to be 
ashamed. Sir Stanley maintained that it was 
something of which to be proud; we kept to the 
requirements and yet produced ships which gave 
good service. In the pre-1936 years, when the 
principal naval Powers were engaged in the design 
of capital ships to meet the views of naval officers, 
they seemed to have agreed that the speed should 
be of the order of 30 knots; which, of course, 
presented considerabie difficulties to the naval con- 
structor and the naval engineer. We, in common 
with the Americans, had disagreed with the Germans 
(and with the Japanese at first, but not later) in 
regard to the main armament. Taking into account 
the fact that the ships’ displacements were to be 
limited, it was practically essential to adopt a 
concentrated main armament of quadruple or triple 
turrets, whereas the Germans were able to adopt 
twin turrets only because of the excessive displace- 
ment to which they were designing their ships. In 
respect of anti-aircraft armament, there was 
a difference between the German and the British 
point of view. Finally, we had adopted, as the main 
anti-aircraft defence, a dual armament to deal with 
attack from surface craft and from aircraft, supple- 
menting this with a secondary auxiliary armament ; 
in the Bismarck and Tirpitz, however, there were 
5-9-in., 4-1-in. and 2-cm. guns. The provision of 
all the necessary controls for that armament was a 
problem which must have caused them many 
headaches. 

On the subject of protection, Sir Stanley recalled 
his own paper to the Institution in 1921 on the 
battleship Baden, for, as Sir Charles Lillicrap had 
pointed out, there seemed no doubt that the extra- 
ordinary fact about the Tirpitz and Bismarck was 
that, after nearly 20 years, the Germans had pro- 
duced a ship which was really only a blown-out 
edition of the type which had served them during 
the 1914-18 war. The lesson had been drilled into 
British designers, after that war, that there must 
not be no possibility of the repetition of the disasters 
at Jutland, when ships blew up after a short period 
in action. The horizontal protection for the Bis- 
marck and Tirpitz, as shown in the paper, was 
such as we should still consider inadequate to resist 
ce | plunging fire and armour-piercing bombs; that 
was shown by the fact that the Bismarck, in her 
first engagement with the Hood and Prince of 
Wales, was hit by a shell which burst low down, 
with the result that an oil-fuel tank was opened to 
the sea and, for a long while afterwards, she left a 





trail of oil in her wake. The amount of underwater 
punishment which the Bismarck had taken had 
been linked up with discussion on her metacentric 
height ; but, Sir Stanley emphasised, metacentric 
height alone was not an indication of a ship’s 
stability. It was a rough measure, but other matters 
had to be taken into account, such as the extent of 
flooding, the size of compartments and the sort of 
damage which might result and which would reduce 
the margin of stability. That remark applied 
particularly to the Yamato. Particulars of the 
Yamato, given in the paper, showed that quite a 
big margin of stability could be lost without the 
armour being pierced. It was to provide against 
that, no doubt, that the Japanese decided to provide 
a big metacentric height ; but the result would be a 
rather poor ship from the point of view of behaviour 
in a Seaway. 

Coming back to the subject of protection, Sir 
Stanley said that there was always a tendency to 
regard one torpedo as the equal of another; for 
example, it was stated that the Bismarck was hit 
by 15-in. shells, by two aircraft torpedoes, two 
destroyer torpedoes and by one Rodney 24}-in. 
torpedo. He did not think it could be argued that 
the Rodney’s 24}-in. torpedo resulted in greater 
damage to the ship than was inflicted by the smaller 
destroyer torpedoes. After all, it was a torpedo hit 
which had contributed very largely to the undoing 
of the Bismarck. Commenting on Sir Charles 
Lillicrap’s remarks concerning the underwater pro- 
tection of the Yamato, he admitted that the sloping 
side armour had certain advantages, but it had 
also the disadvantage that it did not offer sufficient 
resistance to plunging fire ; from experience in the 
war, that was important. The Japanese had given 
considerable thought to protection against attack 
from under the bottom of a ship; we also had had 
to give grave attention to that matter, finally 
deciding that all we could do was to rely upon 
watertight sub-division. The arrangement in the 
Yamato required a lot of space ; and while it was 
all very well to draw a thick line on paper, repre- 
senting underwater protection, in the actual building 
of a ship a lot of holes and openings had to be made 
in the plating, all of which were sources of weakness. 

Dr. Parkes, in reply, commenting on the references 
to the quality of the armour of the Bismarck, 
recalled that he had been told by the late Mr. W. L. 
Wyllie that, when the Baden was a target for the 
Erebus and Terror, at the end of the first World 
War, he had made sketches, one showing the Baden 
receiving a hit. When asked if he had produced 
more, he said that there was not time ; she went 
under before he could make a sécond sketch. Thus, 
under fire by 15-in. guns, the Baden must have sunk 
in a few minutes. On the face of that evidence, he 
wondered how the Bismarck had withstood so well 
the gunfire of the Rodney and other ships, and 
had to be finished off by torpedoes. Therefore, he 
had deliberately suggested in the paper that the 
Bismarck had a superior quality of armour. In 
reply to Mr. Volpich, he had the waterline lengths 
of the ships, except in one case, and would state 
the figures. He would also inquire whether the 
Germans had used welding, and about the design 
of the screws and the use of the rudders; but he 
wondered whether, if the Bismarck had had a 
second rudder, the torpedo would have been se 
effective as, in fact, it was. He hoped that, at some 
future date, a paper might be presented on the 
Vanguard and the King George V, describing the 
thought and care which was devoted to their under- 
water protection. They were to have been 12-gun 
ships, but two guns were sacrificed to provide 
under-water protection. 

The President, proposing a vote of thanks to the 
author, said he would have liked to hear more 
about the Tirpitz. It was true that the armour- 
piercing bombs dropped by the Fleet Air Arm did 
not go off, though a small 500-lb. bomb did ; but 
the ship seemed to have succumbed fairly easily. 
He agreed with Sir Charles Lillicrap in hoping that 
the United States and Britain had learned the 
lesson not to be bound by treaties, and that in 
future we should have the ships we required and 
not the fancies of politicians. 


(T'o be continued.) 
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MOBILE DEMONSTRATION UNIT FOR MACHINE TOOLS. 








MOBILE DEMONSTRATION UNIT 
FOR MACHINE TOOLS. 


To facilitate the demonstration of machine tools 
abroad, Messrs. A. C. Wickman, Limited, Tile-hill, 
Coventry, have equipped a six-wheeled lorry with 
three of their machine tools and a display of Wimet 
tungsten-carbide tools. The accompanying illustra- 
tion shows the demonstration unit opened up ready 
for use. It has been designed by the firm’s engineers 
in collaboration with Messrs. Fodens Limited, and 
Messrs. J. H. Jennings and Son, Limited, both of 
Sandbach, Cheshire. One of the handicaps facing 
manufacturers of heavy equipment is the difficulty in 
arranging demonstrations of their machines in widely 
separated areas. This is partly overcome by par- 
ticipating in exhibitions overseas and by providing 
machines in agents’ showrooms, but it was felt that 
something better could be achieved. The new unit 
will be used for demonstrating machine tools in poten- 
tial customers’ own premises as well as at trade exhibi- 
tions. It has been shipped to Italy, and subsequently 
will visit Switzerland, France, Scandinavia and 
Spain. 

A special body is mounted on a Foden FG 6/12 
Diesel-engined chassis. From the fully-stowed con- | 
dition, in which it presents a clean appearance 
without projections, the unit can be opened up and 
prepared for demonstrations in less than 15 minutes. 
The end and each side are hinged in two parts, the 
lower part hinging downwards to form a walkway, 
and the upper part hinging upwards to provide a 
canopy. The lower part of the end carries two corner 
pieces which unfold to bridge the gaps between it and 
the side walkways. Outriggers are withdrawn from 
the body of the vehicle to support the walkways, and 
the canopies are supported by light-alloy tubular 
stanchions. Access to the walkways is provided by 
a set of aluminium steps on each side. Electricity for 
lighting and for driving the machines is supplied from a 
30-kVA alternator with a combined exciter, which 
generates three-phase current at 440 volts and 50 cycles, 
and is driven by a power take-off coupling from the 
gearbox of the vehicle. The power is sufficient to 
enable the three machines to be demonstrated simul- 
taneously under normal working conditions. Care has 
been taken to ensure that adequate stocks of bars, 
coolant and lubricating oils are carried. Accommoda- 
tion is provided for 1} tons of bar material, more than 
150 gallons of coolant oil, spare parts and tools, and the 
personal kits of the demonstrators. It is ex 
that the unit will be able to operate for over two 
months before requiring fresh stocks. 

The three Wickman machines carried in the vehicle 
are a 1}-in. multi-spindle bar automatic, a ¥4-in. sliding- 
head automatic, and an optical profile-grinding ma- 
chine. Each machine is i demonstrated on 
typical production work, the multi-spindle automatic 
producing a steel adaptor piece with a §-in. B.S.F. 
thread from 1}-in. bar in 8-3 seconds. The ¥-in. 
sliding-head machine, which was illustrated and briefly 
described on page 271 of our 166th volume (1948), is 
shown producing a screwed vent plug from ¥,-in. brass 
bar in 11-8 seconds, including the milling of two flats 
on the head, and the optical profile-grinding machine, 








is demonstrated on the grinding of a press die set. 








SWITCHGEAR FOR 200-KV 
ELECTRICAL SYSTEMS. 


As briefly recorded on page 569 of our 167th volume 
(1949), a paper on “‘ Switchgear for Systems of 200 kV 
and Above ” was read by Mr. B. H. Leeson before the 
British Electrical Power Convention at Torquay on 
Thursday, June 16. The author said that the design 
of new switchgear to meet the requirements of higher 
voltages and greater powers was a matter of extra- 
polating from existing equipment. A great deal of 
time had been spent in investigating the performances 
of the various “ unit breaks” upon which so much of 
the general design depended. For high powers these 
breaks consisted of pairs of contacts, which were 
separated under oil or in a fast-moving stream of air. 
In general, however, research and development were 
now centred round five main points: the maximum 
current and voltage which could be successfully broken 
by a single unit break ; the methods of evenly dividing 
the system voltage across a number of breaks when 
operating conditions demanded that two or more be 
used in series ; the methods of interrupting any residual 
current that flowed through the devices adopted for 
dividing the voltage across the breaks ; the performance 
of breakers when interrupting line-capacitance charging 
currents and the inductive magnetising currents of 
transformers and reactors, and the prevention of exces- 
sive over-voltages under these circumstances; and 
finally, the production of designs to ensure very short 
total break times and instantaneous automatic-reclosing 
cycles. Work on these problems had now reached the 
stage where both oil and air-blast circuit breakers 
could be constructed for the highest voltages and 
breaking capacities now being considered. Prelimi 
studies indicated that a circuit breaker for a 220-kV 
system would need a breaking capacity of 2,500 MVA 
or 3,500 MVA, with corresponding breaking-current 
capacities of 6-6 kA and 9-3 kA. For 264/275-kV 
systems, the breaking capacities needed would be about 
2,500 MVA and 5,000 MVA for breaking-currents of 
5-5 kV and 11-0 kA, respectively, and on 300-kV 
systems, the figures would be about 5,000 MVA and 
9-6 kA. 

Most manufacturers had tackled the switchgear 

roblems raised by these higher voltages and capacities 
designing “ unit-breaks”’ to cope with breaking 
currents of about 6-6 kA or 11 kA, currents corre- 
sponding to 1,500 MVA and 2,500 MVA, respectively, 
at 132 kV. A single-break air-blast breaker could 
generally deal with a recovery voltage of 66 kV, so 
that, after allowing for any difference in efficiency, 
four breaks in series were required for voltages of 
about 200 kV, and six in series for 300-kV systems. 
Many designs of unit nozzles for air-blast breakers and 
of arc-control devices for oil-immersed switchgear had 
been tested, and safe voltages and breaking-capacity 
current ratings could now be assigned with reasonable 
accuracy. Existing testing equipment was also power- 
ful enough to cope with the largest practicable forms 
of nozzle and air pressures, so that the design of the 
air-blast breaker was initially a matter of selecting 
the number of breaks needed for a given system 
voltage and short-circuit current. With oil-immersed 
arc-control devices, however, even the | t test 
plants could test to destruction only the simpler forms 








of equipment at their rated voltages. More complex 
forms, such as those with mechanical or other means 
of providing a forced flow of oil, increased the capacity 
of a single break beyond the capacity of the test 
plants. Hence, although the oil circuit breaker 
required fewer breaks in series for a given rating, it 
was usually more difficult to determine the number 
which should be incorporated. 

Methods of controlling the voltage gradient across 
breaks in series included both linear and non-linear 
resistances and capacitances, but evea when these 
and other basic design data were settled, there remained 
many relatively less important problems which gave a 

ildering number of solutions. There were, for 
example, questions relating to the disposition of the 
individual unit breaks, their supports, and the nature 
of the mechanical drives to the contacts. It seemed, 
however, that the air-blast or the bulk-oil type of 
circuit breaker could be developed for the maximum 
ratings at present foreseen, and with very little differ- 
ence between their performances. The choice between 
these two types, therefore, would depend upon secon- 
dary technical factors, cr even upon the ease of trans- 
port, erection and maintenance, as well as upon eco- 
nomic considerations. 

Among the main advantages of the oil-breaker were 
its simplicity, the small number of moving parts, and 
the absence of the complicated valve gear and external 
series switches associated with air-blast types. Instal- 
lation was also simple, and after the oil had been re- 
moved, maintenance was easy and could be carried out 
without highly-skilled staffs. The bushing insulators 
provided housings for current transformers on both 
sides of the breaker at no additional expense for primary 
insulation, and without taking extra space, while no 
more power was needed to break the main circuit other 
than that required by the trip coil. The recovery 
voltage could also be divided evenly across the indi- 
vidual breaks by incorporating simple shunt resistors, 
an arrangement which reduced voltage surges both on 
making and breaking, and helped to ensure short 
and nearly constant arcing times irrespective of the 
current broken. With the oil-breaker it was also 
comparatively easy to ensure short interrupting times, 
and to for instantaneous reclosing cycles. 
A disadvantage of the oil circuit breaker was the large 
volume of oil required. This had to be removed before 
maintenance work could begin, and either cleaned or 
replaced by fresh oil. The cleaning itself, however, 
was not of great consequence, since oil-handling plant 
had to be provided for the associated transformers. 
The general simplicity and reliability of the oil circuit 
breaker therefore made it particularly suitable for 
installation in isolated or unattended stations. 

Although efforts had been made to reduce the total 
volume of oil needed, no British manufacturer had so 
far developed a low-oil contact breaker for voltages 
over 132 kV. However, in the case of a 275-kV, 
2500-MVA three-phase breaker of the bulk-oil type, 
the use of a lenticular, instead of the conventional 
vertical cylindrical, oil tank had effected an oil saving of 
about 40 per cent. This particular circuit breaker, 
consisting of one unit per phase, had two breaks in 
series per phase. Each break took place in a simple 
side-blast arc-control pot without any auxiliary 
pressure-generating breaks, or moving parts other than 
the main contacts themselves. Each arc-control pot 
had a non-inductive wire-wound resistor connected 
between the main fixed contact at the top, and an 


nary | auxiliary contact surrounding the throat (at the 


bottom) through which the moving contact entered. 
The two bushings on each unit were of the oil-filled 
barrier type, and formed housings for ring-type current 
transformers. The breaker had a total break time of 
four cycles (0-08 sec.) and a reclosing time of 14 cycles 
(0-28 sec.). It was closed by a pneumatic mechanism 
and opened by internal springs. 

The development of the air-blast breaker in this 
country had followed a fairly steady pattern, the first 
step being the development and testing of a unit set of 
contacts and nozzle, either of the axial or radial-flow 
t Once the rating of this unit break was settled, 
then the design of an air-blast breaker for higher 
voltages centred round the number of such series 
breaks required, the grading of the voltage across each, 
and a suitable supply of compressed air. Since the 
main contacts were opened and remained open only 
while the air pressure was maintained, the breakers in 
most cases incorporated air-break switches which were 
connected in series with the main contacts. These 
series switches were mounted externally to the vertical 
insulating posts housing the main contacts, and were 
operated immediately after the latter opened by 
compressed-air motors driving through porcelain 
members. The series switches were coupled together 
for simultaneous three-phase working, but the coupling 
shaft was omitted if single-phase operation was needed. 

The air-blast breaker also ensured a very rapid 
extinction of the arc. This feature helped to reduce 
the total break time, thereby minimising the burning 





of the main contacts and the consequent maintenance, 
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which, in any case, was assisted by the absence of 
oil. The combination of main contacts operated by 
air-pressure with separate series switches also facilitated 
the use of high-speed reclosing cycles, and there was 
no reduction in the breaking capacity when these 
operations occurred in rapid succession. Shunt 
capacitances or resistances of either the linear or non- 
linear types could also be readily incorporated to 
ensure an even voltage division across the series 
breaks. The use of four, or perhaps six, series breaks 
with even voltage division also facilitated methods of 
unit testing, whereby the rating of the breakers could 
be checked by testing each break separately. Among 
the factors limiting the design of high-voltage high- 
breaking capacity air-blast breakers was the strength 
of the ceramic insulators through which compressed 
air was led to the main contacts, the time taken 
for the air to flow through these insulators, and the 
accompanying pressure drop in the air passages. In 
some cases these limitations were overcome by placing 
the air reservoirs, together with the blast valves, 
immediately below the blast heads on top of the 
supporting post-insulators. 

e high-voltage air-blast breakers described and 
illustrated in the paper were all of the multi-break 
design, and were fitted with external series air-break 
switches. A typical unit for 275/300-kV 2,500 MVA 
was provided with six main breaks and one external 
series switch per phase. The six main breaks were 
mounted above each other in a single vertical stack, 
which was supported on a tripod of post insulators. 
The built-up stack formed a pillar, the overall height 
from the ground being 27 ft. This design, though 
resulting in maximum overall height, was the most 
suitable from the standpoint of grading the voltage 
over the individual break units. The external series 
switch was driven by a porcelain operating shaft, the 
air reservoirs constituting the base of the breaker. 
The breaker also had one of the simplest forms of main 
contacts. Each pair consisted of a fixed nozzle, 
removable for inspection, and a fixed pin projecting 
into the mouth of the nozzle. Current was led from the 
pin to the nozzle by a laterally movable contact which 
was spring biased to the closed position and bridged the 
space between nozzle and pin. This auxiliary contact 
was retracted by the air pressure as the blast was 
applied to the contacts, and it drew an arc which was 
immediately blown into the nozzle and on to a second 
fixed pin. The arc was generally extinguished when 
the current fell to and passed through its first zero. 
Above each nozzle was an exhaust chamber for sup- 
pressing the flame. This particular method of extin- 
guishing the arc had the advantage that the current- 
carrying capacity of the contacts was independent of 
the nozzle diameter. 

In an alternative design for similar voltages and 
ratings, the overall height of the switch was reduced 
by mounting the series breaks in two vertical stacks 
per phase. There were, in this case, four series breaks 
per phase, two in each stack assembly. Each main 
contact consisted of a single blast nozzle in which the 
circuit was broken by the retraction of the male con- 
tact, connection between the two stack assemblies 
being through a series switch. There were two main 
blast valves per phase, one for each pair of contacts 
and they could be readily moved for inspection withou 
disturbing the breaker proper. In another design, a 
still greater reduction in height was obtained by 
mounting the four series breaks horizontally in pairs. 
This layout ensured an equal air supply to each se 
as regards volume, velocity, pressure and direction of 
flow, and also prevented the heat energy which was 
released by one arc from interfering with the air flow 
to another. All the breaks thus had the same inter- 
rupting ability, the design being suitable for rapid 
reclosing cycles with a minimum dead time of about 
0-25 second (12 cycles). 

The testing of circuit breakers connected to their 
system networks provided valuable data, but could 
be carried out only rarely. In any case, the attendant 
risks to equipment already in service demanded lengthy 
investigations into the stresses which might be set up 
in different parts of the system. It was hoped, never- 
theless, that such tests would be made when oppor- 
tunity arose. Tests on scale models had provided 
useful information, and it had been possible to 
extrapolate. The principles of such extrapolation 
differed with the design of breaker, and at present, 
model tests were more useful as supplementary explora- 
tory tests rather than for formal proving. If, however, 
either an oil- or air-blast circuit breaker had a number 
of identical breaks, then tests on a single unit break 
generally provided a useful addition to the tests on the 
complete breaker. Certain precautions had to be taken 
in applying the results so obtained. It was, for example, 
important to verify that the voltage grading incor- 
porated in the breaker provided a sufficiently uniform 
division of the voltage, and that the operation of one 


had to be ascertained and allowed for. 





LABOUR NOTES. 


IMPROVED wages and conditions could be obtained 
only by increased output. Such was the theme of the 
eleventh presidential address of Sir William Lawther 
to the National Union of Mineworkers, delivered at the 
opening of their annual conference at Porthcawl on 
July 4. After stating that unofficial strikes were “a 
crime against our own people,” Sir William referred to 
the great joy and consolation which the recent stop) 
in the mines, on the railways, and at the docks, had 
brought to their opponents, and asked the delegates 
not to be diverted from their task of increasing output 
by the ramblings of certain left-wing experts. He said 
that while it might be correct that the National Coal 
Board had made some errors and misjudgments, and 
while it might be true that some in the employment of 
the Board wanted a return to the bad old days, it was 
equally true that there were those in their own ranks 
who conducted themselves as if they were living in 
those same bad old days. It would be as well, he 
considered, if the economics of the industry and of the 
country were as thoroughly understood as the mysteries 
of football pools were. 


Sir William, who is chairman of the Trades Union 
Congress as well as President of the N.U.M.W., said 
in his address: “‘ We either produce what we need to 
maintain the standards of life we now enjoy, or we 
shall have to accept lesser standards. At present, we 
are living on credit. Therefore, we must, as a trade 
union, begin to consider how far we can perfect our 
machinery and our organisation to give more effective 
help in solving the problem. I will not have the charge 
levelled that we neglected to tell you where your duty 
lies.” Referring to the great improvements in con- 
ditions in the industry during the past ten years, Sir 
William pointed out that the average pay, including 
allowances, in South Wales pits had risen from 11s. 5d. 
a shift in 1939 to 3ls. a shift now. Average pay for 
all British pits had risen from 12s. a shift in 1939 to 
34s. ld. a shift now. Holiday pay, which averaged 
31. 15s. in 1939, was now 7l. 10s. for adults. At the 
private session on July 4, the delegates agreed to 
increase the political levy from 2s. to 2s. 6d. a year, 
which will produce an additional 15,0001. annually. 
It was also agreed that all officials should come up for 
re-election at intervals of five years. Sir William 
Lawther as President, and Mr. Arthur Horner as 
secretary, hold office in the Union for life. 


A larger share by employees in the control of Britain’s 
nationalised railways was advocated by Mr. W. T. 
Potter, in his presidential address to the National 
Union of Railwaymen, whose annual conference opened 
at Brighton on July 4. Stating that his Union were 
aware of the task confronting the British Transport 
Commission, he added that, so far, the demand of the 
Union for a greater share in management for the railways’ 
workpeople had met with but little success. Although 
the Railway Executive had offered talks at all levels, 
they claimed that final decisions must rest with them, 
and in this attitude they had been upheld by the 
Minister of Transport, but the Union would continue 
to press their point of view. 


Mr. Potter stated that the need for all railwaymen 
to be represented by one union only was now more 


pronounced than ever. He described the opposition 
of other railway unions to the wage claims put forward 
by the N.U.R. as an “ unfortunate spectacle.” The 
members of the other unions would benefit if the wage 
claims of the N.U.R. were realised. Mr. Potter said 
that the whole trade-union movement, especially those 
unions which catered for employees in the nationalised 
industries, should be reorganised to meet the changed 
circumstances of the present day. It was time that the 
movement divested itself of outworn ideas. 


There has been some improvement recently in the 
traffic receipts of the British Transport Commission. 
The income of British Railways from this source 
during the four weeks ending June 19, was 25,953,000/., 
compared with 24,713,000/. for the four weeks ending 
May 22, an increase of 1,240,000/. It is also an im- 
provement, by 815,000/., on the income for the four 
weeks, ending on June 13, last year. Receipts from 
the carriage of passengers rose from 7,954,000/., for the 
four weeks ending on May 22, to 9,816,0001. for the 
period ending on June 19, an increase of 1,862,000/. in 
one period of four weeks, which may be partly 
explained by the incidence of Whit-Monday on June 6. 
The aggregate traffic-receipts income of British 
Railways for the first twenty-four weeks of this year, 
however, remains a source of much concern. The 





Traffic-receipts income of the London Transport 
Executive fell from 4,520,0001., for the four-weekly 
period ending on May 22, to 4,512,000/. for the four 
weeks ending on June 19, but the comparative figure 
last year, for the four weeks ending on June 13, was 
only 4,500,000/. During the four-weekly period 
ending June 19, last, the Executive’s income from 
*buses and coaches improved, but that from railways, 
and from trams and trolley ‘buses declined. For tle 
first alge gos weeks of the present year the aggregate 
income of the Executive from traffic receipts wes 
26,128,0001., compared with 26,391,0001. for the 
corresponding period in 1948. Traffic receipts for the 
steamships section of the British Transport Commission 
amounted, in all, to 2,789,000. for the first twenty 
weeks of this year, ending on May 22, compared with 
2,607,000. for the corresponding period in 1948, ending 
on May 16. More recent figures in this instance are 
not yet available. 


The National Joint Industrial Council for the 
Electricity Supply Industry decided on June 30 that 
the District Joint Industrial Councils were dealing in 
the appropriate manner with the excess wage rates, in 
accordance with the terms of the National Council’s 
wages agreement dated May 31, 1949. It was decided 
to allow this machinery to continue in operation, and 
that the National Council would consider agreements 
for the local application of the national agreement, 
when such decisions were reached by the District 
Councils. In order to expedite the approval of such 
local ents when received, the National Council 
will seek an early interview with the Minister of Fuel 
and Power, Mr. Hugh Gaitskell, to elucidate questions 
which may arise in regard to the interpretation of 
certain statutory provisions of the Electricity Act, 1947. 


The full-time weekly wages of some 360,000 work- 
ga in the United Kingdom were increased during 

y by an aggregate of approximately 86,0001., 
representing an average weekly increase of nearly 5s. a 
head. The increases affected principally persons 
engaged in agriculture in Scotland and employees in 
the cotton industry, but operatives employed in 
England and Wales in the manufacture and repair of 
agricultural machinery, together with hourly-rated 
engineering and maintenance staffs of civil air-transport 
organisations also benefited. Approximately 3,548,500 
persons in the United Kingdom received increases in 
their full-time weekly wages, amounting to a total of 
$15,7001. net during the first five months of this year. 
During the corresponding months of 1948, the Ministry 
of Labour Gazette reports, there were net increases of 
864,900/. in the weekly wages of 2,976,000 workpeople. 


Industrial disputes increased considerably during 
May, in which month 148 stoppages arose making, with 
11 others in pr at the beginning of the month, a 
total of 159. In these, 75,700 workpeople were involved 
and 352,000 days were lost. During April, the total 
number of strikes was 139, with 40,600 persons involved, 
and 135,000 days lost. The comparative figures for 
May, 1948, were an aggregate of 190 disputes, in which 
86,000 working days were lost by a total of 31,800 
workpeople. Altogether, 677 stoppages, involving 
203,700 persons and causing a loss to industry of 
729,000 working days, occurred during the first five 
months of this year. 


Following the announcement, on July 1, that the 
Minister of Labour, Mr. George Isaacs, would intervene 
in the railway wage dispute, the executive of the 
National Union of Railwaymen decided to suspend their 
plan for a national working-to-rule campaign. This 
decision was approved unanimously by the annual 
delegate conference at Brighton, after Mr. J. B. Figgins, 
the Union’s general secretary, had given the delegates a 
lengthy statement on the developments to date in the 
dispute. An announcement on the form which the 
intervention of the Minister in the dispute will take is 
expected to be made to-day. After a meeting on 
Tuesday between Sir Robert Gould, chief industrial 
commissioner to the Ministry of Labour, representatives 
of the Railway Executive and delegates of the railway 
unions, an official announcement was issued stating that 
the meeting had been adjourned until to-day, to enable 
a report to be submitted to Mr. Isaacs. 


The announcement that the meeting with Sir Robert 
Gould had been adjourned was received with surprise 
in some quarters, in view of the pressure by the N.U.R. 
for an early decision on their claims for all-round 
increases of 10s. weekly and time-and-a-quarter pay for 
Saturday afternoon work. The discrepancies between 
the Union’s claims and the offers of the Executive, 


total income from that source, for the period ending | which are understood to be for increases of from ls. 
on June 19, amounted to 144,757,000/., against an | to 3s. weekly for the lower-paid grades, together with 
break did not interfere with or reduce the efficiency of | aggregate of 148,231,0001. for the first twenty-four | the views possibly put forward by the other railway 
another. If such interference occurred, its exact effect | weeks of last year, ending on June 13, a decline of no| unions on the points at issue probably affected the 


less than 3,474,0001. 


decision of the meeting to adjourn. 
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SOME NOTABLE ALUMINIUM- 
ALLOY CASTINGS.* 
By A. R. Martin, B.Sc., A.R.S.M. 
(Concluded from page 23.) 

TOOLHOLDER castings for large capstan lathes were 
developed before the late war in an attempt to reduce 
the man-handling of large turrets by reducing their 
weight. Replacing iron or steel by aluminium alloys 
always carries with it the necessity for a re-adjustment 
in design to allow for the lower modulus of elasticity. 
In applications such as this, where rigidity is a first 
consideration, much thicker sections must be used at 
points where flexing takes place. Even so, these 
castings were half the weight of their equivalents in 
iron or steel. 

Like the engine support bearer, previously described, 
these parts were designed as castings having due 
regard to the characteristics of the alloy. Ample 
radii were provided on all corners and sudden changes 
of section were avoided. The two smaller rege in 
Fig. 8, on this page, (left- and right-hand side of the 
group, respectively) are 12} in. by 6} in. by 4$ in. 
(weighing 9} Ib. fully fettled) and 9} in. by 7 in. by 
2} in. weighing 64 lb. Pulley wheels ranging from 
3} in. dia. by 1} in. thick to 7} in. dia. by 2 in. thick are 
also shown in Fig. 8. In Fig. 9 one of the larger range 
is shown ; this measures 12 in. by 7} in. by 8 in. and 
weighs 18 lb. when fully fettled. 

The alloy was produced to the specification require- 
ments of DTD 304, namely, chemical composition : 
Cu, 4-0 to 5-0 per cent.; Si, 0-25 per cent. max. ; 
Fe, 0-25 cent. max. ; and Ti, 0-25 per cent. max. 
Tensile properties (DTD-type sand-cast test-pieces) : 
ultimate tensile stress 18 tons per sq. in. and 4 per 
cent. elongation on 2 in., the 0-1 per cent. proof stress 
to be not less than 14 tons per sq. in. 

The two-piece dies for the two smaller toolholders 
were designed to produce the castings with their 
longest axes ele pre heaviest sections uppermost. 
Gating was at the lowest point of the castings. As 
in the case of castings produced in DTD 300 alloy, 
the dies were heavily coated and the steel core-pins 
were quenched in water on withdrawing from the die, 
after a casting had been poured. These dies, however, 





* Paper read at the 46th annual meeting of the 
Institute of British Foundrymen, held at Cheltenham 
Spa on Wendesday, June 15, 1949. Abridged. 
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were not by any means trouble-free, and the larger 
component is now cast in what is to all intents and 
purposes an open-top mould. The shape facing front 
in Fig. 9 was cradled in the base of the die. Two die 
sides complete the form of the casting and allow for a 
head of metal of about 3 in. over the flat face of the 
casting, which is at the rear of the illustration. 

Although the alloy does not suffer from the oxidation 
troubles encountered in the foundry with DTD 300 
alloy, all the precautions regarding cleanliness, rigid 
temperature control and melting practice were still 
applied to ensure production of the best possible 
castings. Crucible melting was preferred and additions 
of titanium were made to the charges of ingot and 
— to maintain a percentage satisfactory for the 
production of a fine grain. 

The castings were poured slowly at a temperature of 
670 to 690 deg. C. to minimise the risk of cracks. The 
la component was poured through the riser and 
the mould filled to within 1 to 1} in. of the top. The 
riser was then immediately filled with fresh hot metal. 
As with the high-strength die castings previously 
described the rate of production was low and about 
40 castings per shift was all that could be expected. 

Heat treatment was carried out in electrically-heated, 
forced-air circulatory furnaces of the vertical pit type. 
Details of the treatment are as follows: solution treat- 
ment, 12 hours at 535 deg. C.; quenching, water at 
50 to 60 deg. C. ; ageing, 8 hours at 130 deg. C. In spite 
of the high solution temperature employed, precau- 
tions to prevent sagging or distortion of these castings 
are not ni Visual inspection is supplemented 
by critical examination with a low-power magnifying 

ass to detect the presence of fine hair-line cracks 
which tend to occur on sharp corners. A small per- 
centage of the castings are machined in the bores as a 
check on internal soundness. 

An excellent impression of the complexity of air- 
cooled motor-cycle cylinder-head castings may be 
gained from Figs. 10 and 11, on this page. Not only is 
the head heavily finned but there are, in addition, inlet 
and exhaust manifclds to each combustion space and 
two push-rod guides to each of the rocker boxes. This 
component is jig machined and on the first operation 
it is held by the outside edges of the four combustion 
spaces. These must be located to an accuracy of 
+ 0-020 in. The location of the rocker-box cores is 
also important owing to the extreme thinness of the 
walls. The overall dimensions of the castings are 12 in, 
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by 12 in. by 4} in., and the weight, when fully fettled, 
is 14 lb. 

A 5 per cent. silicon, 1} per cent. copper, $ per cent. 
magnesium alloy was chosen for the production of this 
casting. The desirable characteristics of this alloy 
have already been enumerated. It is produced to the 
composition requirements of specifications DTD 
272/276, namely, Cu, 1-0 to 1-5 per cent.; Mg, 0-4 to 
0-6 per cent.; Si, 4-5 to 5-5 per cent.; Fe, 0-6 per 
cent. max., and Ti, 0-25 per cent. Neither of the heat 
treatments laid down by the specifications is carried 
out, but instead a special stress-relieving treatment is 
given to prevent growth of the castings and to minimise 
subsequent distortion in service. 

The pattern and corebox equipment is also cast in 
DTD 272/276 alloy, since it is a harder-wearing material 
than B.S. 2L33. All the corebox equipment had to be 
made with a high degree of precision. Owing to the 
strict dimensional tolerances obtaining on the finished 
article, no filing or rubbing of the 15 cores required to 
build up the mould could be tolerated—they had to 
fit into place correctly first time or not at all. 

Sea sand forms the basis of the mix used for all the 
cores. Additions are made of 1 to 2 per cent. of clay 
(added as a quarried sand containing 10 per cent. of 
clay) and 2 per cent. cereal binder, to give sufficient 
green strength to hold up the thin fins during baking, 
and of 1} per cent. linseed oil to give high baked 
strength. The properties aimed at with this mix are : 
A.F.S. permeability, 100 to 150 units ; baked compres- 
sion strength, 450 to 650 lb. per square inch ; and green 
compression strength, 3 to 5 lb. per square inch. The 
two-part mould is rammed up in a sand consisting of 
35 to 45 per cent. quarried sand (10 per cent. clay) and 
the balance is sea sand. This sand is re-milled, after 
use, with water and additions of either quarry sand or 
sea sand to maintain the following properties: A.F.S. 
permeability, 50 to 70 units; green compression 
strength, 4 to 7 lb. per square inch; and moisture, 
5 per cent. maximum. 

The drag flask is rammed up on a pattern plate and 
carries two dowels which serve to locate the plate and 
also to locate the main cores which carry moulded-in 
steel bushes. The plate carries the runners, the 
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locating impressions for the four combustion-space chills, 
and locating impressions for the push-rod guide cores. 

Charges of ingot are melted in cruciblefar naces and 
transferred to bale-out furnaces for modifying treat- 
ment. The temperature is adjusted and de-gassing is 
carried out with nitrogen as the heat of the furnace 
brings the metal to the required pouring temperature of 
750 to 760 deg. C. As a result of many years of experi- 
ence with cylinder heads and castings of various types 
to work at elevated temperatures, the following heat 
treatment has been standardised for use with this 
material. Solution treatment, 8 hours at 525 deg. C. ; 
cooling, to take place in still air; stress-relief treat- 
ment, 9 hours at 200 deg. C.; final cooling in still air. 
This treatment induces a Brinell hardness (1,000 kg./ 
10 mm.) of 80 to 90, which is adequate for most machin- 
ing operations. 

Visual inspection is Ba ng by a leak test 
in which paraffin is po into the rocker boxes and 
allowed to remain for some time, after which the valve 
ports, etc., are examined for signs of penetration. The 
dowels in the drag flask are Seanatiie checked by a 
jig to make sure that they have not become bent. The 
head itself is jigged on the outside edges of the com- 
bustion s , and the positions of the exhaust and 
inlet manifolds are checked by templates, as also are 
the positions and depth of the rocker boxes. 

An air-cooled aircraft cylinder-head, next to be con- 
sidered, is made in “‘ Y ” alloy, and is shown in Fig. 12, 
on page 45. It measures 7} in. by 6} in. by 64 in. 
high and weighs 9 Ib. when fully fettled. The fins are 
1-5 mm. thick at the tip with a pitch of 5-2mm. The 
evacuated-die process was first patented by the Bruneau 
Fréres concern in France for the production of finned 
cylinder-heads for Gnéme-Rhéne engines. In principle, 
the die is built up, where the fins occur, from banks of 
blades. These blades are in contact at the fin tips, 
and air is drawn from between the blades. The process 
is not analogous to pressure casting in reverse, since 
the metal is not drawn into the die by the vacuum but 
flows normally under the influence of gravity. As 
the level of the metal rises in the die, pairs of blades 
are shut off from the atmosphere and the air between 
them is promptly withdrawn, helping the metal to run 
to the extremity of the fin without the tendency to 
misrun (due to an air “ cushion”) or to entrap air 
bubbles in the fin. 

The combustion-chamber, inlet and exhaust valves 
and guides are surrounded by fins, the maximum depth 
of which is 100 mm. Four horizontal banks of plates 
surround the core, which is located in a carrier in the 
top of the die, the combustion space being uppermost. 
The base of the die is an iron casting 28 in. by 21} in. 
by 17 in. deep and carries the impression of the plate 
forming the base of the rocker box. The four vacuum 
manifolds, 1¥in. indiameter, are cored-out in this casting. 
Mounted on this are four hollow pillar castings ; a ri 
casting on the top of these makes the whole into a rigi 
assembly. The width of the blades is not the same 
from top to bottom of the stack, but at intervals 
they are stepped down in size towards the base of the 
die, so as to reduce the weight which would otherwise 
bear on the lower blades. In addition, the heads of the 
blades are not all at the same distance from the die 
side. This provision ensures that, when the hand 
levers are used to prise the blades out for withdrawal, 
adjacent blades are not withdrawn simultaneously, but 
one is allowed to move before the other. 

The blades are machined from chromium-tungsten- 
molybdenum steel sheets, and the process by which 
these sheets are prepared to render them free from 
internal stresses, which would otherwise cause them to 
warp in service, is most involved. Three air channels 
are milled on the top side of each blade. These are 
15 mm. wide by 0-007 in. deep at the fin tip, tapering 
to 0-002 in. deep in 5 mm. and continuing at this depth 
to the head of the blade. The taper on the fin section 
is two degrees. The core is made up in a sand similar 
in composition to that used in the production of the 
motor-cycle cylinder-head cores. 

“Y” alloy is produced to the composition require- 
ments of specification B.S. L.35 as follows: Cu, 3-5 to 
4-5 per cent.; Mg, 1-2 to 1-7 per cent.; Si, 0-6 per 
cent. max.; Fe, 0-6 per cent. max. (Si + Fe, 1-0 per 
cent. max.) ; Ni, 1-8 to 2-3 percent. ; Pb, 0-5 cent. 
max.; Sn + Zn 0-1 per cent. max.; and Ti, 0-20 
per cent. max. As with the cylinder head previously 
described, a stress-relief heat-treatment is applied. 

Metal is melted in crucible furnaces. Titanium 
hardener is included in the charges to maintain a suit- 
able amount to ensure a reasonably fine grain size. 
The metal is transferred to the bale-out holding fur- 
naces, the temperature is adjusted and de-gassing is 
carried out, either with nitrogen or with proprietary 
hexachlorethane de-gasser tablets. The die is tilted 
for the commencement of the pouring, but is quickly 
restored to a horizontal position as pouring 

The heat-treatment applied to these castings 


is as 
follows: solution treatment, 8 hours at 515 deg. C. ; 
cooling to take place in still air ; stress-relief treatment, 
8 hours at 230 deg. C.; final cooling in still air. This 





treatment induces a Brinell hardness (1,000 kg./10 mm.) 
of 85 to 100. 

As a supplement to visual i ion, the castings 
are “leak” tested by stopping-off the ports and com- 
bustion space and applying air pressure of 30 to 80 Ib. 
per square inch internally and immersing the casting 
in a tank of water. Radiographic examination of the 
combustion space is carried out to detect the presence 
of entrapped air or oxide between the valve seatings. 
The core is checked by means of a jig before it is used, 
to check sagging of those portions lenina the ports. 
The correct location of the cradle ing the core is 
checked by an inspector at the start of each day’s pro- 
duction, since the wall thickness of the ports does not 
allow for any misalignment of the core. 

In conclusion, it may be stated that high-strength 
aluminium alloys do not possess good casting charac- 
teristics. They are admittedly difficult to handle in 
the foundry, and the author has endeavoured to show 
how these difficulties have been overcome, leading to 
the successful production of castings which are able to 
withstand heavy fluctuating loads. The means 
whereby these difficulties have been overcome may be 
summarised as: (i) using a metallurgical knowledge of 
the alloys; (ii) developing a casting technique in the 
light of extensive tests on the quality and uniformity of 
samples of the product ; (iii) maintaining strict super- 
visicn of details during the actual production. 

The designing of unusual — core-box equip- 
ment and dies, whether it to produce unusually 
complicated castings with better than normal dimen- 
sional accuracy, to counter adverse casting characteris- 
tics, to prevent excessive die distortion, or to run thin 
closely-spaced fins on a die-casting, is essentially the 
realm of the practical man. Some of the features 
described in the paper represent worthwhile contribu- 
tions to the art. The author wishes to thank his several 
colleagues who have assisted in collecting data and illus- 
trations and to express his appreciation to the manage- 
ment of the Northern Aluminium Company for per- 
mission to publish this paper. 





TRACTION GEARING.* 
By H. G. Wurre, M.I.Mech.E. 


Tue new British Standards Institution draft speci- 
fication for traction gears defines them as the gear wheels 
and pinions used between the electric motors and the 
axles of vehicles having steel tyres running on rails. 
The author would add that the specification covers spur 
and single-helical gears only, with the motor axis 

parallel to the driving axle. Electric traction 
was introduced some 60 or 60 years ago, and during 
that time the gear drive has developed from a pair of 
gears to a highly specialised class of heavy-duty gearing. 
The rated power transmitted through a single train of 
gears varies from some 50 horse-power for a small 
tramcar drive, to about 600 horse-power in the case of 
a heavy freight-locomotive drive. The width of gear 
face would vary from 4 to 6 in. for the two cases quoted. 
Modern traction gearing is invariably heat treated. 

For the purpose of this paper, traction gears fall into 
three classifications, i.e., (1) for street tramcars and 
light railways, 50 to 110 h.p. per rt (2) motor 
coaches, 100 to 250 h.p. per gear ; and (3) locomotives, 
100 to 600 h.p. per gear. In the majority of cases the 
electric motor is mounted on the axle of the vehicle, 
with the gear wheel assembled on the axle, and the 
pinion on an extension of the motor-armature shaft, 
as shown in Figs. 1 and 2, opposite. Many drives 
have the motor mounted above the axle, and while 
these schemes have their own limiting features, it 
is the axle-mounted motor which imposes the greatest 
restrictions and which has been responsible for fashion- 
ing modern traction gears. In this paper, therefore, 
it is primarily the gears used on axle-mounted motors 
which are considered. This does not mean that the 
conclusions will apply only to axle-mounted motor 
drives, but it is easier to justify current design practice 
by reference to the restrictions imposed by the axle- 
mounted arr: ent. 

A small high-speed motor is the most economical 

ent, since it has a low cost and a high horse- 
power : weight ratio. If a small-diameter armature is 
used it postulates a long armature, but the railway or 
tramway rail gauge fixes a limit to the length available 
between driving wheels. If a larger diameter of 
armature is used the road-wheel diameter fixes the 
limit because sufficient clearance below the motor to 
the rail must be maintained. Thus, the electrical 
design must ensure a balance between length and 
diameter of armature as decided by the two fixed 
dimensions. It also follows that the narrower the 
width allotted to the gear drive the longer the core 
length which can be permitted in the motor, and, 





* Paper entitled ‘“‘ Some Aspects of Traction Gearing,” 
presented at the annual general meeting of the British 
Gear Manufacturers’ Association in London on Tuesday, 
April 12,1949. Abridged. 
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further, the smaller the number of teeth in the driving 
inion the higher the gear ratio which can be obtained 
ween the motor armature and the driving axle, 
For example, on a 3 ft. 6 in.-gauge railway, when a 
300-h.p. motor is used on a mixed-traffic locomotive, 
the core length is approximately 10 in., so that an 
extra inch on the gear face would involve a reduction 
of approximately 10 per cent. in motor horse-power, 
These and other considerations necessitate a ro)ust 
gear drive. For instance, the driving pinion is over. 
hung, as space does not — an outboard bearing ; 
track irregularities which are encountered at high 
vehicle speeds impose indeterminate stresses on the 
gears; and the gearcase design is usually inferior as 
com with current industrial practice. For 
traction drive, a thin sheet-steel case is normally used ; 
this makes lubrication very uncertain, and necessitates 
the use of a lubricant which is chosen because it can 
be retained in the gearcase rather than for its lubri- 
cating qualities. 

What gears, then, have been developed to meet these 
demands? The high impact loads demand a steel 
with a high tensile s h. The varying alignment 
of the gear teeth also c for a high skin hardness, 
otherwise the occasional localised loads cause surface 
failures. The gears which are most widely used are: 
(1) Medium-carbon gears, water hardened and tempered 
to a Brinell hardness of 450 to 500. (2) Case-hardened 
gears, hardened and tempered to a Brinell hardness of 
500 to 600. These gears are usually made from 
straight carbon steel, although nickel case-hardening 
steels are used, particularly for pinions where a small 
number of teeth make the body stresses higher. 
(3) Carbon-chrome steels, which are hardened before 
cutting to a Brinell value of 260 to 300. The medium- 
carbon and case-hardened gears are hardened after 
cutting. With both types, wheels and pinions of the 
same material are usually run together, although a 
considerable number of traction drives have wheels and 
pinions of dissimilar materials, in which case the pinion 
is invariably the harder, in accordance with the practice 
in other fields. The use of hard wheels and pinions of 
similar material and treatment sometimes causes 
comment, but there are several reasons for this arrange- 
ment. Railway engineers prefer gears which have 
a lo life; certainly a life as long as the axle. 
The electric motor has to be removed periodically 
from its axle, and as this necessitates removing the 
pinion the latter can easily be replaced. Changing 
the wheel necessitates the removal of the road 
wheels from the axle, so that gears with a much longer 
life than the pinion are favoured. Secondly, and this 
is very important, the lubrication of electric-traction 
drives is relatively crude, and a hard pair of gears is 
much more likely to withstand an occasional lapse 
in lubrication, although a softer wheel would other- 
wise be capable of carrying the normal load. 

There is, of course, no reason why any material 
normally used for transmission gears should not be 
used for electric-traction p About 25 years 
ago, two lines of development were in evidence, one 
favouring a pair of gears where accuracy was the main 
consideration, the other recommending gears where 
accuracy was second to hardness. These original 
types come together to some extent, but they still 
exist to-day. The harder types of gears improved 
when the tooth profiles were ground. It is difficult to 
assess the relative merits of these three classes of gear. 
A wheel of about 300 Brinell is accurate, and if, as is 
usual, it meshes with a ground pinion, an accurate 
pair results. For medium loading they will give good 
results. Unfortunately, alignment variation and over- 
loads cause wear and deformation of the wheel teeth, 
so that when the wheels and pinions are changed, as 
happens at overhauls, etc., the flow of the metal causes 
a loss of tooth form which has a cumulative effect on 
tooth wear. This type of wheel, however, is much 
used on resilient-centre wheels, and with this feature 
the gear life is greatly increased, since the resilience 
absorbs heavy impact loads. An accurate pair of 
gears, however, requires the maintenance of good align- 
ment, otherwise the beneficial effects of accuracy are 
somewhat lost. 

Owing to their ability to withstand some degree of 
misalignment, hardened gears (i.e., hardened after 
cutting) have become popular. The hardening opera- 
tion gives the wheel rim a slight “ barrel” effect ; the 
wheel becomes slightly larger in diameter at the middle 
of the rim, as compared with the outer ends, so that 
some relative movement of the pinion and wheel axes 
is — ible. Thus, the medium-carbon water- 
hardened gears and the case-hardened gears are better 
able to stand up to heavy loading than the 300-Brinell 
wheels, and the “controlled” distortion is of some 
assistance in load carrying. There are, however, other 
distortions which occur during heat treatment, and these 
are less under control in case-hardened gears than in 
ordinarily hardened medium-carbon . The 
medium-éarbon gears are subjected to one hardening 
operation at the hardening temperature of the wheel, 
and, if adequate precautions are taken, the distortion 
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can be controlled and the tooth-to-tooth errors 
kept within reasonable limits. The case-hardened 
gears, however, have to be carburised at a temperature 
some 200 deg. C. higher than the direct-hardened gears, 
and the difficulty of supporting the rims in relation to 
the bosses during this operation is a serious one, in 
view of the 10 to 20 hours for which it is necessary to 
maintain this temperature. After the carburised gear 
has cooled off it is again heated to its hardening tem- 
perature, and in some cases this increases the distortion. 
To summarise, the carbon-chrome and similar gears 
have accuracy without hardness and are suitable for 
medium loads. The case-hardened gears are slightly 
harder than the medium-carbon water-hardened gears, 
but with the latter the distortion can be kept to a 
minimum whereas with the case-hardened gears this 
is not so easy. Both types have good load-carrying 
capacities, but the excessive distortion of the case- 
hardened gear has a bad effect on the electrical equip- 
ment, particularly the modern high-voltage motor in 
which commutation troubles are likely to be aggra- 
vated by periodio vibrations caused by gear inaccura- 
cies. The modern method of overcoming the inaccuracy 
of gears hardened after cutting is to grind the tooth 
profiles. This is a costly operation, but, some 
tapering of the tooth section is necessary in order to 
give the best load-carrying capacity. On balance, 
therefore, there is something to be said for the medium- 
carbon water-hardened wheel which, while slightly 
softer than the case-hardened wheel, is much more 
accurate. 

All traction vehicles are mounted on their road 
wheels, and, as may be seen from Figs. 1 and 2, the 
driving axle has a gear wheel and electric motor mounted 
onit. The weight of the vehicle ensures that the wheels 
do not lift from the track, but the torque can be such 
that it will lift the motor upwards from the axle to 
the extent of the bearing clearances. Fig. 1 shows 
that, in one direction of rotation, the torque acts with 
a leverage which is approximately twice that due to the 
weight of the motor, so that as soon as the lifting force 
is equal to half the motor weight the gear alignment is 
affected. This takes place in two stages: the motor 
armature is lifted by an amount equal to the armature- 
bearing clearance, and when this is taken up the motor 
itself is lifted a further amount depending on the 
clearance in the motor suspension bearings on the axle. 
It is true that roller bearings are now used on the 
armature, but sleeve bearings are generally used on 
the axle, so that the clearance can assume a noticeable 
amount. Roller bearings are now also being fitted to 
axles; nevertheless, the clearances which still exist, 
combined with the deflection of the overhung pinion 
shaft, mean that in every operating cycle the bearing 
alignment is affected when either the vehicle is acceler- 
ating or braking (since the motor is usually used as a 
brake). In the opposite direction of rotation, the align- 
ment is unaffected by the above factors. Furthermore, 
every time the vehicle meets an obstruction, or falls 
due to a rail joint or point, the motor is accelerated 
upwards or downwards so that the alignment is 
constantly varying. 

In the past, the barrelling of the hardened gears has 
been of some advantage in this connection, but the 
heavier loads now being imposed on the gears have made 
designers resort to tooth grinding. This has caused a 
repetition of an old trouble due to heavy load concen- 
trations on the ends of the teeth. E. A. Binney 
describes steps taken to overcome this on a number of 
traction-motor gears, whereby half of the pinion face 
was relieved by taper grinding, so that before the 
torque lifted the motor the load was carried on the 
parallel half of the face, and on the other (tapered) 
half when the motor is lifted against the bearing 
clearances. Very good results are reported from these 
tests, and apart from the question of whether such a 
course is necessary, they have established the fact that 
the driving torque can be carried on one half of the gear 
face. This was so unexpected that it prompts the 
author to suggest that the obvious course is to design 
a motor with a much reduced gear face, using the extra 
space to provide an outboard bearing to the pinion and 
a gearcase with a substantial flange joint and adequate 
sealing arrangements at shaft apertures. 

There are certain features to bear in mind when 
determining the capacity of a traction-gear drive. 
The designer of the traction motor bases the motor 
size on the maximum grades and weight of train to be 
hauled or accelerated up them. The continuous and 
one-hour ratings are then determined. While these 
ratings indicate the motor size and service require- 
ments, they do not give all the necessary data. A 
traction motor can exert a very heavy starting torque, 
and the limit to this is the torque at which the road 
wheels slip and so relieve the load on the gears. The 
normal adhesion value is 30 per cent. of the axle weight, 
and this limiting tractive effort should be duly consi- 
dered as it is a measure of the maximum torque which 
can be imposed on the gears. Tests which have been 
made, however, indicate that the ratio may be as high 
as 50 per cent. It is not certain when this increased 





tractive effort obtains, but when the high im 
stresses im: by the motion of the vehicle on steel 
rails is considered, a 50 cent. adhesion factor is 
readily appreciated. In addition, the maximum 

ting ue or tractive effort is of importance. 
The method of calculating the stresses described 
in B.S. No. 436-1940 may be followed, with the one 
exception that the speed factors 8, and 8, are much too 
high and should be taken as one half of the values 
given, to compensate for the very heavy im loads 


to which traction gears are subjected. us, the 
output or permissible tangential-load fi are one 
of those which would be obtained from the B.S. 


Specification. 

The “ mass” effect with carbon-chrome steel is not 
as large as with a carbon steel, so that although the 
teeth are cut after hardening there is no serious reduc- 
tion in hardness of the tooth profiles. Any hardness 
determination made on the rim can be taken as 
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representative of the tooth hardness. The usual 
hardness limits for this type of gearing are 260 to 
300 Brinell, and no greater variation than this should 
be experienced within the teeth, as compared with the 
surface. Brinell testing is therefore quite satisfactory, 
although a low reading on the side face of the rim would 
indicate a hardness below specification on the tooth 
profile. This steel, however, has an advantage in that 
it work-hardens slightly, so that the hardness in service 
tends to increase. The determination of the hardness 
of direct-hardened gears presents no difficulty. Since 
the teeth are cut after hardening, the hardness can be 
checked by Brinell impressions taken on the ends of 
the gear face. The webs and bosses of these gears are 
usually masked during the quenching operation to keep 
them soft and to minimise distortion, but the teeth 
are left clear to allow the cooling medium to reach the 
tooth profiles as quickly as possible. Since the teeth 
are hardened after cutting, any hardness variation 
through the tooth section is desirable rather than a 
disadvantage, because there is a graded change from 
maximum hardness at the skin towards the centre of 











the tooth section. With regard to case-hardened 





pact | gears, reference has been made to the alignment of 


traction gears, and it is certain that, if centre variation 
and misalignment did not exist, case-hardened gears 
with a considerable reduction in case depth could be 
used. With the conditions obtaining, however, a deep 
case must be maintained to ensure that the overloads 
can be withstood. The recommended depths are 
given in Table 1. 














TaBLE I. 
Case Depth, Inch. 
Diametral Pitch. a 
Max. Min. 
2 0-11 0-09 
23 0-10 0-08 
3 0-085 0-07 
34 0-075 0-06 
4 | 0-065 0-05 





Some masking is usual in the carburising of this 
class of gear, so that care has to be taken, when checking 
the case depth and hardness, to ensure that the hardness 
reading is taken on a fully carburised surface. The 
recommended method of determining case depth is 
the usual one of employing a “spy.” To obtain 
consistent results, the spies should always be placed 
as near the teeth as possible—preferably laid on the 
gear rim below the root of the teeth so that they lie 
tangentially to the rim. It has been found that large 
discrepancies can occur in the determination of case 
depth, and in connection with work associated with 
the British Standards Institution the author has made 
some tests which are interesting. 

These tests were made on a number of spies and 
the results are given in Table II. Column 1 indicates 





TaBLE II. 
Depth Hardness | Hard 
Specified from 10 per cent. | 80 per cent. a 
Denth in, | Fractured low low | 500 VPN 
pth, “ Spy,’ Surface, Surface, te. , 
i. ..| ee V.P.N = 
1 ee 3. 4. 5 

ae ee ee 
0-04-0-05 0-04 | 580 | 0-06 
0-04-0-05 0-045 670 — 0-075 
0-06-0-08 0-065 | 740 600 0-07 
0-07-0-09 0-08 650 0-09 
0-1-0-12 0-105 820 610 | O-ll 











the specified depth of case hardening. Column 2 
shows the thickness as determined from a fractured 
spy section, using an adaptation of a Brinell meas- 
uring glass. Column 3 gives the Vickers pyramid 
hardness number, after removing 10 per cent. of the 
specified case depth. Column 4 gives the V.P.N. after 
removing 80 per cent. of the case depth, and column 5 
gives the case depth at which the V.P.N. falls to 500, 
as determined by traversing the testing instrument. 

It will be seen that the visual check on the spy 
case depth is always below the depth determined by the 
V.P.N. traverse check; thus these tests show that a 
carefully tested spy piece is a reliable method of 
d ing case depth. If 650 V.P.N. is taken 
as the minimum permissible hardness after 10 per cent. 
of the specified depth has been removed, then the case 
depth is that portion of the carburised skin through 
which the V.P.N. does not fall to a value lower than 500. 
The normal Brinell test is not recommended for checking 
the hardness of case-hardened teeth, owing to the 

ibility of causing incipient cracks in the case. 
The V.P.N. load is much lighter, since a force of 
30 kg. is used. 

Single-helical gears have been used in considerable 
numbers for traction drives. The angle used has been 
standardised at 7} deg. A small angle was chosen in 
the first instance because single-helical gears were 
originally fitted as spares in motors which had .no 
special vision for the end-thrust load. It was 
found that the load due to this small angle could be 
carried safely on the existing ings, and once 
adopted the angle has been used ever since. The end 
thrust due to the helix angle is approximately one- 
eighth of the radial load on the bearing, so that in 
nearly every case the extra load on the bearing in the 
axial direction can be safely carried without a special 
thrust bearing. The use of single-helical gears is more 
beneficial with small pitches than with large pitches. 
A curve showing the minimum face width required to 
ensure that two teeth are in contact at all times is 
shown in Fig. 3, on this . The normal face width 
for gears up to 3} diametral pitch is 4 in., and the 
curve shows that the required condition obtains up to 
this size. On larger pitches, however, where 5 in. or 
6 in. is the usual face width, the tooth contact is not 
so great. 

Traction-motor manufacturers are normally asked to 
guarantee their products against faulty manufacture 
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for the first twelve months of service, but traction 
gear manufacturers are asked to give a much more 
comprehensive form of guarantee. Jt is on a mileage 
basis ting from ten to fifteen years of service, 


and in the event of premature failure, the manufacturer 
is required to supply a new gear at a cost to the customer 
equivalent to the normal cost of the gear multiplied by 
the ratio of the actual mileage obtained to the guaran- 


. The average life of traction gearing in 
the past has been well above the guaranteed mile- 
age, so that manufacturers can give to prospective 
customers an expected gear life with confidence, and 
it is hoped that, in the near future, users will agree 
to a more reasonable form of guarantee. 

The discussion which followed the reading of Mr. 
White’s paper elicited some interesting points. In 
reply to a question by Mr. O. H. Bird, relating to 
importance of quiet running, Mr. White said that 
pinions had been ground for the past 25 years, but 
recently, since wheels had been ——. they were 
having the old trouble, namely, the localised loading at 
the face end. 

In reply to Mr. A. H. Orcutt, the author said that 
there was no difficulty in fitting a bearing on the out- 
board side of the pinion, but there was the utmost 
difficulty in getting the electrical engineer to spare the 
extra3in. Mr. E. B. Wilson asked about the suitability 
of surface-hardened, or flame-hardened gears. In 
reply, the author said he thought the use of surface- 
hardened pinions was dangerous where a shrink-fit 
was involved, as in the case of traction pinions. The 
shrink-fit involved a hoop stress of between 10,000 and 
20,000 Ib. per sq. in., and, when this was added to the 
cantilever stress on the teeth, heavy total stresses 
resulted. Thus, pinions with shrinkage stresses in 
them required a material of high tensile strength at 
the roots of the teeth, such as was obtained with normal 
hardened gears, but surface hardening gave a change 
from hardened to unhardened material at the roots, 
which was dangerous. Surface-hardened gear wheels 
were giving satisfactory service on traction vehicles 
such as tramcars, but they could not be stressed as 
highly as medium-carbon water-hardened gears or 
case-hardened - gears. 

Mr. A. Sykes said that his firm preferred an alloy 
case-hardening steel, because the hardening tended to 
be more uniform, and because quenching in oil instead 
of water did not cause such severe distortion. The 
problem of alignment was considerable; it was no 
use making a gear which would give accurate contact in 
an ideal mounting when it was known that the mounting 
was anything but ideal. Taper grinding was not neces- 
sarily the best solution. He believed that the same 
results could be obtained by an alteration in the align- 
ment of the boring of the motor frame in two different 
planes : one in the plane of the axis and the other in a 
direction at right-angles to that plane. His firm had 
experienced a number of cases in which the ends of the 
teeth ing off after about 100,000 miles, 
but after taper grinding had been carried out gears 
operated satisfactorily for long periods. In closing 
the discussion, the chairman (Mr. R. J. McLeod) said 
that a circular letter would be sent to members and to 
certain electrical firms proposing a guarantee limit of 
twelve months, regardless of mileage. 





ELEcrrRictry SUPPLY STaTIsTics.—The monthly statis- 
tical statement issued by the Ministry of Fuel and Power 
shows that 3,850 million kWh of electricity were gener- 
ated in May last, compared with 3,482 million kWh in 
May, 1948, an increase of 10-5 per cent. Since the 
beginning of the year 20,093 million kWh have been sent 
out, an increase of 1,147 million kWh on the 1948 figure. 


WHITWORTH SCHOLARSHIPS IN ENGINEERING.—Infor- 
mation regarding Whitworth Scholarships in engineering, 
to be offered for competition in 1950, has been issued by 
the Ministry of Education. Two Senior Scholarships 
and five other Scholarships will be available for candidates 
of British nationality who are not more than 26 years of 
age. They are required to have had practical experience 
in engineering before taking up an award. Whitworth 
Senior Scholarships are for candidates who possess an 
engineering degree or a Higher National Certificate with 
two distinctions, or are in the last year of a course leading 
to one of these qualifications. The annual value of the 
awards is 325/. and they will be tenable for two years 
for a course of further training in industry or for research 
work. Candidates are required to submit a thesis on 
one of a number of specified subjects. Whitworth 
Scholarships are for students whose further education 
has been limited to evening classes. Their annual value 
is 2001., though this amount may be increased, depending 
on the cost of the course and the means of the holder. 
They are tenable for three years, either in industry or at 
an educational establishment. They will be awarded 
on the results of the Whitworth Scholarships Examina- 
tion, to be held in April, 1950. Further details of the 
awards may be obtained from the Ministry of Education, 
Curzon-street, London, W.1. 





POSTWICK GRANGE BROADCAST 
TRANSMITTING STATION. 


Strcz 1941, the Midland radio programme of the 
British Broadcasting Corporation has been transmitted 
to East Anglian listeners from a station in the factory 
of Messrs. A. J, Caley, Limited, at Norwich. This was, 
however, replaced on Sunday, June 19, by a new 
station at Postwick Grange, on the Yarmouth road, 
which operates on the same wavel: (296 m.) and 
carrier frequency (1,013 kilocycles per seeond) as before, 
although the transmitter power has been increased to 
5 kW and a more efficient aerial system is utilised. As 
a result, the strength of the si in Norwich and the 
district has been increased and Yarmouth has been 
brought into the service area. 

The site at Postwick Grange covers about 8 acres, 
upon which two insulated mast radiators and the main 
and other station buildings have been erected. The 
main building is 60 ft. long and 25 ft. wide and includes 
the transmitter hall, which is 40 ft. long by 25 ft. wide. 
The adjoining office for the engineer-in-charge has been 
treated acoustically, so that it can be used as a studio. 
For this purpose it is provided with a ribbon micro- 
phone, which is connected to the programme-input 
equipment in the transmitter hall. 

The transmitter, in which the high efficiency Class B 
system of modulation is employed, consists of four 
units arranged in line, behind which is an enclosure 
containing the power and modulation transformers. 
Of the four units, each of which has a flush metal front 
with a glass panel, that on the extreme left contains 
the final radio-frequency amplifier. This consists of 
two air-cooled valves connected in parallel. The 
modulation is applied to the anodes of these valves and 
the output is through a six-wire feeder to one of 
the aerial towers. The next unit houses the low-power 
radio-frequency and audio-frequency amplifiers. The 
output from the separate -controlled drive under- 
goes two stages of amplification in this unit before being 
applied to the grids of the valves in the final radio- 
frequency amplifier. The output from the programme- 
input equipment also undergoes three stages of ampli- 
fication and is then to the modulator. 

The modulator is housed in the third unit. It con- 
sists of two air-cooled valves operating in Class B 
push-pull, the anodes of which are connected through 
the primary of the modulation transformer to the 
high-tension supply. This unit also contains six hot- 
cathode mercury-vapour rectifiers. These are fed 
from a transformer in the enclosure at the back of the 
transmitter and supply power at 9 kV to the modulator 
and radio-frequency amplifiers. The various circuits 
in the transmitter are controlled by push buttons on 
the front of the fourth unit. Good frequency response 
and low distortion have been obtained by applying 
heavy negative feed-back over the audio-frequency 
stages, while the use of remotely controlled motor- 
driven tuning controls in the final and penultimate 
radio-frequency amplifiers enables the components tc 
be conveniently placed. 

The transmitter hall also contains the programme- 
input equipment, where the incoming si are 
amplified before being fed into the transmitter. In 
addition, monitoring and test equipment is installed. 
Alongside the programme-input equipment are two 
crystal-controlled oscillators, one of which is a stand-by, 
for generating the carrier frequency for the transmitter. 
The components upon which the accuracy of the 
generated frequency depends are enclosed in an oven, 
the temperature of which is maintained constant to 
within one in ten million. As a check the fre- 
quency is compared daily with the British Broadcasting 
Corporation’s standard of frequency, which is constant 
to within two parts in 100 million. The station is 
linked with the Midland Regional Headquarters in 
Birmingham by two telephone lines, one of which is 
specially treated so that speech and music can be 
accurately transmitted. The other is used for tele- 

hony. 

. The directional aerial system consists of two 126-ft. 
tubular steel masts. These are spaced 240 ft., or 
one quarter the wavelength, apart. The base of each 
mast is insulated from the ground and is connected to 
circuits in the adjacent aerial-tuning house. The 
easterly mast is energised from the transmitter. The 
westerly mast is not energised, but acts So 
reflector. The aerial is thus given a directional charac- 
teristic, the circuits at its base being tuned so that the 
range is increased towards the east. The stays sup- 
porting the masts are broken up into short lengths by 
insulators, in order to prevent large currents from being 
induced in them. Two parallel wires are stretched 
between the mast heads, the end sections of which act 
as capacity tops. The electrical lengths of the masts 
are thus slightly increased. Both the aerial-tuning 
houses are screened inside and outside to prevent loss 
of radio-frequency power and stray radiation. The 
damp-proof courses are of copper from which networks 
of wire, buried 9 in. below ground, radiate to form the 
earth system. 





CATALOGUES. 


Radio Direction-Finding Equipment.— Details of tivir 
Type D Fg 26/4 radio direction-finding equipment are 
given in a pamphlet issued by Marconi’s Wireless 
Telegraph Company, Limited, Chelmsford. 

Television Receivers.—Details of the television receiy«rs, 
which they are manufacturing during the current year, 
are given in a well-illustrated pamphlet published by the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. 


20-Watt Loudspeaker.—Details of their 20-watt hich- 
fidelity permanent-magnet loudspeaker, the frequency 
range of which is from 40 to 15,000 cycles per second, are 
given in a leafiet received from Messrs. Goodmans Indus- 
tries, Limited, Lancelot-road, Wembley, Middlesex. 

Galvanometers.—Full details of the latest designs of 
their Unipivot galvanometers for the measurement of 
direct and alternating current are given in leaficts 
received from the Cambridge Instrument Company, 
Limited, 13, Grosvenor-place, London, 8.W.1. 


Single-Phase Repulsion Induction Motors.—Particulars 
of the single-phase repulsion induction motors made by 
them for outputs from } to 3 h.p. are given in a catalogue 
received from The Electrical Power Engineering Company 
(Birmingham) Limited, Bromford-lane, Birmingham, 8. 

Private Automatic Telephone Exchanges.—Fully de- 
tailed information regarding Strowger private automatic 
telephone exchanges for 50, 100, 200 or more lines, 1s 
given in a pamphlet published by the Automatic Tele- 
phone and Electric Company, Limited, Strowger Works, 
Liverpool, 7. 

Carbon Inserts for Trolley ’Bus Collectors.—A pamphlet 
issued by the Morgan Crucible Company, Limited, Batter- 
sea Church-road, London, S.W.1, deals with the carbon 
inserts they manufacture for trolley "bus and tram-car 
collectors. Their use prevents the roughening or blistering 
of the conductor wires. 

Motor-Control Switchboards.—Messrs. Brookhirst 
Switchgear, Northgate Works, Chester, have issued 
four leaflets dealing with the motor-control switchboards 
they have installed in the Sheffield generating stations at 
Neepsend, Sheffield, Freeman’s Meadow, Leicester, and 
at Preston, as well as at the Wendover pumping station. 

Electroplating Rectifiers.—Details of the oil-immersed 
selenium metal rectifiers manufactured by them for 
electroplating purposes are given in a pamphlet issued 
by the Electric Construction Company, Limited, 
Wolverhampton. These rectifiers are made with outputs 
from 250 to 4,000 amperes at 2 to 8 volts and from 
125 to 2,000 amperes at 4 to 16 volts. 


The Measurement of Relative Humidity.—Equipment 
for transmitting, indicating and recording relative 
humidity is dealt with in a pamphlet issued by Messrs. 
Eliott Brothers (London), Limited, Lewisham, London. 
8.E.13. It has a large number of applications, particu- 
larly in connection with food processing, printing, and 
heating and ventilating, as well as in the textile and gas 
industries. 


Testing Commutators for Electrical Machinery.—A 
leaflet describing the methods used in testing the commu- 
tators manufactured by them has been issued by Messrs. 
Watliff and Company, Limited, Lombard-road, Morden- 
road, South Wimbledon, London, S.W.19. These 
commutators are made in all sizes from those suitable 
for fractional horse-power motors to those for the largest 
generators. 

Electronic Controls.—Messrs. Elcontrol, Limited, 28a, 
Tilehouse-street, Hitchen, Hertfordshire, have sent us 
an illustrated brochure describing the operation and 
giving the general specification, with prices, of some 
of their electronic control devices, such as weld timers, 
cyclic interval switches, and automatic floatless level 
controls for electrically conducting liquids. The brochure 
is entitled Elcontrol Aids to Production. 

Radio Transmitters for Land and Aerial Work.—The 
TGS 571 and TGM radio transmitters, which are suitable 
for fixed stations working a point-to-point service or for 
land stations operating with ships or aircraft, are de- 
scribed in a leaflet issued by Marconi’s Wireless Telegraph 
Company, Limited, Chelmsford. Both transmitters have 
& maximum power output of 500 watts on continuous 
wave. The frequency range of the first, however, is 
from 2-5 to 20 megacycles per second and of the second 
from 275 to 550 kilocycles per second. 

Remote Control of Airport Lighting.—An illustrated 
brochure from Messrs. Standard Telephone and Cables, 
Limited, Oakleigh-road, New Southgate, London, N.W.11, 
describes the general requirements of airport lighting 
and the principles of a unit-control system, which enables 
desired lighting services to be selected and operated by 
means of electrical impulses derived from a single remote- 
control desk. The pulses are transmitted to their 
destinations through selective relays and discriminatory 
circuits, and the system, with its interchangeable plug-in 
control panels, can be readily expanded to meet growing 
requirements. Unit control, which is being applied at 
London Airport, is suitable for any form of runway layout. 
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INFLUENCE LINES FOR 
PIN-JOINTED REDUNDANT 
TRUSSES. 


By Dr. L. A. Beauroy. 


‘THE influence line for the force in any bar of a 
pin-jointed redundant truss may be determined 
from Miiller-Breslau’s principle by considering the 
bar to be cut and to have its cut ends separated a 
unit distance in the direction of the length of the 
bar. This requires a certain force to be applied 
in this direction ; as trusses of the types considered 
are externally determinate, no reactive forces are 
needed at the supports. The force applied in the 
cut bar gives rise to corresponding forces in the 
remaining members of the panel, and hence to forces 
induced in other panels. Since the other panels 
are not subject to external forces they may be re- 
placed by equivalent bars, thereby reducing the 
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whole truss to one elastically equivalent system 
containing the cut bar. Two cases arise, according 
as the influence line is required in a chord or diagonal, 
or in one of the vertical bars. In the first case, 
the equivalent elastic system will be the equivalent 
panel containing the cut bar, and the cut bar will 
be the actual bar in the truss ; in the second case, 
the equivalent elastic system will consist of the 
vertical bar itself connected in parallel with two 
equivalent bars in replacement, respectively, of bars 
to the right and the left, and the cut bar will again 
be the actual bar in the truss. 

It may be shown that, for the influence line in a 
chord or diagonal, the force F required in the 
direction of the cut bar to produce a unit relative 
axial displacement of the cut ends is 
Ll? 


wae 


where L is the length of the cut bar, and C is the 


(1) 





elastic constant for the equivalent panel (Fig. 1) 
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containing the cut bar, and equals 
L® 
sy 


In this, L and A are the length and area of bars, and 
E is Young’s modulus; the summation refers to 


chords and diagonals ; the ai values for the vertical 


bars 23 and 14 are those for the equivalent bars 
in the panel. 

The relationship between the internal forces 
in the bars of a redundant-truss panel not subject to 
external loading is indicated in Fig. 1, the forces 
being given in terms of the lengths of the bars. 
From this, it is possible to write down at once the 
forces in the other members of the equivalent panel, 
corresponding to the force F in the direction of the 
cut bar, as well as forces induced elsewhere through- 
out the truss. 

If the influence line for the force in a vertical 
bar is required, the truss must be reduced, not to an 
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equivalent panel, but to an equivalent system of 
total area A, com’ of the vertical bar itself, 
of area A and length L, together with two additional 
bars of length L and of areas a, and a,, respectively, 
for the groups of panels on either side of the vertical 
member, the three bars acting in parallel. Then, 
it may be shown that, if the vertical bar in this 
equivalent system is cut, the force F required to 
produce a unit relative axial displacement in it is 
given by 

A (a, + a) 
reise era? 


The forces f, and f, induced in the additional bars 
are given by 


F (2) 


Aq 
y 
Aa, 
‘ir 





hy (3a) 


fe . (3b) 

These forces, in turn, give rise to further forces in 
all bars on their respective sides of the vertical 
member. 

When the forces created in all bars by the separa- 
tion through unit distance of the cut ends of the 
cut bar are known, the relative axial displacements 
of the two ends of all the bars are found from these 
forces and the properties of the bars. Thus 


A=FL’. « (4) 
where A = relative displacement, F = total force 


in bar, and L’ = oe A Williot-Mohr diagram 


may now be drawn to obtain the deflection line, 
which by Miiller-Breslau’s theorem is also the 
influence line for the force in the cut bar. 

To illustrate the use of equivalent elastic systems 
for determining influence lines, that for the force in 
bar 12 in panel II of the truss illustrated in Fig. 2 
will be derived. The notation for the joints in 
every panel is as shown in Fig. 1, so that bar 1 2 is 


the upper chord member. The ; values (in in.-1 
units) of the bars in this truss are as indicated in 
brackets in the figure. It has been shown that 


the elastic constant C for the equivalent panel II, 





in which L,, is 30 ft., is 457,020. Hence, from 





Pn 


equation a, the force required to perenne @ unit 
relative axial displacement in the cut bar 1 2 is 
(Lys¥ _ 900 
“CO —- 457,020 
Since this figure is so small, it is more convenient 
to use the force 1,000 F (= 1-969) which is required 
to produce a relative axial displacement of 1,000. 
This force induces other forces throughout the bars 
of the truss, as shown in Fig. 3, on page 49. 
These forces, in turn, cause relative axial dis- 
placements of the two ends of the bars to which 
they refer; the values of these relative axial dis- 
placements are given in Fig. 4, on page 49. From 
them, a Williot-Mohr diagram may be drawn, giving 
the vertical displacements of points G, H, and I in 
the lower chord as 0-533, 0-620, and 0-277, respec- 
tively, so that the required influence line is as 
shown in Fig. 5, on page 49. For the loading 
indicated in Fig. 2, the force in the bar is therefore 
8 (0-533) + 16 (0-620) + 24 (0-277) = 20-83 tons. 

Tt may be concluded that the method of equivalent 
elastic systems is well adapted to the determination 
of the influence line for force in any member of a 
pin-jointed redundant truss by an application of 
the Miiller-Breslau theorem. 


F= = 0-001969. 
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Streamline Flow. By H. F. P. Purpay, B.So., A.C.G.L, 
A.M.I.Mech.E. Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 18s. net.] 

THe growing importance of fluid mechanics in 

engineering raises in the pre-occupied minds of 

teachers, students and research workers the difficult 
problem of how the essentials of hydrodynamic 
theory are most effectively to be acquired. The 
answer depends mainly on two factors: facility in 
mathematical methods of analysis, and the field of 
application or investigation ; and where the latter 
is primarily mechanical engineering in character, it 
will be readily conceded that the analytical basis of 
streamline flow is at least a minimum requirement 
for more advanced studies of turbulent and super- 
sonic fluid motion, while capable of many immediate 
applications in hydraulics, lubrication and heat 
transfer. 

Mr. Purday, who is chief. designer in the high- 
speed Diesel engine department of Messrs. Harland 
and Wolff, Limited, encounters a variety of such 
problems in the course of his work and rightly 
emphasises not only the similarities of theory under- 
lying physical processes, such as lubrication and 
heat movement, that commonly occur simultane- 
ously in practice, but also points out many useful 
analogies with the analysis of vibration, torsion and 
deflection. While illustrating the scope of utility 
of hydrodynamic theory, these relations are no 
more than incidental to the main object of the 
author’s text, which is to show by the simplest 
means how to calculate velocities, pressures and 
boundary resistances arising in laminar fluid motion, 
and how to adapt the results to serve the theories 
of bearing lubrication and heat conduction. In 
an admirably logical sequence of chapters, Mr. 
Purday starts by reviewing viscosity and proceeds 
to establish the general equations of viscous flow, 
first in pipes and channels of various shapes, and 
then in fluid films of uniform and of varying thick- 
ness. The ground is thus prepared for studies of 
lubrication between sliding surfaces and in journal 
bearings, followed by analyses of the viscous resist- 
ance offered by rounded bodies, pipe walls and tan- 
gential boundaries, to which the author adds some 
useful notes on the influence of periodic velocity 
changes and the characteristics of laminar flow 
through beds of granular material. He continues by 
deriving the equations representing flow of heat 
under various conditions of temperature distribu- 
tion and enlarges the problem to deal with con- 
vectional heat transmission. The book is concluded 
by two short chapters which respectively illustrate 
the use of orthogonal functions and compare the 
general Navier-Stokes equations with the simpler 
forms they assume when compressibility, inertia or 
viscosity is neglected. 

It will be clear from the foregoing survey that Mr. 
Purday’s approach to streamline flow and its 
analogous problems is essentially mathematical, and 
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that his own competence in analytical ‘iedianids 
is adequate to judge how far his occasional depar- 
tures from strict mathematical rigour are justified 
by simplifying the solution of many of the technical 
applications exemplified in the text. He certainly 
shows most instructively how general principles can 
be put to practical use, though his assurance that 
the mathematics demands no more than elementary 
knowledge of the calculus possibly errs in the direc- 
tion of understatement. Still, no engineer or 
physicist expects the analysis of fluid motion to be 
particularly easy, and the student with a liking as 
well as an aptitude for mathematical methods will 
appreciate Mr. Purday’s consistently clear and 
orderly treatment and be grateful for his very 
valuable guidance, especially in lubrication theory. 


Basic Naval Architecture. By KENNETH C. BARNABY, 
O0.B.E., B.Sc. Hutchinson’s Scientific and Technical 
Publications, Stratford-place, London, W.1. [Price 
42s. net.] 

For more than three-quarters of a century the name 
of Barnaby has been familiar to naval architects 
and especially to those concerned with the design of 
warships, and Mr. Kenneth Barnaby is the third 
generation of his family to have contributed to the 
literature of his subject. His grandfather, Sir 
Nathaniel Barnaby, K.C.B., was the first Admiralty 
designer to be styled Director of Naval Construc- 
tion; his father, Sidney W. Barnaby, was chief 
naval architect for many years of Messrs. J. I. 
Thornycroft and Company, and was the author of 
a standard work on Marine Propellers; and he 
himself, as successor to his father at Woolston, has 
been responsible for numerous vessels of note, both 
naval and mercantile. As an author, therefore, he 
is particularly well equipped by heredity and experi- 
ence to discuss the subject of naval architecture ; 
and though exception may be taken to certain 
features of his book, it may be said at once that his 
text reflects both the heredity and the experience, 
and should appeal especially to the young naval 
architect at the outset of his career. 

The initial criticism that may be made is that 
the book does not fully conform to the title. In 
so far as it purports to deal with “basic” naval 
architecture, it should develop the principles under- 
lying methods adopted by the naval architect. In 
several respects, the treatment of principles is not 
wholly adequate, with the possible consequence 
that the limitations of the methods may not be 
realised by the less expert readers. The first 
instance of this inadequte treatment of principle 
and consequent error in method arises from the dis- 
cussion of rules for mensuration in Chapter III, 
which contains no indication that the rules in most 
common use are means of integrating the equations 
of parabolas of defined orders. There is, accord- 
ingly, a curious mis-statement in Chapter VII, 
when the determination of longitudinal moment of 
inertia is under consideration ; the statement is to 
the effect that fractions of the areas are assumed to 
be concentrated at the station ordinates, and, there- 
fore, a correction is necessary when the mean- 
ordinate rule devised by Mr. Barnaby is used, 
whereas no correction is necessary when Simpson’s 
rule is used. The consideration is illustrated by 
reference to the calculation of the moment of 
inertia of a rectangle ; apparently, Mr. Barnaby has 
failed to appreciate that what Simpson’s rule does, 
in this case, is to integrate the quantity yz? with 
respect to z. Since y is constant for a rectangle, 
the rule integrates the equation of a second-order 
parabola; and that is just what Newton, who 
originally devised the rule, intended it to do. The 
error is apparent when the calculations on a dis- 
placement sheet are under consideration. The cal- 
culations on the specimen sheet are for a motor 
yacht with a raked keel, and there is a lower appen- 
dage separate from the main portion, the comment 
being made that, ‘‘ In the case of flat keels and no 
rake, it is often possible to avoid this appendage cal- 
culation.”” The extent of the error can be deter- 
mined only by taking the case of a section with a 
radius bilge and an almost flat floor, and deriving 
and plotting the second-order parabola which passes 
through the three lowest spots ; only in such a way 
do the implications of the use of Simpson’s rule 





become evident. 
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There is another strange mis-statement when the 
calculation of displacement is under consideration, 
In Chapter IV is the statement that, ‘‘ Except for 
the simplest shapes, it would be a very tedious 
matter to calculate buoyancy from the hydrostatic 

ures, but the result must be the same as when 
taken from the displacement volume.” In fact, 
every body-plan section is a curve of hydrostatic 
pressure, with reference to the waterline as a base, 
and the measurement of the area is merely the 
integration of the curve of pressure. There is a 
minor slip, also, when the calculation of stability is 
under discussion. Mr. Barnaby states that tlie 
adoption of Barnes’s method involves the use of a 
double body plan. Actually, it does not; what 
it does involve is the use of a double set of radial 
waterlines. Incidentally, for calculations, up to the 
deck-edge angle, Barnes’s method is still the most 
reliable ; a paper recently given to the Institution 
of Naval Architects by Professor C. W. Prohaska* 
indicates the extent of the possible errors involved 
in the use of the integrator for stability calculations. 
There is some indication of lack of appreciation of 
principles also in the chapters dealing with resistance 
and propulsion. In the preface, Mr. Barnaby 
says that “The use of the Froude frictional con- 
stants seems likely to be nearing its close—at all 
events, for experimental tanks.” ; and he attempts 
to provide a “‘ half-way house ” towards the develop. 
ment of new constants by plotting the Froude values 
in terms of specific resistance on a base of Reynolds 
Number. But there is here no approach to a rational 
treatment of frictional resistance. The Froude 
constants have been formally discarded by the 
International Conference of Tank Superintendents, 
because the extrapolation from the results of the 
plank experiments gave a trend at variance with the 
trend which should be followed if the law of dyna- 
mical similarity for viscous resistance is applicable ; 
the empiricism of the extrapolation had been under 
suspicion ever since Mr. M. P. Payne presented to 
the Institution of Naval Architects the history of 
the derivation of the constants.t No mere re- 
plotting of the constants on a base of Reynolds 
Number, which is all that is involved in the so-called 
provision of a “half-way house,” can render them 
any more reliable. Indeed, it accentuates the un- 
reliability, in so far as it leads to the production of a 
series of lines for planes of different lengths, and so 
is fundamentally a reversion to the plotting pub- 
lished by Dr. G. S. Baker in 1915, when frictional 
resistance coefficients were first associated with 
Reynolds Number in this country. So the “ half- 
way house” turns out to be merely a different 
facade of the original structure, now beyond repair. 

Although the “ basic” portions of the book may 
invite criticism, the other portions, in which Mr. 
Barnaby’s wide experience of, and affection for, 
ships and small craft breaks through, demand 
appreciation. There is a mass of information on 
small craft and their ways which cannot be found 
elsewhere ; and there is some especially interesting 
information in a penultimate chapter dealing with 
materials. Moreover, it is pleasing to read the 
blunt reminder that ‘“‘ Ugliness is never an asset.” 
There may be differences of opinion on what con- 
stitutes ugliness, and the reverse, but it is all to the 
good that the importance of a concern for appearance 
should be stressed. Until fairly recent times, it 
was a matter of reproach that British naval archi- 
tects did not display the same interest in appearance 
as did the fraternity on the Continent, and, in view 
of a modern tendency towards freakishness, Mr. 
Barnaby’s forthright remarks are to be cordially 
commended. 








STANDARD CoAaL-MINE Cars.—The Production Depart- 
ment of the National Coal Board, have prepared a 
standard specification (P.D. No. MM (49) 1) relating to 
mine cars having nominal loads of 1} to 34 tons of coal 
and volumetric capacities of 61 to 142 cub. ft. Loose 
wheels, 14 in. in diameter, with taper-roller, parallel- 
roller, or ball and roller bearings, are standardised, set 
on axles to suit rail gauges of 2 ft. 0 in., 2 ft. 6 in. and 
3 ft. 0 in. 


* “ Residual Stability.” 
342 (1947). 

t+ “ Historical Note on the Derivation of Froude’s 
Skin Friction Constants.” Trans. I.N.A., vol. 78, page 
93 (1936). 
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ANALYSIS OF THE STRESSES 
IN HELICAL SPRINGS OF 
CIRCULAR SECTION. 


By Lrevut.-Compr. (E) G. F. A. Trewsy, 
R.N., M.I.Mar.E. 


ALTHOUGH the stresses in helical springs have 
been fully investigated by Réver, Wahl, Adams, 
Honegger, Géhner and others, there does not appear 
to exist any simple exposition which can be readily 
understood by the average student of engineering. 
The effect of the curvature of the wire is known to 
increase the stresses by as much as 50 per cent. 
in extreme cases, yet all text-books on strength of 
materials known to the author either neglect the 
effect of curvature on the stresses in springs alto- 
gether, or produce some correction factor, without 
proof, to allow for it. In the following analysis, 
which has been undertaken by the author in the 
Applied Mechanics Department of the Royal Naval 
College, Greenwich, the object has been to give the 
simplest treatment possible while taking into account 
the curvature of the wire, and the work should be 





 Fig.1. 





well within the scope of the average ‘‘ Strength of 
Materials ’’ course given to engineering students. 
The symbols used are as follows : 


R = mean radius of spring coils in the equilibrium 
position, 

helical angle of the spring in the equilibrium 
position, 

axial load, 

radius of spring wire, 


 d 


= 


WwW 
r 


J 


polar second moment of area of wire = 


> 


second moment of area of wire about a diameter 
art 
ro 
area of wire section, 
shear stress, 
direct stress, and 


modulus of rigidity. 


Qs pb 


Any normal transverse section of the wire in a 
helical spring is subjected to the following forces 
and couples :— 


Forces, W sina, producing tension, (1) 
and W cosa, producing shear. (2) 
Couples, WRsina, producing bending, (3) 


and WReosa, producing torsion. (4) 


In the majority of springs met with in practice, 
the angle « is so small that sin « can be neglected 
and cos a taken as unity. The spring is then said 
to be “closely coiled,” and the wire will be sub- 
jected only to a couple W R and a force W. Dealing 
first with the shear stresses due to the torsional 
couple W R, the following simplifying assumptions 
will be made : (1) plane radial cross-sections remain 
plane and radial after twisting; (2) radii remain 
straight ; and (3) adjacent radial cross-sections 
rotate relative to each other about the geometric 
axis of the wire. 

Now consider a small element of the wire of 
mean length dl, as shown in Fig. 1. Under torsion, 
the cross-sections a ob and c od will rotate relative 
to each other about the axis oo through a small 
angle d@. (See Fig. 2.) At the inside of the ele- 
ment 6 d (length dl;) the shear strain will be given 
approximately by 


work 


and hence the shear stress at the inside, 


qd Cr 4 (5) 
i a; 


Similarly, the shear stress at the outside, gg = Cr - 
Thus the maximum shear stress due to torsion (q;) 
occurs on the surface at the inside of the wire. 
The resisting torque across a section of the wire 
will be given by the integral of the shear-force 
moments across the whole section. This integral 
is the same for curved and straight wires under the 
assumptions made above. Hence we can write, 


dé 
WR=CJ - 


or 
WR 


Substituting this value of C d@ into equation (5), 
we get 


‘ WRrd 
GY J aly 
or 
oO WR*r 
a" TR-7) 
Fig. 2. 








since, by geometry, 

is ee 

ad R-r 
To obtain the maximum shear stress q in the 
wire, the shear stress due to the force W must be 
added to g;. For simplicity, this force is assumed 
to be uniformly distributed over the whole section. 
Thus, 





W Rr Ww 
*=TR-y * aA 
or 
2w R 
™ a lan + am 2R 


Expanding the term in the square brackets as a 


2 
series and neglecting terms containing (=) and 
higher orders, since these are small in most springs 
met with in practice, we get 

a(a)] 


2 (7) 





Sz 
where 
r r rA 
ra (oe mts omit . .). 
Equation (9) can be written 
a R 
WRrsing|/A R-r]| x —. (10) 
lb = 1 yee Rr 


Expanding equation (10) as a series and neglecting 
2 

terms containing (=) and higher orders, since 

these are small in most springs met with in practice, 


we get 
[r+ + eat 


To obtain the maximum direct stress f in the 
wire, the stress due to the force W sin « must be 


W Rrsing 


fo = I 








added to f,. Thus, 
y- WR » &f W sina 
I 4R nar 
or 
4W Rsina 
f= —;—_ —s [a+ +z]. -« (11) 


It will be seen that equation (11) also contains 
a correction factor | 1+ Z| to allow for the 


curvature of the wire and the direct stress W sin «. 
Equations (8) and (11) may be combined to obtain 
the maximum principal stress or the maximum 
shear stress in the wire, according to the assumed 
criterion of failure. 





THE FOURTH 
INTERNATIONAL GAS 
CONFERENCE. 


(Continued from page 17.) 


Fotitow1ne the conclusion, on the morning of 
Wednesday, June 15, of the first technical session 
of the Fourth International Gas Conference, held 
in London at the Institution of Civil Engineers, 
the delegates spent the afternoon in visits to works 
in and near London. Four parties were ai 

to the gasworks at Beckton and at Ponder’s End 
(Tottenham), to the Cadby Hall establishment of 
Messrs. J. Lyons and Company, and to the Green- 
wich works of Messrs. G. A. Harvey and Company 
(London), Limited. For the ladies, there was a 
tour of London by motorcoach. In the evening, the 
delegates and their ladies attended a reception given 
by H.M. Government in the Science Museum, the 
guests being received by the Minister of Fuel and 
Power, Mr. H. T. N. Gaitskell, C.B.E., M.P., and 
Mrs. Gaitskell. 


TrcunicaL Szssions, JuNE 16. 


As on the previous day, two meetings were held 
concurrently on the morning of June 16. At the 
first, in Meeting Hall A, two French reports and a 





ar 

ar 

stress in a straight wire under a pure torsional 
3/r 

[ +3 (5) 
can be regarded as a correction factor allowing 
for the curvature of the wire and the direct shear 
stress W. The use of this simple correction factor 
in place of those derived by Géhner or Réver 
involves an error of less than 1-5 per cent. for 


between 4 and 14, which includes 
nearly all springs met with in practice. 


For “‘ open-coiled ” springs, where the angle « is 
not small, the maximum shear stress becomes. 


wee 3 
et 


= [oy 


ar "2 


2wR af 
R 
2w 
The first term of equation (7), - A gives the 


couple WR. The second term 


values of = ) 


r 


x) 


(8) 


tension must also be taken into account. 


will occur at the inside and will be given by 


fo = (9) 


In addition, the stresses due to bending and direct 
The 
Winkler analysis for curved beams shows that the 
maximum, bending stress in the wire of the spring 


Swiss paper were presented. The first of the two 
reports, which was presented by Mr. G. Nerat, dealt 
with ‘‘ The Determination of the Optimum Calorific 
Value,” and was prepared by ‘the Association 
Technique de I|’Industrie du Gaz en France.” 
Recognising at the outset that the calorific value 
alone was not a sufficient criterion of a gas, the 
report considered the subject from the point of view 
of gas-making, of fuel for consumers’ appliances, 
and as a commercial product. In the first survey, 
it was suggested that, as the optimum calorific 
value differed with each gas-making plant, it was 
desirable to keep within limits such as those 
established in France—366 to 471 B.Th.U. per cubic 
foot—and even to extend them to 503 B.Th.U. per 
cubic foot. From the standpoint of usability in 
consumers’ appliances, it was considered that a 
much wider margin might be adopted—say, from 
314 to 525 B.Th.U. per cubic foot ; but, because of 
difficulty in distributing the increased quantities 
of gas of increased density, corresponding to very 
low calorific values, doubt was expressed whether it 
would be worthwhile to go below a value of 419 to 
430 B.Th.U. per cubic foot. In commercial practice, 
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to avoid a reduced performance of the appliances, 
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it was an advantage to keep approximately to the 
calorific values adopted before the war for narrowing 
the statutory margin; for example, 419 to 492 
B.Th.U. per cubic foot instead of 366 to 503 B.Th.U. 
It was considered in the report that the last- 
mentioned criterion should prevail, with the option 
to go beyond these limits in one direction or the 
other in special cases, particularly when the gas used 
was a natural gas or one derived from petroleum. 

The second French report, on “‘ Choosing a Type 
of Retort,” was presented by Mr. Kec, also of the 
Association Technique de I’Industrie du Gaz en 
France. It contained a useful tabular comparison 
of the characteristics of the various types, and indi- 
cated the limits between which each type could be 
economically used, based on a consideration of the 
lay-out, dimensions, efficiency, method of firing, 
labour requirements, durability, etc. An accom- 
panying diagram showed the bearing of these several 
considerations on the selection of plant suitable for 
gasworks having daily productions from 125,000 to 
7,000,000 cub. ft., together with an indication of 
the recommended systems of heating and of gas 
dilution (for instance, steaming, or the use of 
producer gas or water gas). 

The paper which followed dealt with ‘“‘ A Scheme 
for the Absorption and Recovery of Carbon Mon- 
oxide in Town Gas,” the author being Dr. Hans 
Deringer, director of the gas undertaking at Winter- 
thir, Switzerland. The paper described a new 
process for the detoxification of gas by washing, and 
for the recovery and utilisation of the CO for retort 
firing. Briefly, the process consisted in the 
absorption of the carbon monoxide in a liquid 
reagent comprising chlorides of copper, and the 
subsequent use of a vacuum for the recovery 
of the CO and the regeneration of the absor- 
bent. It was claimed that, for a given gas output, 
the process operated with practically no increase in 
the amount of coal used, and that it yielded an 
increased quantity of saleable coke; and, also, 
that the operating costs of creating the required 
vacuum and circulating the liquid absorbent were 
more than covered by the reduction in net cost of 
the raw materials. A trial installation, it was 
stated, had been in continuous operation for several 
years, and the data thus acquired had enabled the 
physico-chemical processes to be clarified and the 
dimensions determined of the washers and regenera- 
tors needed for an installation to treat 35,000 cub. ft. 
of gas per hour. Secondary reactions, which might 
have led to a deterioration of the absorbent, were 
found to be of no significance in the economical 
operation of the process. 

Concurrently with the presentation of the reports 
and the paper mentioned above, another sectional 
session was held in Meeting Hall B, at which three 
other papers were presented and discussed. The 
first of these, by Mr. A. R. Bennett, M.Sc., was 
‘** A Study of Progress in the Domestic Utilisation 
of Gas,” in which the author reviewed the factors 
determining the forms and the characteristics of 
modern gas appliances and attempted to assess the 
extent to which the principles underlying past 
progress could be applied to indicate future trends. 
In an excellent historical approach, Mr. Bennett 
traced the scientific investigation of gas and its 
combustion from the fundamental studies of Sir 
Humphry Davy, through those of Berthelot, 
Guldberg and Waage, Bunsen, Smithells and Ingle, 
etc., to the present day. Osborne Reynolds and 
Stanton greatly advanced the study of heat trans- 
mission, Stefan and, later, Boltzmann, discovered 
the fourth-power law of radiation, and, in more 
recent times, great attention had been directed to 
research on combustion. In Victorian times, little 
was done to apply this wealth of knowledge to gas 
utilisation, but now there were strong forces endea- 
vouring to close the gap, and encouraging signs of 
mutual stimulation resulting from closer contact 
between academic and industrial scientists. The 
designer of gas appliances was well equipped with 
technical facilities, but still lacked a satisfactory 
technique, whereby his objectives could be rationally 
defined. New methods of analysis were being worked 
out to facilitate the study of human needs in 
relation to environment and thus to enable the design 
of future domestic appliances to be based upon 
factual data instead of on mere personal opinion 





and guesswork ; for example, the detailed processes 
(raising, drying, coagulation of proteins, and crust 
formation) in the cooking of cake mixtures, had been 
studied microscopically. The mode and rate of 
transfer of heat to food in baking operations was of 
great importance. The horizons of space-heating 
technique were being widened by scientific investi- 
gations of comfort, and the study of diet and of 
cooking processes could thrown light on traditional 
practices and offered the possibility of a rational 
design of appliances, though perhaps with a ten- 
dency towards a greater specialisation of units for 
particular purposes, than in the past. 

The second of the three papers dealt with ‘‘ De- 
velopment of Burners for Domestic Gas Appliances ” 
and was contributed by Colonel H. Zollikofer, 
general secretary of the Société Suisse de ]’Industrie 
du Gaz et des Eaux. In Switzerland, said Colonel 
Zollikofer, 80 per cent. of the gas distributed was 
used in domestic appliances, mainly for cooking ; 
and, from the housewife’s point of view, there was 
no greater cause for dissatisfaction with a gas cooker 
than a tendency for the burners to light back and 
burn at the injection nozzle. The housewife pro- 
bably did not realise that gas so burned contained 
carbon monoxide, but that was an added reason 
for seeking to overcome the trouble. His Society, 
therefore, set up a laboratory to test burners, and 
much theoretical work was done on the subject 
without finding a solution. It had occurred to him, 
at that stage, to test some of the burners, of both 
satisfactory and unsatisfactory types, by discharging 
water through them instead of gas; when it was 
found that the unsatisfactory burners, which were 
liable to light back, delivered the water in a straight 
cylindrical jet, whereas those which did not light 
back delivered the water in a conical mist. This 
provided the desired clue, and the problem then 
was to ascertain the best method of ensuring that 
the gas should leave the injection nozzle in a turbu- 
lent cone of approximately the same form as the 
interior of the mixing nozzle. After some further 
experimenting, a satisfactory combination of nozzles 
was evolved, particulars of which were given in 
the paper. The essential requirement was to ensure 
that the mixing nozzle was completely filled with 
an air-gas mixture of uniform composition, and that 
the gas was not projected through the mixing nozzle 
in concentric zones of differing mixture strengths. 
This could be achieved by a proper proportioning 
of the nozzles, and equations for determining these 
proportions were also given. The practice thus 
established had been thoroughly tested in service 
over a term of years and had proved successful. 
Burners so designed were found to be substantially 
unaffected by variations in the quality of the gas. 

The third paper, by Mr. J. G. de Voogd, director 
of the Gas Institute of the Netherlands, also dealt 
with burners, but of the hot-plate type, commonly 
used in Holland. Entitled ‘‘ A Comparison between 
the Simplex and the Duplex Burner,” it epitomised 
the results of a number of comparative experiments 
on burners of these types, as fitted not only in the 
Dutch and German cooking appliances which were 
almost exclusively used in the Netherlands before 
the war, but also with the Swiss, Czech, Swedish, 
Danish and Belgian hotplates which have been 
imported since the war. All such appliances have 
to be approved and stamped by the Institute (the 
Gasstichting) and opportunity was taken, therefore, 
to compare their characteristics and performances. 
The requirement that the burner should be suitable 
for a sudden reduction from “full on” to about 
14 per cent. of the maximum gas flow, without 
lighting back, introduced practical difficulties. The 
simplex burner was of simpler and cheaper con- 
struction than a duplex burner having a large and 
a small jet, and was found to be less liable to failure. 
Moreover, better regulation was obtained with the 
simplex burner, especially if the control tap was 
made with a separate small orifice, brought into use 
by turning the plug past the point at which the 
large orifice was closed. The simplex burner, 
however, was more sensitive to draughts, and was 
rather less economical of gas, though it was con- 
sidered that these disadvantages could be countered 
by @ more efficient design of hotplate. 

The presentation of the foregoing papers and 
reports concluded the technical business for June 16 
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and the afternoon was spent in various visits to 
works and places of general interest. One party 
went down the Thames by motor launch to the 
Dagenham works of the Ford Motor Company, and 
others visited the Wandsworth gasworks and the 
Wembley glass and electric-lamp works of the 
General Electric Company. For the ladies, a motor- 
coach trip was arranged to Lullingstone Castle and 
silkworm farm. In the evening, a banquet was 
held at the Dorchester Hotel, Park-lane, W.1. 


(To be continued.) 





UNDERGROUND MINING 
MACHINERY EXHIBITION, 


EARLS COURT. 

An exhibition of underground mining machinery, 
which opened on Thursday, July 7, and closes 
tomorrow (Saturday), is being held at Earls Court, 
London. It is organised by the Engineering Centre, 
Limited, 351, Sauchiehall-street, Glasgow, C.2, and is 
presented by the Council of Underground Machinery 
Manufacturers. Some thirty firms are exhibiting. 

Messrs. British Jeffrey-Diamond, Limited, Wake- 
field, Yorkshire, are showing a wide range of their 
mining machinery, including a Jeffrey 61 C.L.R. tele- 
scopic conveyor loader for mechanised room-and- 
pillar mining and heading development work. It is 
made in the United States, and is the first machine of 
its type to be exhibited in this country. The operator 
rides on the machine and has all controls conven- 
iently to hand. .The machine is self-contained and 
runs on four wheels so that it can “ tram ” from one 
working place to another. One 20-h.p. motor 
drives a set of gathering chains and a set of conveying 
chains, and provides hydraulic power for all other 
operations. The machine is brought into position 
with its discharge end over a receiving conveyor, and 
this end becomes a pivot for the machine by means 
of an integral hydraulic jack which is pressed be- 
tween the roof and floor. The pair of wheels nearest 
to the pivot is lifted clear of the ground, and the 
other two wheels are swung about their vertical axes 
so that the machine can run on them when pivoting 
about the hydraulic jack. The gathering head is 
telescopic and can be extended up to 12 ft. to reach 
loose coal or to attack and break down standing 
coal which has not been wholly broken down by 
shot firing. The machine has a loading capacity of 
1} tons per minute ; its minimum overall length is 
23 ft. 7 in., the maximum height is 2 ft., and it 
weighs approximately 6 tons 2 ewt. It can operate 
in seams 36 in. high. Messrs. British Jeffrey- 
Diamond are also, showing their own longwall chain 
coal cutters, belt conveyors and scraper chain con- 
veyors. The Junior “ Ace” 12-in. longwall chain 
cutter, which is shown for the first time, is built on 
the same general lines as the “ Ace ”’ cutter, but is 
fitted with either a 40-h.p. electric motor or a 
40-h.p. Spiro compressed-air turbine. 

The A.-B. Meco-Moore cutter loader is shown by 
the joint manufacturers, the Mining Engineering 
Ccmpany, Limited, Wortester, and Messrs. Anderson, 
Boyes and Company, Limited, Flemington Electrical 
Works, Motherwell. It comprises a cutting part 
and a loading part, coupled by a strong hinged 
connection, and is designed for simultaneous cutting 
and loading in both directions on longwall faces. 
At the end of a run the cutting part can be detached 
and transferred to the other side of the loading part 
to permit operation in the opposite direction. 
Stables require to be made at each end of the face. 
The cutting part, made by Messrs. Anderson, Boyes, 
consists of a specially designed longwall coal cutter 
which is provided with both undercutting and 
overcutting jibs. A vertical shearing jib, of 
triangular form, is mounted on the face end of the 
loader structure. The loading part, made by the 
Mining Engineering Company, consists of a pro- 
jecting frame, within which is mounted an endless 
rubber belt fitted with steel slats attached to 
driving chains. The machine weighs approxi- 
mately 10 tons, and the overall height with top jib 
is 2 ft. 7 in. Messrs. Anderson, Boyes are also 
showing several fongwall coal cutters, shortwall 
coal cutters, an arcwall coal cutter, a universal arc- 





shearer, and other machines. The Mining Engin- 











JULY 15, 1949. 


ENGINEERING. 





53 








eering Company also exhibit a 15-h.p. and a 25-h.p. 
face-belt driving head, a new gate conveyor struc- 
ture, and some of their well-known products. 

A hydraulic ‘‘Coalburster” is exhibited by 
Messrs. Gullick Limited, 3, King-street, Wigan. 
It is used for dislodging any coal which has been 
undercut, overcut or sheared, and is applied in the 
same way as explosives, that is, through a hole bored 
in the coal at a suitable distance from the cutting 
vent. Into the hole is inserted a round steel bar, 
having chambers at intervals to accommodate 
telescopic pistons, which are forced out when water 
is pumped in under pressure, so that a wall of coal is 
burst down ready for filling and carting away. 

Several underground mining locomotives are 
being shown. The “Miner” 100-h.p. Diesel 
mine locomotive, made by the North British Loco- 
motive Company, Limited, 110, Flemington-street, 
Springburn, Glasgow, N., was fully described in 
ENGINEERING, vol. 166, page 367 (1948). The 
maximum height is only 4 ft. 5 in., and the tractive 
effort is 8,400 lb. The first batch of these locomo- 
tives is now nearing completion at the company’s 
Atlas works. They are being built with the Paxman 
6RQE six-cylinder engine, and with the Crossley 
BWLS5 five-cylinder engine. The first locomotive 
is fitted with an SLM oil-operated three-speed 
gearbox ; later locomotives have a Vulcan-Sinclair 
fluid coupling driving either a Wilson epicyclic 
four-speed gearbox or an SSS “ Powerflow ” three- 
speed gearbox. One locomotive of the batch will 
have Voith turbo-transmission, the manufacture of 
which, in this country, is now being undertaken by 
the North British Locomotive Company. 

Messrs. Ruston and Hornsby, Limited, Lincoln, 
are showing four of their latest designs of mining 
locomotives. The 100 DLG, which is a 100-h.p. 
machine, was described in ENGINEERING, vol. 165, 
page 248 (1948). The gearboxes fitted to all Ruston 
locomotives .are of the constant-mesh type, and are 
operated solely by hand levers, without pedals. 
Messrs. Wm. Neill and Son (St. Helens), Limited, 
Bold Iron Works, St. Helens Junction, Lancashire, 
are showing their type A 7-ton Atlas battery loco- 
motive. It has two 17}4-h.p. motors, one driving 
each axle, and has a rated drawbar pull of 2,100 lb. 
at 5 miles an hour. Messrs. Hudswell, Clarke and 
Company, Limited, Railway Foundry, Hunslet, 
Leeds, are demonstrating a 100-h.p. Huwood-Huds- 
well Diesel locomotive for mines ; a 68-h.p. model is 
also made. They are fitted with “‘ scoop-control ” 
fluid couplings and SSS “ Powerflow”’ gearboxes. 
The Hunslet Engine Company, Limited, Jack-lane, 
Leeds, 10, are showing one of each of the four types 
of fully-flameproof Diesel locomotives which are now 
being made at their works, namely, 24, 65, 70 and 
100 h.p. models. Some of these designs have been 
described in detail in ENGINEERING. 

The Distington Engineering Company, Limited, 
Chapel Bank, Workington, Cumberland, produces 
mining machinery, mainly under licence from the 
Goodman Manufacturing Company, Chicago, U.S.A., 
ineluding a shortwall coal cutter, reversible troughed- 
belt conveyors, shaker conveyors and automatic 
‘Duckbill” loaders. Messrs. Naylor Brothers, 
Limited, Golborne, Lancashire, show several con- 
veyors and driving heads. Messrs. Austin Hopkin- 
son and Company, Limited, Delta Works, Auden- 
shaw, Lancashire, who manufacture electric hoists, 
compressed-air hoists, compressed-air motors, and 
scraper haulage gear, are exhibiting several of their 
products. Messrs. Holman Brothers, Limited, 
Camborne, Cornwall, show a representative selection 
of machines which they supply to the mining 
industry, including their largest two-stage air 
compressor, with an output of 526 cub. ft. of free air 
per minute at a pressure of 100 lb. per square inch ; 
three V-engines for compressed-air supply ; several 
portable winches ; pneumatic picks; manual rock 
drills ; a “‘ Rotopump”’ for handling liquids ; the 
“ Airleg ” for supporting drills ; and several other 
machines. Messrs. Hardypick Limited, Heeley, 
Sheffield, 3, are showing hammer drills, drill bits with 
tungsten-carbide tips, a resharpening machine for 
coal-cutter picks. and a number of hand-operated 
appliances. A comprehensive range of switchgear 
and control gear for coal-face machinery is shown 
by Messrs. M. and C. Switchgear, Limited, Kelvin- 
side Works, Kirkintilloch, Glasgow. 


** ALKATHENE’’ TUBING AND 
SHEET FOR PACKAGING. 


Suxets of the plastic “ Alkathene,” the brand of 
polythene, or ethylene polymer, developed by Imperial 
Chemical Industries, Limited, have been successfully 
employed for some time past for the packaging of 
chemicals and other substances and for use in the 
form of bags or drum linings to hold corrosive or hydro- 
scopic materials and wet pastes. The utility and 
scope of the plastic have now been considerably 
extended by the production of seamless thin-walled 
tubes of the material. These are termed “ layflat” 
tubes and are available in reels of continuous length 
and weighing several pounds, the flat widths ranging, 
in half-inch steps, from 3 in. to 5 in., making tubes of 
diameters 1-91 in. to 3-17 in. The tubing is recom- 
mended for the packaging of tools and machinery parts, 
metal components, instruments and electrical equip- 
ment of all kinds. Its use simplifies the task of making 
a package, as the metal component or other commodity 
which it is desired to protect is merely slipped into a 
piece of tube of the appropriate diameter and length 
and the two open ends sealed. As is the case with 
Alkathene sheet, the tubes are manufactured by 
extrusion and, while, at present, the only thickness of 
the film available is 0-0025 in., the range is being 
augmented to include thicknesses of from 0-0015 in. to 
0-005 in. Moreover, the range of flat widths is being 
increased up to 24 in., which will give a tube diameter 
of 15-7 in. ; and down to 2 in., giving a tube diameter 
of 1-27 in. Furthermore, coinciding with these 
developments, sheets of Alkathene are now available 
in continuous rolls of up to 46 in. in width. This 
material is particularly suitable for commodities 
demanding not only protection against moisture, but 

ood display, and it is used for deeply-frozen and quick- 
Soom foodstuffs. 


The material is transparent, possesses good mecha- 
nical strength and excellent tear-resisting properties, 
and is highly resistant to water, water vapour and 
attack by many chemicals. It remains tough and 
flexible down to temperatures as-low as — 60 deg. C. 
It is stated to be able to withstand a wide range of 
climatic conditions, but prolonged exposure to bright 
sunlight, especially in the tropics, may cause some 
embrittlement. It is among the lightest plastics 
made, its density being only 0-92. is gives the 
material a good “ area factor,” namely, the area, in 
square inches, which 1 Ib. of the material will cover in 
the form of film 0-001 in. in thickness. issued 
by Imperial Chemical Industries indicate that the area 
factor for Alkathene is 30,000 and that the correspond- 
ing factor for rubber hydrochloride is 24,000; for 
cellulose acetate, 21,700; for cellulose from 19,500 to 
21,500 ; and for polyvinylidene chloride, 16,300. 

The sealing of the bags or containers made from 
Alkathene tubing is effected by the application of 
heat and, it is pointed out, this gives rise to little 
difficulty, provided the correct methods are employed. 
Heat-sealing machines designed for cellulose films 
cannot be used because Alkathene sticks to the heater 
elements. An operating time-cycle must be arranged, 
whereby the film is heated to a temperature of about 
150 deg. C., sealed under pressure, and allowed to cool 
before the pressure is released. This cycle, which 
should be applied to both static and continuous heat- 

ing machines, naturally varies with the circum- 
stances involved, but is usually of the order of from 
3 to 5 seconds. When continuous heat-sealing 
machines are used, two synchronous endless metal 
bands convey the film through the hot and cold 
zones and — of up to 30 ft. per minute have been 
obtained. To assist in the separation of the film from 
the heater it is stated to be advisable to provide a 
protective layer of ‘‘ Fluon ” (polytetrafluoroethylene) 
film on the static type of sealer and a coating of silicone 
grease on the continuous type of machine. 

We understand that another temperature range, in 
the neighbourhood of 300 deg. C., is suitable for sealing 
the film. In this region, the material does not stick 
to hot-metal surfaces and good seals can be obtained, 
provided the time of contact between the heater and 
the film is short and only a light pressure is applied. 
This method can be used for continuous sealing, where 
the time of contact can be regulated by the speed 
of the film and, it is stated, lends itself to the design or 
modification of machines to make bags at high s i 
High-frequency sealing methods cannot be used with 
Alkathene film on account of its remarkably low power 
factor, but seals can be made if a strip of another 
material, which can be heated by high-frequency 
current, is used as a buffer between the film of Alka- 
thene and the electrodes of the machine. Further 
information regarding the new material and the various 
heat-sealing techniques available for specific applica- 
tions may be obtained by communicating with the 
Technical Service Department, Imperial Chemical 
Industries, Limited, Plastics Division, Welwyn Garden 





THE ROYAL AGRICULTURAL 
SHOW AT SHREWSBURY. 
(Continued from page 31.) 


Tue Royal Agricultural Society’s annual show, 
at Shrewsbury, closed on Friday evening, July 8, 
and although the attendance was below last year’s, 
there is little doubt that the Show was quite 
successful. We commenced our report of the 
exhibits in the implement section on page 30 of 
last week’s issue, the last exhibit mentioned being 
a light track-laying tractor. It may be appro- 
priate, therefore, to continue our report by describ- 
ing two light wheeled tractors. The first of these, 
which was being exhibited by the manufacturers, 
Messrs. Garner Mobile Equipment, Limited, North 
Acton-road, London, N.W.10, is illustrated in 
Figs. 3 and 4, on page 54, from which it will be 
seen that it is a four-wheel machine with standard 
car-type steering acting through the front wheels. 
[It is driven by a 5- to 6-h.p. single-cylinder air- 
cooled petrol engine which is fitted with an impulse 
magneto and an oil-bath type of air cleaner, the 
engine being controlled by a governor throughout 
the speed range of the tractor. The drive from the 
engine is transmitted to a three-speed gearbox 
through a centrifugal clutch, the gearbox being fitted 
with gears having wider teeth than usual to enable 
the machine to work continuously at low speeds. The 
drive from the gearbox is transmitted to a counter- 
shaft through a spiral-bevel pinion and crown wheel, 
the crown wheel incorporating a bevel type differ- 
ential, while final drive to the rear land wheels 
is through enclosed roller chains. Steel land wheels 
having a diameter of 30 in. and a face width of 
7% in. are fitted to the standard machine, but 
pneumatic-tyred wheels can be supplied, the 
machine illustrated in Figs. 3 and 4 being so fitted. 
The steering is assisted by internal-expanding brakes 
fitted to the countershaft, one at each side. These 
brakes are completely enclosed and are applied by 
pedals situated at the driving position. The 
machine has a length of 8 ft., a height to the top 
of the steering wheel of 4 ft. 7 in., and a width of 
3 ft. 1 in., while the wheel track can be adjusted 
between the limits of 25in. and 42in. The clearance 
under the axle is 14 in. An interesting feature of 
this tractor is the fact that it can be fitted with a 
mid-mounted toolbar, thereby permitting the opera- 
tor to see the tools at all times, which is a distinct 
advantage for row-crop work. The tools can be lifted 
and lowered with comparative ease, a balance-type 
lift being provided for working and a screw-type lift 
for use during transportation. The toolbar can 
be seen in Figs. 3 and 4, where it is shown in the 
raised and lowered positions respectively. A general- 
purpose plough with adjustable disc coulter, depth- 
regulating screw and trip-operated lift, is available 
for use with the tractor, while other implemen 
available include cultivating tines, ridging bodies, 
hoe blades, etc. 

The second tractor of this class is illustrated in 
Fig. 5, on page 55 ; it is known as the Newman light 
tractor and was exhibited by the manufacturers, 
Messrs. Newman Industries, Limited, Agricultural 
Tractor Division, Springfield-road, .Grantham, 
Lincolnshire. The machine can be supplied fitted 
either with four wheels, as shown in the illus- 
tration, or with three wheels ; furthermore, three 
types of engine are available, namely, a single- 
cylinder water-cooled vertical Diesel engine having 
a bore and stroke of 85 mm. and 100 mm.., respec- 
tively, a horizontally opposed two-cylinder air- 
cooled petrol engine having a displacement of 
805 cc. or a similar engine with a displacement of 
907 cc. Apart from the wheel arrangement and 
type of engine, however, the general design of the 
machines is similar. The drive from the engine is 
transmitted to a three speed and reverse gearbox 
through a single dry-plate Borg and Beck clutch, 
the gearbox and final-drive unit forming an integral 
assembly. The brakes operate on the differential 
shafts and are arranged so that they can be applied 
either independently or together, the pedals being 
placed side by side and provided with an interlock. 
The performance varies slightly with the type of 
engine, but when fitted either with the Diesel engine 
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first gear and 1,200 Ib. in second gear, while with the 
smaller petrol engine, the drawbar pull in second 
gear falls to 1,000 Ib. All models of the tractor 
are fitted with a power take-off; this is situated 
on the final drive casing and is arranged to drive a 
belt pulley having a diameter of 9 in. and a face 
width of 4 in., the maximum belt speed being 2,600 ft. 
per minute for the petrol engine and 2,240 ft. per 
minute for the Diesel engine. Both the three- 
wheeled and four-wheeled versions of the tractor 
are designed so that they can be fitted with centrally- 
mounted toolbars which, in turn, can be raised or 
lowered by a hydraulic-lifting mechanism; the 
hydraulic lift, however, is not a standard fitting. 
The three-wheel tractor is exceptionally manwuvr- 
able, and by use of the brakes it can be pivoted 
round on either of the rear wheels. 

Many examples of what might be termed the 
heavy type of four-wheel tractor were being shown, 
most of which have been described in Enat- 
NEERING from time to time. This type of tractor 
continues to be adapted to perform an ever-widening 
range of duties, full advantage having been taken 
of the power lift for the implements and the power 
take-off. As a consequence, the farmer is presented 
with an almost bewildering choice of implements, | 
some produced by the tractor manufacturers and 
others by different firms. In many cases, the tractor 
is used both to haul and, at the same time, to act as 
@ prime mover for the implement. A good example | 
ef this class of machine is the beet lifter illustrated 
in Fig. 6, opposite, which was being exhibited by 
the manufacturers, Messrs. Johnson’s (Engineering), 
Limited, Eiliott-road, March, Cambridgeshire. This 
machine is designed to top the beet, lift them from 
the ground and, after cleaning in a belt-type shaker, 
elevate and load them into a trailer drawn alongside. 
Itis, perhaps, unique, in that the topping mechanism, 
which consists essentially of a pair of horizontal 
discs, is fitted to, and driven by a chain from 
the rear wheel of the tractor. The beet are lifted 
by shares on to the shaker; this, like the other 
parts of the machine, is driven by an extension 
shaft from the tractor power take-off, the drive 
being transferred through a bevel gearbox and a/| 
rollerchain. On leaving the shaker, the beet fall into | 
a small hopper from which they are fed to the | 
elevator at the rear of the machine ; as will be seen 
from the illustration, this is driven from the shaker 
through a pinion and crown wheel and a chain 
extending across the rear of the machine. The 
crown wheel also serves to drive a set of rotating 
fingers arranged at the front of the machine for 
clearing the tops from the path of the lifting shares, 
an extension shaft being carried forward for this 
purpose. The machine is mounted on pneumatic- 
tyred wheels which are adjustable for track width, so 
as to suit all row spacings. It can be supplied either 
in the form illustrated or without the rear elevator 
and is equally suitable for lifting potatoes and 
carrots. 

The introduction of mounted implements, in which 
the implements and the tractor work together as 
an integral unit, represented a distinct advance in 
tractor farming. This system was pioneered largely 
by Mr. Harry Ferguson and the exhibits on the 
stand of Messrs. Harry Ferguson, Limited, Coventry, 
included, therefore, a wide range of mounted 
implements for use with the Ferguson four-wheel 
tractor, most of which have been described, from 
time to time, in Enorysertne. There were, 
however, several new implements, among which 
were included a potato planter and a manure loader 
and spreader. The potato planter consists, essenti- 
ally, of a steel hopper mounted on a Ferguson 
ridger, the hopper having a capacity of 3 cwt. Two 
seats are fitted to the combined ridger and hopper, 
so that the operators can sit one at each side of the 
machine and feed single potatoes into chutes in 
phase with an audible timing device fitted to one 
of the ridger bodies, the potatoes being covered 
by the ridging bodies as soon as they reach the 
ground. The manure loader and spreader, which is 
illustrated in Fig. 7, on page 60, was awarded the 
Society’s Silver Medal. The spreader consists, 
basically, of a two-wheeled trailer, to the rear of which 
is fitted a beating and spreading mechanism driven 








by chains from the trailer axle. The trailer is of 
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robust construction, the main frame being made from 
rolled channel sections and the body panels from 
steel. It will be seen from Fig. 7 that the trailer 
axle is situated towards the rear so that, when 
disconnected from the tractor, the drawbar rests 
on the ground. The drawbar is fitted with an eye 
which engages with a hook on the tractor arranged 
so that it can be raised and lowered by the tractor 
hydraulic lifting gear, thus making it possible for 
the driver to connect or disconnect the trailer 
from the tractor at will without leaving his seat ; 
a mechanical latch is provided, however, for support- 
ing the load during transit. As will be seen from 
the illustration, the loader is fitted to the front of 
the tractor; it is actuated from the hydraulic 
system of the tractor, and, like the spreader hitching 
mechanism, can be operated from the driver’s seat. 
It will be realised, therefore, that it is possible for 
the operator to drive into the stockyard, disconnect 
the trailer and load it, and finally connect the trailer 
and distribute the manure without leaving the driv- 





ing position of the tractor. By adopting this 
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Messrs. GARNER MosiLe Equipment LimiTep. 


method, the manufacturers claim that it is possible 
for one man to spread up to 25 loads a day. 

In last week’s article on the exhibits in the imple- 
ment section, mention was made of a manure 
spreader designed so that it can be converted into 
an ordinary two-wheel trailer.. This machine was 
being shown by the manufacturers, Messrs. E. H. 
Bentall and Company, Limited, Heybridge Works. 
Maldon, Essex, and was entered for the Society's 
Silver Medal. It is, perhaps, unique, in that the 
manure is spread from the front while the spread- 
ing mechanism is driven from the tractor power 
take-off. The machine is based on a two-wheel 
trailer, the chassis of which is of exceptionally 
robust construction, the longitudinals and cross- 
members being 4 in. and 3 in. channel sections, 
respectively, welded together to form a single unit. 
The landwheels are fitted with pneumatic tyres and 
the wheel hubs are provided with opposed taper-roller 
bearings. The beating and spreading mechanism is 
situated at the front of the chassis on the drawbar 
and is driven from the rear power take-off of the 














Jury 15, 1949. 


-EXHIBITS AT THE ROYAL AGRICULTURAL SHOW. 





ENGINEERING. 


35 


























NEwMAN INDUSTRIES LIMITED. 








Fic. 6. Brret-ELevatinc Diccer; Messrs. JoHnson’s (ENGINEERING) LIMITED. 


tractor through a telescopic shaft fitted with | 


universal joints. The beater has the effect of cutting 
long straws and pulverising the manure so that it 
is not deposited in lumps while the spreaders are 
set as low as practicable so that work can continue 
in high winds, the width of spread being about 
12 ft. The mechanism is enclosed by a sheet- 
metal canopy arranged so that all the material 
is forced: through the beaters before being dis- 
tributed. The fitting of a power-driven spreading 
mechanism is advantageous, in that the machine can 
be used on wet slippery ground within the limits of 
the tractor, while spreading from the front ensures 
that the weight always acts downwards on the 
drawbar, so that although the body has a capacity 
of nearly three tons, it can be hauled comfortably 
by tractors like the Ferguson. The spreader 
mechanism can be removed in approximately half 
an hour and conversion into an ordinary two-wheel 
trailer is effected by fitting extra sides and a front 
board, the capacity as a trailer being two tons. 
This represents a valuable feature as, instead of 
the equipment lying idle for at least nine months 
in every year, it can be used at all times. 

It is, of course, quite common practice to drive 
a cutter bar from the power take-off of a tractor 
and the majority of the tractor manufacturers were 
exhibiting machines so equipped. In most cases, 
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however, the cutter was arranged at the rear of the 
machine, whereas Messrs. Featherstone Agricultural 


Limited, Bunns-lane, Mill Hill, London, N.W.7, | p 


were showing a cutter bar driven from the rear 
power take-off but arranged so that it extends 
from the side of the tractor in approximately the 
mid position. This has the advantage of leaving the 
tractor towbar free for the attachment of other 
implements, and in Fig. 8, on page 60, a Ferguson 
tractor fitted with a Featherstone mower is shown 
cutting one swathe and at the same time hauling 
a loader and trailer for collecting the swathe cut 
previously. Obviously, this process can only be 
applied to green crops, but with the advent of 
grass drying, it certainly will help to save time. The 
cutter bar is arranged so that it can be lifted by 
the tractor hydraulic power lift to give a ground 
clearance at the outer shoe of 30 in. for turning, 
or by a mechanical lift to the position shown in 
Fig. 9, on page 60, for transportation. The cutter 
bar is driven by a V-belt, the drive being arranged 
so that the tension in the belt can be adjusted at 
all times. The belt drives a shaft arranged to 
extend forward under the rear axle of the tractor, 
and the cutter bar is driven through a single-throw 
crank in the usual way. The cutter bar is fitted 
with a 5-ft. knife which is arranged so that it remains 


angle of the tractor, the belt drive providing suffi- 
cient flexibility to prevent damage to the cutters 
in the event of jamming. The whole implement 
is easily removed from the tractor, as this entails 
the removal of only five bolts. Although the illus- 
trations show the equipment fitted to a Ferguson 
tractor, it can easily be fitted to others. 
Tractor-mounted cutter bars, however, are by 
no means limited to grass cutting, end Messrs. F. W. 
McConnel, Limited, 67, Chiltern-street, Baker-street, 
London, W.1, were showing a Fordson tractor fitted 
with a cutter bar arranged for cutting and trimming 
hedges. Basically, the machine consists of a steel 
frame arranged to straddle the forward part of a 
Fordson or other tractor. Located within the frame 
is an arm which is arranged at right angles to the 
longitudinal axis of the tractor and designed so 
that it can be extended from each side of the tractor 
and raised or lowered within the framework. A 
Petter 2-h.p. petrol engine is fitted at one end of 
the arm, while the other end is fitted with a standard 
cutter bar, the drive being transferred from the 
engine to the bar-operating mechanism by a flat 
belt. The position of the arm within the frame is 
regulated by small hand winches, the design being 
such that, when required, the arm can be set at 
an angle to the horizontal plane ; furthermore, the 
cutter bar can be set at any angle relative to the 
arm. For trimming the tops of hedges, the arm 
and cutter bar are set horizontally, while for trim- 
ming the sides, the bar is arranged at 90 deg. to the 
arm either upwards or downwards, according to the 
height of the hedge ; for tall hedges, the cutter bar 
can be set vertically to reach a height of 13 ft. 6 in. 
If access to one side of a hedge is difficult, the arm 
may be extended over the top of the hedge so that 
the cutter bar can hang down on the other side. 
For clearing the front of a hedge or cutting scrub, 
the arm is depressed at the cutting end and the 
cutter bar arranged to suit the angle of the ground. 
The knives can cope with growth up to 2 in. or so 
in diameter, the actual capacity depending, of 
course, on the type of growth. With hedges that 
have been badly neglected, therefore, some of the 
growth will have to be cut back by hand, but it 
should be a simple matter thereafter to keep them 
in good trim. The machine was developed by Mr. 
J. Gilmour, a practical Warwickshire farmer, over 
a period of 14 years, and it is known, therefore, as 
the McConnel-Gilmour hedge cutter. 

Several portable hammer mills for use with 
tractors were being shown ; for example, the Scottish 
Mechanical Light Industries, Limited, 42-44, Wag- 
gon-road, Ayr, were exhibiting a Fordson tractor 
fitted with an elevating hammer mill of their own 
design. The tractor and hammer mill are illus- 
trated in Fig. 10, on page 60, from which it will 
be seen that the mill is fitted directly to the tractor 
and is driven from the belt-pulley power take-off. 
It can be fitted to any Fordson Major without alter- 
ing the tractor in any way, the mill being supported 
by a frame bolted by six bolts to the side of the 
tractor, existing tapped holes being used for this 
The hammer mill is held to the frame 
by four bolts arranged in elongated holes in the 
frame so that the relative position of the mill can 
be altered and the tension in the driving belt 
adjusted. Two models are available, either a 
directly-bagging type or an elevating model, that 
illustrated being of the latter type. The material 
to be ground is stored in the hopper visible in the 
illustration and is fed by a small chute into the 
chamber in which the hammers rotate. The material 
is disintegrated by the impact of the hammers and 
the milled products are discharged through screens 
into the base of the machine, from which they are 
delivered by a fan into the separator visible in the 
illustration, and finally to the sacks. In order to 
avoid breakages, the hammers are of the swinging 
type, and each hammer is designed so that it can 
be reversed and inverted, thereby giving four 
alternative cutting edges to each hammer and 
extending their life considerably. The fan is capable 
of elevating the milled products to a height of 60 ft. 
and is useful, therefore, when the ground material 
has to be stored in lofts, etc. The unit is completely 
mobile and can be used to grind grains, hay, straw, 
fertilizers, etc. 





constantly on the ground irrespective of the working 


(T'o be continued.) 
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STEAM-OPERATED WATER- 
REFRIGERATING PLANT. STEAM-OPERATED WATER-REFRIGERATING PLANTS. 


REFRIGERATED (not frozen) water is required for 
many purposes in industry, in large buildings and on MESSRS. INGERSOLL-RAND, NEW YORK, U.S.A. 
board ship, and where a supply of steam at any pressure 
above 2 ib. per square inch is available, Ingersoll-Rand 
“* steam-jet coolers ” provide a simple means of cooling 
the water. Coolers of this type have been built and 
improved, over a number of years, by the Ingersoll- 
Rand Company, 11, Broadway, New York 4, N.Y., 
U.S.A., the affiliated firm in this country being the 
Ingersoll-Rand Company Limited, 165, Queen Victoria- 
street, London, E.C.4. The elementary principle on 
which the coolers are based is that the boiling point of a 
liquid is reduced by a reduction in pressure. Thus, if 
water at a suitable temperature is admitted to a fairly 
high vacuum, part of the water is evaporated, and, in 
doing so, cools the remaining water, which can then be 
used as a refrigerating medium. In the Ingersoll-Rand 
plant, the vacuum is created by a number of steam 
ejectors (known as a “ booster ”’), the steam from which, 
with the water vapour, is passed to a condenser. The 
latter may be a surface condenser, in which case the 
condensate can be used for boiler-feed or other pur- 
poses ; or it may be of the barometric type, in which 
case the condensate and condensing water are not 
recovered. 

The illustrations on this page show the two principal 
types of steam-jet coolers which have been developed. 
Fig. 1 shows the surface-condenser type, and Figs. 2 
and 3 a typical cooler of the barometric-condenser 
type. Dealing with the latter type first, which is 
generally suitable for erecting out-of-doors, the plant 
incorporates two evaporator and booster units, so that, 
by using one or both, the ay =v of the cooler can be 
varied. Fig. 3 shows the left-hand evaporator and 
booster in operation, and the right-hand units idle, Fie. 1. PiLant with SuRFACE CONDENSER. 
the difference being due simply to the fact that in one 
case the booster steam valve is open and in the other = 
case it is closed. The refrigerating water to be cooled, Fig. 3. 
returned from the system which the plant serves, 
enters the twin evaporator at the bottom. The Condenser er 
refrigerating system is arranged so that, if a booster Water bulet a 
is not operating, the returned water assumes a level 
similar to that shown at a in Fig. 3. If, however, 
a booster is operating, and a vacuum has been created 
in an evaporator, the water is lifted so that it runs over 
the small weir, as shown at 6. While the water falls 
through the evaporator, part of it is vaporised due to 
the lower pressure, as already explained, and the 
remainder, having been cooled, passes out to a pump 
for circulation to the refrigerating system, whatever 
type it may be. The booster consists of a number of 
steam jets placed ejector fashion in an opening to a 
Venturi-shaped compression tube. Thus, the water 
vapour is extracted by the steam, and the resultant 
mixture passes up through the throat and diffuser, 
where the velocity or kinetic energy is converted into 
pressure. The mixture is discharged into the condenser 
at a lower vacuum (higher absolute pressure) than that 
maintained in the evaporator. 

A steam-jet air ejector with inter- and after-con- 
densers maintains the vacuum in the main condenser. 
This is required because air entering the vacuum space 
must be removed continuously. The ejector is also 
used when starting the plant, to produce the initial 
vacuum by removing air from all parts of the plant 
before the boosters are started. Where high-pressure 
steam is not available, a motor-driven vacuum pump 
can be provided instead of an ejector. The mixture of 
live steam and water vapour entering the main con- 
denser from the booster is condensed by contact 
with an independent supply of cooling water which 
falls over baffles. The condensate and cooling water 
then flow down a pipe to a hotwell and thence to waste. 
It will now be appreciated that when one booster is 
shut off, the corresponding compartment in the evapora- 
tor is subjected only to the condenser vacuum, which is 
not sufficient to raise the returned refrigerating water 
to the height of the weir. There is, therefore, a liquid 
seal between the two compartments, which prevents 
the condenser vapour from being short-circuited to the 
active evaporator compartment. Thus, the operation 
of the plant is automatically adjusted whenever steam 
to a booster is turned on or off, and the use of isolating ‘ Cooled Water 
valves is avoided. Coolers of the barometric-condenser for Cuvculatiion 
type are also built with only one booster and one com- ‘ ‘ 
partment in the evaporator, but the general principle 
of operation is the same. 

The cooler with a surface condenser which is shown 
in Fig. 1, incorporates three boosters, arranged hori- 
zontally, and three compartments in the evaporator 
(on the right-hand side of the plant), but coolers of this 
type can also be supplied with one or more boosters 
and compartments. They are particularly suitable for 
installing inside buildings. With either type of cooler, {F é 
the particular advantage of having more than one $3 ENGINEERING =— KK & 
booster and compartment is that wide variations in Cale 
load are readily met. A booster must be designed to OvuTpDooR PLANT wiTH Bako- ane DBF—K.K.TKG Sv, 
operate at the available steam pressure, and to suit METRIC CONDENSER. 
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particular temperatures and rates of flow of the refriger- 
ating water; by itself, therefore, it cannot be adjusted 
to suit wide variations in load. When there are several 
boosters, however, they can be arranged to be turned 
on or off by hand or automatically to suit the load. 
The velocity of the steam through the booster jets is 
generally between 3,500 and 4,250 ft. per second. 

The surface condenser type enables a more compact 
plant to be built, and has the advantage of permitting 
the recovery of the condensate for boiler-feed or other 
P A barometric-condenser cooler is normally 
ower in first cost, and is suitable for situations where 
condensate recovery and the height of the plant are not 
important factors. Furthermore, it can operate with 
dirty or scale-forming water, which would be unsuitable 
for use in a surface condenser ; and, of course, it has no 
tubes or tube joints to be maintained. 

Ingersoll-Rand steam-jet coolers are made with 
capacities ranging from 20 to 1,200 refrigeration tons 
{one refrigeration ton is equivalent to a refrigerating 
effect of 12,000 B.Th.U. per hour), and for cooled-water 
temperatures of 35 deg. F. or above. It is not possible 
to give general data for these coolers because each 
is proportioned to suit the particular operating con- 
ditions for which it is designed. In this connection, it is 
worth mentioning that the capacity of the plant when 
installed remains constant. As an example, however, 
it may be of interest to consider a typical cooler, in 
which the absolute pressure in the evaporator is 0-36 in. 
of mercury (29-64 in. vacuum), at which pressure the 
boiling point of water is 50 deg. F. Part of the water 
‘entering the evaporator at a higher temperature than 








2. 


the boiling point, say at 60 deg. F., would be vaporised, 
and the latent heat required for the vaporisation would 
have to be supplied from the sensible heat in the 
remaining water. Thus, as the latent heat of vaporisa- 
tion at an absolute pressure of 0-36 in. of mercury is 
approximately 1,000 B.Th.U. per lb., by vaporising 
only 1 per cent. of the water entering the evaporator, 
sufficient refrigerating effect is generated to cool the 
remaining 99 per cent. about 10 deg. F. The advantage 
of operating with refrigerating water at as high a 
temperature as possible should be noted. For example, 
a plant which will cool 100 gallons of water per minute 
from 45 to 40 deg. F., will cool approximately 120 g.p.m. 
from 50 to 45 deg. F.—an increase of 20 per cent. 





THE ENGINEERS’ GuILD.—At a meeting convened in 
Cardiff on June 24 by the Engineers’ Guild, under the 
chairmanship of Mr. J. F. Smith, M.I.E.E., it was 
agreed unanimously to form a Western Branch of the 
Guild, with headquarters in Cardiff. The meeting 
appointed the following officers of the Branch : Chairman, 
Major E. Ivor David, M.I.Mech.E.; vice-chairman, Mr. 
Hywel Jones, M.I.Mech.E., A.M.I.E.E.; and secretary, 
Mr. R. B. Rowson, A.M.I.E.E. Corporate members of 
the Institutions of Civil, Mechanical and Electrical 
Engineers, resident in South Wales and Monmouthshire, 
and desiring further particulars, should apply to Mr. 
Rowson at “‘ Greenacre,” Mill-road, Lisvane, Cardiff, or 
to Mr. W. A. M. Allan, honorary secretary of the Engi- 
neers’ Guild, 28, Victoria-street, Westminster, London, 
8S.W.1. 


DUAL-PURPOSE FIRE APPLIANCE. 


oo, 

Tue first post-war dual-purpose fire appliance to be 
made in accordance with the specification of the Design 
and Development Committee of the Central Fire 
Brigades Advisory Council was delivered recently 
to the East Ham Fire Brigade. The machines are 
being provided by the Home Office for purchase by 
the local authorities in accordance with the provisions 
of the Fire Services Act, and are being manufactured 
by Messrs. Dennis Brothers, Limited, Guildford, 
Surrey, who were responsible, in conjunction with the 
Ministry of Works, for the design and have a contract 
for 70 such appliances. 

A photograph of the appliance supplied to East Ham 
is reproduced in Fig. 1 on this page, from which it will 
be seen that it is of the forward control type, an arrange- 
ment which gives good visibility for the driver and 
provides maximum space for the stowage of fire-fighting 
equipment. The chassis is fitted with the new Rolls- 
Royce petrol engine having eight cylinders in line. This 
engine has a bore and stroke of 3} in. and 4} in., respec- 
tively, which gives a capacity of 5,675 c.c.; the com- 
pression ratio is 6-4 to 1, and it develops a maximum of 
150 brake horse-power at 3,000 r.p.m. The cylinder 
block and crankcase are in the form of a single iron 
casting and although cylinder liners are not fitted, the 
bores are chromium plated. The crankshaft is 
machined all over and nitride hardened ; it is supported 
from the crankcase by nine main bearings of the thin 
shell silver-lead-indium type and, in addition to being 
provided with integral balance weights, is fitted with 
an external harmonic damper. The pistons are made 
from light alloy and each is fitted with two compression 
rings and one scraper ring. The engine is fitted with 
overhead inlet valves and side exhaust valves, the 
former being situated in the detachable cylinder head 
and the latter in the cylinder block. The exhaust 
valves have Stellited seats and tips, while the inlet 
valves work on steel inserts, the cylinder head being an 
aluminium casting. The connecting rods are machined 
all over from steel forgings and are drilled for lubrication 
of the gudgeon pins. The engine bearings are supplied 
with oil under pressure from a helical gear-type oil 
pump, a floating filter being fitted to the oil intake, 
while additional filtration of the oil is provided by a 
by-pass cleaner. The cooling water is circulated by a 
centrifugal pump which runs in tandem with a belt- 
driven five-bladed fan, a thermostat being located at 
the front of the cylinder head; this is arranged so 
that hot water is supplied quickly to the induction 
manifold when the engine is cold. Two ignition coils, 
with change-over switch, are fitted, special high- 
resistance ignition cables taking the place of the 
usual high-tension leads so as to avoid interference 
with wireless transmission and reception. Two petrol 
pumps are installed, one mechanical and the other 
double-acting electric. An immersion heater is fitted 
in the oil sump. 

The main fire pump is of Messrs. Dennis Brothers’ 
two-stage centrifugal type arranged to work back-to- 
back so as to balance the thrust. It is driven from 
the main gearbox of the vehicle through a power take- 
off and as will be seen from Fig. 2, which shows a 
general view of the chassis, the pump is fitted in 
the centre of the frame. When operating from a 
10-ft. lift through 16 ft. of 5} in. smooth-bore suction 
hose, the pump delivers 760 gallons per minute at a 
pressure of 100 Ib. per square inch, 700 gallons per 
minute at a pressure of 140 lb. per square inch, and 
650 gallons per minute at 160 lb. per square inch. A 
twin-cylinder priming-pump is fitted, the air being 
extracted from the main pump and suction hose by a 
double-acting piston, the valves being equal in diameter 
to the cylinder. A hose-reel pump is installed also, and 
this, like the main pump, is driven from the main- 
gearbox through a power take-off. It is fed by a 100- 
gallon water tank situated within the body structure 
the tank being constructed from copper and provided 
with suitable baffles to prevent surging. Two hose 
reels, each of which accommodates 180 ft. of ?-in. bore 
rubber hose, are provided and the hose-reel pump is 
capable of delivering approximately 25 gallons per 
minute at a pressure of 100 Ib. per square inch. The 
engine-cooling circuit employs a heat exchanger which 
is built into the bottom tank of the radiator and is 
connected to the main pump. Water from the pump 
is conveyed to the exchanger and returns to the pump, 
while the engine-cooling water circulates round the 
engine only, the temperature of the engine being 
regulated by the thermostat. This system allows 
anti-freeze liquid to be used in the engine-cooling 
system at all times. 

Provision is made on the appliance for the carriage 
of two hook ladders, and either a 35-ft. extension 
ladder or a wheeled fire escape. The escape trunnion 
bar is adjustable so that it can be varied to accommo- 
date most escapes now in use, while the locking gear 
for securing the head of the escape is operated from 
inside the crew’s compartment. With the exception 





of the roof, the body frame is constructed of either 
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oak or ash, mahogany boards being used for the locker 
partitions and floors and aluminium-alloy sheets for 
the exterior panelling. Enclosed accommodation for 
a crew of six men, including the officer and driver, is 
provided, the officer sitting in the driving compartment 
and the crew immediately behind. Large side lockers 
have been provided for the stowage of fire-fighting 
equipment, while the pump controls and connections, 
which are duplicated, are located in recesses at each 
side of the machine. The overall length when the 
escape is fitted is, approximately, 27 ft. 6 in., and the 
weight, when completely equipped, is 8 tons. With the 
crew on board, the appliance can attain a speed of 
60 m.p.h. and, from a standing start, accelerate to 
40 m.p.h. in 30 seconds which, in view of the all-up 
weight, is a creditable achievement. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ LatTirus.”—Single-screw tanker to carry 
petroleum in bulk, built and engined by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- 
Tyne, for The Anglo-Saxon Petroleum Company, Limited, 
London, E.C.3. Main dimensions: 446 ft. by 54 ft. 3 in. 
by 31 ft. to upper deck; deadweight capacity, about 
9,000 tons. Six-cylinder four-cycle supercharged Haw- 
thorn-Werkspoor engine to develop 2,700 b.h.p. Trial 
trip, June 28 and 29. 

M.S. “ NORDPOL.”—Single-screw cargo. vessel, built 
by Messrs. Hall, Russell and Company, Limited, Aber- 
deen, for H. Kuhnles Rederi A/S., Bergen, Norway. 
Main dimensions: 405 ft. 6 in. by 60 ft. by 37 ft. 6 in. to 
shelter deck; deadweight capacity, about 7,800 tons 
on a draught of 23 ft. 10 in. Three-cylinder opposed- 
piston Barclay Curle-Doxford reversible oil engine of 
2,600 b.h.p., constructed by Messrs. Barclay, Curle and 
Company, Limited, Glasgow, and installed by the ship- 
builders. Launch, June 29. 

S.S. “ Inmsg Oak.”’—Single-screw cargo liner, carrying 
twelve passengers, built and engined by Messrs. John 
Readhead and Sons, Limited, South Shields, for Messrs. 
Irish Shipping, Limited, Dublin. Second vessel for 
these owners. Main dimensions: 434 ft. by 56 ft. by 
35 ft. 43 in. to upper deck ; deadweight capacity, about 
7,500 tons. Triple-expansion engine and Bauer-Wach 
exhaust steam turbine, together with three oil-fired 
boilers. Trial trip, June 30. 


M.S. “‘ CrisTaLLina.”—Single-screw cargo vessel, 
carrying twelve passengers, built by Messrs. William 
Gray and Company, Limited, West Hartlepool, for the 
Swiss Shipping Company, Limited, Basle, Switzerland. 
Second vessel of an order for two. Main dimensions : 
300 ft. (between perpendiculars) by 46 ft. 10 in. by 27 ft. 
6 in. to shelter deck; deadweight capacity, 3,000 tons 
on a loaded draught of 18 ft. 9in. Five-cylinder Diesel 
engine, to develop 2,140 b.h.p. at 165 r.p.m., constructed 
by Messrs. Sulzer Brothers, Limited, Winterthur, 
Switzerland, and installed by the shipbuilders. Speed on 
trial, over 14 knots. Trial trip, June 30. 

M.S. “Fort RICHEPANSE.”—Twin-screw banana- 
carrying vessel, with accommodation for twelve passen- 
gers, built and engined by Messrs. Alexander Stephen 
and Sons, Limited, Glasgow, to the order of the French 
Government for the West Indies service of the Compagnie 
Générale Transatlantique, Paris. Main dimensions: 
375 ft. by 52 ft. 6 in. by 29 ft. 6 in.; gross tonnage, 
5,050. Two eight-cylinder Stephen-Sulzer crosshead- 
type Diesel engines developing 8,000 b.h.p. and a speed 
of 17 knots in service. Trial speed, 18} knots. Trial 
trip, June 30 and July 1 and 2. 


M.S. “ TRELYON.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for The Hain Steamship Company, 
Limited, London, E.C.3. First vessel of an order for 
five to go on trial. Main dimensions: 443 ft. by 56 ft. 
6 in. by 29 ft.; deadweight capacity, 9,180 tons on a 
draught of approximately 25 ft. 104 in. Four-cylinder 
opposed-piston Doxford oil engine developing 3,300 b.h.p. 
on service. Service speed, 13 knots. Trial trip, July 4. 


M.S. “‘ CANNANORE.”—Single-screw cargo liner, carry- 
ing twelve passengers, built and engined by Messrs. 
Barclay, Curle and Company, Limited, Glasgow, W.4, 
for the Peninsular and Oriental Steam Navigation 
Company, London, E.C.3. Main dimensions: 485 ft. 
by 62 ft. 6 in. by 40 ft. 9 in. to shelter deck ; deadweight 
capacity, 10,500 tons; gross tonnage, 9,000. Six- 
cylinder Barclay Curle-Doxford opposed-piston solid- 
injection engine developing 6,800 b.h.p. at 116 r.p.m. in 
service. Trial trip, July 5. 


M.S. “‘ AMARNA.”—Single-screw cargo vessel, built and 
engined by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow, for the Mediterranean fruit and general cargo 
services of the Moss Hutchison Line, Limited, Liverpool. 
First vessel of an order for two to go on trial. Main 
dimensions: 367 ft. by 52 ft. by 32 ft. 6 in. to shelter 
deck ; gross tonnage, about 3,350. Eight-cylinder four- 
cycle crosshead-type Harland-B. and W. Diesel engine. 
Trial trip, July 5 and 6. t 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


Heating and Thermal Insulation—The Codes of 
Practice Committee for Civil Engineering, Public 
Works and Building, operating under the egis of the 
Ministry of Works, have now issued, in final form, 
British Standard Code of Practice C.P. 3—Chapter VIII 
(1949) of the Code of Functional Requirements of 
Buildings. The new publication, which deals with 
heating and thermal insulation, is largely based upon 
the recommendations of two committees which have 
recently considered the temperatures to be provided in 
buildings. The first is a committee of the Institution 
of Heating and Ventilating Engineers, which, in 1942, 
published recommendations for the computation of the 
heat requirements of buildings. The second com- 
mittee was appointed by the Department of Scientific 
and Industrial Research and, in 1945, they issued a 
report on the heating and ventilation of dwellings and 
recommended standards of warmth for the rooms of a 
home. In the present publication recommendations 
for general warmth conditions desirable for various 
kinds of public buildings are given, and certain factors 
affecting the attainment of those conditions are dealt 
with. The desirable warmth conditions for the various 
rooms of a dwelling are considered and the information 
given should prove helpful in understanding and 
appreciating the causes of the common complaints of 
discomfort. Recommendations for standards of warmth 
for specific types of rooms are made. [Price 2s., 
postage included. ]} 


Daylight in Dwellings and Schools.—The Codes of 
Practice Committee have also published, in final form, 
C.P. 3—Chapter 1 (A) (1949) of the Code of Functional 
Requirements of Buildings. This deals with daylight 
in dwellings and schools and is divided into three parts. 
Part 1 concerns definitions and assumptions, Part 2 
relates to daylighting in houses and flats and Part 3 to 
daylighting in schools. In Part 1 it is pointed out that 
the term “ sky factor ’’ is now used in the sense formerly 
represented by “daylight factor,” this latter term 
being reserved for the special case in which an actual 
measurement which takes account of reflected daylight 
is made. The achievement of a specified standard of 
daylighting is governed by such factors as the size and 
shape of rooms, the size and positions of windows and 
any obstruction of direct daylight by adjoining buildings 
or overhanging balconies. [Price 5s., postage included. |} 





BOOKS RECEIVED. 


Lighting Technique: General Course. By PROFESSOR 
B. F. Feporov. Translated from the Russian by 
W. R. Stoker. With additional sections on Flwores- 
cent Lighting, by W.T.O’DEa. Hutchinson’s Scientific 
and Technical Publications, Stratford-place, London, 
W.1. [Price 25s. net.] 

Practical Shop Mathematics. Volume II. Advanced. 
By Dr. JoHN H. WOLFE and PROFESSOR EVERETT 
R. PuHEtps. Third edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York. 18, U.S.A. [Price 2-60 dols.] McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 16s.] 

Ministry of Transport. Railway Accidents. Report on 
the Collision Which Occurred on 3rd February, 1949, at 
Norwich, Trowse, in the Eastern Region of British 
Railways. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. net.] 

The Structure of Matter. By PROFESSOR OWEN RICE and 
PROFESSOR EDWARD TELLER. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
30s. net.) 

Pre-Stressed Concrete. Proceedings of the Conference 
Held at the Institution, February, 1949. The Institu- 
tion of Civil Engineers, Great George-street, West- 
minster, London, S.W.1. [Price 7s. 6d., post free.] 

North of Scotland Hydro-Electric Board. Annual Report 
for 1948. Offices of the Board, 16, Rothesay-terrace, 
Edinburgh. [Price 2s. 6d.] : 

Welding Fundamentals. By Proressor H. P. RIGsBY. 
Pitman Publishing Corporation, 2, West 45th-street, 
New York 19, U.S.A. . Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 20s. net.] 

Data Sheets. The Elements of Welding in Highway 
Bridges. Braithwaite and Company, Engineers 
Limited, Crown Bridge Works, West Bromwich, 
Staffordshire. [Copies available without charge to 
persons engaged in work of this nature.] 





PERSONAL. 


Dr. Horace W. CLARKE has retired from the presi- 
dency of the British Non-Ferrous Metals Federation, 
132, Hagley-road, Birmingham, 16, which he has held 
since the formation of the Federation on April 24, 1945. 
He has been succeeded as President by Mr. WILLIAM 
H. HENMAN. Dr. Clarke, however, has been nominated 
by the Cold Rolled Brass and Copper Association to be 
one of their representatives on the Council of the 
Federation. 


LirvT.-CoOLONEL 8. J. M. AULD, O.B.E., M.C., D.Sc., 
having reached the normal retirement age, has relin- 
quished his position as chief technologist to the Vacuum 
Oil Company, Limited, Caxton House, Westminster, 
London, 8.W.1, and will now act as a petroleum consultant 
to the company. Lt.-Col. Auld’s place is to be taken by 
Dr. H. M. Davies, A.R.1.C., who has been appointed 
manager of laboratories, with responsibility for all 
technological matters. Lieut.-Col. Auld is joining the 
board of the American Locomotive Export Company, 
Incorporated, the European selling organisation of the 
American Locomotive Company, New York, the London 
address of which is 25, Victoria-street, S.W.1. 


Dr. G. V. Raynor, M.A., I.C.I. Research Fellow in 
theoretical metallurgy at the University of Birmingham, 
has been appointed a member of Council of the Institute 
of Metals, 4, Grosvenor-gardens, London, 8.W.1, to fill 
@ vacancy caused by the resignation of PRorEssor L. 
AITCHISON, D.Met., M.Sc. Mr. H. G. DaLe, having 
been elected chairman of the Sheffield Local Section of 
the Institute for the year 1949-50, has also taken his seat 
on the Council. Professor Aitchison and Sm CLIvE L. 
BalLuirv, K.B.E., C.M.G., M.A., have been elected 
honorary members and COLONEL Sir PAUL GUETERBOCE, 
K.C.B., D.S.0., M.C., T.D., M.A., A.D.C., and Mr. 
W. H. A. RoBEertTson, Fellows of the Institute. 


Mr. W. H. DARLINGTON, M.B.E., M.Sc. (Lond.), 
A.M.1.Mech.E., A.F.R.Ae.S., who is on the staff of 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, has been awarded the 
degree of Doctor of Philosophy in the Faculty of Engi- 
neering by the University of London fora thesis on “‘ Air 
Jets for Use in Gas-Turbine Combustion Chambers.” 


Mr. E. M. DELORAINE, a director and a vice-chairman 
of Standard Tel ication Laboratories, Limited, 
London, has recently received, with highest honours, the 
degree of Doctor of Engineering (Ingénieur-Docteur) 
from the University of Paris. 


COLONEL NORMAN BERRY, O.B.E., B.Sc. (Eng.), 
A.M.I.Mech.E., who joined Prior Stokers Limited in a 
technical capacity in September, 1948, has been appointed 
to the board of the company. 


Mr. A. D. STorKE, C.M.G., has relinquished his 
appointment as director of the Climax Molybdenum 
Company of Europe, Limited, London and Sheffield, 
as from June 30. ° 


Mr. J. Mcl. StaTeR, who joined the staff of Messrs. 
Drysdale and Company, Limited, Bon-Accord Works, 
Yoker, Glasgow, W.4, in 1946, has been appointed 
secretary of the company in succession to the late Mr. 
ANDREW CLIMIE. 


Among recent appointments announced by the 
Railway Executive (London Midland Region) are those 
of Mr. G. D. S. ALLEY, a8 permanent-way assistant, 
Civil Engineer’s Department, Euston; Mr. B. P. 
BLACKBURN, as district motive-power superintendent, 
Carlisle (Upperby); Mr. J. H. Knicur, as divisional 
carriage and wagon outdoor assistant, Chief Mechanical 
Engineer’s Department, St. Pancras; and Mr. C. 8. 
LONGSDALE, as district motive-power superintendent, 
Bescot. 


Messrs. REDIFFUSION LIMITED, Broomhill-road, 
Wandsworth, S.W.18, announce that they have changed 
their name to REDIFON LimITED as from July 1. Their 
telephone number has also been changed to VANdyke 
5691-5. 


Messrs. MULLARD ELECTRONIC PRopUCTS, LIMITED, 
Century House, Shaftesbury-avenue, London, W.C.2, 
announce that the title of their Transmitting and 
Industrial Valve Division has been changed to Communi- 
cations and Industrial Valve Department. Moreover, 
the telegraphic address of the MULLARD RADIO VALVE 
ComPpaANy, Mitcham, Surrey, has been changed from 
Emvalco Phone London to Emvalco Souphone London. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Professor 
E. B. Moullin has been elected president and Mr. J. Eocles 
and Sir John Hacking vice-presidents of the Institution 
of Electrical Engineers for the 1949-50 session. The 
honorary treasurer will be Mr. H. Nimmo ; and the new 
members of Council, elected as the result of a ballot, 
Professor Willis Jackson, Sir George Nelson, Sir Cyril 
Hurcomb, and Messrs. J. E. L. Robinson and J. A. 
Saxton. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Makers and re-rollers are rounding off 
a most successful half year this week without any signs of 
reduced activity before closing down for the summer 
holidays. The main producing works will be shut down, 
as usual, during the Glasgow Fair, which begins on 
Friday. The past six months have witnessed what 
has probably been the most active period in the history 
of the country’s steel trade, with outputs surpassing all 
previous records. Raw materials have been excep- 
tionally well maintained, while plant has operated with 
gratifying efficiency despite the strain from sustained 
throughputs since the New Year. The outlook for the 
ensuing half year is uncertain in view of economic 
factors over which the industry has no control. Makers 
are naturally concerned about the weakening tendency 
in the United States, although their own orders justify a 
quet optimism. Together with the re-rollers they 
already have sufficient firm contracts to assure a high 
level of activity well into the second half of the year. 
The demand for plates is particularly strong, and sections 
and bars, though less assured, represent from two to 
three months’ work. Sheetmakers are well booked up 
into Period 4, particularly for the lighter gauges, and 
tube-makers’ orders should keep them fully engaged for 
some time ahead. The light castings industry would 
welcome an extension of house-building programmes to 
absorb their full production 

Scottish Coal.—During June, deep-mined production 
totalled 1,912,400 tons, as compared with 1,925,100 
tons a year ago, this being the first occasion on which the 
output this year failed to exceed that of 1948. The result 
was the more disappointing as the number of wage- 
earners has risen in the interval from 82,450 to 83,250. 
Considerable success has been achieved in securing 
fuel for coke-ovens, and although there is a general 
stringency, consumers appear reasonably comfortable 
for the time being The full basic allocation is being 
delivered to the house-coal section of the trade, and depot 
stocks are growing steadily. An increasing number of 
complaints are being made by industrial consumers 
regarding the quality of the fuel supplied to them. The 
amount of fines appears to have gone up appreciably. 
Protests from local authorities concerning grit emission 
from combustion plants are becoming more numerous. 
A number of firms report quite considerable losses 
through the spoiling of work (especially where the finer 
qualities of goods are concerned) by soot penetrating 
into process departments. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 
Welsh Coal Trade.—A feature of operations on the 
Welsh steam-coal market, during the past week, has 
been the conclusion of business deals with Spain. Sales 
for this market, however, were on a very small scale 
and although arrangements were completed for the 
shipment of three cargoes during July, it was not expected, 
in view of the present difficult supply position, that trade 
would show much material expansion for a long time 
to come. Spain, before the war, took a considerable 
quantity of South-Wales coals, but shipments, since the 
end of hostilities, have been held in check by a series 
of difficulties which shippers have had to overcome. 
With some of the new coke ovens in the coalfield coming 
into operation, there has been a resumption of deliveries 
of coke to foreign consumers. This trade has been 
extremely restricted since the war because of the heavy 
home demand. Limited quantities of coke have now 
become available for shipment, however, and already 
business has been concluded for cargoes for Eire and 
South America. Outputs of coal are still reduced by the 
closing of pite in part of the coalfield for holidays. As a 
result, operators on the market have again had to enter 
into new commitments cautiously. In some instances 
they are hard pressed to keep pace with deliveries under 
existing contracts and consequently forward business 
has been difficult to negotiate. The essential home 
consumers are still making very heavy demands upon 
production, and potential outputs are usually well sold 
forward to these buyers. A quietly steady export 
trade is being maintained with France, Portugal, Italy 
and South America. There is a sustained demand for 
bunker classes, but supplies are scarce. Patent fuel 

is again attracting the attention of foreign consumers. 
Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was a little more 
active, as more allocations for Period 3 were received and 
consumers placed more orders. The export market, 
without being active, has also improved and the sales 
show an increase. Steel sheets have a strong demand, 
but, with a better supply of steel, less difficulty is being 
experienced in placing orders. The great demand for 
iron and steel scrap is fully maintained and all the 

steelworks are eager buyers of the heavy descriptions. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Notwithstanding the economic 
crisis, the North of England iron and steel market con- 
tinves firm, and producers of nearly all commodities 
are still unable to cope fully with the demand. Buyers 
are still seeking to make substantial purchases both for 
home purposes and for shipment overseas and a very 
extensive export trade could be put through if quotas 
were increased. Unfortunately, some decrease in 
tonnage production must be reported. The long drought 
has exercised an adverse influence on output figures and 
holidays have checked operations, to some extent, at 
works. Most raw materials are obtainable in fairly 
satisfactory paroels, but a further shrinkage in the yield 
of the Cleveland ironstone mines has reduced the output 
to much below the pre-war level. The fall is attributable 
to labour shortage. On the other hand, imports of 
foreign iron ores continue heavy. They have enabled 
some rise in pig-iron production, the supply of which, 
however, is still considerably short of current needs. 
Deliveries of iron and steel scrap from home sources 
and from Germany are maintained on a large scale 
and users have been able to accumulate small stocks, but, 
so great is the demand, that sellers are frequently pressed 
to provide bigger quantities than are coming to hand. 
Semi-finished and finished iron and steel firms have well- 
filled order books. 


Foundry and Basic Iron.—Ordinary foundry pig-iron 
is slightly less in request than of late, but stocks are 
negligible and any contraction in the supply would 
have immediate repercussion on consuming plants 
providing commodities in brisk export demand. Nearly 
all the common foundry iron moving into use on the 
North-East Coast has still to be obtained from the 
Midlands. The whole of the output of the basic blast- 
furnaces continues to move into prompt use at adjoining 
steel plants. 


Hematite, Low Phosphorus and Refined Iron.—Deli- 
veries of East-Coast hematite are on a rather improved 
scale, but regular users would much welcome bigger 
quantities than they are receiving. Outputs of low- and 
medium-phosphorus grades of iron are steadily absorbed 
by the needs of local customers. Makers of refined iron 
are able to deal satisfactorily with buyers’ attual require- 
ments. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers have a good deal of work in hand 
and inquiries circulating encourage the belief that 
customers’ requirements will keep plants very actively 
engaged to the end of the year. Various descriptions 
of steel are still in strong request. The supply of steel 
semies now about covers the heavy needs of the re-rolling 
mills. There is no easement of the intense pressure 
for finished-steel products, and huge quantities of black 
and galvanised sheets, shipbuilding material and railway 
equipment, especially, are persistently called for. 





InFRA-RED PROJECTOR UNITS.—A new range of infra- 
red projector units, which are fitted with tubular sheathed 
heating elements, has been introduced by Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester 17. A unit is 11% in. wide and either 36 in., 
24 in. or 18 in. long. It incorporates three heating 
elements to give loadings varying from 2 kW to 4 kW 
when connected to single phase, three-phase or direct- 
current circuits. The projectors can be used singly or 
mounted end to end to form a continuous troughing, 
butted side by side to form a bank, or mounted in a 
frame to form a complete oven. High concentrations of 
infra-red radiation are thus obtainable in a relatively 
small area and temperature control is simple. 





CENTENARY OF MEssRs. D. ANDERSON AND SON, 
Limitep.—The main product of Messrs. D. Anderson 
and Son, Limited, roofing-felt manufacturers and roofing 
contractors, Stretford, Manchester, when it was founded 
in Belfast in 1849, by David Anderson, was tarred-flax 
felt, which was used for sheathing ships. From these 
modest beginnings a large industry in roofing materials 
and roofing systems has been built up, and, to mark the 
centenary of their foundation, Messrs. Anderson have 
issued an illustrated brochure entitled The Story of a 
Hundred Years. In addition to summarising the growth 
and development of their organisation, Messrs. Anderson 
recall briefly some of the interesting and outstanding 
events which have marked the hundred years 1849-1949. 
In 1853, David Anderson took his son James into partner- 
ship, but detailed information concerning the early years 
of the company is lacking, this being probably due to a 
disastrous fire which completely gutted the felt mill in 
June, 1889. In 1921 and 1922, the company was trans- 
ferred from Belfast to Stretford, Manchester, and practic- 
ally all the office staff of 30 and about 15 of the key men 
in the works, with their wives and families, made new 





homes in the Manchester area. With a few exceptions, 


NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall:reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





BRITISH STANDARDS INSTITUTION.—Wednesday, July 
27, 3 p.m., 24, Victoria-street, Westminster, S.W.1. 
Annual General Meeting. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Blast furnaces in the district have 
been reaching high records of output, while, at Sheep- 
bridge Works, the reconstruction of the blast-furnace 
plant has proceeded satisfactorily. Supplies of raw 
materials to the steel trades have been adequate for 
current requirements. In preparation for the annual 
holidays in the last week of this month, a number of 
tasks have been earmarked for early completion, and 
arrangements made for the repair and overhaul of plant 
and machinery. At the works of Davy & United 
Engineering Company, Limited, an order for a cold 
rolling mill for steel for the Commonwealth Rolling 
Mills, Limited, Australia, has been completed and the 
plant dismantled @or dispatch. The complete plant 
weighs 626 tons, and each of the two housings weighs 
87 tons. Progress is being made with the extension of 
the cold-rolling department at the works of Sanderson, 
Bros. & Newbould, Limited. A new electric annealing 
furnace, which it is planned to bring into operation later 
this year, will be accommodated. In the lighter branches 
of industry there is ample home trade, but a decline in 
the number and volume of inquiries from overseas. 
Manufacturers of tools and cutlery are hopeful that 
Sheffield will share in the business for which the 
Argentine agreement provides, namely, tools and agri- 
cultural implements to the extent of 1,000,0001 a year, and 
cutlery to the value of 500,0001. For a long time 
Sheffield manufacturers have been unable to do business 
with the Argentine owing to restrictions, including 
exchange control. Sheffield firms have ample unskilled 
and semi-skilled labour, but lack sufficient highly, 
skilled labour which is not being replenished owing to 
the reluctance of young people to become apprentices. 


South Yorkshire Coal Trade.—A recent strike and a 
pit accident reduced available supplies of coal, but that 
condition has now been overcome, and the needs of most 
coal users bave been satisfied. More coal of good quality 
has been allocated for shipment abroad, and there also 
have been releases of gas coke for export. Ooking coal 
is in full request to keep coking plants fully occupied ; 
blast-furnace coke is being extensively produced and 
readily absorbed. Gas coal is in fairly good supply. 
Some small surpluses of house coal have been put to 
reserve ; very little off-the-ration house coal can be 
disposed of. Patent fuel moves fairly freely to southern 
destinations. 





CONTRACT. 


Messrs. TAYLOR WOODROW CONSTRUCTION, LIMITED, 
Southall, Middlesex, are carrying out extension and 
development works at Takoradi Harbour for the Govern- 
ment of the Gold Coast. The scheme consists of new 
timber wharves and an extension to the existing main 
quay, with new sheds and warehouses and new railway 
facilities, including a running shed and marshalling yard. 
The existing oil berth and bauxite loading conveyors 
are to be moved to new positions and some 230,0002. 
will be spent on new electric cargo cranes. Oox’s Fort 
Hill is to be removed and this will mean the excavation 
of 1,600,000 cub. yd. of spoil to be used in reclamation. 
A total of 100,000 cub. yd. of concrete will be used in 
the construction of quay walls, 1,700 tons of structural 
steelwork in buildings and there will be 12 miles of 
railway track. Cement, steel and contractors’ plant will 
be supplied from Great Britain. The first section of the 
new harbour will come into use next year and the whole 
work will be completed in 1952. The cost of the scheme 
is 2,250,0007. 





ABANDONMENT OF DIFFERENTIAL ELECTRICITY 
TARIFFS.—The Minister of Fuel and Power (the Rt. Hon. 
H. T. N. Gaitskell) announced in the House of Commons 
on Monday, July 11, that, on the advice of the British 
Electricity Authority and the Area Boards, the differen- 
tial tariff for domestic electricity consumers would not 
be continued next winter. This step had been taken 
because the tariff was regarded by many as being harsh 
and unfair and because there was no cogent evidence 
to show that it had exercised a sufficiently decisive 
influence on the peak demand. Domestic consumers, 
however, would have to limit their demands during 
peak hours, if load shedding on a serious scale was to be 





the employees who transferred are still with the company. 


avoided. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
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Telegraphic Address : 
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THE FUTURE DEVELOPMENT 
OF SOUTH WALES. 


Tue planning activities of the Ministry of Town 
and Country Planning have been the subject of 
various commentaries in the columns of EncI- 
NEERING, and of many more in other media, where 
there has been a tendency at times, not altogether 
surprisingly, to regard them as being a little too 
eagerly comprehensive. If any such objection is 
to be sustained, however, it should be levelled 
rather at those who established the Ministry and 
drew up its terms of reference. It may be that 
His Majesty’s Government of that day were per- 
suaded a little too easily that there was need for 
wholesale planning, and, as its inevitable concomi- 
tant, for widespread departmental interference with 
the normal processes by which the towns and 
industrial areas of the country have developed in 
the past; but, the Ministry having been created 
and its terms of reference determined, there can be 
no valid objection if the officials of the department 
proceed thereupon to carry them out. This they 
certainly have done and are doing ; and, if a series 
of plans is in process of preparation simultaneously, 
it follows naturally that their publication must give 
the impression of rather a concentration of plans ; 
unfortunately, at a time when the means—and 
especially the financial means—to implement them 
appear to be growing “* beautifully less.” 

The latest of these elaborate surveys is the 
“South Wales Outline Plan,”’ covering the South 
Wales and Monmouthshire Development Area, 
which has been prepared for the Minister of Town 
and Country Planning by Mr. T. Alwyn Lloyd, 
F.R.LB.A., and Mr. Herbert Jackson, F.R.I.B.A. 
Like the other plans to which we have drawn 
attention from time to time, the report* of the 
authors’ 15 months of research into the present 





* H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. 
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state and future possibilities of the area under 
consideration contains a mass of data which is worth 
having for its own sake ; though, studying it in the 
mass, the impression grows steadily stronger that 
town and country planning has a long way to go 
before it can become anything approaching an exact 
science, even at the hands of a past-president of the 
Town Planning Institute, which Mr. Lloyd is. In 
every direction, decisions must depend upon per- 
sonal opinion rather than demonstrable fact. The 
facts of the moment are there, of course, and many 
of them are only too plain to see ; but a plan must 
envisage the future, and the distant future at that, 
regarding which sharply opposing views may be 
held by different individuals, and the first steps 
towards putting a comprehensive plan into action 
may alter the circumstances in ways that could not 
be foreseen with any precision. It may be argued 
that, in the event, the results of a planned develop- 
ment are not likely to be any worse than the 
results of one that has not been planned on such a 
broad scale; but the unplanned growth, however 
seemingly haphazard, usually is a process of true 
evolution in that most of the decisions and actions 
develop naturally from what has gone before. 

To forecast really dependably in this way must 
have been more than usually difficult in dealing 
with South Wales, a region which has known many 
shifts of industrial emphasis in a comparatively 
short period; the iron production of Cyfarthfa, 
the porcelain manufacture of Nantgarw, the various 
efforts to establish a shipbuilding industry in 
Cardiff—all have ‘“‘had their day and ceased to 
be.” Coalmining itself, in some of the valleys, is 
drawing to a close. The ability to provide electric 
power easily and fairly quickly in any desired area, 
however, is a factor which puts a different com- 
plexion on the task of reviving local activity ; and 
transport questions to-day can be approached from 
the direction of expediency alone. 

The basis of the Plan comprises five main con- 
siderations, namely, to define all major industrial 
groupings, the approximate limits and the potential 
populations of areas allocated for living purposes, 
the approximate alignment of through roads and 
the space needed for these and other transport 
requirements, the so-called “open zones,” and the 

“‘amenity zones,” including holiday resorts and 
places having special scenic attractions. As a 
starting point for their calculations, Mr. Lloyd and 
Mr. Jackson have estimated that the future poten- 
tial population will be of the order of 1,926,550, an 
increase of 17 per cent. over the total at November, 
1946. Why they did not assume a round figure of 
2,000,000 may seem a question worth asking, but 
the report shows that the total taken has a basis 
of reasoned:calculation. It is reckoned that, of the 
total taken, the district represented by Cardiff, 
Penarth and Barry will account for 353,340; 
Swansea district and the Gower coast, 287,123— 
another example of curious precision ; the Rhondda 
valleys and Llantrisant, 145,488 ; and the Newport 
and Risca district, 130,520. On examining the 
proposals, the Minister came to the conclusion that 
there was a case for establishing new towns in 
South Wales—the Plan suggests one only, at 
Pontllanfraith—but he considered that the more 
urgent problem was to provide for the housing needs 
of the population centring round the Treforest 
trading estate and in the valley between Newport 
and Pontypool. Discussions have been proceeding 
regarding the possibility of locating a new town, 
of about 30,000 people, near Cwmbran. 

The primary industry is still that of coalmining, 
and this is likely to retain its importance, although 
mining will cease in some districts in the near 
future, and in several others during the next 30 
years or so. It is probable, however, that new pits 
will be sunk on the southern edge of the coalfield, 
so that the housing and population problems will 
arise from transfers rather than from alterations in 
the overall figures. Since the plan was prepared, 
too, approval has been given for the erection of new 
coke ovens, blast-furnaces, and a continuous hot 
strip mill near Margam, and the erection of a cold 
reduction plant in the same district ; also another 
cold reduction plant and a tinplate finishing plant 
at Trostre. With regard to the development of new 
manufactures, the Minister observes that the topo- 
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graphy of the valleys restricts the areas that can be 
devoted to housing, new factories, etc., and that it 
may not be possible to redevelop the valleys to 
modern standards to support the whole of the exist- 
ing population. Moreover, many of the new manu- 
factures sponsored by the Board of Trade have 
had to be located in situations which oblige 
employees to travel long distances to work. For 
these and other reasons, he is not favourably dis- 
posed towards the suggestion that a new town 
should be constructed at Pontillanfraith. 

In other directions, too, the Minister appears to 
be somewhat critical of the consultants’ proposals. 
They had suggested the amalgamation of the present 
towns of Nelson, Treharris and Trelewis, the expan- 
sion of Aberdare to meet the housing needs arising 
from the development of the Hirwaun trading 
estate, and an increase of 17,000 in the population 
of Bridgend. These proposals are being examined, 
but the Minister “‘is not convinced” of their 
desirability in the light of various factors, such as 
the prospects of further mining extensions. The 
same applies to the proposed expansion of Ystrad- 
gyniais. The Plan makes suggestions for new 
suburbs to house the people of Cardiff, and it stresses 
the need for adequate social facilities wherever 
new industries lead to local increases in population. 
This question, it would seem, must have a direct 
bearing on the transport facilities to be provided ; 
there is at present a considerable traffic from the 
valleys to ‘he big towns and back, on holiday 
occasions 3.d on certain days of the week, which 
is directly attributable to the dearth of entertain- 
ment in the valley communities. It is suggested 
that the present railway and "bus services are 
“* generally adequate ” ; but this, again, is a matter 
on which opinions may well differ. The consultants 
recommend a certain amount of electrification of 
railways, a proposal which would bear detailed 
examination. The relative positions of road and 
rail services in the valleys are quite different from 
those obtaining in most other industrial areas, and 
electrification would probably enable a bigger 
traffic to be handled more effectively than could be 
done by increasing the road services, because of the 
tortuous layout of many of the valley roads. 

With the general principles that special con- 
sideration should be given to agriculture, that 
tourist traffic should be encouraged, and that 
various ‘‘ national parks ”’ should be created, little 
fault can be found ; nor will there be any serious 
objection to the proposal to “‘ tidy up ” the various 
bungalow areas along the coast line. Whether 
equally strong arguments can be adduced for the 
establishment of an international airport at Llandow, 
which is about 7 miles from Bridgend and 15 miles 
from Cardiff, is rather more than doubtful. The 
cost of construction would be heavy, the loss in 
good agricultural land would be a factor to be 
reckoned with, and it is open to question whether 
the volume of international air traffic likely to 
originate or terminate in South Wales would pay 
for the upkeep of such an airport. Provided that 
good rail and road access are provided, and a few 
small airfields are retained to handle short-distance 
services (such as the crossing of the Bristol Channel 
to Weston-super-Mare) and afford bases for charter 
aircraft if necessary, South Wales should not 
suffer greatly for want of an airport of international 
status. More might be done, perhaps, to develop 
the use of the South Wales ports for import trade, 
especially when the proposals for improved trunk 
roads reach fulfilment and if they could be supple- 
mented by the provision of additional railway tracks 
on the main routes. There have been attempts to 
build up import traffic at Cardiff, but the South 
Wales ports have been generally regarded hitherto 
as existing for coal shipment and the impres- 
sion seems to persist that this is the only function 
for which they are suited. In general, it may be 
said of the Plan that it does indicate directions for 
the better organisation and utilisation of the natural 
advantages and amenities of the area, even though 
some of the proposals may seem to have been 
formulated on rather slender grounds. There will 
always be the difficulty, however, that the nature 
of the terrain favours, if it does not actually enforce, 
the development of self-contained communities, 
tending naturally to think and act parochially. 





RESEARCH ON SAFETY IN 
MINING. 


For some 25 years, the Safetyin Mines Research 
Board was financed mainly by grants from the 
Miners’ Welfare Fund which was provided by a 
levy on all coal mined. After nationalisation, 
the coal industry was relieved from the charge of 
providing support for the Board, which was trans- 
ferred to the Ministry of Fuel and Power and 
supported by public funds. Although the Board 
has always borne the word “safety” in its title, 
much of the work it has done, in addition to its 
bearing on the question of safety to personnel, 
has been of commercial and economic importance. 
This dual object of various types of investigation 
has been recognised in the new arrangements which 
have been come to, and questions of strata control 
and the support of workings, which are closely 
connected with the economic exploitation of a 
mining property, have passed into the hands of the 
National Coal Board, the members of the staff of 
the Research Board who have been concerned with 
these problems being transferred to the Coal Board. 

As a result of the reorganisation, the Mining 
Equipment Testing Station at Sheffield, the Flame- 
proof Testing Station at Buxton, and the Dust 
Control Laboratory at Sheffield, which through- 
out have been closely associated with the work 
of the original Board, have become stations of the 
new one. Provision has also been made for the 
extension of the field of work, by constructing a 
Mechanical Engineering Section which, in the first 
instance, will be concerned with problems connected 
with the safe use of Diesel engines in mines. 
Accommodation has been provided for this new 
section by the subdivision of one large room and the 
modification and extension of two exhibition halls 
at the Buxton Station. The accommodation 
provided includes an engine-testing laboratory, a 
fuel-pump testing laboratory and workshop, and the 
necessary Offices. Equipment for recording tem- 
peratures, pressures, fuel, air and water flow; and 
for gas analysis is provided. 

Some information about the early work of the 
Mechanical Engineering Section is given in the 
twenty-sixth annual report* of the Board. Although 
this report is issued by a new organisation, it is, in 
effect, a continuation of the series published by 
the original Safety in Mines Research Board; the 
title has been altered slightly but it has been 
numbered in sequence. Naturally the major part 
of the work being carried out is sequential to that 
of the earlier organisation. The investigations 
concerned with the use of Diesel-engine locomotives 
underground has dealt with the production and 
dilution of the toxic constituents of exhaust gases, 
the production of heat and water vapour by loco- 
motives, and the effect on the temperature and 
humidity of the ventilating air; the fire risk in 
storage, transport and transfer of fuel oil ; and the 
effect of the many factors which influence the 
production of toxic gases and the degree of safety 
against fire and explosion. 

Preliminary trials carried out at a locomotive- 
manufacturing works enabled methods for the 
sampling of exhaust gases to be developed for the 
purpose of determining the carbon monoxide, 
oxide of nitrogen and aldehyde content. Samples 
were obtained from a shrouded exhaust, designed 
in such a way that a slight positive pressure was 
maintained at the exit from the flame plates, thus 
avoiding any possibility of external air becoming 
mixed with the sample. Tests were made on two 
engines fitted with exhaust-conditioner boxes. 
Samples taken in front of and behind the boxes 
were found to be almost identical in composition. 
In the worst conditions tried, the conditioner boxes 
failed to absorb any of the oxides of nitrogen 
present in the exhaust. A programme of exhaust- 
conditioner testing is therefore to be carried out. 

The introduction of Diesel locomotives into mines 
has accentuated the importance of the problem of 
the detection and accurate estimation of methane, 
carbon monoxide, oxides of nitrogen and other 
undesirable constituents in mine gases. The 
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report states that none of the four approved types 
of methane detector is considered to be sufficiently 
reliable and accurate to meet the conditions imposed 
by the new ventilation regulations. As an alternative 
to sampling and analysis, detectors are of great prac- 
tical value and a detailed examination of existing in- 
struments has been undertaken. In the case of 
the first dealt with, it was found that considerable 
improvement could be effected readily by some 
modification of the instrument. For the detection 
of carbon monoxide, two instruments have been 
tested and one of them has been found disappointing. 
A Diesel locomotive discharges about 2-265 cub. ft. of 
exhaust gas per horse-power, per minute, and even 
under good conditions, the gas contains a small 
percentage of carbon monoxide. The Royal Air- 
craft Establishment type of carbon-monoxide 
indicator consists, in essence, of a tube packed 
with a gel impregnated with a compound of palla- 
dium, the percentage of carbon monoxide present 
being indicated by the length of the discoloration 
produced in the tube. In the poor lighting condi- 
tions which may rule in a mine, the position of the 
end of the discoloration is difficult to determine 
with accuracy and a modified type has been con- 
structed in which the active material is distributed 
in bands separated by inactive matter. With 
sample detectors of this form, a 0-005 per cent. 
carbon monoxide content was identifiable. 

The investigation of mechanical problems and 
failures has engaged the Board for many years 
although, in the past, it had not constituted a specific 
mechanical-engineering section. An example is 
furnished by the work on winding and haulage gear. 
The report covering the year 1946 contained infor- 
mation bearing on the question of the possible 
deterioration in the quality of winding ropes imposed 
by the conditions of the war, the conclusion reached 
being that no general deterioration had taken place. 
This is not to say that no unsatisfactory examples 
were found and the present report records six cases 
of ropes examined during 1947 on account of 
breakage or undue deterioration. It is stated that 
in four of the cases, manufacturing faults contri- 
buted to the deterioration to a slight extent, in 
one to an appreciable extent, and in one not at all. 
Three cases of broken winding ropes were investi- 
gated and in two of them looseness of the outer 
wires and loss of rope diameter should have been 
taken as an indication of unsatisfactory conditions. 
The ropes should evidently have been removed 
before they broke. There were five breakages of 
haulage ropes. During the year, 97 applications 
were made for six months extension of service for 
winding ropes. Of these, 84 were granted and the 
saving of rope service in 1947 was 42 ropeyears. 

It is not possible to deal here with more than 
a few of the many aspects of the work of the Board 
dealt with in this 94-page report. A long section 
is concerned with the work on coal-dust explosions 
which has engaged the Board since its inception. 
The practice of diluting coal dust, and coal-dust 
clouds, by laying stone dust is now of long-standing, 
and the information given forms the latest contri- 
bution to an extensive literature. This matter 
has a medical aspect in view of the effect of dust on 
the health of underground workers. Some aspects 
of the electrical researches which are carried on 
bear on the question of mine dust, as accumulations 
on the casings of electrical apparatus may, under 
unfavourable conditions, rise to ignition tempera- 
ture. The main part of the section dealing with 
electrical researches, however, is concerned with the 
ignition of gaseous mixtures. Work has continued 
in conjunction with the British Electrical and Allied 
Industries Research Association on the maximum 
safe gap for flanged enclosures. It appears to be 
now accepted that the danger of ignition of an 
external atmosphere by an explosion inside an 
enclosed vessel, depends on the velocity of efflux 
of the flame, which is apparently determined by 
the size and shape of the vessel and the position of 
the source of ignition. It was at one time supposed 
that the flame was cooled when passing through the 
narrow gap between the flanges, the consequent 
deduction being that a broad flange should be more 
effective than a narrow one. This idea has appar- 
ently been abandoned ; “ flange breadth seems to 
have no effect on the safe gap dimension.” 
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NOTES. 


Tae FourTH Emprre MInInG AND METALLURGICAL 
ConGREss. 


In accordance with the programme outlined in 
our issue of May 20, on page 471, the Fourth Empire 
Mining and Metallurgical Congress was opened on 
Monday morning, July 11, at Grosvenor House, 
where the inaugural meeting was followed by an 
address delivered by the President, Sir Henry T. 
Tizard, G.C.B., F.R.S., An abridgment of this ad- 
dress will be found on page 67 of this issue. In the 
afternoon, the delegates and members attended a 
reception by the Parliamentary Scientific Committee 
at the House of Commons, and in the evening a 
banquet was held in Guildhall, at which Sir Henry 
Tizard presided. The principal guest was H.R.H. 
the Duke of Gloucester, K.G., who, in acknowledging 
the loyal toast, welcomed, in particular, the dele- 
gates from overseas. The principal toast of the 
evening, that of the Mineral and Metal Industries 
of the British Empire, was proposed by the Minister 
of Fuel and Power, the Rt. Hon. H. T. N. Gaitskell, 
C.B.E., M.P., who pointed out, in the course of his 
remarks, that the magnificent contribution made by 
the British Commonwealth in the two world wars 
had brought us to a closer understanding of the 
economic value and importance of such a vast store 
of minerals and other resources. The most urgent 
need, he said, was to press on with the development 
of the minerals in the British Empire. The response 
to this toast was made by Mr. H. C. Rickaby, 
Deputy Minister of Mines for Ontario, who reminded 
the company that the bonds which bound the 
Commonwealth were not only material ones. It 
was not possible to say what would have been the 
fate of the Commonwealth, twice mortally challenged 
in the course of a generation, had it been not so 
solidly grounded in ‘the wise development of its 
material resources, particularly its metals and 
minerals. In proposing the toast of The Guests, 
with which he coupled the name of Alderman Sir 
George Aylwen, the Lord Mayor of London, and 
H.R.H. the Duke of Gloucester, the Chairman 
mentioned that the next (the fifth) Empire Mining 
and Metallurgical Congress was to be held in 
Australia in 1953. The toast was acknowledged 
by the Lord Mayor and by Mr. D. G. Malherbe, 
Government Mining Engineer of the Union of 
South Africa. During the week, technical and scien- 
tific sessions have been held in Oxford and have 
been attended by some 600 delegates from many 
parts of the Empire and from other countries. 
Tomorrow, Saturday, July 16, a Government 
reception is to be held at Lancaster House, and the 
following week will be occupied in visits and excur- 
sions to various parts of the country. The Congress 
will conclude on Saturday, July 23. 


SPREADING THE INDUSTRIAL ELEcTRICAL Loap 
IN 1949-50. 


In the course of an announcement in the House 
of Commons on Tuesday, July 5, the Minister of 
Labour and National Service (the Rt. Hon. G. A. 
Isaacs) said that electrical demand was growing 
at such a rate as to offset the capacity of the new 
generating plant which was being brought into 
service. The Electricity Sub-Committee of the 
National Joint Advisory Committee therefore 
recommended that load spreading should be con- 
tinued during the winter months of 1949-50 on 
the same lines as during the past two winters. As 
a result of experience and of the fuller knowledge of 
the incidence of the peak load some easement in 
the contribution of industry would, however, be 
possible. During December, 1949, and January 
and February, 1950, industry would therefore be 
asked to reduce its maximum peak demand to 
80 per cent. of that during the corresponding period 
of 1946-47 between the hours of 8 a.m. and 10 a.m. 
from Mondays to Fridays, and to 90 per cent. 
between 10 a.m. and 12 noon. From December i. 
1949, to January 15, 1950, a reduction to 80 per cent. 
would also be necessary between 4 p.m. and 
5.30 p.m. from Mondays to Fridays. As was the 
case last winter, arrangements to achieve these 
reductions are to be worked out by Committees of 
the Regional Boards for Industry with the firms 





concerned. The same bodies will make similar 
arrangements in the light of local conditions for 
the “fringe”? months of October and November, 
1949, and March 1950. It has further been decided 
that commercial consumers, including shops, offices, 
warehouses, hotels and cinemas shall be required to 
reduce their consumption in the same proportions 
and during the same hours as industry, while steps 
are to be taken to ensure that domestic and small 
commercial consumers exercise the fullest economy 
in the use of electricity during peak hours. 


THe GOVERNMENT'S METAL-PrRIcE Po.icy. 


On Monday, July 11, the Ministry of Supply 
announced that the price of good ordinary brand 
zinc, sold for cash, would be reduced by 20/. per ton 
on the following day. At the same time, it was 
announced that the price of electrolytic copper 
would be reduced by 13/. 10s. per ton and that of 
good soft pig lead by 61. 10s. per ton. These two 
last changes, however, hardly persisted for one day, 
since it was further announced that, owing to rises 
on the American market, the price of copper would 
be increased by 31. 10s. from Wednesday, and that 
of lead by 51. 10s. per ton from yesterday (Thurs- 
day). To avoid confusion, it must, therefore, be 
recorded that, unless further changes are made 
while this page isin the press, the present price of 
copper is 107/. 10s. and that of lead 81/., compared 
with the prices of 1171. 10s. per ton and 821. per ton, 
respectively, which were current before these changes 
were made. In making the first announcement, 
the Ministry stated that the reductions would bring 
British prices for these metals more into line with 
those in the United States. The truth of this 
statement is illustrated by what has since taken 
place. Even the present reduction will involve the 
Exchequer in a loss, the amount of which will depend 
on how future price movements affect the values of 
the stocks in hand. In other words, the policy of 
bulk buying is to continue and will be subsidised 
at the expense of the taxpayer. It is this state of 
affairs, combined with the present instability of the 
non-ferrous metal market, which has caused the 
Ministry to institute a new arrangement for forward 
purchases. Under this, users can continue to buy 
forward up to six months’ requirements for copper 
and zinc and up to three months in the case of lead. 
Those taking advantage of this arrangement, how- 
ever, will have to pay a premium,as an insurance 
against a rise in prices, amounting to 2/. 10s. per 
ton tor copper to be delivered in the second and third 
calendar months after the month of order, and to 
5l. per ton in the fourth, fifth and sixth calendar 
months. In the case of zinc, the corresponding 
premiums are to be 2/. and 4J. per ton, while the 
premium for lead is also to be 2l. for delivery in 
the second and third months after the order. The 
fourth, fifth and sixth months premium is inap- 
plicable to lead, owing to the rationing scheme. 
Sales for delivery in any one calendar month will be 
limited to a quantity which does not substantially 
exceed the customer’s normal monthly consumption. 
Applications for licences will again have to be 
accompanied by a declaration that the metal is 
required to cover orders. These restrictive condi- 
tions are likely to continue so long as the Govern- 
ment persists with its bulk-buying policy. Of a dis- 
continuance of that policy there is as yet no sign. 


BritisH AND AMERICAN PowER STATION 
PRACTICE. 


In the course of a lecture at the British Electricity 
Summer School, Oxford, on Monday, July 4, Sir 
John Hacking, Deputy Chairman (Operations) of 
the British Electricity Authority, who has recently 
returned from a seven-weeks’ visit to the United 
States, said that large boilers in that country were 
being erected in between 8 and 10 months, whereas 
in Britain it required about 18 months for a new 
boiler of medium capacity. The time taken for the 
erection of large turbo-alternators was three months 
or less, compared with the usual time of about 
nine months in this country. In America adequate 
supplies of both labour and materials were available, 
and in no case was the installation of plant being 
held up owing to lack of components. Welding 
was widely employed in the assembly of boilers and 
pipework and in one or two instances, where several 








boilers were being installed, about 80 welding 
machines were employed. The relations between 
various classes of men and their employers ap- 
peared to be good, and there was the greatest 
co-operation to ensure that the work was completed 
by the required date. As in the case of maintenance 
work, two-shift and sometimes three-shift working 
was common in connection with plant erection. Sir 
John said that the winter peak load problem was 
not the same in the United States as in Great 
Britain. This was not because there was more 
plant available to meet the demand, but because 
little use was made of electric space heating, the 
development of which was in many ways discouraged 
by the tariffs. In the majority of cases, domestic 
and commercial buildings depended on some form of 
central heating, so that the electrical load was less 
sensitive to temperature variations than in this 
country. Much wider use was made of air con- 
ditioning, which was responsible for quite a substan- 
tial load during the summer months. The average 
American home was well equipped with electrical 
appliances and the load factor of the domestic 
supply was reasonably high. The use of water 
heaters and the preferential tariffs which had been 
designed to encourage the industrial load during 
the night, had resulted in a substantial increase in 
the night load, which was normally something like 
50 per cent. of the daily peak load compared with 
25 per cent. in this country. 


Frety YEARS OF THE PETROLEUM INDUSTRY. 


Six weeks ago, we reviewed the centenary issue 
of The Gas Journal, which surveyed with great 
completeness the rise, and the technical advance- 
ment of the gas industry in the previous 100 years. 
Even more spectacular, however, has been the 
expansion of the oil industry, the development of 
which is reviewed in the 50th anniversary number of 
The Petroleum Times. In 1899, when the journal 
was founded, as The Petroleum Industrial and 
Technical Review, ‘‘ petroleum” meant lamp oil, 
in general usage. It was then obtained mainly 
from the United States and Russia, and the retail 
price was of the order of 6d. to 7d. a gallon for the 
American product and 5d. for the Russian. 
‘* Petrol’ was the trade name for a motor spirit 
marketed by Messrs. Carless, Capel and Leonard, 
of Hackney Wick, the actual inventor of the word 
being, apparently, Mr. William John Leonard. The 
word was not registered, and eventually it came 
generally to mean “motor spirit.” The specific 
gravity of ‘“‘ Petrol” was 0-680 and the price was 
11d. a gallon, Originally, ‘‘ gasoline” was a more 
volatile spirit, with a specific gravity of 0-650, 
and cost 12s. 6d. to 13s. a gallon. The history of 
this firm is given in considerable detail, in the 
section on ‘‘Some Notes on the Pioneers”; a 
section of great interest as a record of the develop- 
ment of the industry. Unfortunately, several 
pioneer firms lost their early records in the war, 
but sufficient remain to provide some interesting 
illustrations of the oil business at the close of the 
Nineteenth Century, and, of course, the files of The 
Petroleum Times supply in themselves a fairly de- 
tailed commentary. In the unfolding of the narra- 
tive of the oil industry, the method adopted is 
largely that of summarising the contents of the 
journal; an excellent method in expert hands, 
though it has the effect of seeming to separate 
into concurrent courses of development events 
which, in fact, were much more closely allied. 
It is as though a history of British railways were 
to ignore the concurrent histories of the roads 
and canals, both of which need to be studied in 
conjunction with that of the railways to give a 
true picture. Nevertheless, it is not easy to see 
what other method could have been adopted with 
reasonable success ; and those in the industry, at 
any rate, will find no difficulty in arranging the 
several sequences of facts in their proper order 
and perspective. Valuable features of the special 
number (which is No. 1,353 in vol. 53, and is priced 
at 10s. net) are the selection of illustrations of early 
oil plants, ships, ete., and the separate articles on 
leading firms, and storage and refining installations. 
The survey of “ The World’s Oil Reserves,” reprinted 
on page 66 of this issue of ENGINEERING, is an 
indication of the scope of the oil industry to-day. 


ENGINEERING. 


JULY 15, 1949. 








OBITUARY. 


MR. J. A. KAY. 

Ir is with much regret, which will be shared by 
railway officials in many parts of the world, that we 
have learned of the death on July 8, following an 
operation, of Mr. John Aiton Kay, editor of The 
Railway Gazette and deputy chairman and managing 
director of Messrs. Transport (1910), Limited, of 
33, Tothill-street, London, S.W.1. Up to the 
morning of July 8, Mr. Kay was able to maintain 
contact by telephone with the offices of his group 
of journals—familiarly, ‘‘ the Tothill-street Group ” 
—but he suffered a sudden relapse later in the day. 
He was 67 years of age. 

Mr. Kay was educated at Mill Hill and, in 1896, 
on leaving school, joined the editorial staff of 
Messrs. George Newnes, Limited, where he speedily 
showed himself to possess a decided aptitude for 
journalism and an equally keen interest in engin- 
eering. After editing the model engineering section 
of The Captain, he went to the weekly paper, 
Transport, in 1902, as assistant editor. Two years 
later, this journal passed into American ownership 
as a subsidiary of The Railway Age, the title being 
changed to The Transport and Railway Gazette ; 
but Kay, seeing that there was an opening for a 
British-owned railway periodical, succeeded in 
acquiring it in 1905, changing the title to The 
Railway Gazette. Eventually, he formed a company, 
Transport (1910), Limited, to handle this and other 
publications in the transport field, being himself 
the managing director and secretary until 1931, 
when he became chairman and managing director. 
He held these positions until September, 1945, 
when control passed to Messrs. Odhams Press, 
Limited, Kay then becoming deputy chairman and 
managing director of Transport (1910), Limited, the 
positions which he continued to hold until his 
death. He was concerned also with a number of 
other journals produced under the auspices of the 
same company, notably Shipbuilding and Shipping 
Record, Power and Works Engineering, Colliery 
Engineering, The Industrial Chemist, and The 
Crown Colonist. All bore the clear imprint of his 
keen journalistic sense, as did the various trade 
directories issued by his associated firm, the 
Directory Publishing Company; but his real 
interest was in railways and the journals through 
which he maintained personal contact with them. 
He was a widely known and popular figure among 
railway officials all over the world, by whom his 
opinions on railway administration were always 
regarded with respect. — 





LETTERS TO THE EDITOR. 


THE METRIC SYSTEM. 
To THE Eprror or ENGINEERING. 

Sm,—I have read the correspondence in your 
pages under the title “The Metric System” with, 
I trust, a fair degree of detachment, but am moved 
at last to put my own spoke in. Several corre- 
spondents have missed entirely the fundamental 
basis of the whole dispute, which is the prime error 
of using ten digits. This error we must blame upon 
Nature. Had she provided us with six toes on each 
forepaw instead of only five we should have devised 
twelve numerical symbols instead of ten, and the 
notation 10 would have stood for what we now 
write 12: likewise 100 would have stood for what 
we now write 144, and so on. We should have a 
hundred and forty-four centimetres to the metre 
(written 100 of course), one thousand seven hundred 
and twenty-eight millilitres to the litre (written 
1,000), the same number of grammes to the kilo- 
gramme and so on, and most people would have been 
satisfied. We should have logarithms to the base 
twelve, and to multiply or divide any number by 
any multiple of twelve we should merely have to 
shift the decimal point. 

The advantages of such a duodecimal system have 
so often been pointed out that I need not restate 
them. There is also much to be said for a system of 
numbers based on either eight or sixteen numerical 
symbols. The process of repeated bisection is 


simple whether we be dealing with length, angles, 
mass or time, and every engineer, architect, builder 
or carpenter familiar with our British system must 
know how convenient it is to divide inches into 
halves, quarters, eighths, sixteenths and so on. 
But of course neither eight nor sixteen has the virtue 
of being neatly divisible by three. 

If we are to have one system covering all our 
multifarious activities, the duodecimal is perhaps the 
best. It can be applied fairly readily to angular 
measurement, for a circle can be divided very 
easily into twelve equal parts, though not so easily 
into multiples of twelve. However, the mind 
shrinks from contemplation of the upheaval that 
would result from overthrowing a system of 
counting that has been in world-wide use ever 
since man first discovered the convenience of his 
fingers and thumbs for this purpose. 

Let us be clear on this point : two separate issues 
have been raised in this correspondence, the one 
intimately bound up with the other. The one 
concerns our system of numbers, the other our 
system of measurements. If'we were to change our 
system of numbers from decimal to, say, duodecimal, 
the metric system based on ten would lose most of 
its charm (it would still be self-consistent and in 
this respect better than—for example—the British 
monetary system) and would cry out for revision 
on the basis of twelve. Before we revise it, however, 
let us first be sure of our fundamental units. As a 
fundamental unit of length it has been proposed to 
adopt the wavelength of light corresponding to 
some well-defined line in the spectrum. At the 
present state of our knowledge this appears good 
since, to the best of that knowledge, it is unchanging 
in time and space ; but can we be sure of that ? 
Not very long ago we thought that mass was 
immutable: we now know it is not, which makes 
the selection of a truly fundamental unit of mass a 
matter of some difficulty. When we consider time 
we are again in a quandary. The sidereal day is 
unsuitable, for it is slowly changing. The length 
of the year is not exactly constant either, owing to 
the gravitational pull of other heavenly bodies 
upon the earth. A pendulum of known length 
appears the most promising timekeeper provided we 
can control its length with perfect precision. When 
the scientists have satisfied themselves and each 
other on these points they will still be a long way 
from convincing the layman of the desirability of a 
revolution touching almost all his daily dealings. 
Having recently purchased an expensive slide-rule, 
I for one am not over eager for the change. 

Allow me to end where I began, by stressing that 
there is no eternal magic in the number ten. It has 
but enjoyed a spurious importance arising out of 
one of Nature’s less successful experiments. The 
mouse, with four toes on each of its forepaws, 
might have surpassed man in metrology had Nature 
endowed both animals with equally developed 
brains. 

Yours faithfully, 
2, Winkfield Road, K. Howarp. 
Windsor, 
Berks. 
July 6, 1949. 


To THE Eprror or ENGINEERING. 


Sir,—Having read Dr. Rowell’s letter in your 
issue of July 1, 1949, I would like to avail myself 
once more of your “‘ magnanimity and tolerance ” 
and to discuss some points mentioned by him. 
Dr. Rowell’s doubts about my confusing decimal and 
metric can be easily dispelled by the publication of 
@ paragraph in my first letter, a paragraph which 
was omitted for the sake of brevity but has now 
proved to be necessary to avoid misunderstandings. 
The ph in question is : 

**T do not want to discuss the relative merits of 
the fundamental units of the two systems, these 
units being arbitrary, connected to the physical 
world only by definitions. My remarks concern 
only the inch-pound system as compared to the 
decimal] system.” 

As to the “‘ nearly infinite ’’ number of conversion 
factors in the inch-pound system, if Dr. Rowell will 
kindly take the trouble to calculate the number 





necessary to convert the most frequently used 


Imperial units of length (inch, foot, yard, chain, 
mile), area (sq. in., sq. ft., sq. yd., acre, 8q. mile), 
capacity (cub. in., cub. ft., cub. yd., pint, quart, gal- 
lon), and weight (ounce, pound, cwt., ton), mutually, 
(into units of the same dimension of course), he will 
find 82 entirely different groups of figures. If ajl 
other units for the dimensions mentioned above are 
considered, as well as units of pressure, of weight 
per unit volume, etc., the term “nearly infinite ” 
will be found justified, the number of conversion 
factors necessary for each dimension being n?—n, 
n designating the number of units used ; and all of 
these factors are different. It happens, that the 
metric system coincides for the cases mentioned 
above with the decimal system, all conversion 
factors being various powers of 10. 

The problem of the same name being used for the 
unit of mass and the unit of force exists for both 
systems and is constantly discussed, and if the metric 
system becomes complicated for magnetic, electric, 
etc., units, the same stands for the Imperial system, 
Is Dr. Rowell serious about the “two” calories, 
cal and kcal? What about metre and kilometre, 
watt and kilowatt, ampére and milliampére, ohm 
and megohm, farad and microfarad ? The unit is 
always the same, multiples are used for the sake of 
convenience and the factors are always decimal. 
Is it really better in changing over from a unit to 
the next larger one to multiply first by 12 (inch to 
foot), then by 3 (foot to yard), then by 22 (yard to 
chain), and finally by 80 (chain to mile), than to 
slide the decimal point to the left or to the right 
(Angstrom-micron-millimetre-centimetre-metre-kilo- 
metre-myriametre) ? And if only this sequence of 
12-3-22-80 would remain the same, but for area it 
is 144-9-4840-640, for weight 16-112-20, and so on. 

Differences between national standards of units is 
no peculiarity of the metric system. Imperial 
standards are at least as frequently checked and 
compared at the N.P.L. in Teddington, as are metric 
standards at the International Bureau of Weights 
and Measures. The metre is at least the same 
everywhere, whereas the Imperial inch and the 
U.S. inch are different by definition, the first being 
equal to 25-399956 mm. and the second to 
25-400051 mm. The word “gallon” means 
nothing in a text of unknown origin, the Imperial 
gallon being 1-205 times the U.S. gallon. 

The French and also the Swiss housewife uses old 
units, but if Madame Dupont or Frau Stéckli ask 
for a “‘ livre ” or a ‘‘ Pfund,” respectively, the grocer 
handing her 16 ounces of merchandise would have 
to hear some most unpleasant language. They ask 
for a pound by name, but for a grain less than half 
a kilogram they will call the police. 

Concerning the facts communicated by Dr. Rowell 
about Briggs and Napier, they only prove once 
more, that nobody is a prophet in his own country. 
Maybe the metric system has been imposed by 
bureaucrats ; I cannot remember, however, having 
read about a plebiscite on the introduction of the 
Imperial system in any country. 

To conclude: the main objection against the 
inch-pound system concerns not the units them- 
selves, but the fact that the system is not decimal, 
conversion of a unit to the next smaller or larger 
one involves conversion factors which are different 
ineachcase. Decimalisation of the units themselves 
by no means eliminates the difficulties. ; 

I do not hope to convince Dr. Rowell, but dizi 
et salvavi animam meam. 

Yours faithfully, 
Schaffhausen, -GrorcEs F6LpEs. 
Durachweg 16, 
Switzerland. 
July 7, 1949. 


[Norz.—This correspondence is now closed.—Ep. E. ] 





TECHNICAL DICTIONARIES. 
To THe Eprror oF ENGINEERING. 

Smr,—I am extremely interested in the article by 
Mr. P. E. Erikson, published in your issue for 
July 1, on page 4, and I feel he has said most of 
what needs saying. I should, however, like to 
express the following points : 

It is important, at the outset, to define exactly the 





field to be covered. Metallurgy obviously must be 
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jinked with physics, chemistry and engineering, but 
| find it often necessary to read papers on petrology, 
geology, mining, flotation, hydrodynamics, fluid 
mechanics, nuclear energy, X-ray photography, 
mathematics, ceramics, etc. If a foreign technical 
dictionary on metallurgy is to be useful it must 
include not only terms but idiomatic phrases in the 
«jargon ” of the above spheres, 

Should one have a nine-language dictionary to 
cover all these fields in one work, or a nine-language 
dictionary covering, for instance, each of the sub- 
divisions of metallurgy separately ? Would a bi- 
lingual dictionary be better, covering all these 
spheres in one work or covering each sub-division 
separately ? There are, thus, four possibilities. 
It must be remembered that if a bi-lingual dic- 
tionary is to be preferred, it would have to be made 
in all the combinations of the nine languages. An 
objection to the multi-language work is its bulk, 
put I do not find this at all objectionable if I know 
well the language in which I am working. If I am 
not so well acquainted with the languages with which 
I am dealing, if, for example, I have a reading 
knowledge only, I prefer to have a good bi-lingual 
dictionary. On the other hand, the well-known 
works mentioned by Mr. Erikson are generally 
more useful than bi-lingual ones. If a British 
engineer is working on a plant in Holland, he wants 
an adequate dictionary in Dutch and English only. 

It is absolutely essential to include idiomatic 

and use of verbs in connection, for example, 
with use of mathematical data, curves, graphs, 
equations, etc. To give the meaning of isolated 
words is not sufficient. The fine shades of meaning 
of different words with a similar meaning and of 
the same words with different meanings should be 
made clear. Mr. Erikson also stresses this point 
in referring to Freeman’s Das Englische Fachwort. 

If the dictionary is to be up to date and useful, 
the work of collecting, arranging and printing must 
be done as quickly as possible. Unfortunately, the 
men most qualified to collect and arrange this 
material (those knowing both the language and the 
industry) are usually those whose spare time is 
extremely limited. If the collaborators were living 
in different countries, a lot of correspondence might 
ensue and would have to be handled by a central 
secretariat. If the work were left to official 
bodies and organisations already existing, there 
would probably be an intolerable delay. 

The selection of languages depends, of course, 
on the industry being tackled. For the purpose 
of a metallurgical foreign language dictionary I feel 
that the following languages should be catered 
for :—French, German, Spanish, Italian, Portuguese, 
Russian, Dutch and Swedish. I make a special 
plea to include Portuguese in view of the already 
important developments in Brazil and of that 
country’s powerful potentials. 

I cannot altogether agree with Mr. Erikson’s 
suggestion that the past participles of verbs might 
be included, even in an alphabetical index, in the 
case of the multi-lingual dictionary as I feel that 
it would not be common sense for a man not having 
even @ schoolboy’s acquaintance with participles 
to waste his time in attempting to understand, let 
alone to translate, a technical paper. In the case 
of bi-lingual dictionaries, however, I think Mr. 
Erikson’s suggestion worth while. I do endorse 
Mr. Erikson’s point about the inclusion of engineer- 
ing symbols and abbreviations. To list merely the 
abbreviations used in a particular dictionary is 
sometimes most annoying. There is also a lot to 
be said for producing less expensive supplements 
every two years to keep the dictionary really useful. 

I should be interested to know whether the World 
Power Conference or similar international body is 
likely to form a group for setting up a technical 
dictionary, as Mr. Erikson suggests. Finally, I 
wish to make it clear that the above letter repre- 
sents my personal opinions and not necessarily 
those of the United Steel Companies, Limited, of 
which I am the Information Officer. 

Yours faithfully, 
R. SEWELL. 
United Steel Companies, Limited, 
Research and Development Department, 
Stocksbridge, near Sheffield. 


§ July 5, 1949. 








THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 42.) 


THE second paper to be presented at the 
Edinburgh summer meeting of the Institution of 
Naval Architects, held on June 28 to 30, was 
contributed by Professor E. V. Telfer, D.Sc., and 
entitled ‘‘ Frictional Resistance and Ship Resistance 
Similarity.” At the outset of this session, on the 
morning of June 28, the President (Admiral of the 
Fleet Viscount Cunningham of Hyndhope, K.T., 
O.M.) had asked the authors of papers to limit 
their introductory remarks to six minutes. Pro- 
fessor Telfer, speaking with his customary directness 
and rapidity, was able to do so, but the other authors 
had to be allowed some latitude in the measurement 
of their minutes. We would suggest that six minutes 
is not enough; 15 minutes would be better—with 
a personal hint, sotto voce, to “keep it down to 
ten, if possible.” Too short a period, in many cases, 
only has the effect of causing the speaker either to 
gabble furiously against the clock, to the despair of 
would-be reporters, or to leave gaps in his intro- 
duction which only the equally expert can bridge in 
their minds while listening. Probably, a large 
proportion of those who discuss the Naval Archi- 
tecte’ papers are in fairly frequent touch with the 
authors and with each other—a larger proportion, 
almost certainly, than obtains with the Institutions 
of Civil or Mechanical Engineers, and possibly the 
Electrical Engineers as well; many of them are 
past or present members of the Council. There are 
other members, however, not so favourably situated 
but equally interested, who greatly appreciate (if 
they do not actually need) a clear and succinct 
introduction by the author in person; and many 
authors, apparently, find it easier to prepare a paper 
than to compose and deliver a clear and succinct 
introduction. 


FRICTIONAL RESISTANCE AND SHIP 
RESISTANCE SIMILARITY. 


Professor Telfer’s paper, as he explained, was a 
continuation of two earlier papers, one of which he 
presented to the Institution in 1927 and the other 
to the North-East Coast Institution of Engineers 
and Shipbuilders in 1928. Both dealt with the 
extrapolation of modei resistance to ship resistance 
and the method of using a geometrically similar 
model series (for which Professor Telfer coined the 
term ‘‘ geosims ”’) as an alternative to the Froude 
method. In the subsequent 20 years, he continued, 
geometrically similar series had been tested in 
many countries and the limitations of the method 
investigated. Outstanding among the tests were 
those of van Lammeren, published in 1938, on 
models of the Dutch steamer Simon Bolivar. Six 
wax models were made, the scales being 1 to 15, 
18, 21, 25, 36, and 50, respectively, and, in addition, 
a 1:15 model was made in wood. The results 
obtained were reviewed in the paper, and the cor- 
rection to be made for structural roughness was 
examined, the interesting point being made that the 
welding of plate seams made comparatively little 
difference if the shell were riveted to the frames. 
A new type of extrapolation diagram was then 
developed, avoiding the direct use of Reynolds 
number, and the Simon Bolivar results were set 
out in this form and compared with the original 
extrapolation. Consideration was given to wake 
and thrust-deduction scale effects, the wake extra- 
polation for the Simon Bolivar, according to the new 
method, being included in the paper. In conclusion, 
Professor Telfer suggested that further research 
should be undertaken for the determination of 
plank friction by testing a family of narrow-beam 
models of forms such that the wave-making resis- 
tance could be calculated simply and accurately. 
The flow round these models must have ensured 
turbulence, and indicator paint should be used to 
confirm the turbulence. Analysis of the series by 
the method outlined, he claimed, would have the 
greatest claim to accuracy. As further recommen- 
dations for future research, he suggested that 
Kempf’s tests with pipes and pontoons should be 
repeated on two much smaller scales to provide the 
greatest check on the extrapolation metbods; and 





that there was urgent need for the clarification of the 
present ideas on roughness resistance, especially by 
tests of geometrically similar plan forms with 
geometrically similar roughnesses, which might be 
provided by using cone-headed nails of different 
sizes, with cone angles conforming to that of a 
limpet. 

The discussion was opened by Dr. G. Hughes, 
who commented particularly on the comparison 
of the lines proposed by Dr. Telfer with experi- 
mental data, mainly tank data, as well as ship 
data, and considered the basis on which Dr. Telfer’s 
lines were founded. He drew attention especially 
to what he regarded as an inherent weakness and 
danger in attempting to compress the infinity 
Reynolds’ number into a finite space by inverting 
the functions. The acceptance of the method 
depended on whether it fitted actual data rather 
than on the question whether or not it had a sound 
basis. The scale of a model affected the wave 
profile, even though the models were “ geosims ” 
and were run at the same Froude number. Extra- 
polation to infinity, he maintained, depended 
entirely on the interpolation, within the model 
range, being absolutely exact and linear; but the 
experimental data showed such scatter that this 
could not be guaranteed. He felt that, at present, 
there was no real justification for accepting the 
proposed extrapolation in preference to other lines 
pro The matter was under close review by 
the tank authorities, and he had no doubt that the 
method proposed by Dr. Telfer would receive full 
consideration when the time came to decide what 
practice should be adopted in this country. He 
welcomed the paper, however, as one that was 
definitely thought-provoking, and e appre- 
ciation of the ingenuity with which the author had 
developed his thesis. 

The secretary then read a communication received 
from Professor A. M. Robb, D.Sc., who observed 
that, at the beginning of the second section of his 
paper, Professor Telfer said that ‘‘ Any approach to 
resistance similarity is best made through a con- 
sideration of the pipe problem; with smooth 
circular pipes complete geometric similarity is 
automatically secured.” The whole argument 
thereafter was based on a consideration of the 
Stanton and Pannell pipe results. It was reasonable 
to conclude, Professor Robb wrote, that, if it could 
be shown that these results should not be directly 
related to the problem of ship resistance, any 
argument based on them was invalid. Professor 
Telfer had improperly plotted values of Reynolds’ 
number, determined with length of ship as the 
representative dimension, in relation to a line 
determined with diameter of pipe as the representa- 
tive dimension. If he would plot the Stanton and 
Pannell results on a base of Reynolds’ number with 
the measurement length of the pipe as the rep- 
resentative dimension, he would no longer find that 
the results could be expressed by a single line. In 
the experiments, there was none of the geometric 
similarity which Professor Telfer said was auto- 
matically secured. Moreover, the influence of 
departure from geometric similarity will be empha- 
sised if the Osborne-Reynolds results were plotted 
on the same base as the Stanton and Pannell results, 
with the diameter used in both cases for the evalua- 
tion of the Reynolds’ number. All that could be 
said at present was that the left-hand branch on 
the common plotting was consistent with there being 
laminar motion within the measurement length, 
the upper flatter branch is consistent with there 
being turbulent motion across the section through- 
out the measurement length, and the intermediate 
portion, or portions for different diameters, were 
consistent with there being partly laminar motion 
and partly turbulent motion within the measurement 
length. The point was that the behaviour of 
the fluid within the measurement length was 
influenced by the pre-measurement, or entry, 
length. An indication of the effect of the pre- 
measurement length can be traced in the records of 
the experiments with air, when the difference in 
result caused by fitting a bell-mouth to the entry end 
of the pipe was determined. How could experi- 
ments of such a nature be directly associated with 
the problem of ship resistance ? In the pipe, the 
water was completely surrounded by a. rigid 
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boundary. The water alongside a ship was restrained 
by only one rigid boundary. In the case of the pipe, 
the behaviour of the fluid was studied after it had 
been in contact with the pipe for an indeterminate 
length. In the case of the ship, the concern was 
with the behaviour of the water from first contact 
with the ship. Moreover, the phenomenon of 
separation of flow was of some importance in ship 
resistance ; there was no such phenomenon when 
the flow was constrained by a boundary wall. 

From criticism of what was meant to be a matter of 
fundamental principle, Professor Robb proceeded to 
criticise some points of detail. Professor Telfer, 
he continued, had said “‘ It is particularly intriguing 
that, whereas d in the laminar flow is one-half, in 
turbulent flow it reduces to one-third .. . but 
in pipe flow at least there is now no possible doubt of 
the accuracy of the one-third index.” In fact, the 
so-called laminar flow branch of the Stanton and 
Pannell results corresponded to d being unity and 
not one-half. The latter figure was associated with 
the Blasius expression for the resistance of a laminar 
boundary layer, and had no relation to the flow in 
pipes; and there was ground for doubt whether 
the expression was reliable. If carefully examined, 
it would be found not to relate to a true boundary 
layer in so far as the quantity of fluid within the 
layer increased with the distance from the origin of 
the layer. Moreover, Professor Lees showed that 
the value of d was not exactly one-third, but 0-35. 
There was not much difference between the values 
0-35 and 0-3333, but the former figure was associa- 
ted with a value of 0-0018 for the constant in place 
of the value of 0-0012 given by Professor Telfer, a 
value to which he attached special significance ; 
and it did not seem that any expression of the 
Stanton and Pannell results covering turbulent 
flow within the measurement length could be any 
more reliable than that derived by Professor Lees. 
Professor Telfer justified the reliability of the method 
of extrapolation by the agreement with the results 
obtained by the Froude method. Professor Robb 
thought that as merely proof of the unreliability of 
the new method. The Froude friction coefficients 
had been discarded because of the belief that it was 
impossible to determine the true ship resistance by 
the accepted methods when they were adopted. 
There was no need to adopt a new method which 
merely perpetuated old error. 

Mr. W. Muckle said that he had read with great 
interest both the present paper and Dr. Telfer’s 
earlier paper, and thought that the whole work 
made a thoughtful and excellent approach to the 
difficult problem of frictional resistance. It was 
difficult to see, however, how, with a fluid of no 
viscosity, there could be any resistance in a pipe 
other than frictional resistance. Would Dr. Telfer’s 
proposed method take into account the form effect 
on resistance ? 

Professor G. Vedeler questioned Dr. Telfer’s 
assumption that length and area varied together ; 
area was affected by radius. In his view, there was 
no such thing as a Reynolds number for a ship— 
each part of the ship had its own Reynolds number. 
For smooth surfaces, he thought, Dr. Telfer’s 
reasoning was sound enough, but the treatment of 
roughness appeared to need further consideration. 

Mr. W. P. Walker said that the paper was one 
for specialists, but perhaps some of the non- 
specialists might have useful comments to offer. 
Quite bluntly, the position was that, for years, 
those who were working in the tanks and had been 
making predictions from ship models had been 
comfortably ensconced in a rut which Froude had 
laid down for them; they worshipped Froude and 
his plank data. The United States followed 
Schoenherr, but they could only bring him into 
line by using “‘ roughness factors,” which brought 
them back to Froude. It was not surprising, 
therefore, that someone should come along and 
throw a spanner into the works. While Dr. Telfer’s 
paper might be open to much argument, it might 
well be epoch-making, in that it presented an 
alternative comparison. The Simon Bolivar tests 
related to a number of “‘ geosims.”” Messrs. William 
Denny and Brothers had made similar tests with 
three models (particulars of which he would con- 
tribute in writing) and had found that no result 
differed by more than 3 per cent. from Dr. Telfer’s. 





Dr. Telfer, in his reply, commented that Dr. 
Hughes’s remarks illustrated two completely dif- 
ferent outlooks, between two persons. There were 
those who liked to complicate and those who lived 
by simplification. Why try to complicate a problem 
so that another 20 years might elapse before we got 
down to practical politics ? The Froude method 
had worked for 70 years, and we were trying to 
streamline the theory. 

This concluded the business of the first technical 
session. The afternoon of June 28 was devoted to 
visits, one party visiting the shipyard of Messrs. 
Henry Robb, Limited, at Leith, and another, the 
Rosebank Ironworks of Messrs. Brown Brothers and 
Company, Limited, where they saw under construc- 
tion a number of hydraulic steering gears, both 
steam-operated and electrically operated. On the 
way to the Rosebank works, a visit was paid to 
the open-air swimming bath at Portobello, to inspect 
the wave-making apparatus installed there by 
Messrs. Brown Brothers. For the ladies, an excur- 
sion was arranged by motor coach to Abbotsford, 
Melrose and Dryburgh Abbey. 


(T'o be continued.) 





THE WORLD’S OIL RESERVES.* 


Tue “ world oil reserves ”’ are the quantities of crude 
oil which, it is estimated, can be recovered ultimately 
from known oilfields. The total is never constant ; 
it rises with the discovery of new oil resources and falls 
as output from producing fields progresses, but since 
records have been kept the net total has always risen. 
Oil, however, like other minerals, is a wasting asset and 
it must be recognised that the world’s reserves will 
eventually begin to fall. Below are the current and 
previous estimates of proven reserves in the United 
States and in the world, stated in millions of barrels. 
(Seven barrels equa] one metric ton, approximately.) 
Of the world total in 1949, over 40 per cent. is in the 
Middle East. 


Estimated Proven Reserves of Crude Oil. 





At the beginning of United Statest Worldt 


1925 





23,000 
64,000 
é, E 67,035 
aii i 71,312 

1949 ..| 28,280 73,322 
| 





+ Estimates of American Petroleum Institute. 

t Estimates of “ proved and indicated ’’ reserves. 

The above figures of United States reserves exclude 
condensates and natural-gas liquids. These are some- 
times added, considerably increasing the total amount. 
At January 1, 1949, the proven reserves in the United 
States, on this basis, were 26,821 million barrels, 
compared with 23,280 million barrels for crude oil 
alone. 
United States proven reserves have increased by some 
11,000 million barrels, despite the production of over 
16,000 million barrels in that period. Although output 
was exceptionally high during the last four years, 
United States proven reserves were estimated at 
January 1, 1949, to be 3,500 million barrels more than 
at the beginning of 1945. In other regions, where 
prospecting has been far less intensive, more especially 
in the Middle East, proven reserves are likely to be 
substantially increased by future discoveries. 

Figures of proven reserves are frequently cited as 
though they constituted the total of the world’s oil 
reserves of all kinds, proven, possible and probable. 
In fact, they represent only a portion of the actual 
world oil reserves, which, in addition, include possible 
reserves ; but, while proven reserves are based upon 
calculations proceeding from known factors which 
ensure a fair measure of accuracy, possible reserves, 
although based upon reasoned conjecture and con- 
taining a certain element of reliability, are no more 
than rough indications. All calculations of reserves 
refer only to the amount of oil which can be obtained 
from wells by known production methods, and the 
estimates assume that the price of crude oil will be such 
as will justify production from every oilfield being 
continued to the end of its life. 

Estimates of proven reserves are based upon technical 
data of considerable accuracy, which include the known 
resources of producing fields, and the resources of 
areas which have been tested by drilling but are not 
yet in production. The calculations take into account 
the thickness of producing sands, the pore-space within 
the sands, the presence of water or gas, and the pro. 





* Survey issued by the Petroleum Information 
Bureau, 29, New Bond Street, London, W.1. Abridged. 


It will be seen that, during the past 14 years, 





portion of oil which present-day production methods 
cannot reach. There is almost always more oj! in 
the areas tested, but not yet producing, than experts 
will admit as “ proven.” All semi-proven oil is classed 
as “ possible reserve.” Proven reserves are increased 
as the development of an oilfield adds to technical 
knowledge of its characteristics ; for instance, proven 
reserves in the East Texas field were originally csti. 
mated, in 1932, at 1,000 million barrels. Since then, 
2,600 million barrels have been produced from the 
field, which, it is estimated, may yield a further 
3,000 million barrels. 

As estimates of possible reserves are not based upon 
exact data, figures vary widely and opinion plays a 
big part. The unknown factors include the area of 
the world’s surface likely to contain oil. This can be 
calculated by measuring the area of the sedimentary 
basins, and considering their structural conditions and 
the type of rocks which underlie them. Assuming 
that each cubic mile holds 4,000 tons of oil (an average 
of results from exploited areas), the world’s probable 
reserve is put at 80,000 million tons. A more cautious 
estimate, made in 1947 by the British Association, 
gives a figure of 40,000 million tons. Taking the mean 
of these two estimates, there is sufficient oil for well 
over 100 years at current rates of world consumption. 
As oil may exist at several depths in the same area, the 
depth to which it may be possible to drill must also be 
considered, in relation to the history of development. 
Drake’s original well of 1859 was 69 ft. deep. In 
1929, the deepest well was 9,221 feet; in 1938, 15,004 
ft. (producing at over 13,000 ft.) ; and in 1948, 17,823 ft. 
It cannot be assumed, however, that as much oil exists 
below 3 miles as above that point. Past technical 
developments have led to increases in the estimates of 
reserves and these are likely to continue. 

The question naturally arises: when will exhaustion 
be reached ? The possibility of a lessening of new 
supplies in the foreseeable future is suggested by 
experience in the United States, Europe and the East 
Indies. Since the 1860’s, the United States have led 
world oil production and have been large exporters, 
but no major oilfields have been discovered there for 
15 years, with the possible exception of the new West 
Texas field (1947). Further, there has been no out- 
standing increase of production from greater depths. 
The total of United States proven reserves is still 
rising, but consumption is rising faster. Proven 
reserves measured in terms of “number of years’ 
supply ” are not rising. The oil reserves of the United 
States have been drawn upon far more heavily than 
those of any other country, some 60 per cent. of the 
total production to date having been provided from 
about one-seventh of the world’s potential oil-bearing 
lands. Despite discoveries in central Europe in pre- 
war years and more recent discoveries in the Nether- 
lands, European production (excluding the U.S.S.R.) 
is not now rising, owing to the steady decline in 
Rumanian output. Europe, however, is not among 
the largest producing regions of the world. There 
have been no new discoveries of note in the Netherlands 
East Indies for many years, in spite of intensive 
exploration. The recent discovery of oil in New 
Guinea and the marked increase in production from the 
Seria oilfield in British Borneo, however, encourage the 
hope that further discoveries may be made. 

The general conclusion is that the richest area of oil 
production in each sedimentary basin is not difficult to 
find; thus production may steadily increase over a 
period of many years, but to maintain it is difficult 
and it must eventually decline. Large oil accumu- 
lations are the exception. The Middle East to-day is 
in the stage of “ flush” production ; it will not remain 
so for ever, although the present rates of production 
are an almost negligible part of its known reserves and 
the figure of proved reserves is rapidly increasing. In 
the United States exploratior has been far more 
intensive than elsewhere ; in a single year, the number 
of wells drilled is often more than 30,000. In other 
regions, notably in the Middle East and in South 
America, oil prospecting has been on a much smaller 
scale and the total number of wells so far drilled in the 
Middle East is probably less than a thousand. 

Natural gas, of which there are immense reserves in 
various parts of the world, is closely allied in chemical 
composition to crude petroleum, and can either be used 
as fuel in its natural state or be converted into petrol 
and other liquid products. These potential supplies 
are not included in calculations of oil reserves. It has 
been estimated that the reserves of natural gas in the 
United States roughly equal, in terms of potential 
supply of liquid petroleum products, the country’s 
crude oil reserves. 

In various parts of the world, notably in the United 
States and in Canada, there are enormous reserves of 
oil-bearing shales. They contain, as a rule, only some 
5 to 10 per cent. of oil and must be retorted to extract 
the crude oil before refining can begin. In comparison 
with products from natural crude oil, the cost of oil 

roducts from shale makes them uneconomic to produce. 
hey are not included in the stated oil reserves. 
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LAUNCH OF SS. 


‘* CHUSAN.”’ 


THE passenger and cargo steamer Chusan was 
launched successfully at the Barrow-in-Furness ship- 
building yard of Messrs. Vickers-Armstrongs Limited, 
on Tuesday, June 28. The vessel is being constructed 
for the Peninsular and Oriental Steam Navigation 
Company and the launching ceremony was performed 








| arranged to drive the main wheel through a secondary 
|pinion, while that for each intermediate- and low- 


pressure turbine will be of the single-reduction type. 


| The high-pressure ahead turbines will be of the impulse- 


reaction type, the intermediate-pressure turbines all 
reaction, and the low-pressure ahead turbines of the 
double-flow all-reaction type. A high-pressure astern 
impulse wheel will be incorporated in each intermediate- 


by Lady Bruce. During the launch, however, either | pressure ahead turbine and a low-pressure astern 


part of theslipway settled or the starboard fore poppet 


impulse wheel in each low-pressure turbine casing. 


collapsed as, when the vessel entered the water, she | A Weir regenerative condenser will be fitted to each 


heeled to starboard. Fortunately, she was sufficiently 


| set of turbines and each will be capable of maintaining 


waterborne to make a quick recovery and was soon |a vacuum of 28 in. of mercury with a sea-water tem- 


safely under the control of the tugs. 


| perature of 68 deg. F. 
This is the third vessel to bear the name Chusan, the | 


Steam for the main engines and auxiliary services 


first having been built in 1852 and the second in 1884. | will be supplied at a pressure of 525 Jb. per square inch 


The present Chusan, which is understood to be the 
largest passenger liner in the world to be launched 
this year, is intended for the Eastern service of the 
Peninsular and Oriental Line. While not so large as 
the Himalaya, now nearing completion at Barrow, she 
will have a gross tonnage of approximately 24,000, the 
main dimensions being similar to the five ‘‘ Strath ” 
ships built at Barrow prior to the Second World War. 
A photograph of the Chusan, taken immediately after 
the launch, is reproduced above from which it will be 
seen that, even at this stage, there is every indication 
that, when completed, she will have attractive lines. 
The vessel is being constructed to the rules and regu- 
lations of Lloyd’s Register of Shipping in order to 
obtain the highest class certificate. The length overall 
is 672 ft. 6 in., and between perpendiculars, 630 ft., the 
moulded breadth 85 ft., and the depth, moulded to 
E deck, 48 ft. When completed, accommodation will 
be available for 484 first-class engers, 549 tourist- 
class passengers, and a crew of 557. All cargo spaces 
will be arranged for the carriage of general cargo, with 
the exception of number three ’tween decks, which 
will be insulated and sub-divided for the stowage of 
refrigerated cargo. The insulation work for these 
spaces and the store rooms is being carried out by 
Messrs. Newalls Insulation Company, Limited, and the 
installation of the refrigerating machinery by Messrs. 
J. & E. Hall, Limited. She will have a total of 
437,000 cub. ft. of eargo space, of which 100,000 cub. ft. 
will represent the insulated spaces. 

The vessel will be propelled at a service speed of 21} 
knots by twin screws, each driven by a set of geared 
turbines of Parsons’ type, designed for a normal total 
shaft horse-power of 34,000 and an overload of 42,500 
shaft horse-power, with propeller revolutions of 130 
r.p.m. and 139 r.p.m., respectively. The astern turbines 
will be capable of developing not less than 65 per cent. 
of the normal ahead power. The gearing for the high- 
pressure ahead turbine will be of the double-reduction 
type, comprising an independent primary set of gears 








| by two large and two small water-tube boilers of Messrs. 
| Foster Wheeler’s controlled-superheat design, arranged 


to give a superheat control from 850 deg. F. down to 
600 deg. F. when maneeuvring. The boilers will be fired 
by oil fuel under a balanced system of forced draught, 
and air heaters of the tubular type will be installed in 
the uptakes from each boiler. The boilers will operate 
under Weir’s closed-feed system. All auxiliary 
machinery will be electrically driven with the exception 
of the main and auxiliary feed pumps, which will be 
of the turbine-driven type. Direct current for the 
auxiliaries and the ship’s services will be provided by 
four turbo-generators, each having an output of 
850 kW at 220 volts, and two 100-kW Diesel emergency 
sets; the turbo-generators are being supplied by 
Messrs. British Thomson-Houston Company, Limited, 
and the Diesel sets by Messrs. Ruston and Hornsby, 

The accommodation and public rooms will be 
arranged on seven decks. First of these is A deck, 
the forward part of which will be enclosed by glass 
screens to form a sun trap. The first-class public 
rooms will be situated on B deck and will comprise 
a library and writing room, a lounge and a verandah 
café which will overlook a swimming pool. A number 
of first-class cabins will be situated on C deck; these 
will be either single- or two-berth cabins. The first- 
class and tourist-class shops and hairdressing saloons 
also will be located on this deck, while aft will be the 
tourist-class swimming pool and a large lounge. On 
D deck will be first-class cabins for either one or two 
passengers and tourist-class cabins for either two or 
four passengers. Aft of the cabins will come the 
tourist dance floor, followed by a smoke room and 
bar. Most of E deck will be occupied by cabins for 
both classes and further cabins will be arranged on the 
forward part of F deck. The two dining saloons, 
together with the galleys, pantries, etc., will occupy 
most of the remaining space on F deck, but some tourist 
cabins will be situated aft. 


The usual navigational aids such as radar, gyro- 
compasses, automatic pilot, depth sounder, electric 
log, etc., will be installed on the navigating bridge. 
and the steering gear will be of Messrs. Brown 
Brothers electro-hydraulic type controlled by a tele- 
motor. The lifesaving equipment will include 16 
lifeboats fitted with Fleming hand-propelling gear, two 
accident boats,and two motor lifeboats, all of which 
will be carried by Welin-McLachlan gravity davits. 
When completed, the Chusan will have two masts, a 
single funnel and a streamlined bridge. The hull will 
be painted white and the funnel buff and there is little 
doubt that, when in commission by the spring of 1950, 
she will be an exceptionally handsome vessel. 





PRESIDENTIAL ADDRESS TO THE 
FOURTH EMPIRE MINING AND 
METALLURGICAL CONGRESS.* 


By Str Henry T. Tizarp, G.C.B., A.F.C., F.R.S. 


EVERYONE knows that coal and iron are essential 
to our modern civilisation. Not everyone knows the 
great importance of the rarer metals, the names of 
some of which they would hardly recognise. Indeed, 
the whole of our material civilisation depends on 
drawing on the capital resources of the earth. We 
discover the places where nature has concentrated 
minerals in a way that we do not understand; we 
extract them, we concentrate them and refine them 
still further, and then dissipate them completely in 
use. That process obviously cannot go on for ever. 
For how long will it go on? We have reached the 
stage where this question is not of academic interest 
only; it is rapidly becoming one of real practical 
importance. 

In my lifetime more irreplaceable minerals have been 
dissipated than in the whole previous history of the 
world. The rate of consumption goes on increasing, 
and no one is going to put a limit to the rate. No one 
can be certain, from existing knowledge, that some 
of the metals on which so much depends, such as lead 
and tin, will be available in sufficient quantity in a 
hundred years’ time. Some metals exist in enormous 
accessible quantities, for instance magnesium, which, 
if necessary, could be obtained in unlimited quantities 
from sea water. But we must even cast doubts upon 
the future supply of iron ore. The rich Lake Superior 
deposits are being rapidly dissipated. Broadly speak- 
ing, it is true to say that the rate of discovery of minerals 
of economic importance has been going down steadily 
for 20 or 30 years. What we do not know is whether 
this decrease is due to the fact that the minerals 
are not there or to the fact that our methods of 
finding them are out of date. 

Many people will pooh-pooh the suggestion that 
many mineral deposits will be exhausted within a 
hundred years. They will say, and rightly say, that 
such stories have been told before, and have been proved 
false by events. Not long after the 1914-1918 war, 
for example, a body of experts in the United States 
said that the source of natural oil in that country 
would not last for more than 10 to 20 years at the then 
rate of consumption. The annual rate of consumption 
has since increased by at least three times, but produc- 
tion has kept up with the demand. New sources 
have been discovered where they had not previously 
been suspected. In Canada, many people thought 
at one time that the chance of finding copious sources 
of natural oil was very small, but now we hear of a 
new field in Alberta which may prove to be one of the 
largest fields in the world. As for iron ore, we are all 
greatly interested in what is now being done to exploit 
the rich deposits in Labrador and Quebec; deposits 
which are pe prone economic importance both to Canada 
and to this country, and may lead to a re-orientation of 
the steel industry in North America. 

We can look at the problem in another way which 
will give encouragement to optimists. Great though 
the rate of consumption of minerals is, the actual 
volume that has been consumed is very small com- 

to the size of the earth. I calculate roughly, 
or example, that the total volume of liquid fuel ex- 
tracted from the earth so far comes to between one 
and two cubic miles. The total volume of iron ore, 
estimated at Fe,0,, extracted from the earth so far 
is about half a cubic mile, and if you put all the other 
metalliferous minerals together, you would not find 
that the total volume amounted to another half a 
cubic mile. The total volume of coal extracted from 
the earth since the beginning of time is between 10 and 
20 cubic miles. Now, when ‘we consider the whole 
size of the earth which is accessible to us, we might 
justly say that we are only scratching at its surface. 
The depth of some mines is greater than a mile, and 
oil in particular is recovered economically from depths 
of over two miles. But on the average we do not 
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extract minerals from depths exceeding one mile. 
The total area of the land surface of the earth is about 
60 million square miles. So the total volume of the 
land to the depth of one mile is 60 million cubic miles, 
out of which we have so far taken less than 20 cubic 
miles of coal, rather over one cubic mile of petroleum, 
and say roughly one cubic mile of metalliferous minerals 
extracted for their metals. It would certainly be very 
odd if in that large volume there are not still very 
many cubic miles of useful and exploitable material. 

Most minerals have been found accidentally, either 
by such chance occurrences as the cutting of a railway 
line or during the wanderings of adventurous prospec- 
tors. Such accidental discoveries are not at an end, 
but we cannot rely on them for the future. Nor can 
we rely entirely on the classical geologist, great though 
his help has been in the past. The normal studies of 
the geologist do not give sufficiently accurate informa- 
tion concerning deposits at great depths under the 
earth. Few countries have been studied so intensively 
by geologists as the United Kingdom, but I have not 
heard of any geologist who predicted the occurrence, 
deep under the surface of Yorkshire, of an extensive 
bed of salt containing potash which may turn out to 
be of great economic value to this country. The 
mining geologist must now become more and more an 
applied physicist and employ all the techniques that 
physicists can supply. We know what has already 
been made in this field, especially by the great oil 
companies; but there is much that remains to be 
done. The particular point I wish to make, however, 
is that such an applied science needs to be continuously 
developed on a firm foundation of fundamental know- 
ledge. We need to encourage and stimulate the basic 
science of geophysics in its broader aspects. Possibly 
some of our ¢ mining corporations can consider 
how they pond this, just as the Nuffield Foundation 
has recently taken steps to stimulate progress in 
methods of extraction of metals from their ores, by 
the establishment of fellowships and scholarships under 
the guidance, and with the great help, of the Institution 
of Mining and Metallurgy in this country. 

The last stage in the provision of metals to meet 
the ever more stringent ‘~- uirements of engineers 
rests with the metallurgists. e science of metallurgy 
has made great strides in recent years. The report of 
the Advisory Council of the Department of Scientific 
and Industrial Research for the tenth year of their 
existence contains this phrase: “ Hitherto, in spite 
of the enormous mass of data collected by investigators 
throughout the world, research in metallurgy has been 
largely empirical, in the sense that though carried out 
by strictly scientific methods, there are no established 
scientific principles which enable one to predict with 
any d of certainty what combinations of metals 
are likely to be of industrial utility. has been 
maintained by the laborious, but none the less fruitful, 
method of ‘trial and error.’ Recent advances give 
some hope that in the course of the next generation 
there may be a complete reversal of this position.” 
Later on, in the same report, the Council said : “‘ Mathe- 
matical and experimental physicists, absorbed in the 
problems of the atom and the universe, have for some 
time neglected, by comparison, the study of matter 
of more approachable dimensions. What the ultimate 





effect on industry of the great scientific advances in| pan 


the domain of atomic physics will be it is impossible 
to foresee; but we already in to notice their 
influence, not so much eye by industrial dis- 
coveries inspired directly by advances in knowledge, 
as by a new attitude of mind, which helps in the 
solution of industrial problems.” That was written 
24 years ago. Physicists are still greatly absorbed in 
the problems of the atom; and the views of the 
Council, expressed nearly 24 years ago, have been 
borne out by events. It is a great source of satisfaction 
to me, because I wrote it. We now have much clearer 
scientific principles which can guide the practical 
metallurgist in his work. Yet it is still true to say 
that it is not possible to predict with any degree of 
certainty what combinations of metals are likely to be 
needed for certain purposes. For instance, no scientist 
could have predicted the combination of metals required 
to make the blades of internal-combustion turbines, on 
the quality of which the whole success of this new 
development depends. We can, nevertheless, congratu- 
late ourselves on the high standard of the work carried 
out, both pure and applied. 





ALTERNATING- AND DIRECT-CURRENT MOTOR PRICES. 
—The members of the Associated Dynamo and Motor 
Manufacturers, 36, Kingsway, London, W.C.2, have 
decided not to increase the prices of alternating- and 
direct-current motors above their present level, in spite 
of the fact that the costs of labour and materials have 
risen since the last change took place at the beginning 
of 1947. This decision has been made in pursuance of 
the policy, announced over a year ago, of supporting 
the Government in their desire to stabilise prices. 





LABOUR NOTES. 


Tue outstanding event in the labour world during 
the past few days has been, of course, the intervention 
of the Government in the dock dispute, which seems to 
be of a political rather than an industrial nature, and 
the proclamation of a state of emergency on Monday, 
July 11, followed by the setting up of a Docks Emer- 
gency Committee on the following day. This stoppage 
commenced with the refusal of dockers at the Surrey 
Commercial Docks and the Royal Group of Docks to 
unload the cargoes of the Canadian ships Beaverbrae 
and mont, on the ground that members of the 
crews of these vessels belong to the Canadian Seamen’s 
Union, which is at variance with the International 
Seafarers’ Union. The employers declined to engage 
additional men unless they were willing to work all 
ships, including the two Canadian vessels. As the 
dockers were prepared to man all ships except these 
two, they declared that the attitude of the employers 
amounted to a lock-out and men at other docks ceased 
work in sympathy. 


A ballot was taken last Friday by the National 
Amalgamated Stevedores and Dockers, which has a 
membership of approximately 7,000 and which was 
the Union largely concerned in the early stages of the 
dispute. It is worthy of note that fewer than 500 of 
their members recorded their votes, 338 in favour of 
resuming work and 159 against. Contrary to the 
experience of 1948, when the proclamation of a state of 
emergency and a broadcast by the Prime Minister 
caused an unofficial dock strike of 20,000 men to 
colla in 24 hours, the position in the early days 
of this week, after the proclamation on Monday, 
definitely worsened. There were 8,796 men not working 
on Thursday, July 7, and the number rose, by 1,417, 
to 10,213 on the next day, following the introduction 
of servicemen to thedocks. By last Wednesday, the num- 
ber on strike had risen to 13,964 and 132 ships were then 
idle. It was stated that the 2,380 men from the 
Services then at work would be increased to 11,000 if 
the strike continued. On Tuesday, some members 
of the Transport and General Workers’ Union at 
Smithfield Market passed resolutions refusing to 
handle meat unloaded by troops, and the executive 
of the Watermen, Lightermen, Tugmen and Bargemen’s 
Union instructed their members to remain at work 
where normal trade union conditions prevailed, but 
to refuse their services where imported or Service 
labour was employed. 


Mr. George Isaacs, the Minister of Labour, has decided 
to seek a solution to the existing deadlock over the rail- 
way wage dispute by the establishment of a Board of 
Conciliation to consist of five independent members, 
appointed by the Minister, who will meet all the ies 
involved and assist them to reach an early settlement 
of their differences by negotiation between themselves. 
All the existing P pesrg relating to salaries, wages. 
and conditions of service in the industry, arising from 
recent meetings between the Railway Executive and 
the unions, will be investigated. Failing an agreement 
between these bodies on any point, the Board will be 
empowered to make recommendations on its own autho- 
rity, which both sides in the dispute must agree before- 
d to accept. The setting up of this new kind of 
conciliation machinery was found to be necessary in 
view of the very involved nature of the railwaymen’s 
claims, in which several unions are involved, but to 
different extents and from somewhat conflicting 
points of view. 


Discussions between the Railway Executive and the 
unions involved have continued on the subject of lodg- 
ing turns and it is understood that a large measure of 
agreement has now been reached. The attitude of the 
enginemen on the East-Coast route remains uncertain, 
however, and it is not known whether they will consent 
to work the share allotted to them in the new arrange- 
ments. A decision on when these new lodging turns 
will come into operation will be made in the course of 
further discussions, which will take place shortly. 


The biennial conference of the Transport and General 
Workers’ Union, which has a membership of over 
1,300,000 and is reputed to be the largest trade union 
in the world, opened in Scarborough on Monday, 
July 11. There were, in all, 760 delegates, drawn 
from over 4,000 branches and representative of the 
dozens of different trades and industries catered for 
by this many-sided union. They had before them an 
agenda containing 909 resolutions and covering a wide 
variety of subjects. There were 32 resolutions for or 
against the exclusion of certain left-wing extremists 
from office in the Union, 20 resolutions on the break- 
down of the World Federation of Trade Unions, 44 
others on wages, profits and prices, and another 50 on 
nationalisation and the control of the nationalised 
industries. The Foreign Secretary, Mr. Ernest Bevin, 





sent a message of goodwill last Wednesday and there 
was a debate yesterday on the resolutions on nationali. 
sation and the nationalised industries. 


In the course of the debate on Tuesday, July 12, 
on the resolutions on wages, profits and prices, Mr, 
Arthur Deakin, the general secretary of the Union, 
bluntly warned the delegates against expecting large 
wage increases. He declared that it was no use 
anyone telling them that, at the present time, they 
could sussenntliy promote extravagant wage claims, 
or even modest ones, in some of the better-paid indus. 
tries. He doubted whether they could obtain any 
wage increases at all at present. He said that he was 
not going to be a party to leading members of the Union 
into the belief that these things could be done, in view 
of the economic circumstances now confronting the 
country. He repeatedly emphasised that employees 
had more to gain from stability in the general level 
of prices, than from a general increase in wages and 
that, therefore, a vigorous and determined effort 
must be made to reduce prices by means of increased 
efficiency and higher productivity. 


Mr. Deakin said that taxation could not be reduced 
while pressure was being brought to bear on the 
Government to increase social services and amenities, 
He said that they believed that profits were the most 
important factor and that they should be dealt with 
drastically. The method of assessing what was a 
reasonable profit should be overhauled. In the drive 
towards higher efficiency in industry, substantial 
reductions could be made in prices generally. This 
was particularly true in the nationalised industries, 
which they wanted to see developed so that reduced 
costs could be passed on to the consumer. 


He urged the delegates to remember that, as trade 
unionists, they had their part to play, and continued : 
“*We cannot ask for a reduction in price levels and, 
at the same time, create those conditions which make 
the achievement of this impossible. When we talk 
about promoting wage claims for 20s. or 30s. a week, 
which would more than take up any profit which 
exists and would also add to the cost of production, 
we are simply stifling at birth the idea that we stand 
for stability and that we are striving to create those 
conditions which would enable a reduction of price 
levels to be brought about.” Mr. Deakin had sup- 

rted a resolution regretting the absence of tax reliefs 
in the Budget and e ing concern at the rising cost 
of living. This resolution was carried by an over- 
whelming majority. 


Suggestions for reducing the cost of living were 
placed before Sir Stafford Cripps, the Chancellor of the 
Exchequer, by members of the general council of the 
Trades Union Congress at a meeting on July 1l. 
An official Treasury statement said that there was a 

eral discussion on the present economic situation 
in all its as . The special economic committee 
of the T.U.C. desired that there should be an investi- 
ation into profit margins in the distributive trades, as 
it is felt that if these were reduced a general reduction 
of prices would follow. The T.U.C. recognises that 
the costs of exports must be kept low, but they also 
maintain that prices in the home market must be 
reduced if restraints on the increase of wages are to 
continue. They maintain that the purchase tax on 
essential commodities must be abolished or, if this is 
not possible, substantially reduced. The T.U.C. 
delegation no doubt pressed home these points in their 
recent interview with Sir Stafford. They will report 
back to the general council at its next meeting on 
July 27. 


The index figure of the interim index of retail prices 
for “all items,” after ining stationary for six 
months at a level of 109, rose by two points to 111, at 
mid-May. The figure for food items only, which had 
similarly remained at 108 from mid-October, 1948, 
to mid-April, 1949, with the one exception of mid- 
February, 1949, when it increased to 109, rose by six 
points to 114 at mid-May. Increases in the price of 
meat alone were responsible for almost the whole of 
these rises in the index levels. This index was estab- 
lished in its present form on June 17, 1947, the level 
at that date being taken as 100 in each case. 


No changes were orang by the index of rates 
of wages, at the end of May, for ~ the four cate- 
gories recognised by the index. e figure for all 
employees remained at 108, at which level it had stood 
since the end of January. The index figures for the 
other three classes, men, women, and juveniles, 
separately, were 108, 110, and 111, respectively, at 
the end of May. These fi are calculated on the 
basis of rates of wages existing when the index was 
commenced on June 30, 1947, which are taken as 100. 
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MELT No. 11, ANNEAL A. 

















Fig. 2. 


THE INFLUENCE OF HEATING RATE 
IN MALLEABLE-IRON ANNEALING.* 
By S. W. Parmer, A.R.LC., A.LM. 


Recent developments in the annealing of malleable 
cast iron have tended to reduce the length of the 
annealing cycle. This has been accomplished to some 
extent by the control of chemical composition, so that 
more readily graphitised materials are used, and to 
some extent by the use of annealing furnaces which 
permit more rapid heating and cooling rates. In 
respect of this latter point, the introduction of the 
electrically-heated furnace using a controlled gaseous 
atmosphere is having an important influence on both 
whiteheart and blackheart annealing practice. The 
use of such a furnace permits the elimination of packing 
material and annealing pots, and a considerable 
shortening of annealing che can be obtained. 

At first, it would seem that one way of shortenin 
the annealing cycle would be to speed-up the rate o 
heating, and that, provided the same annealing time 
at the top temperature and the same cooling rate 
were used, the resulting product should be the same, 
regardless of the rate of heating. It is the object of 
this paper to show that the rate of heating has an 
important influence on the process of graphitisation 
after the top annealing temperature has been reached, 
and that the final microstructure obtained depends to 
a considerable extent upon the rate of heating. In 
fact it would appear that there is, for instance, a 
metallurgically imposed limit to the extent to which 
rate of heating can be increased and that, if the heat- 
ing rate be increased beyond a certain point, the object 
of this increased rate, namely, the shortening of the 
annealing cycle, might well be defeated. 

It will be recalled that, as reported in the first 
section of a paper presented by the author before the 
Institute of British Foundrymen in 1947, whiteheart 
material of varying silicon, manganese and sulphur 
contents was obtained from 18 oil-fired crucible 
furnace melts. From each of these melts were cast 
0-564-in. diameter shaped tensile bars, 0-875-in. 
diameter bars and 3-in. standard “ bend” bars, there 
being five taps of metal from each melt to give five 
different sulphur contents. The test bars were packed 
in ore of strength: six parts of old to one of new, with 
a 2:1 ore to metal ratio, and were annealed in an 
electric annealing furnace. The annealing cycle 
employed consisted of : 12 hours heating to 1,000 deg. 
C.; 100 hours holding at 1,000 deg. C.; and 36 hours 
cooling down to 600 deg. C. The mechanical test 
results and microstructures reported in the previous 
paper were obtained from the use of the above cycle. 

In order to investigate any effect that heating rate 
may have on whiteheart malleable iron, further test- 
bars of some of these melts were annealed under the 
same conditions and annealing cycle, except for the 
use of a slower rate of heating up to the annealing 
temperature. In this second experiment the time taken 
to heat the test bars from 500 to 1,000 deg. C. was 45 hrs., 
as compared with 12 hrs. for the first experiment. 
The experiment using the heating time of 12 hrs. up to 





* Communication from the British Cast Iron Research 
Association, presented on Wednesday, June 15, 1949, 
at the 46th Annual Meeting of the Institute of British 
Foundrymen, held at Cheltenham Spa. Abridged. 


Mett No. 11, AnngEAL B. 


1,000 deg. C. ‘will hereafter be referred to as “ Anneal 
A” and that having a heating time of 45 hrs. up to 
1,000 deg. C. as ““ Anneal B.” 

If the complete chemical analyses of the above melts 
are required, reference can be made to Table I in 
the previous paper. The sulphur to manganese ratios 
given in Table I, below, have been obtained by 


TABLE I. Part Analyses of Melis. 





Melt Si || Melt Si 
nod | er | Stomn|| Ned | per | Stoo 
Tap No. cent. ” TapNo.| cent. | ; 
' 
2A 0-60 0-40 124 0-31 0-15 
B 0-85 B 0-24 
Cc 1-50 c 0-44 
D 2-04 D 0-61 
z 0-54 2-44 E 0-32 0-71 
3A 0-56 0-20 164 | 0-44 0-15 
B 0-62 B | 0-19 
c | 1-11 Cc | 0-25 
D 1-54 D | | Q-44 
E | 0-61 1-89 E | 0-35 | 0-57 
| i 
6A 0-43 0-08 17A | 0-63 | = 0-12 
B | 0-35 B | 0-25 
c | 0-59 o.4 | 0-40 
D | 0-36 «|| «62D OC 0-56 
E | 0-36 | 1-12 | E 0-62 0-69 
94 | 0-45 | 0-09 || 184 0-82 | 0-11 
B | | 0-30 || B | 0-24 
c | | 0-60 || © | 0-88 
D | o-72 || D | 0-52 
E 0-42 0-97 E | 0-81 | 0-71 
| 
114 0-68 | 0-14 | 
B } 0-85 | | 
Cc | | 0-61 | 
D | | 0-83 || 
E | 0-62 | 1-00 


dividing the actual sulphur content by the actual 
manganese content. The sulphur and manganese are 
balanced to form manganese sulphide when the man- 
ganese content equals 1-72 times the sulphur content. 


Hence, when the ratio = = 0-58 there is excess of 


neither element. If the ratio is less than 0-58 there is 
more manganese than can combine with sulphur, 
while a ratio exceeding 0-58 indicates more sulphur 
than is required to form manganese sulphide with all 
the manganese content. 

A metallographic examination of the material 
obtained from Anneal B (45 hrs. heating) was carried 
out in the same manner as that already reported for 
Anneal A. It became obvious immediately that the 
temper-carbon nodules in the test-bars that had re- 
ceived a 45-hr. heating period were considerably more 
numerous than in the test-bars from the first anneal, 
and that the nodule size in Anneal B was generally 
much smaller. To demonstrate this difference, a 
nodule count was carried out and the results obtained 
from this are given in Table II. The procedure for this 
consisted in counting the number of nodules occurring 
in a 0-05-in. zone across the diameter of each 0-875-in. 
diameter specimen. 

It is apparent from the results quoted that, whereas 
a rapid heating rate of 12 hrs. up to 1,000 deg. C. has 
given rise to relatively large temper carbon nodules 





up to 1,000 deg. C. has led to the formation of small 
temper-carbon nodules, but present in large number. 
oe difference is well illustrated by the nodule-count 
ta. 
An examination of the mechanical-test results did 
not indicate any marked difference between the 
materials of Anneal A and Anneal B. Similar trends 
can be detected with variations in chemical composi- 
tion. Tensile strength appeared generally to decrease 
with increasing sulphur-to-manganese ratio for both 


TABLE II.— Number of Nodules in Anneals “A ”’ and “‘ B”’. 





Melt | | Melt 
and Anneal A./Anneal B.|| and /Anneal A./Anneal B. 
Tap No. | | Tap No. 
| 
2A | 126 500 12A 16 80 
B 106 402 B 16 230 
c 142 375 Cc 19 212 
D 220 525 D 12 244 
E 230 571 E 18 230 
3A _ 282 16A 7 42 
B — 482 B 17 54 
Cc 121 484 Cc 7 72 
D 130 450 D 70 172 
E 120 202 E 19 214 
6A 12 146 174 100 464 
B 11 284 B 100 478 
Cc 18 102 Cc 130 590 
D 16 174 D 55 732 
E 9 248 E _ 702 
9A 23 144 18A 55 134 
B 22 246 B 140 194 
Cc 12 312 Cc 67 445 
D 22 210 D 260 516 
E 12 310 E 122 447 
11A 66 378 
B 75 658 
Cc 47 362 
D 60 458 
E 60 320 





























anneals. Yield strength showed little variation, apart 
from a tendency to increase in value with higher 
sulphur-to-manganese ratios. It did appear that 
Anneal B materials, containing many more nodules 
than Anneal A materials, generally exhibited some- 
what lower yield st hs. The most conspicuous 
difference between Anneal A and Anneal B materials was 
with respect to elongation. An increase in the number 
of temper carbon nodules in the structure appears to 
give rise to an improvement in elongation, particularly 
in those materials having a sulphur to manganese ratio 
between 0-3 and 0-58, that is, when a small excess of 
manganese occurs. This is undoubtedly a consequence 
of the provision by the larger number of nodules of 
more centres upon which secondary graphitisation can 
proceed during cooling, thus resulting in more ferrite 
in the matrix. In the materials having a sulphur-to- 
manganese ratio in excess of 0-58, that is, having an 
excess sulphur content, and, hence, there being a 
severe restriction of secondary graphitisation, an in- 
crease in the number of nodules does not appreciably 
improve elongation. 

The observations on variation in microstructure with 
varying sulphur-to-manganese ratio, recorded in the 
previous paper, have been confirmed by the results of 
Anneal B. These observations can be summarised thus. 
With high excess manganese content (0-45 per cent.) the 
matrix is essentially of fine pearlite. With an increase 
in sulphur content to neutralise partially the excess 
manganese content, the amount of ferrite associa 
with the temper carbon increases as the carbide stabi- 
lising influence of the manganese is reduced. When 
all the manganese has been rendered ineffective by the 
sulphur content, and a small excess of sulphur is 
obtained, the matrix becomes pearlitic again by reason 
of the excess sulphur which then exerts a marked 
carbide stabilising influence and suppresses secondary 
graphitisation. With further increases in sulphur 
content, the matrix consists more and more of divorced 
pearlite, and increasing amounts of the undesirable 
hyper-eutectoid cementite network occur associated 
with this constituent. In the Anneal B series, the 
increased number of temper carbon nodules have 
resulted in more secondary graphitisation, and hence 
more ferrite occurs compared with the corresponding 
bars in the Anneal A series. 

The gradual change from the aggregate-type to the 
compact-spherulitic type of temper carbon with 
increasing sulphur content was well exemplified by 
both Anneal A and Anneal B. It is worthy of note 
that very little eutectic cementite could be found in 
the Anneal B test bars, even in the low-silicon high- 
sulphur materials, and in the low-silicon high-man- 
ganese materials. Evidently the larger number of 
nodules in the Anneal B bars had facilitated the decom- 
position of eutectic cementite during the 100 hours at 
1,000 deg. C. 

Those materials having a balanced sulphur content 
with a small excess of manganese gave fractures that 





(generally few in number), a slow heating rate of 45 hrs. 





were black in appearance. The fractures of the test 
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bars of Melt No. 11 from both Anneals A and B are 
shown in Figs. 1 and 2, on 69. In both illus- 
trations, bars A, B, C, D and E are shown from left to 
right. The change in fracture from a small excess of 
manganese content in Bar C to a small excess of 
sulphur content in Bar D is well illustrated by both 
anneals. The greater extent of black fracture in the 
Anneal B bars, Nos. A, B and C, compared with the 
corresponding Anneal A bars, indicates that more 
sscundiny graphitisation has occurred in the Anneal B 

by reason of their containing the larger number of 
temper-carbon nodules. 

A marked difference in the microstructure of white- 
heart malleable iron having been found as a result of 
the use of slow and rapid heating rates, a similar investi- 
gation was then carried out for blackheart malleable 
iron. Some coke-fired pit-furnace crucible melts 
were carried out and 0-564-in. diameter standard 
shaped tensile bars were cast from each melt. Each 

contributed two such test-bars to each of two 
annealing experiments, designated hereafter as Anneals 
A, and B,. The annealing cycle for Anneal A, was as 
follows : 6 hours heating period from 500 to 930 deg. C. ; 
30 hours at 930 deg. C.; 4 hours cooling from 930 to 
800 deg. C. ; and 50 hours cooling from 800 to 650 deg. C. 

The cycle for Anneal B, was precisely the same, except 
for a heating period of 45 hours from 500 to 930 deg. C. 
In both anneals the test bars were packed in sand 
which contained a small percentage of plumbago. 
A total of 22 melts were involved in this investigation. 
Many of them received additions before pouring, were 
cast under different mould conditions, or received 
some form of preheating treatment before annealing. 
For the of this paper, however, only 11 of 
these melts have been included. The chemical compo- 
sition of each melt, the treatment given and the mech- 
ag results are listed in Table III for Anneals A, 
and B,. 

A metallographic examination was made of all the 
annealed test bars and, as for the whiteheart material, 
it was immediately obvious that the two rates of heat- 
ing employed had markedly influenced the micro- 
structure. It was apparent that, whereas a 6-hour 
heating period had resulted in large dispersed bay 
carbon aggregates, the 45-hour heating period had 
produced materials containing quite numerous and 
much smaller temper-carbon aggregates which tended 
to be compact in form. The more numerous temper- 
carbon aggregates in the Anneal B, materials had facili- 
tated much more secondary graphitisation during 
cooling, with the result that these materials were 
practically free from pearlite, except near the edge of 


the section. On the other hand, many of the Anneal A,- 


materials contained appreciable amounts of lite 
at Bn dsages of the section. It was noticeable —_ 
rather less lite-rimming had occurred in the Ann’ 
B, micas Egy The photomicrographs shown in Figs. 3 
and 4, oppositc, serve to illustrate the differences 
observed between Anneal A, and Anneal B,. The 
difference in temper carbon aggregate size and distri- 
bution in these two anneals was so distinct that nodule 
counting was considered unnecessary. Figs. 3 and 4 
show the structure from edge to centre obtained from 
melt No. 10; Figs. 5 and 6 show the structure from 
edge to centre obtained from melt No. 21. All have 
been etched in 4 per cent. picral. 

The material obtained from Anneal A, can be 
regarded as of suitable quality to satisfy Grade I of 
B.S. Specification No. 310, 1947. By a modification 
of the annealing cycle only in respect of heating rate, 
that is, 45 hours to 930 deg. C. instead of 6 hours, the 
quality of the same material has been improved to 
satisfy at least Grade 2 and in several cases to satisfy 
Grade 3. Relatively rapid heating to the annealing 
temperature produced temper-carbon aggregates that 
were and di while a slow heating rate 
resulted in the formation of more numerous temper- 
carbon tes that were much more compact. By 
reason of the more numerous temper-carbon tes 
in the Anneal B, materials, secondary graphitisation 
was permitted to proceed more readily and very little 
pearlite remained in the section. As a result of this, 
the elongation was considerably improved. Further- 
more, it would appear that the smaller and more 
compact type of temper-carbon aggregates contributed 
to a better tensile strength than did the large dispersed 
aggregates since the superior tensile strengths of the 
Anneal-B, materials were obtained in spite of there 
being much less pearlite in them than in the Anneal-A, 
materials, 

An important result of an increased number of 
temper-carbon tes was the decrease in the extent 
of pearlite rim in the Anneal-B, bars compared with 
the Anneal-A, bars. Experience has shown that the 
nature of the atmosphere in which the material is 
annealed is the principal factor involved in the forma- 
tion of pearlite rim in blackheart malleable iron. The 
more oxidising the atmosphere, the deeper is the rim. 
These iments have shown that  pearlite-rim 
formation can be offset by increasing the number of 
temper-carbon aggregates in the edge structure of a 





section, thereby assisting secondary graphitisation to 
proceed nearer the edge. 

Convincing results from variations in heating rate 
for both whiteheart and blackheart materials having 
been obtained, further experiments were with 
the intention of determining the range of temperature 
within which the heating rate affected the number of 
nodules, and, possibly, to obtain evidence of a con- 
venient Bay sep-sog treatment that would give equiva- 
lent results in this respect. 

In one of these experiments, an electric annealing 
furnace was slowly raised in temperature from 500 to 
995 deg. C. during a 45-hour period. Test bars used 
had been prepared from melts of whiteheart compo- 
sition with a sulphur content balanced by m ese, 
and of whiteheart composition with excess sulphur. 
Some ten groups of these test bars, each group being 





used in the experiment with whiteheart material. 
Insufficient time was allowed at 930 deg. C. for all the 
eutectic cementite to decompose in these materials so 
that information might be obtained on the influence 
of nodule number on the rate of eutectic cementite 
decomposition. Micro-specimens were taken from the 
test bars of each group and nodule counting was 
carried out on each. The results obtained from nodule 
counting in this experiment are given in Table IV. 
The materials annealed in this experiment would 
normally require about 40 hours’ annealing at 930 deg. 
C. completely to decompose all eutectic cementite. 
It was intended that the curtailed period of 35 hours 
at 930 deg. C. should allow some eutectic cementite to 
remain in some of these test bars, and this was indeed 
the case. In the test bars of Groups 1 and 2 very little 
cementite remained, but this constituent gradually 


TABLE ITI.—CHEMICcAL COMPOSITION OF BLACKHEART MALLEABLE TEST BARS, AND THEIR 
MECHANICAL PROPERTIES AFTER ANNEALS A, AND B. 
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* 8 per cent. moisture. 


packed in sand and plumbago and each contained in 
annealing pot, were added to the furnace, one 


an 
group, that is, one annealing pot, every five hours. 
Group No. 1 was placed in the cold furnace and heated to 


TABLE IV.—Nodules in Blackheart Malleable Iron. 





Temperature 
at which 
added to furnace , 
Deg. C. 


Group 
Number. 


Number of 
Nodules. 








S82SES8SES 


id 








500 deg. C., and five hours later, at a temperature of 
555 deg. C., Group No. 2 was added. After Group 
No. 10 had been added at 995 deg. C., all ten groups 
were then annealed for 75 hours at 995 deg. C. and 





increased in amount through the series, and in the test 
bars of G: 9 and 10 it was present in an appreciable 
quantity. ereas the test bars of Groups 1 and 2 
gave elongation values of 12 and 14 per cent., Groups 
9 and —" elongation values of 9 and 9-5 per cent., 
respectively. The fractures of test bars representing 
Groups 1, 2, 9 and 10, reading from left to right, are 
shown in Fig. 7, opposite. 

A summary of the results from these further experi- 
ments with whiteheart and blackheart irons is given 
in graphical form in Fig. 8, opposite, in which black- 
heart malleable iron is represented by the full line ; 
whiteheart malleable iron, containing excess manganese, 
by the chain-dotted line; and whiteheart malleable 
iron, containing excess sulphur, by the dotted line. The 
graph is plotted showing the number of nodules in a 
0-05-in. zone from edge to edge of a 0-564-in. diameter 
specimen, in relation to the temperature at which 
test-bars were added to a furnace heating up at a 
rate of 10 deg. or 11 deg. C. per hour. It is apparent 
from this graph that slow heating through the range 
500 deg. to deg. C. has been most effective in 
increasing the number of nodules in both blackheart 
and whiteheart materials. 

The possibility of a preheating treatment which 


TABLE V.—NODULE CounTs RELATED TO GaS-TREATED SAMPLES AND OTHERS PRE-TREATED AT 
INCREASING TEMPERATURES. 





Material. | 300 deg. C. 


400 deg. C. 500 deg. C. | 600 deg. C. 700 deg. C. 





Whiteheart (excess 8) on a 
” excess ot hydrogen 
pe excess a s 
excess Mn) + hydrogen 
. 2 ms we * oe 


102 
1038 
197 
307 
597 

1,203 


132 

146 

137 
299 
799 596 

2,297 





then cooled to 650 deg. C. in approximately 40 hours. 
Micro-specimens were prepared from all the test bars 
and nodule counts were made on each. The nodule 
counts were made in a 0-05 in. zone across the diameter 
of each 0-564 in. diameter specimen. It is found that 
the Group 1 test bars contained the most nodules, 
that the Group 10 test bars contained the least, and 
that the num of nodules decreased progressively 
from Group 1 to Group 10. This decrease occurred 
mainly between Group 1 and Group 4. Between 
Groups 5 and 10 the decrease was comparatively 
slight. 

A similar experiment was carried out using test bars 
of blackheart composition. This only differed from 
the previous one in that the temperature of the anneal- 
ing furnace was raised from 500 to 930 deg. C. in just 
under 45 hours. Having reached 930 deg. C., this 
temperature was maintained for 35 hours, then the 
furnace was cooled to 800 deg. C. in 4 hours and from 
800 to 650 deg. C. in 50 hours. Groups of test bars 
were added to the furnace at the same time-intervals 


would give a relatively high number of nodules was 
then investigated. Several melts, some of which had 
been treated prior to pouring by bubbling hydrogen 
through them, contributed a group of test bars which, 
packed in sand and contained in an annealing pot, was 
raised from room temperature to 300 deg. C. at the 
maximum heating rate and then maintained at 300 
deg. C. for 12 hours. The bars were then heated to 
990 deg. C. at maximum heating rate and annealed at 
this temperature for 75 hours. ey were then slowly 
cooled and micro-specimens were taken from each 
test bar. This procedure was repeated with 12-hour 
pre-heating treatments at 400, 500, 600 and 700 deg. C. 
Nodule counts were made on the micro-specimens 80 
obtained and the results are given in Table V. 

These preliminary results indicate that a tempera- 
ture of 400 deg. C. might prove to be the most suitable 
preheating temperature for increasing the number of 
nodules, especially for blackheart iron. It is evident 
that the preheating effect on nodule number is accen- 





tuated in material which has been previously treated 
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Fie. 3. Mer No. 10, Annzat A,. Fic. 4. Mer No. 10, Annzat B,. 


x 40. 
with hydrogen. This observation is in keeping with | 
those made by Lorig and Samuels in the 7'ransactions | 
of the American Foundrymen’s Association of 1942. | 

It has been shown in this paper that the rate at | 
which white-iron castings are heated to the annealing | 
temperature considerably affects the process of graphi- | 
tisation during annealing. This effect is continued 
throughout the remainder of an annealing cycle and 
results in a marked variation in the microstructure of 
the annealed product. It is evident that within certain 
limits the more rapid the rate of heating the fewer 
and larger are the resulting temper-carbon nodules. 
In this paper, the limits of the rate of heating within 
which the effect is discernible have not been established 
definitely, but a rate of heating of 10 deg. C. per hour 
(45 hours from 500 deg. to 930 deg. or 1,000 deg. C.) 
gave numerous small nodules, while rates of heating of 
40 deg. to 70 deg. C. per hour gave fewer and much 
larger nodules. The more numerous small nodules 
produced by the slower rates of heating are relatively 
compact, while the larger and less numerous nodules 
produced by rapid rates of heating tend to be aggre- 
gates of dispersed graphite. 

Experimental evidence has been given which suggests 
shat the treatment resulting in the formation of many 
tmall nodules is connected with a slow rate of heating 
through the temperature range 400 to 600 deg. C. or 
with the holding of the material before annealing at 
a temperature within this range. Slow rates of heating 
commencing at 600 deg. C. and proceeding to 1,000 deg. 
C. apparently have no such effect. This applies both 
to the blackheart type of iron which graphitises rapidly 
and to the whiteheart irons which, in general, graphitise 
much more slowly. 

It is well known that, for an iron of a given com- 
position annealed at a given temperature, the rate of 
cementite decomposition is related to the number of 
temper-carbon nodules formed. The larger the number 
of nodules the more rapidly does the reaction proceed. 
This has been shown by previous investigators and is 
well established, particularly for blackheart material. 
The experiments described in this paper have confirmed 
that those materials containing large numbers of 
temper-carbon nodules have annealed more readily 
than those which, by reason of their having received 
a rapid heating rate to their annealing temperature, 
have contained a limited number of large nodules. 

Throughout the wide range of chemical compositions 
that have been used in these experiments to represent 
whiteheart iron it is apparent that all have responded 
in a similar manner to variations in heating rate. Thus, 
Irrespective of silicon content and the sulphur to man- 
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ganese ratio, a rapid rate of heating, in general, gave 
a limited number of largé nodules and a slow heating 
rate gave an appreciable increase in the number of 
nodules, the size of these being much smaller. When a 
whiteheart iron has a high manganese content or a 
high sulphur content especially in conjunction with a 
low silicon content, the danger of the persistence of 
eutectic cementite in the annealed material is consider- 
able. Therefore, with all other conditions being the 
same, embrittlement of the annealed material by 
un-decomposed cementite tends to be avoided with 
relatively slow rates of heating. This is especially 
important in thick sections where de-carburisation has 
had little or no effect. 

The mechanical test results on whiteheart material 
quoted in this paper serve to illustrate that the number 
of nodules has very little influence on the mechanical 
te jg provided graphitisation is complete. The 

tt mechanical properties, however, can be more 
readily Fn | from compositions containing 
a small excess manganese content with respect to the 
sulphur content. It is only in this My of iron that an 
increased nodule number appears to be of any benefit 
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, to mechanical properties. Such material has been 
shown to permit secondary graphitisation during cooling 
and an increase in the number of nodules assists in 
furthering this process, with the result that appreciable 
amounts of ferrite can be formed and these give 
increased ductility. This observation may be of 
particular importance when considering sections in 
which decarburisation has been insufficient to reduce 
the carbon content of the matrix below the eutectoid 
carbon content. When secondary graphitisation during 
the cooling of whiteheart iron is obtained, the danger 
of the occurrence of hypereutectoid cementite is 
reduced. 7 

Practically no whiteheart iron being manufactured 
at the present time has a small excess manganese 
content. It must be emphasised that such a material 
can only be used, provided that rigid control of carbon 
and silicon content is maintained in order to prevent 
the occurrence of primary graphite in the white-iron 
castings. For the majority of whiteheart foundries, 
using conventional cupola melting in the manufacture 
of castings having a wide variation in section, the 
most suitable chemical composition appears to be one 
having a sulphur-to-manganese ratio between 0-6 and 
0-8. Good mechanical properties can be developed 
from such material by efficient decarburisation. 

Confirmation has been obtained of the observations 
made in the previous paper with respect to the influence 
of the sulphur-to-manganese ratio in whiteheart 
malleableiron. It is interesting to note that the gradual 
change from the aggregate type of temper-carbon 
nodule to the spherulitic type with increasing sulphur 
content has applied whether the general nodule size has 
been large or small. It must be appreciated that any 
effect the sulphur-to-manganese ratio or the nodule 
number may exert on the structure in a particular 
section may be completely eliminated if decarburisation 
is allowed to proceed far enough. 

It will be readily appreciated that the observations 
made on the effect of heating rate are primarily of 
importance to the annealing of blackheart malleable 
iron. It would appear that the heating rate applied to 
blackheart iron annealing is of such importance that 
it can mean the difference between a poor and a good 
quality material. Thus, even with excellent melting 
and casting practice and rigidly controlled metal com- 
position, it is still possible to obtain an inferior product 
merely by employing a too-rapid rate of heating to the 
annealing temperature. 

It has been shown that blackheart materials are very 
sensitive to variations in the rate of heating to the 
annealing temperature. Whereas a rapid heating rate 
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leads to the occurrence of a relatively small number 
of large —— aggregates and produces material 
which is difficult to anneal, particularly during the 
second-stage period, a slow rate of heating results in 
the formation of numerous small compact aggregates 
to give material in which eutectic cementite decom- 
position readily and in which secondary 
graphitisation during the second-stage portion of the 
anneal is achieved without difficulty. 

These two types of material, the one obtained 
from rapid rates of heating and the other from slow 
rates of heating, have been shown to be distinctly 
different in their mechanical properties. The material 
containing large dispersed temper-carbon aggregates 
together with appreciable amounts of pearlite, by 
reason of incomplete secondary graphitisation, has 
been shown to be inferior both in tensile strengtheand 
in elongation when compared with the materials which 
contained numerous and comparatively small compact 
aggregates and practically no pearlite at the centre of 
the section. Since the more pearlitic material would 
normally be expected to have a higher tensile strength, 
it appears that the form of the temper carbon contri- 
butes to a difference in tensile strength, the dispersed 
type of aggregate in general giving the lower strength. 

It is very evident from these observations that a 
distribution of numerous small temper-carbon aggre- 
gates in blackheart malleable iron is to be desired. 
If, therefore, blackheart iron is to be annealed in an 
annealing furnace capable of rapid rates of heating, 
it would then appear essential to incorporate a slow 
rate of heating through the temperature range 400 to 
600 deg. C. As indicated by the preliminary results 
on pre-heating treatment reported in this paper, a 
comparatively short period of pre-heating at a tem- 
perature in the region of 400 deg. C. may prove to 
be a suitable alternative to slow heating. If black- 
heart castings are raised to the annealing temperature 
rapidly, then subsequent first-stage and second-stage 
graphitisation will be impeded by the poor graphite- 
nodule distribution and, indeed, complete secondary 
graphitisation may be impossible to obtain within a 
reasonable annealing time. 

Perhaps the most usual difficulty encountered in 
the annealing of blackheart malleable iron is incom- 
plete secondary graphitisation which gives unwanted 
pearlite in the structure. Should this occur in material 
containing a suitable temper-carbon aggregate distri- 
bution, that is, numerous medium- to small-sized aggre- 
gates, a remedy must be sought in either lengthen- 
ing the cooling treatment or correcting the chemical 
composition. On the other hand, however, if it be 
found that the material giving trouble contains a poor 
distribution of temper carbon, that is, a limited number 
of large dispersed aggregates, then correction of incom- 
plete secondary graphitisation may be achieved if a 
slower rate of heating to the annealing temperature 
be adopted. 

Of course, it is known, and has been shown, that 
a small addition of aluminium to a blackheart iron 
melt immediately before pouring considerably increases 
the number of nodules in the. resulting annealed 
material. The increase is comparable in amount with 
that obtained from the use of a slow rate of heating. 
Preliminary work by the author has indicated that 
blackheart iron treated with a small addition of 
aluminium may be less susceptible to the effect of 
heating rate than is the untreated material. 

Another frequent cause of trouble in the annealing 
of blackheart iron is the occurrence of pearlite rim. 
This occurrence is known to be primarily a result of 
the annealing of the material in an oxidising atmos- 
phere. The more oxidising the atmosphere the deeper, 
usually, is the pearlite rim. If, however, annealing 
practice can be arranged to give a temper-carbon 
distribution consisting of numerous small nodules, 
these occurring to within a short distance from the 
edge, then, as shown by the results quoted and illus- 
trated in this paper, the depth of the pearlite rim 
can be reduced. This is because secondary graphitis- 
ation in the structure near the edge of the section is 
then assisted by the presence of a suitable number of 
centres upon which this graphitisation can proceed. 

No attempt has been made in this paper to explain 
the phenomenon of an increase in the number of 
nodules resulting from a slow heating treatment or a 
pre-heating treatment within the temperature range 
400 to 600 deg. C. This subject forms only a part of 
the research work ing in the laboratories of 
the British Cast Iron Research Association with a 
view to investigating the mechanism of graphite forma- 
tion during the annealing of white cast iron. It is 
appreciated that further work is required on 
heating treatment and the effect on the total anne 
time that such a treatment may have. 
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WELSH INDUSTRIES FaIR.—This year’s Welsh Indus- 
tries Fair is to be held at the Drill Hall, Cardiff, from 
September 5 to 10. Particulars regarding the Fair may 
be obtained on application to the secretary, 17, Windsor- 
place, Cardiff. 
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NOTES ON NEW BOOKS. 


Basic Technical Electricity. By Prorrssor H. Corron, 
M.B.E., D.Se., M.I.E.E. Cleaver-Hume Press, 
Limited, 42a, South Audley-street, London, W.1. 
[Price 8s. 6d. net.] 


Txose familiar with the author’s more advanced work 
are likely to be disappointed in this little book, as it 
flavours rather too much of the lecturer ing to young 
people ap hing a subject for the first time. A short 
opening chapter on the nature of electricity attempts 
to describe the structure of the atom from the 
appreciation of the significance of the electron. Later 
sections describe Ohm’s law and its application to 
simple circuits, and also cover some of the pheno- 
mena associated with magnetism, direct-currents and 
electro-chemistry. In spite of the title no reference 
is made to alternating current theory, or to the 
basic methods of generating it. The author’s object, 
however, is to t the minimum of theory in a 
mauner which the “ordinary reader” can 

and all, except the very simplest mathematics is 
excluded. The book should prove helpful to those 
having little or no scientific background, and who lack 
the assistance of a teacher, but, as the author implies, 
it is less suitable for students and others having these 
advantages. An index, and some photographic illustra- 
tions and diagrams, are included. 


Electrical Accidents. By K. V. Karantua, M.A., 
M.I.E. Harsha Printery and Publications, Puttur, 
S. Kanara, Madras. [Price Rs. 3-8-0.] 


Rerorts by H.M. Electrical Inspector of Factories, 
and others, have shown that an important proportion 
of electrical accidents in Great Britain are due to 
ignorance and carelessness, and it is not surprisi 
to find a similar state of affairs ruling in India, ‘ where 
literacy is very low.”” Mr. Karantha’s valuable book 
has been written for the benefit of “engineers . . . 
line inspectors, linemen, electricians, electrical wiring 
contractors, managers of factories, etc.,” and deals 
with the causes of electrical accidents and the methods 
by which they may be avoided, or reduced in number. 
He is the Chief Electrical Inspector to the Government 
of Madras and states that “a good deal of ignorance 
exists, even amongst engineers, regarding the safety 
precautions n to avoid electrical accidents.” 
Although the consumption of electricity per head of 
population is “ absurdly low ” in India, compared with 
western countries, the proportionate number of elec- 
trical accidents is much higher. Figures given by 
Mr. Karantha are: number of fatal accidents in 
Madras per 1,000,000 population, in 1946-47, 0-12; 
corresponding figure for England and Walesin 1930-31, 
0-07. Number of accidents per 1,000 consumers in 
Madras in 1946-47, 0-37; in Great Britain, 0-19. The 
book deals, in separate chapters, with the causes and 
prevention of electrical accidents in the home, in 
industrial establishments, and on the transmission 
systems of supply undertakings. Considerable atten- 
tion is paid to the numerous cases of accidents to 
workmen engaged on cleaning or repair work owing 
to incomplete isolation of the apparatus or circuits 
being worked on. It is clear that there is a grave 
shortage of adequately-trained electricians in factories 
containing electrical apparatus, and this book, with 
its simple and clear explanations, and instructions, 
should be of great value to the emg Be concerned. 
The question of the safe operation of electrical plant 
has not been ignored in India; Indian Electricity 
Rules were issued in 1937. In these an “ electri- 
cian” is defined as one who is “over 21 years 
of age and is competent and has been appointed in 
writing.” As Mr. Karantha remarks, “that does not 
take one far.” He points out that “even in large 
systems, it is not always possible for the senior engi- 
neers to explain at length and as often as necessary 
all the aspects of the safety precautions to every new 
staff member” It may be hoped that this book will 
add useful material to the range of information of 
“ electricians ”’ and others whose competence and care, 
or their absence, may have important effects on the 
accident rate. 


The Canning Handbook on Electro-Plating. 16th 
edition. W. Canning and Company, Limited, 
Great Hampton-street, Birmingham, 18. [Price 
21s., post free.] 

Tus edition has over 550 pages, and, with its numerous 

diagrams and photographic illustrations is intended as a 

guide to all concerned with the practical aspects of 

metal plating and allied processes. It has been 
prepared by a team of specialists, the 35 chapters being 
divided into four main sections, namely: polishing ; 
cleaning, pickling and dipping; electroplating ; 
bronzing, lacquering and enamelli As the preface 
points out, electro-deposition problems of particular 
interest to the student or research worker are not 
covered, since the object is to describe well-established 


ing} The details given, there 
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practices, typical equipment, and the methods of carry. 
ing out various operations either on a small or a 
large scale. Tables are included summarising possible 
causes and cures for common faults, and a chapter jg 
also given on the plating of plastics and non-metallic 
materials. The Dances and steps to be taken to 
ensure good results are set out in considerable dectajj 
under headed paragraphs, and in a manner, he!pful 
not only to young apprentices and factory operatives, 
but also to those directing small firms and meeting new 
problems. An index is included, as well as a short 
chapter on first aid for coping with the effects of various 
poisons. 


Poland. The British Engineers’ Association, Incor. 
porated, 32, Victoria-street, London, S.W.1. [Price 
2s., including postage in British Commonwealth. | 

To the majority of English industrialists, Poland has 

always been much of a terra incognita; but it was not 

so to the German industrialist, and British firms 
desiring to do business with Poland must realise that 
they will have German competition to face as soon as 
trade again moves more or less freely across the German 
frontiers. They must, therefore, make the best use of 
their time to become acquainted with the country, the 
people, the trading departments and “agencies ” of 
the Polish Government, and the nature and peculiar 
features (if any) of the products that Poland needs to 
import. As an aid to the rapid acquisition of such 
knowledge, this booklet should prove of value. It is 
based on information gathered by the Economic 

Research Division of the British Engineers’ Association, 

and by Mr. C. P. I. Ramsden, Overseas Director of the 

Federation of British Industries, and Mr. A. W. Berry, 

Director of the British Engineers’ Association, who 

visited Poland for this nak gon in May of this year. 

ore, are up-to-date; and the 
list of official sources whence assistance was obtained 
should be sufficient assurance of the accuracy of the 
facts quoted. ially useful are the sections on 

“ Organisation of Nationalised Industries’ and 

“ Practical Hints for Visitors to Poland.” 


50 Years. New York Shipbuilding Corporation, 
Camden, New Jersey, U.S.A. [No price stated.] 


TuERE is little to be said regarding this jubilee book of 
the New York Shipbuilding Corporation except that it 
accomplishes its pu successfully and with a 
minimum of text. The provision of illustrations, 
however, is lavish, though some conservatively-minded 
readers may feel that the fashion of “ bleeding off” 
has been rather overdone; there are practical ad- 
vantages in the retention of a white margin round a 
half-tone block. Many of the illustrations, all of which 
are from photographs, have now a distinct historical 
value, someti tra ding that of the text, which 
inclines to be colloquial—a mistake, in our opinion, 
when the facts of history are being recorded for the 
benefit of future generations as well as of contempor- 
aries. The inclusion of a chronological list of the 
vessels built would have been an asset to the book, 
although it would have added considerably to the 
number of pages. The chart on pages 72 and 73, with 
its accompanying statistics, goes some way to supply 
the deficiency, but hardly has the same personal appeal 
as a list of names and principal details to the individual 
reader. 





Elementary Calculus and Allied Geometry. By J. 
Harvey, A.R.C.Sc., B.Sc. Hutchinson’s Scientific 
and Technical Publications, Stratford-place, London, 
W.1. [Price 25s. net.] 

Tus book, by a former lecturer at the City and Guilds 
College, and at the Rugby College of Arts and Tech- 
nology, is intended to provide a course in elementary 
calculus and co-ordinate geometry up to Bachelor of 
Science and Engineering degree standard, assuming no 
more than an initial mathematical knowledge equiva- 
lent to school-leaving certificate standard. The book 
contains 230 line diagrams, and the set of exercises at 
the end of each chapter includes questions which have 
been set in the London University examinations. 
Although the author has written this book for students 
primarily interested in the physical sciences rather than 
mathematics, the general style of the treatment is hardly 
likely to appeal to engineering students, and the book 
is not rendered more readable by the facts that the 
same type face has been used for mathematical symbols 
as for the general text, and that the layout is in some 
places so overcrowded as to be confusing. 





OvTPUT OF STEEL IN GREAT BRITAIN.—The British 
Iron and Steel Federation announce that steel production 
in the first six months of 1949, namely, 7,949,000 tons, 
was higher by 384,000 tons than that for January-June, 
1948, and was the highest half-yearly output ever 
achieved. 
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THE EFFECT OF PHASE 
ERRORS IN TIME-BASE 
INDICATOR DIAGRAMS. 


By T. D. Watsuaw, D.L.C., B.Sc. (Eng.), 
A.M.I.Mech.E. 


THE pursuit of accuracy in the indicating of 
jnternal-combustion engines has led to the almost 
universal adoption of the ‘‘ time-base ” indicator, in 
which the pressure in the engine cylinder is plotted 
—either by the indicator itself or from observations 
—on a basis of crank angle or time. These indica- 
tors are now used even when the speed of the engine 
is low enough to allow the application of the con- 
ventional piston indicator. Even in the case of 
steam engines, the use of the time-base indicator 
is not unknown, and the new mobile test plant of 
British Railways is equipped with a Farnborough 
indicator. The modern cathode-ray indicator is an 
instrument of great accuracy, and when the latest 
technique of pressure plotting is employed, an 
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accurate diagram of pressure against time is purely 
a matter of careful routine. 

When, however, the pressure-time diagram is to 
be converted to a conventional pressure-volume 
diagram, or when twisting moments are to be esti- 
mated, a source of error extraneous to the indicator 
is introduced. Unless the reference mark on the 
diagram corresponds exactly with top dead centre 
of the engine piston, an accurate conversion cannot 
be made. This fact has been known since the time- 
base indicator was introduced, and some care is 


always used in phasing such instruments. So far | —— 


as the author is aware, however, no information has 
been published showing the magnitude of the error 
introduced. These errors are large, and it is probable 
that considerably more care is necessary both in the 
determination of top dead centre and in the coupling 
of the drive to the time-base of the indicator. 

This investigation was made when an engine had 
been indicated in which some unavoidable backlash 
was present in the indicator drive. Figures for 
I.M.E.P. were very erratic, and in one case worked out 
less than the brake M.E.P. A Farnborough diagram 
was therefore selected in which the rate of pressure 
rise was high—about 80 lb. per square inch per 
degree of crank angle—and with a high I.M.E.P., 
as it was considered that such extreme conditions 
would accentuate the error. (At the same time, it 
should be noted that the I.M.E.P., though high, 
is in fact exceeded by a few commercial engines.) 
This diagram was then plotted on axes of log pressure 
and log volume—Fig. 1—and any irregularities 
smoothed out. A new pressure-time diagram was 
then constructed—Fig. 2— for use as a reference 








diagram. This reference diagram was drawn on a 
— 30 in. long, with a corresponding pressure 
scale. 

Using a connecting rod to crank ratio of four, a 
series of PV diagrams was constructed to a large 
scale, in which the diagram dead centre was dis- 
placed relative to the engine dead centre by different 
amounts. These PV diagrams are shown in Fig. 3, 
on page 74. “‘ Leading” diagrams are those in which 
the indicator reference mark is considered to be in 
advance of engine T.D.C., while “lagging” dia- 
grams ran behind the engine. A cursory examina- ite 
tion of Fig. 3 reveals considerable error. These 


The mean error per degree of phase error is thus 
4-95 per cent. in the mean T.M., and 3-89 per cent. 
in the maximum T.M. The variation in the ratio 
max. : mean T.M. is interesting, but is irregular when 
plotted against phase error. As will be seen from 
Fig. 5, page 75, there is also a considerable error in 


TABLE ITT. 





Relative Value. Correct = 100. 


I.M.E.P. | Mean T.M. | Max. T.M. 





PV diagrams were then planimetered, making 5 deg.lead .. 75-2 74-5 82-1 
allowance for the error in the squared paper on | 2 deg. lead 90-5 89-3 91-6 
which they were plotted. (This error varied with Ties lag + 108 104-6 
atmospheric conditions, and in one case amounted | 2 deg. lag 113-2 113-5 109 

to 1 part in 100.) Table I shows the results|} 4eé- ia ey im. i 


obtained. 

The mean error per degree of phase error is thus 
7°82 Ib. per square inch, or 5-5 per cent. 

In constructing twisting-moment diagrams a 
maximum inertia force of 187-5 lb. per square 


2. 





the “area of the largest loop” involved in flywheel 
calculations. For comparison, the columns showing 
I.M.E.P. and T.M. relative to 100 as the “ correct ” 
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inch of piston area was assumed, and intermediate 
values were calculated at 10-deg. intervals, with 
additional values at 5-deg. intervals in the region 
of the dead centres. The gas pressures at these 
intervals were read off the reference diagram, 
making due allowance for the phase error. Inertia 
and gas-pressure forces were summated and con- 
verted into twisting moments, again using a connect- 
ing rod to crank ratio of four. A piston area of 


figure have been brought together in Table III, 
above. Fairly close agreement will be observed. 
Knowledge of the harmonic components of the 
twisting-moment curve is essential for the estimation 
of crankshaft stresses due to torsional vibration. 
It is, indeed, the need for more accurate knowledge 
of these components which has created much of the 
demand for more accurate indicating. As these 
components are made up of a gas-pressure com- 





























TABLE I. 
ssa eNOS ~ ——— 
2 I.M.E.P., Error, 2 Error per Deg. Error, per Deg., 
Phase Error. Lb. per sq. in. Lb. per sq. in. Per cent. Error. Lb. per sq. in. Per cent. 
oe - on ee ee ee arc age yo a ieee 
5 deg. lead 106 | —35 —24-8 | -—7 4-96 
2 deg. lead 127-5 —13-5 — 9-6 —6-75 4-79 
0 es 141 0 — — ee 
1 deg. lag 152 +11 + 7-8 +11 > 7-8 
2 deg. lag 159-7 +18-7 +13-2 + 9-35 6-63 
3 deg. lag 165-5 +24°5 +17-4 + 8-05 | 5-71 
4 deg. lag 176-4 | +30°5 +25-1 + 8-8 | 6-24 
TABLE II. 
= ———_-—____——_— ; spiaialancasigesitapaes ——— a 
| Mean T.M. Error, | Error per Deg. | Max, T.M., Error, | Error per Deg., | Max. 
Phase Error. In.-Eb. per In.-Lb. per In.-Lb. per || In-Lb. per In -Lb. per In.-Lb. per a 
sq. in. per in. | sq. in. perin. | sq.in. perin. || sq.in. perin. | sq. in. perin. | sq. in. perin. | . 
! ' 
: Sai. pete i a He ' | 
5deg.lead .. 16-7 —5-7 —1-14 | 234 —51 10-2 14-01 
2 des. lead | 20 | —2-4 —1-2 261 —24 12 13-05 
0 ee | 22-4 — — 285 * —_ —_— 12-72 
1 deg. lag 24-2 +1:8 +1-8 298 +13 13 12-31 
2 deg. lag 25-4 +3-0 +1:5 311 +26 13 12-25 
3 deg. lag 26-1 +3-7 +1-23 324 +39 13 12-41 
4 deg. lag 27-8 +5-4 345 +60 15 12-41 
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ponent and an inertia component, added vectorially, 
it is evident that, quite apart from the error in the 
gas pressure T.M., the error should be some function 
of the phase error. It should be possible to compute 
mathematically the resultant error, but the 
operation is rather complex. As the ordinates of 
the combined T.M. diagram had already been 
determined, it was decided to analyse three of these 
—at 2 deg. intervals of phase error—using 36 ordi- 
nates over two revolutions, and extracting the first 


1 sq. in. and a crank radius of 1 in. were used for 
convenience, and gas-pressure forces were neglected 
during the idle revolution of the four-stroke cycle. 
The twisting-moment curves are plotted in Fig. 4, 
on page 75, the originals having a base 18 in. long. 
Selected curves are plotted on the same diagram 
in Fig. 5 in order to give a visual impression of the 
differences. The diagrams were measured by plani- 
meter, making allowance for paper error as before. 
The results obtained are shown in Table IT. 
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six, the eighth, and the twelfth harmonics. The 
results of this partial analysis were sufficient to 
indicate that serious error could result from the 
phase error, and further analysis was considered 
to be unnecessary. In Table IV are given values of 
A, and ¢, when the T.M. curve is expressed in the 
form :— 


y= m-+ A,sin(@ + ¢,) + A,sin(2@ + ¢:) 
$ creeeAly Sin (NO + $y) 
It should be noted that if 8 is the crank angle, 
B = 20, as the T.M. diagram is drawn for a four- 
stroke engine. 

The Jarge error in the 12th harmonic—which 
corresponds to the sixth order critical speed in the 
case of a four-stroke engine—will be noted. Although 
the error in ¢ approaches the phase error in some 
cases, and the average of the eight examples is 
1 deg. 3 minutes per degree of phase error, it would 
be unwise to draw any conclusion from this, owing 
to the limited data available, and the fact that the 
error in ¢ is sometimes positive and sometimes 
negative when referred to the phase error. Similarly, 
the errors in A, follow no simple pattern. All that 
can be said is that a serious error in the harmonic 
components can be expected from quite small 
errors in the phasing of the indicator. 

Unless the couplings are rigid, error is bound to 
result. In some cases, error may be present during 
part of the revolution only, or may change sign, 
especialiy on single-cylinder engines. The claw 
clutch of the Farnborough indicator is a persistent 
offender after the instrument has had some years 
use. In one case a combined coupling and clutch 
error of 2} deg. was recorded. The popular vernier 
magneto type coupling can introduce error unless 
care is taken; something much more precise is 
required. It is an odd thing that test engineers will 
spend several hundred pounds on an indicator and 
yet rely on an eighteen-penny coupling to attach 
it to the engine. 

In the case of the Farnborough indicator, an error 
is introduced if the spark shows a tendency to 
wander. On this instrument, the time scale is 
25 deg. to 1 in., so that a spark scatter of 0-040 in. 
would cause an I.M.E.P. error of 54 per cent. on the 
diagram analysed above. On some diagrams 
examined by the author, the pencil line is almost 
as thick as this, and the spark scatter often many 
times greater. On the cathode-ray type of indi- 
cator, the possibility of error is much greater if the 
X-axis is compressed, as is often the case when 
pressure plotting. The accuracy of the dividing 
of the degree-marker dise is obviously of supreme 
importance, but it is unlikely to be a serious source 
of error. 

As the shaft of the engine is subject to torsional 
stress, shaft deflection is bound to exist. The error 
is unlikely to be large unless the indicator is driven 
through a fairly long length of stressed shafting. 

The determination of the T.D.C. is likely to be 
the most serious source of error, unless great care 
be taken. If, for example, any attempt is made 
to detect the actual “stationary ” point of a piston 
at T.D.C., it will be found that a movement of 
as much as 8 deg. is possible in a small engine in 
taking up bearing clearances. Reliance on the 
parallelism of machined crankwebs is dubious, and 
no reliance should be placed on marks made on 
flywheels during manufacture, as the progressive 
errors are certain to be considerable. In the case 
of the cathode-ray indicator, use is sometimes 
made of the fact that the “rate of change re 
pressure is zero at T.D.C. when the engine is not 
firing. Thus, in the case of the four-stroke, the 
diagram will appear as in Figs. 6 and 7, opposite, 
Fig. 6 showing the change of pressure with time and 
Fig. 7, the rate of change of pressure with time. 
The crossing point z is often assumed to indicate 
T.D.C. Unfortunately, the “base line” is not 
zero rate of change, but is the rate of change during 
the suction and exhaust strokes, and at T.D.C. this 
may, be comparatively high. 

Error may be reduced by careful attention once 
the possibilities are realised. Couplings should 
obviously have a minimum of flexibility—possibly 
the ideal type is the double Hardy coupling having 
discs of spring steel]. This will allow a certain amount 
of mis-alignment without introducing much tor- 
sional deflection. The brake on the Farnborough 
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indicator should be adjusted to take up the inevitable 
backlash in the clutch, if necessary supplementing 
its work by placing one hand on the drum while 
the diagram is being drawn. If any angular adjust- 
ment is considered to be desirable, this should be 
positive in action and capable of being locked. 
Spark wander on the Farnborough indicator is 
often difficult to eliminate. Dirt in the disc-valve 
unit is the chief cause, and any attempt to overcome 
this by increasing the primary voltage will make 
matters worse. The disc valve should be kept 
scrupulously clean, and a careful watch should be 
kept on the lift of the valve and the condition of 
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| the crux of the matter. If this is to be done by 
measuring the ‘“‘stationary point,” then it is 
essential, first, to ensure that the bearing clearances 
are taken up. This may be done by applying a 
considerable downward force to the piston. The 
dial indicator used must be sensitive to 0-0001 in. 
with a wide scale, as the piston movement may, 
be as small as 0-00016 in. per inch of crank radius, 
per degree of crank movement. If considerable 
eare be exercised, this method may be satisfactory, 
and is, indeed, the only mechanical method available 
if the cylinder centre line is offset from the crank 
centre line. As an alternative, if cylinder and crank 
are not offset, a better method is to measure the 
angle at which the piston is at a definite position 
at about half stroke, using a sensitive dial gauge as 
before. This is done first with the crank on one 
side of T.D.C. and then repeated from the same 
piston position on the other side of T.D.C. Dead 
centre may then be assumed with some accuracy to 
be half way between the two angular positions 
recorded. 

If the cathode-ray indicator is being employed, 
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the spring. In the case of the cathode-ray indi- 
cators which use a similar type of indicating unit 
for calibration and pressure plotting, of course, 
cleanliness is vital, as the disc is very much lighter, 
and the lift much smaller. When pressure plotting 
on the C.R.O., the X-axis should obviously be as 
wide as possible, so as to increase the effective scale 
of the degree marker. 

The indicator should be driven from a shaft which, 
if possible, is unstressed—i.e., rather from the 
“free ”’ end of the engine than from the extension 
shaft on the driven machine or dynamometer. It 
is also desirable to phase the indicator by deter- 
ming T.D.C. on the actual cylinder to be indicated, 
as there may be angular errors between the throws 
of a multi-cylinder shaft. 

The actual determination of dead centre is clearly 


it may be possible to establish T.D.C. electronically. 
If there is no Désax—i.e., if cylinder and crank are 
on the same line—then determination of B.D.C. is 
as satisfactory as determination of T.D.C. If, 
therefore, a pick-up be placed close to the piston 
skirt on B.D.C., a trace can be recorded on tbe 
cathode-ray screen showing the movement of the 
piston. With a sufficiently small gap and suffizient 
amplification, a fairly accurate determination 
should be possible. If the engine is of the Désax 
type, this cannot be done so simply, as the angular 
displacement between T.D.C. and B.D.C. is not 
180 deg., and allowance must be made for this 
fact. Alternatively, if normal properly proportioned 
indicator gear is fitted, and is free from backlash, 
the pick-up can be placed to record T.D.C. from 





this gear with some confidence. 
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To sum up, the error due to incorrect phasing of 
the indicator is considerable, and can be greater than 
errors due to inertia and other faults of the conven- 
tional piston indicator. The possibility of incorrect 
phasing is rendered more likely by the large number 
of variables involved, but mainly by the difficulty of 
the actual determination of T.D.C. In view of the 
accuracy with which it is now possible to obtain 
pressure-time diagrams, considerably more attention 
should be paid to the problem of phasing, and in 
view of the high cost of the indicating equipment, 
some degree of precision in the phasing gear is 
justified, even though it may be costly. There 
appears to be no method of detecting an error as 
small as 1 deg. by investigation of the diagram itself 
unless the mechanical efficiency of the engine is 
already known, so that unless the phasing of the 
instrument is known to be above reproach, derived 
diagrams constructed from the time-base diagram 
should be treated with the utmost reserve. 





PETROLEUM FILMS BUREAU.—A booklet containing 
brief descriptions of the 35 mm. and 16 mm. sound and 
silent, documentary and instructional films, which they 
have available for loan, has been issued by the Petroleum 
Films Bureau, 29, New Bond-street, W.1. The films, we 
understand, are free from advertising matter and may be 
borrowed, gratis, by responsible firms and organisations. 
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USE OF TELEVISION IN SURGERY.—Portable television 
equipment supplied by Marconi’s Wireless Telegraph 
Company, Limited, Chelmsford, was used to televise 
surgical operations in University College Hospital, 
London, for the benefit of delegates to an international 
surgical congress on July 6, 7 and 8. Two Marconi 
Image Orthicon television cameras, with telephoto 
lenses, were mounted in the gallery of the operating 
theatre, and the televised image was shown on the 
20-in. screens of monitor receivers in nearby rooms. 
Medical authorities are favourably impressed with the 
possibilities of this application of television, and consider 
that it would be particularly useful for the instruction of 
post-graduate students. 





FLUORESCENT LIGHTING AT THE INSTITUTION OF 
ELECTRICAL ENGINEERS.—The lecture theatre of the 
Institution of Electrical Engineers, Savoy-place, Victoria- 
embankment, London, W.C.2, has been equipped recently 
with cold-cathode warm-white fluorescent tubes. As a 
result, the lighting load has been reduced from 21-5 to 
10 kW, while the average illumination under full-light 
conditions has been increased by about 30 per cent. to 
6 lumens per square foot. Switching is effected by a 
push-button controlled motor-driven dimmer. Hot- 
cathode fluorescent lamps have been installed in the 
library and some of the other rooms, while in the council 
chamber mercury-vapour lamps are being used to provide 
more illumination without increasing the load. The work 
of conversion has been carried out by the General Electric 





Company, Limited, Magnet House, Kingsway, W.C.2. 
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Mines, Minelayers and Minelaying. By CapraIn J. S. 
CowlE, C.B.E., R.N. Oxford University Press (Geof- 
frey Cumberlege), Amen House, Warwick-square, 
London, E.C.4. [Price 18s. net.] 
Tue author of this book, long eminent in the 
development and use of underwater weapons, was 
responsible, throughout World War II, for the 
planning of the whole British minelaying effort. 
When to this experience is joined a style of excep- 
tional clarity and an agreeable wit, the resultant 
work may be hailed as a locus classicus which should 
interest many and will disappoint none. 
The engineer will profit from it, because it brings 
up to date his knowledge of the technique of sea 
mining. The garbled accounts of the principles of 
magnetic and acoustic mines which have appeared, 
outside the confidential Admiralty publications, 
must have sown much doubt, which will be dispelled 
by Captain Cowie’s succinct and authoritative 
descriptions ; though some of the supporting 
illustrations are too small for clarity. Magnetic 
and acoustic systems, both used by Britain in World 
War I, may now be combined in a unit which has 
to be cocked by a ship’s propeller noise before its 
magnetic component will respond. The “ oyster” 
mine, developed by both Britain and Germany (but 
never used by Britain because it is so difficult to 
sweep) is a comparative newcomer, though its 
principle of operation is ‘‘ well known to every canal 
engineer in the world and suspected by most rowing 
coaches.” Mines actuated by these later systems 
are clearly debarred from using the Herz horn 
as the source of energy for firing; this device, 
invented in 1868, is a bichromate cell, the plates of 
which are not wetted by the electrolyte until the 
latter is released from a phial by smashing or bending 
the horn. Moreover, the Herz horn, though “‘ the 
most satisfactory principle ever evolved for firing 
contact mines,” cannot be used in conjunction with 
electric clocks for delayed arming. The appearance 
of the electric clock, it is stated, ‘‘ stimulated the 
search for a reliable dry battery.” What is not 
stated, however, is whether this search has been 
successfully concluded ; we take leave to doubt it. 
Modern devices introduced to defeat or hamper 
minesweeping include the “clicker,” or period 
delay mechanism, whereby the mine explodes only 
after being actuated a number of times. That 
number is adjustable before laying, and admiration 
is compelled by the statement that the settings for 
British mines were chosen by drawing out of a hat, 
thereby introducing a random effect which could not 
be systematically countered. It will be noted, 
indeed, that mining warfare is a kind that is best 
directed centrally and in which virtuosity can be 
displayed by the planner alone, since those engaged 
in laying the mines can do no more than drop them 
where and when they are told. It is proper, there- 
fore, that much of this book should be devoted to 
the “‘where and when,” and, above all, to the 
““why ” of minelaying, as distinct from the mere 
“how” of it. Technical beauty, as the author 
remarks, is no substitute for adequate planning ; 
and laying mines merely for the sake of doing so 
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ment, if not disaster. A mining contest against a 
vigilant and clever enemy calls not only for the best 
doctrine from the higher study of war, but also for 
a form of mental dexterity rarely found outside a 
poker game ; as an example may be quoted Captain 
Cowie’s remark that, “‘had the British used the 
oyster pressure-mine before the Germans did, it is 
of interest to speculate whether the enemy would 
have refrained from using his version on the grounds 
that the British would never have done so unless 
they had developed a satisfactory countermeasure.” 

The lover of ships will enjoy the plates depicting 
British minelaying craft of the two World Wars. 
The fast minelayers of the Abdiel class, whereof 
only two of the five remain, carried 160 large mines 
and a gun armament of six 4-7 in., on a displace- 
ment of 2,650 tons; and it is told of the Manxman 
that, after laying mines off Leghorn—to reach 
which port, unmolested, she had been disguised 
as the Vichy destroyer Léopard—she “ reduced 
speed to 33 knots.” It is hardly surprising that 
the great drawback to these fine ships was their 
“‘extreme suitability for doing something else,” 
and that they spent much of their time ferrying 
troops and stores—the Latona, in fact, never laid 
mines. As would be expected, however, the 
majority of British mines in enemy-held waters 
were laid by aircraft of Bomber Command—a 
development that had aroused no interest before the 
war and did not arouse nearly enough until Sir 
Arthur Harris became Commander-in-Chief. British 
mines laid in World War II totalled over a quarter of 
a million as against half that number in 1914-18; 
it is noteworthy that these figures were achieved 
by consulting the manufacturer at the design 
stage, and, in some cases, completely re-designing 
to suit production techniques. The corresponding 
German totals were 120,000 and 43,000. The book 
has various useful appendixes and an excellent 
index. 


Introduction to Applied Mathematics. By PROFESSOR 
Francis D. MURNAGHAN, Ph.D., D.Sc. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 5 dols.] Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 30s. net.) 

Tue American publishers of this book have planned 
a series of texts intended to cover all the most useful 
mathematical theories underlying physical and bio- 
logical science, and to expound advanced mathe- 
matical] techniques which recent experience has 
shown to be needed for solving many problems in 
such branches of scientific research. The present 
volume, being the first of the series, is introductory, 
in the sense that it presents basic principles of a 
number of mathematical processes that, in subse- 
quent volumes, may be amplified or modified to 
serve more specific types of application. It is, 
consequently, more purely mathematical in charac- 
ter than might be implied from its title, serving 
rather to demonstrate how mathematical equipment 
is to be used than to exemplify its employment 
for the solution of physical problems. 

The author, for many years professor of applied 
mathematics in the Johns Hopkins University, has 
been guided in the selection and limitation of his 
material by his experience in conducting the 
mathematical studies of graduate students in 
physics, engineering and chemistry. The emphasis, 
therefore, is predominantly on the mathematics 
applicable in mechanical rather than biological 
sciences ; and doubtless for this reason, although a 
little unexpectedly in view of their diversity of 
practical application nowadays, statistical techniques 
lie outside the scope of this book. Influenced, 
perhaps, by his own interest and competence in the 
theoretical aspects of relativity and wave mechanics, 
Professor Murnaghan directs special attention to 
multi-dimensional vectors with complex co-ordinates 
operated on by matrices or linear vector functions. 
He deals with the Fourier analysis of orthonormal 
séts of function-vectors and with the concept of 
curvilinear vector co-ordinates. Spherical har- 
monics and Bessel functions are introduced in con- 
nection with the use of the method of separation of 
variables for treating solutions of Laplace’s equation. 
while a dissertation on the theory of integral 
equations culminates in a proof of Rayleigh’s 
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principle. Before concluding his book with a 
detailed exposition of the operational calculus, the 
author exemplifies the application of the inversion 
method in space polar co-ordinate analysis to the 
study of electrostatic capacity, and lays particular 
emphasis on the dynamical applications of the 
calculus of variations. 

Notwithstanding these, and other, indications 
of the many regions of mechanical science in which 
the knowledge so well and compactly displayed 
in Dr. Murnaghan’s book is potentially of great 
value, the text is obviously of a somewhat high 
standard, and while avowedly designed for graduate 
students and scientific workers with diversified 
interests, is likely, in fact, to be within the mathe- 
matical capacity of relatively few practising engi- 
neers or industrial research workers. It is no 
disparagement of a task that the author has 
performed with the outstanding ability which 
derives only from a thorough knowledge of his 
subject, to recommend this book to those whose 
work and interests are primarily mathematical, 
more especially to the mathematicians attached to 
research organisations. They, in common with 
university teachers and students of advanced 
applied mathematics, will appreciate to the full the 
skill and experience underlying the guidance and 
instruction that Professor Murnaghan’s book is 
able to offer. 

Locomotive Wheel Balancing. By GEORGE W. MCARD, 
A.M.I.Mech.E. Mechanical World Monographs, No. 
44. Emmott and Company, Limited, 31, King-street 
West, Manchester 3. [Price 2s. net.) 

ProsieMs in which conflicting factors prevent the 
practical achievement of a perfect solution call for 
periodical review such as, in the case of locomotive 
balancing, has been dictated by improvements of 
mechanical design, especially of valve gears, which 
have encouraged high running speeds with driving 
wheels of moderate size. Satisfactory balancing of 
a locomotive engine, moreover, demands not only a 
sound knowledge of the dynamic principles entailed, 
but an experimental basis on which to assess the 
optimum proportion of reciprocating balance, as 
well as a specialised technique of computing and 
applying balancing corrections to a machine which 
embodies coupled wheels. Mr. McArd, limited in 
scope to a small monograph, has had to be content 
with brief surveys of general principles and contro- 
versial matters and has devoted the bulk of his 
work to the technical aspects of calculating the 
magnitude, position, and distribution of balancing 
masses for conventional types of steam locomotive. 
He sets out in symbols the procedure to be adopted 
with seven different arrangements of cylinders and 
wheels, ranging up to four cylinders driving through 
two axles, in combination with two to six pairs of 
coupled wheels. He deals with narrow-gauge 
engines, having wheels between their axle boxes, as 
well as with the commoner outside wheel designs, in 
all cases distinguishing between the requisite 
balance in driving and other coupled wheels. 
Presenting his subject primarily from the standpoint 
of the drawing office, Mr. McArd has been at pains 
to ensure that his line diagrams and balancing 
drawings reach a high professional standard while 
adequately illustrating the tabulated steps of the 
various calculations. The result is a compact and 
well-ordered little handbook which many locomotive 
draughtsmen and junior designers will find useful 
provided they are already sound on the fundamentals 
of dynamics. 





* Soprum-Licgut FITTING FOR AIRCRAFT LANDING.— 
A new fitting has been designed by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, to carry the sodium lamps used in the horizon 
bar system of approach lighting by which aircraft pilots 
are assisted to land when visibility is poor. This fitting 
consists of a reflector of very pure anodised aluminium, 
which is clamped between end plates of cast alloy. 
These end plates are provided with Perspex windows 
to ensure a wide horizontal spread of light, and there is a 
panel of the same material in front. Between this and 
the reflector a 140-watt sodium lamp is mounted hori- 
zontally. This fitting is carried in adjustable stirrups 
and is provided with a level to indicate the elevation of 
the beam. The clamps, by which the assembly is 
attached to the post, also carry a weatherproof case in 
which the transformer, capacitor and fuses are housed. 
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THE FOURTH 
INTERNATIONAL GAS 
CONFERENCE. 


(Continued from page 52.) 


THE proceedings in the morning of June 17, 
which was the third day of the Fourth Internationa] 
Gas Conference, consisted of the presentation, in 
Meeting Hall A, of a report and three papers ; and, 
in Meeting Hail B, of two reports and two papers. 
In the afternoon, a final general session was held in 
Meeting Hall A, at which two papers were presented. 
The first item of the morning session in Meeting Hall 
A was a report, outlined by Mr. R. W. Hendee, 
President of the American Gas Association, on 
‘*Gas Industry Research in the United States of 
America.” Asummary of the report is given below. 


TECHNICAL SEssIONs, JUNE 17. 


Mr. Hendee’s report opened with the arresting 
statement that, in 1949, the United States would 
spend nearly 1,000 million dollars on research. 
The Government were financing such long-term 
projects as the use of synthetic fuel, and investi- 
gations on underground gasification, while the 
industry—or the large coal and oil companies, 
working more or less in collaboration—would deal 
with developments in the production of oil from 
coal, oxygen production, and methanisation. The 
research directly sponsored by the American Gas 
Association was organised in three main divisions, 
dealing, respectively, with utilisation, gas produc- 
tion, and general technical research. Seventy-two 
investigations were in hand, under the agis of 13 
institutions, and, in addition, several large-scale 
plants were under test. In production research, 
the main inquiries were directed to solving the 
problems of peak loads; processes of catalytic 
re-forming and oil gasification had been developed, 
and fluidised gasification and the fundamentals of 
water-gas reaction were being studied. The Hall 
process for the production of oil gas of high calorific 
value had passed the stage of field tests and plans 
for its use were being made by a number of gas 
undertakings. The process had demonstrated the 
feasibility of using high-carbon residual oils for the 
production of oil gas, with a saving of as much as 
30 per cent. over the established processes. Cataly- 
tic re-forming of hydrocarbon vapours was a definite 
and economical reality ; one plant for re-forming 
propane with steam had been in operation for a year, 
and other plants to deal with propane, low-grade 
gasolines, natural gas and other hydrocarbons had 
been erected. The process had the advantage of 
practically automatic operation, which made it 
possible to locate small units on the outskirts of 
distribution systems, to meet peak loads. In 
connection with the use of natural gas, a water- 
vapour recorder had been developed to give a precise 
indication of moisture content ; and the methods 
used to extract helium from natural gas were being 
studied with a view to applying them to the removal 
of nitrogen. The entire concept of the gas industry 
was undergoing a fundamental change, said Mr. 
Hendee, in conclusion ; new applications were being 
developed, the chemical nature and the potentialities 
of gas were being more and more realised, and it was 
possible that, from being a straight supplier of heat, 
the industry might emerge one day as a basic chemi- 
cal industry, with heat as a by-product. 

Professor G. Ribaud, Director of Gas Studies 
and Research in France, presented the paper which 
followed Mr. Hendee’s report. It dealt with 
‘*Gas Research in France,” more especially as 
pursued in the companies’ central research labora- 
tories ; Professor Ribaud explained that most of 
the research required by the industry was carried out 
in these establishments, only the three big Paris 
companies possessing their own laboratories for 
research purposes. Co-ordination was achieved 
through the medium of the Association Technique 
de l’Industrie du Gaz en France, established in 
1874, which also was responsible for examining and 
stamping gas appliances, and for the organisation of 
technical instruction and co s. The Gas 
Studies and Research Department (over which 


Professor Ribaud presided) was set up in 1947, 
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following the nationalisation of the industry in the 
previous year, and, in addition to five existing 
Jaboratories which were taken over, was constructing 
a new Gas Research Centre, on the outskirts of 
Paris. Each department of this Centre would be 
largely autonomous, having charge of all inquiries 
in its own field, and authority to set up experimental 
equipment and to develop it to gas-plant scale. 
A section, formed in 1947 to deal with the corrosion 
and protection of gas installations, provided for the 
geophysical survey of ground in which mains were 
to be laid, as well as the actual protection of the 
mains. So far this division had completed the 
protection of more than 60 miles of mains and had 
a further 600 miles under examination. 

The second of the three papers, ‘‘ Research in the 
British Gas Industry,” was presented by Dr. 
J. G. King, O.B.E., Director of the Gas Research 
Board, and was, in a sense, complementary to that 
of Professor Ribaud. While summarising generally 
the development of British research on gas, it was 
concerned mainly with the programme now in hand 
by the Gas Research Board; but the subject was 
dealt with in a rather tentative manner because, 
as Dr. King explained, the policy of the nationalised 
industry with regard to research had not been 
declared when the paper was written and a change 
of plan might prove to be necessary. The Gas 
Research Board, which had been founded by the 
Institution of Gas Engineers in 1938, became an 
official Research Association, supported by the 
Department of Scientific and Industrial Research, 
in 1943. While the war had prevented rapid 
development, action had been taken in association 
with the University of Leeds, and various researches 
were proceeding also at Bournemouth and at 
Beckenham, which was the headquarters of the 
Board. The programme so far outlined covered 
the whole field of gas and coke production, distri- 
bution and utilisation. Gas being the main product 
of the industry, attempts had been made to develop 
a process of complete gasification which would 
balance the rates of production of gas and coke 
against market requirements. The only successful 
method—the coupling of carburetted water-gas 
production with carbonisation—had been developed 
to the stage of supplying, in 1947, 17 per cent. of 
the town gas distributed; but the Board had 
conducted a major research on the possibility of 
basing a one-stage process on the gasification of 
bituminous coal] in steam and oxygen, and a high- 
pressure generator had been constructed to take a 
300-Ib. batch of coal. The complete process involved 
the gasification of coal in steam and oxygen under 
pressures up to 50 atmospheres, the methane- 
forming reactions taking place under positive 
control in a secondary stage, not necessarily in the 
same generator. An alternative method for pro- 
ducing methane for the enrichment of total gas or 
water gas was by direct synthesis from carbon 
monoxide and hydrogen mixtures, using a nickel 
catalyst ; the experiments had yielded all the data 
needed for the design of full-scale plant, In con- 
nection with gas storage and purification, work was 
in hand on the wind-pressure effects on spirally- 
guided gas holders, and various practical problems 
of construction and maintenance were being studied. 
The programme of research on gas utilisation 
included studies of the aerodynamics of flow in 
burners, the technical applications of high-speed 
gas combustion, the mechanism of heat transfer 
from flame gases to solids, the transfer of heat 
energy in the infra-red part of the spectrum and the 
emission characteristics of typical refractories (as 
applied in the design of gas-fire radiants), and the 
measurement of the radiant efficiency of gas-heated 
appliances. The corrosion of domestic and indus- 
trial gas appliances was also receiving attention. 
Finally, the Board had in hand two programmes 
of research on coke, the first to evaluate the 
advantages (if any) of activation with alkali, and 
the second being a study of coke breakage. 

The second of the two papers presented in Meet- 
ing Hall A—‘‘ Quelques Aspects de la Valorisation 
Chimique des Gaz de Houille en Belgique ”—was 
contributed by Dr. Paul Ferrero, Director of Re- 
search of the Société Carbochimique S.A., Belgium, 
and dealt with the progress made in that country in 
the extraction of by-products. This was a branch 





of industrial chemistry, he said, which had long 
engaged the attention of Belgian chemists, who had 
done pioneer work, before the first World War, in 
the production of synthetic ammonia. The separa- 
tion of hydrocarbons from gas, had also been studied 
to good purpose in Belgium ; and methane had been 
employed as a source of hydrogen in the production 
of synthesis gas to be converted into methanol. In 
connection with ethylene, some interesting processes 
had been developed, and these were the main subject 
of the paper, which included a flow sheet showing the 
production of glycols. 

In Meeting Hall B, the session on June 17 opened 
with a Belgian report on ‘“‘The Statistics of the 
European Gas Industry,” contributed by the Asso- 
ciation des Gaziers Belges and presented on behalf 
of the Association by Mr. R. H. Touwaide. The 
statistics, set out in a number of tables, covered 16 
European countries and the period from 1925 to 
1947, inclusive ; though, in some cases, it was neces- 
sary to insert estimated figures in the absence of 
strictly comparable returns. The tables were pre- 
ceded by brief reviews of the development of the 
industry in each country concerned, concisely 
indicating its extent and, in most cases, something 
of its origin. (Scotsmen may take some exception 
to the description of ‘‘ L’ Angleterre, patrie de Mur- 
doch et de Clegg,” but, after all, Murdoch was only 
22 when he left his native Ayrshire for Birmingham.) 
A series of maps appended to the report showed the 
distribution systems of the several countries. 

Following the Belgian report, Mr. Stirling Everard, 
M.B.E., on behalf of the Institution of Gas Engineers, 
presented a report entitled ‘“‘Some Factors Con- 
trolling the Demand for Gas: An Analysis of the 
Domestic Load,” which, on the basis of surveys made 
by the Gas Light and Coke Company in Greater 
London, and those of a number of gas undertakings 
in other parts of the British Isles, reviewed the 
trading position of the industry in the period imme- 
diately before nationalisation. The need for a 
detailed knowledge of the various categories of gas 
use, as a basis for the commercial policy of gas 
undertakings, the report stated, had been felt 
increasingly as the post-war costs of production rose. 
It was realised, too, that there were certain wide- 
spread influences, such as the extension of municipal 
housing schemes, which must affect the load 
materially. Full employment and the incidence of 
higher wages in the labouring and artisan classes 
(most of whom received their supply through pre- 
payment meters) had increased their consumption 
per household; while the effect of high taxation 
on the incomes of the middle upper classes, often 
obliging them to live in smaller houses than formerly, 
tended to reduce the consumption of the credit 
consumers, who paid for their gas quarterly in arrear. 
Where large houses were divided into flats, however, 
there was often an increase in the load per building, 
though the load per consumer might decrease. 
Relatively new factors influencing the load were the 
provision of central services in large blocks of flats, 
the cooking load of canteens and snack-bars, and 
altered cooking habits, arising from food rationing. 
These several causes had resulted in a noticeably 
greater demand, even though, because of shortage of 
supplies, there had been no appreciable change in 
the apparatus used by the consumers. The most 
important factor was the cooking load, but others 
affecting the aggregate consumption for domestic 
purposes were the number of persons in the house- 
hold, the number, size and use of the rooms in a 
dwelling, the income and customs of the household, 
and the general climatic conditions. Taking all 
these into consideration, it was highly misleading to 
base policy on & hypothetical “average domestic 
consumer’; it was ‘necessary to group consumers 
according to their common conditions of supply 
before any assessment of trends could be made as a 
guide to commercial policy. In a crowded working- 
class home, the cooker was often the space-heater 
also. Modern equipment in a modern home, 
because of its attractiveness, encouraged more fre- 
quent use ; but the tenant of an old and ill-equipped 
dwelling tended to regard it as only a temporary 
place of residence, so that neither he nor his land- 
lord had any inducement to face the capital cost of 





installing better equipment. 
(T'o be continued.) 


THE ROYAL AGRICULTURAL 
SHOW AT SHREWSBURY. 
(Continued from page 55.) 

In last week’s article on the exhibits in the imple- 
ment section of the Royal Agricultural Society’s 
annual show, held at Shrewsbury, reference was 
made to four-wheel tractors of the heavier type, 
and how they have been developed and adapted to 
perform a wide range of duties. Until recently, 
however, the majority of these tractors were fitted 
either with petrol engines or petrol-paraffin engines, 
little attention having been paid to the merits of 
the Diesel engine. There have been, of course, 
certain notable exceptions, such as the Field Marshal 
Diesel tractor manufactured by Messrs. Marshall, 
Sons and Company, Limited, and the Perkins- 
engined Fordson tractor, but, generally speaking, 
the emphasis has been on petrol or petrol-paraffin 
engines. It was gratifying to see, therefore, at this 
year’s show several tractors of the heavier type 
fitted with Diesel engines. One of these, an entirely 
new machine, was being exhibited by the makers, 
Messrs. Turner Manufacturing Company, Limited, 
Wulfruna Works, Villiers-street, Wolverhampton ; 
it is illustrated in Fig. 11, on page 78, from which 
it will be seen that it is a four-wheel machine of 
conventional design. It is fitted with the Turner 
four-cylinder V-type Diesel engine, in which the 
cylinders are arranged in two banks of two, set at 
68 deg. to each other. The cylinder bore is 33 in., 
and the stroke 4} in., and on the one-hour rating 
the engine is capable of developing 40 brake horse- 
power at 1,500 r.p.m. The drive is transmitted to a 
conventional four-speed and reverse gearbox, through 
a single dry-plate clutch arranged so that it can be 
dismantled without disturbing either the engine or 
the gearbox. The drive to the rear axle is through 
a standard spiral-bevel pinion, crown-wheel and 
differential assembly, while final drive to the land- 
wheels is by heavy spur gears, independent steering 
brakes of the internal-expanding type being fitted 
to the differential shafts. The front axle and steering 
rods are of tubular construction and both the front 
and rear tracks are adjustable, the front by incre- 
ments of 2 in. between the limits of 48 in. and 
72 in., and the rear, by sliding, between the limits 
of 52 in. and 72in. The overall length of the tractor 
is 10 ft. 3 in. and the width, over the rear axle 
shaft, is 6 ft. 8in., the weight, in working order, being 
5,500 lb. The turning circle, without using the 
brakes, is of 10 ft. 10 in. radius. Additional equip- 
ment available with the tractor includes a power 
take-off, hydraulic lift, wheel weights, lighting for 
night ploughing, and a differential lock. When 
fitted, the pump for the hydraulic lift is driven 
through spur gears from the main gearbox, and is 
controlled by a selector valve situated under the 
driver’s seat. The linkage is designed to accommo- 
date a wide range of standard mounted implements 
and equipment. The offside lift rod is provided 
with a geared-screw adjustment, while both lift 
rods can be set to any one of four positions, a 
supplementary position being available when it is 
required to give the implements freedom to float 
vertically. The lateral float of the draught links is 
controlled by telescopic check struts and the com- 
plete linkage can be detached in a matter of minutes 

by the removal of captive linch-pins. A i 
type drawbar is fitted to all tractors; this is 
arranged so that it has lateral movement and can 
be adjusted vertically. The hitch point is situated 
well forward of the rear axle, the maximum pull 
being approximately 4,500 Ib. at 1-9 miles per hour. 

Messrs. David Brown Tractors, Limited, Meltham, 
near Huddersfield, also were exhibiting a four-wheel 
tractor fitted with a Diesel engine. In this case, 
the engine only is new, as the tractor, basically, is 
this firm’s well-known ‘‘Cropmaster,” which has 
been described previously in ENGINEERING. It 
should be pointed out, however, that the Cropmaster 
was designed originally to take the new Diesel 
engine and the new combination is, therefore, by 
no means a makeshift. The new engine is a four- 
cylinder high-speed direct-injection unit, having 
a bore and stroke of 3}-in. and 4 in., respectively, 
and developing 25 h.p. at a maximum governed 
speed of 1,400 r.p.m. Generally, the dimensions 





are similar to those of the standard petrol-paraffin 
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Fie. 11. Dresen Tractor; Turner Manvuracrurmne Company, Lirrep. Fic. 12. Dreset Enorve ; Mgssrs. Davip Brown 


engine, many of the parts being interchangeable, 
while the outputs and weights also are simiiar. 
The design is such that, when conditions allow, 
existing Cropmaster tractors will be able to be fitted 
with the Diesel engine. A photograph of the new 
engine is reproduced in Fig. 12, above, from which 
it will be seen that, generally, it js of conven- 
tional design. It is arranged to operate on the direct- 
injection principle, the combustion chambers, which 
are toroidal in form, being situated in the piston 
crowns. The crankcase, cylinder block and camshaft 
housing are in the form of a single casting in high- 
duty nickel-chrome iron. Replaceable wet-type 
liners are fitted, the top seals of which consist of 
copper gaskets, while the lower ends are sealed by 
two rubber rings. The crankshaft is machined 
from a nickel-chrome-molybdenum steel forging, the 
journals being hardened by the ‘‘ Tocco ” electric- 
induction process ; it is drilled for pressure lubri- 
cation of the big ends and is balanced by integral 
balance weights. The cylinder head is a monobloc 
casting of nickel-chrome iron. It is fitted with 
the overhead inlet and exhaust valves and the 
injectors, the former being operated by push rods 
and rocking levers in the usual manner. As will be 
seen from the illustration, the injectors are inclined 
and are situated outside the valve cover, an arrange- 
ment which gives good accessibility. The connecting 
rods are machined from manganese-molybdenum 
steel stampings and are fitted with phosphor-bronze 
little-end bushes and copper-lead steel-backed big- 
end bearings. The lower halves of the main bearings 
also are of the steel-backed copper-lead type, but 
the upper halves are lined with white metal. The 
pistons are cast from a silicon alloy. The gudgeon 
pins are of the fully-floating type and each piston 
is fitted with three pressure rings and one oil-control 
ring. Helical gears are used for driving the cam- 
shaft and engine auxiliaries, the gear on the crank- 
shaft engaging directly with that fitted to the 
camshaft. 

The fuel-injection pump, which is a standard 
C.A.V. unit, is driven through a double-reduction 
gear, a feature which contributes to an excep- 
tionally compact timing case. The control rod for 
the pump is actuated by a C.A.V. pneumatic gover- 
nor fitted directly to the pump. The injector 
nozzles are of the four-hole type and are designed 
so that the four sprays are symmetrical with the 
vertical axis. The nozzles are dowelled in the 
holders which, in turn, are bolted to the cylinder 
head through flanges in the usual manner. The 
feed pump is a standard C.A.V. plunger-type unit, 
operated by a cam integral with the injection-pump 
camshaft. The engine is water cooled, a combined 
pump and fan being fitted to the front of the cylinder 
head and driven by @ belt from the crankshaft. 
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Fic. 14. Ampursious Tractor; Messrs. James A. CUTHBERTSON, LIMITED. 
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The water is pumped into the cylinder head through 
a distributor tube which extends the full length of 
the head, holes drilled in the tube being arranged 
so that jets of cold water are directed on to the metal 
surrounding the exhaust-valve seats. The tem- 
perature of the cooling water is controlled by a 
thermostat fitted to the outlet elbow from the 
cylinder head. Oil is supplied under pressure to 
the main bearings, big-end bearings and the cam- 
shaft bearings and timing gears by a gear-type oil 
pump situated in the sump and driven by skew 
gears from the camshaft. The oil is drawn through 
a strainer fitted to the suction side of the pump 
and is discharged through a large-capacity filter 
designed so that external pipes are not required ; 
should the filter become choked, pressure is main- 
tained throughout the system by a by-pass circuit. 
The engine is started by an axial-type electric 
motor, the usual form of compression release gear 
being provided in order to relieve the starting 
load from the motor. The dynamo is situated on 
the offside of the engine ; it is driven by a V-belt 
from the crankshaft and .is fitted to a movable 
bracket so that the tension in the driving belt may 
. be adjusted. The overall length of the engine is 
) 353 in. and the overall width, with all accessories, 
is 20} in. The weight is 600 Ib., this figure including 
the electric starter, dynamo, fan and flywheel. 

Messrs. Massey-Harris, Limited, Barton Dock- 
road, Stretford, Manchester, was another firm 
showing a wheeled tractor fitted with a Diesel 
engine, namely, the Model 744 P.D., the standard 
and row-crop models being fitted with a Perkins 
six-cylinder unit of this type. The engine has a 
bore and stroke of 3} in. and 5 in., respectively, 
and develops 42 h.p. at 1,350 r.p.m. The engine 
is mounted in a separate frame, the forward end of 
which is fitted with the front road wheels while the 
other end is bolted to the transmission case, a form 
of construction which prevents the transference of 
road shocks to the engine. The transmission is of 
conventional] design, the gearbox providing five 
forward ratios which give speeds ranging from 
approximately 2 miles an hour in bottom gear to 
12 miles an hour in top gear. A power take-off 
shaft is provided at the rear end of the machine ; 
it is engaged by a dog clutch and at the governed 
speed of the engine, rotates at 534 rpm. A belt 
pulley power take-off also can be fitted, the pulley of 
which has a diameter of 13} in. and rotates at 
863 r.p.m., equivalent to a belt speed of 3,050 ft. 
per minute. Fittings available for use with the 
tractor include a power lift for controlling the 
implements and equipment for converting it to a 
semi-tracked machine. 

Another pleasing aspect of the show was the 
increase in the number of track-laying tractors of 
British manufacture exhibited on the various 
stands, some of which were being shown for the first 
time. Messrs. Vivian Loyd and Company, Limited, 
Camberley, Surrey, for example, were showing a 
track-laying tractor fitted with a Diesel engine ; 
this is illustrated in Fig. 13, opposite, from which it 
will be seen that it has some resemblance to the 
tractor manufactured by this firm and described in 
connection with last year’s Royal Show. It is fitted 
with the same engine as that used on the Turner 
Diesel tractor described above, namely, the Turner 
4 V 95 four-cylinder V-type engine, but developing 
30 brake horse-power at 1,500 r.p.m. The drive from 
the engine is transmitted to the gearbox through a 
single dry-plate clutch, the gearbox being arranged 
to give four forward speeds and one reverse speed. 
The drive to the rear axle is by a crown wheel and 
pinion and integral differential, the shafts for the 
differentiai being fitted with double leading-shoe 
mechanically-operated Girling brakes for steering 
purposes. The tracks are similar to those fitted to 
the Bren carrier; they have a width of 14 in. and 
are set 43 in. apart at the centres. The engine is 
governed to a maximum of 1,500 r.p.m. which gives 
a speed in top gear of 4-8 miles per hour, the speeds 
in the intermediate gears being; first, 0-75 mile 
per hour; second, 1-5 miles per hour; and third, 
2-8 miles per hour. The weight of the tractor, less 
fuel and operator, but including coolant and lubri- 
cating oil, is 6,025 Ib., and the maximum drawbar 
pull developed is 6,000 Ib. The complete machine 
has a length of 10 ft. 4 in., a width of 5 ft. 1 in. and 








a height of 4 ft. 114in. If required, it can be fitted 
with a power take-off and a winch. The power take- 
off can be either a splined shaft at the rear of the 
machine running at 540 r.p.m. at governed engine 
speed, or a pulley, the axis of which is arranged at 
right angles to the longitudinal axis of the machine, 
the belt speed of which is 3,000 ft. per minute. The 
splined shaft can be fitted also with a pulley, in 
which case the belt speed is the same, namely, 3,000 
ft. per minute. 

The prototype of a track-laying tractor, of a 
somewhat different type from that just described, 
was being exhibited by the manufacturers, Messrs. 
James A. Cuthbertson, Limited, Biggar, Scotland, 
on the stand of the Butterley Engineering Company, 
Limited, Butterley, Derbyshire. This machine, 
which is illustrated in Fig. 14, opposite, is known 
as the Buffalo soft-land crawler tractor, and, as its 
name implies, it has been developed to work on 
soft spongy ground and marshland; it has been 
constructed, therefore, so that it is amphibious. 
It is fitted with an Albion four-cylinder Diesel 
engine having a bore and stroke of 4} in. and 
5} in., respectively, and capable of developing 
75 brake horse-power at 2,000 r.p.m. The engine 
is of conventional design, the cylinders and top 
portion of the crankcase being cast in one piece 
and the cylinder bores are fitted with renewable 
push-fit dry liners. Overhead valves are fitted, 
operated in the usual manner by push rods and 
rocking levers; the exhaust-valve seats are of the 
replaceable type. Pressure lubrication is employed, 
the oil being delivered by the pump to the camshaft 
bearings and valve-rocker arms and the main and 
big-end bearings; the crankshaft is drilled for 
the last named purpose. The fuel pump and 
injectors are standard C.A.V. units, but the drive 
to the pump incorporates a centrifugally-operated 
device for automatic timing of the injection of the 
fuel. The drive from the engine is transmitted to a 
conventional Albion five-speed and reverse gearbox 
through a single dry-plate clutch, but just after the 
gearbox is a transfer case with two separate output 
shafts, one for each track. Each output shaft is 
fitted with a dry multi-plate clutch and an internal- 
expanding brake for steering purposes, final drive 
to the track-sprocket shafts being through worm 
and worm wheel reduction units, one for each shaft. 
The frame, or hull, is built up from steel sheets 
and structural members, the drive sprockets being 
situated at the front of the vehicle. The tracks, 
which are exceptionally flexible, are built up from 
vulcanised-rubber blocks reinforced by wire ropes 
looped round a series of externally-grooved ferrules, 
the edges of the grooves being peened over the ropes. 
The blocks are joined together by plates secured to 
the blocks by bolts which pass through the ferrules, 
so that all the load is taken by the wire ropes 
moulded in the blocks ; tae top plates incorporate 
the driving dogs, and the bottom plates are pro- 
vided with cleats to give the necessary adhesion. 
The suspension comprises a series of transverse leaf 
springs which work in conjunction with swinging 
radius arms, the inner ends of the arms being fitted 
to the hull structure and the outer ends to the 
carriers for the idler wheels. The tracks have a 
width of 2 ft., and the length of track in contact 
with the ground is 9 ft. The vehicle has a total 
weight of 5} tons, so that ground pressure is only 
2-3 Ib. per square inch, a remarkably low figure for 
a machine of this type. According to figures 
supplied by the manufacturers, the maximum 
drawbar pull is 8,500 lb. and during tests on soft 
spongy ground the tractor hauled a Cuthbertson 
draining plough weighing 2 tons without showing 
any tendency to bog down ; when used as an amphi- 
bian, the freeboard is 8 in., and the speed 5 knots. 


(To be continued.) 





Om PRODUCTION IN AUSTRALIA.—The Standard Oil 
Company of Australia has announced a plan for producing 
46 million gallons of high-grade petrol per annum from 
New South Wales oil shale and coal. If approved by 
the Federal Government, a processing plant will be 
created at Baerami, near Muswellbrook, about 190 miles 
north of Sydney. Muswellbrook lies on the west side 
of a large coalfield, which extends to the coast at 
Newcastle and includes mines producing the best 
black coal in Australia. 


TWIN-SCREW PASSENGER 
MOTORSHIPS ‘*HIBERNIA’’ AND 
‘* CAMBRIA.’’ 


Two new twin-screw passenger motorshi the 
Hibernia and the Cambria, were put into sanition 
recently on the Holyhead-Dun Laoghaire service of 
the London Midland Region of British Railways. 
The two vessels, which are sister ships, are now the 
largest cross-channel packets in the British Isles, each 
carrying 2,000 passengers ; in view of the short passage, 
cabins and berths are provided for only 222 in the first 
class and 214 in the third class. They are the fourth 
vessels to bear their respective names, the first Hibernia 
and Cambria having been put into service as far back 
as 1848. A photograph of the new Hibernia, which was 
taken during her trials, is reproduced in Fig. 1, on page 
80, from which it will be seen that the design is modern 
but pleasing, the raked and rounded stem, cruiser stern, 
and single streamlined funnel giving the vessel an 
attractive a ce. The vessels, which are of 
approximately 5,000 gross tons, have an overall length 
of 397 ft. and a moulded breadth of 54 ft. 

Both vessels were built and engined at Belfast by 
Messrs. Harland and Wolff Limited, to Lloyds special 
class A Irish-channel service certificate requirements. 
There are two complete decks, namely, the main and 
upper decks, a lower deck extending forward and aft 
from the machinery s and the usual forecastle 
decks, promenade deck and boat deck, while a further 
deck joins the forward and after navigating bridges. 
The vessel is divided into eleven compartments by 
ten watertight transverse bulkheads, and the double 
bottom is suitably divided for the storage of fresh water, 
water ballast, fuel oil and lubricating oil. tanks 
are arranged forward and aft of the engine room for 
fuel oil, water ballast and fresh water. are two 
cargo holds and *tween-deck spaces forward for the 
carriage of general cargo and motor cars and ’tween- 
deck spaces aft ; one of the *tween-deck spaces forward, 
however, is arranged for the carriage of either cargo or 
passengers. Large mail and baggage rooms are situated 
aft on the main deck and, in addition, there are two 
hand-baggage rooms for each class. The first-class 
lounge and smoke room are situated forward and aft, 
respectively, on the promenade deck and the first-class 
entrance on the — deck, four de-luxe suites being 
located forward of the entrance hall. The first-class 
dining saloon, which has a seating capacity for 80 
passengers, is situated on the main deck just forward of 
the engine room, the third-class dining saloon occupying 
a similar position aft of the engine room. The third- 
class smoke room is situated on the promenade deck 
immediately aft of the first-class smoke room, while a 
combined third-class entrance and lounge is situated 
at the after end of the upper deck; a further third- 
class lounge is provided, however, on the main deck 
aft of the dining saloons. The third-class, and some 
of the first-class, accommodation is located on the 
lower deck, the remainder of the first-class cabins being 
situated on the upper and boat decks. The accom- 
modation for the deck and engineer officers is situated 
on the boat deck, each officer being provided with a 
separate cabin. 

The vessel is propelled by twin screws each of which 
is driven by an 8-cylinder eccentric-type opposed- 
piston two-stroke single-acting Diesel engine of the 
builders’ latest design. Each engine is designed to 
develop 4,800 horse-power at 220r.p.m., equivalent to a 
service speed of 21 knots, and 5,500 brake horse-power 
at 250 r.p.m., the full shop-rating. In each case the 
brake mean effective pressure is 67 lb. per square inch, 
while the piston speeds are 1,181 ft. per minute and 
1,345 .ft. per minute, respectively. A photograph of 
one of the engines, which was taken in the builders’ 
erecting shop, is reproduced in Fig. 2, on page 80, 
while drawings showing transverse and longitudinal 
sections are reproduced as Figs. 3 and 4, respectively, 
on page 81. The cylinder bores have a diameter 
of 530 mm., and, as will be seen from Figs. 3 and 4, 
the exhaust pistons have the same diameter as the 
main pistons, the stroke of the former being 360 mm. 
and of the latter, 820 mm. The main, or lower, 
pistons are of the usual trunk form, while the exhaust 
pistons are operated by eccentrics integral with the 
main crankshaft, the drive being transferred to each 
exhaust piston through two eccentric rods and four 
vertical side rods ; one of the eccentric rods and one 
of the side rods are lettered ¢ and m, respectively, in 
Fig. 4, and r, in Fig. 3, indicates one of the eccentric 
straps. 

The bedplates are of fabricated-steel construction 
and each incorporates a thrust block of the Michell type 
at the after end. The crankshafts are made in two 
sections which are coupled together by solid flanges and 
fitted bolts. They are of the semi-built-up type, the 
crank webs and pins forming integral units which are 
shrunk on to the journals, the webs and pins being of 
cast steel and the journals of Siemens-Martin mild steel 
with a tensile strength of 28 to 32 tons per square inch. 





As previously indicated, the eccentrics for controlling 
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the exhaust pistons are cast integrally with the cranks. | 
The main bearing bushes are steel castings lined with | 
white metal, the top half of each bush being housed 
in a fabricated-steel keep. The frames which support 
the scavenge belt & and the cylinders are of fabricated 
steel construction; like the bedplates, they are sub- 
jected to stress relieving treatment after construction. 
The scavenge-belt entablatures also are built up from 
steel; they are bolted to the top of the frames and are 
arranged to support the cylinders. The cylinder liners 
are iron castings which are held to the scavenge-belt 
entablatures by bolts which pass through flanges cast 
integrally with the liners. Detachable cooling-water 
jackets of cast iron are fitted round the upper parts of 
the cylinder liners only, the lower ends of the liners 
being cooled by the scavenge air. The connecti 
rods are made from forged Siemens-Martin mild stee 
and are bored for lubrication of the gudgeon-pin bushes. 
The lower ends of the rods are T-shaped while the 
big-end bushes are steel castings, both the gudgeon- 
pin bushes and bottom-end bushes being lined with 
white metal. 

As previously mentioned, the main pistons are of the 
trunk type; they are made in two parts, the top por- 
tion, which forms the piston crown, being of special 
steel while the lower portions, or piston skirts, are close- 

ined iron castings. The pistons are cooled by oil 
bled from the main lubricating system, each piston 
being provided with one inlet and one outlet pipe. 
The outlet pipe is fitted so that it comes as near the 
underside of the piston crown as practicable, the oil 
being led to, and returned from, the pistons through 
telescopic pipes. The exhaust pistons are of the same 
general design as the main pistons but the bodies and 
ends are in one piece, the material being special heat- 
rasisting steel. Like the main pistons, they are ar- 
ranged for oil cooling from the forced-lubricating 
system, the oil being supplied to, and returned from, 
the pistons through telescopic pipes. One of the main 
pistons and one of the exhaust pistons are lettered d 
and a, respectively, in Fig. 4 and one of the telescopic 
pipes for the lower piston is lettered s; the tele- 
scopic gear for one of the exhaust pistons can be seen 
at the top of Fig. 3. One of the yokes for the exhaust 
pistons can be seen in Fig. 3 also; these are made from 
steel while the valve and eccentric rods by which th 
are controlled from the eccentrics on the cnniahals 
are of mild steel. 

Exceptional precautions have been taken in the 
design of the engines to prevent the occurrence of 
crankcase éxplosions. Diaphragms are fitted across 
each frame to divide the crankcase into separate 
chambers and the outboard covers for each chamber 
so formed are fitted with small spring-loaded doors or 
flap valves; one of these doors can be seen in Fig. 3, 
where it is lettered g. The valves are designed to close 
quickly so that when the first explosion occurs, which 
usually is mild, the doors act as relief valves but prevent 





the ingress of large quantities of air and, therefore, the 
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occurrence of a more violent secondary explosion. 
Furthermore, the oil vapour is extracted from the 
closed crankcases by an electrically-driven vapour- 
extraction fan which discharges to the top of the funnel, 
the vent pipes being interrupted by sight glasses with 
a light behind each to enable any coloured vapours to 
be seen. As a further precaution, arrangements have 
been made to fill the crankcases with CO,, the control 
valves for the CO, storage bottles being situated on the 
after end of the top platform. 

The scavenge air is supplied by three-lobed Root’s 
blowers, lettered h in Fig. 3, mounted on brackets fitted 
to the frames at the back of the engines, there being four 
blowers for each engine. The blowers are driven by 
roller chains from sprockets on the engine crankshaft, 
spring couplings on the blower shaft being provided to 
relieve the load on the chains when manceuvring. Air- 
intake silencers are fitted to the blowers and they are 
fitted with automatic change-over valves for interchang- 
ing the suction and delivery ports when reversing ; one 
of these valves is lettered p in Fig. 3. The blower bear- 
ings and gears are supplied with oil from the main 
forced-lubrication system. Each cylinder is fitted 
with an air-starting valve, two fuel valves and a safety 





valve. The air-starting valves are spring loaded and 
are operated by compressed air controlled by a dis- 
tributor rotating at engine speed. The spindles, valves, 
and valve seats are of stainless steel, while the bodies 
are steel castings. The fuel valves are of the builders’ 
automatic type which are operated by the fuel-pump 
pressure, the nozzles being designed for oil cooling. 
A separate fuel pump is provided for each cylinder, the 
pumping elements of which are operated by a camshaft 
arranged along the inboard side of each engine and 
driven by chains from the main crankshaft ; the cam- 
shaft and one of the fuel-injection pumps are lettered 
n and f, respectively, in Fig. 3. The fuel-injection 
pumps are supplied with fuel oil by surcharging pump, 
the oil being drawn from the purified daily-service tank 
through an Auto-Klean filter and discharged to the 
injection-pump suctions through a duplex felt filter. 
Each fuel-injection pump is provided with a shut-off 
cock on the suction side, so that a new fuel-supply pipe 
can be fitted to any cylinder without stopping the 
engine. The main-engine controls are situated in the 
middle of the engines at the level of the top platform. 
The reversing and starting levers are interlocked so 
that the latter cannot be operated until the reversing 
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lever is moved either to the full-ahead or full-astern 
position ; furthermore, the engine telegraph receivers 
are interlocked with the mancuvring gears. 

The lubricating and piston-cooling oil is supplied 
by three motor-driven pumps, two working and one 
standby, each of which is capable of delivering 240 tons 
an hour against a pressure of 50 lb. per square inch. 
The pumps are to draw the oil from the 
drain tank through Auto-Klean strainers and disc’ 
it through similar strainers to coolers and then to the 
engine lubricating and piston-cooling systems. The 
main-engine cylinders are cooled with fresh water cir- 
culated in a closed system by three motor-driven 


pumps. The pumps are of the vertical centrifugal | fi 


type and each can deliver 130 tons an hour against a 
total head of 60 ft. Two pumps, however, are capable 
of supplying sufficient water for both main engines, one 
pump, therefore, serving as a standby. In order to 
warm the engines before starting, a steam heater is 
installed in each fresh-water discharge line. The coolers 
both for the lubricating and fresh-water systems are of 
Serck manufacture, the bodies of the coolers being iron 
castings, the tube plates naval brass, and the tubes, 
cupro-nickel. They are circulated with sea-water by 
three motor-driven pumps of the vertical centrifugal 
self-priming type, two working and one standby, each 
pump being capable of delivering 200 tons an hour 
against a total head of 50 ft. A by-pass connection is 
provided on each cooler and cross connections are 











provided so that, in an emergency, the main engines 
ean be cooled directly by sea water. The disposition 
of the fresh-water and oil coolers and their associated 
pumps, etc., can be seen in Fig. 5, on page 84, which 
is a plan of the engine room. 

Starting air —— by two air compressors 
designed and man by the builders. Each is a 
three-cylinder two-stage machine capable of a 

ure 0 


harge | 240 cub. ft. of free air per minute at a press 


356 lb. per square inch; each compressor can supply 
sufficient air for manwuvring both main engines under 
service conditions. They are cooled with sea-water 
supplied by the auxiliary circulating pumps and are 
tted with inter-stage and after coolers. Each is 
driven by an electric motor, the compressor and 
motor being mounted on a common bedplate. The 
air is stored at a pressure of 356 lb. per square inch in 
four cylindrical reservoirs each of which has a capacity 
of cub. ft., the four reservoirs together storing 
sufficient air to give 35 starts to one main engine. A 
Ruston and Hornsby em cy air com is 
installed on the boat deck and is arranged to be driven 
by the prime mover for the auxiliary tor. In 
addition to the main Ap pe two oo tles for the 
em starting of the auxili i ines are 
installed in the engine room. © air bottles are 


complete with drain valves, pressure gauges, etc.; they 
can be connected to both the main and emergency 
compressors. 


Fig.4. 
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Each engine is provided with the usual form of 
turning gear, which can be operated either by hand 
or by an electric motor. The thrust blocks are of 
the Michell type, and a plummer block, the bottom half 
of which is lined with white metal, is provided at the 
after end of each thrust block. The tunnel shafting is 
machined from forged Siemens-Martin ingot steel having 
a tensile strength of between 28 and 32 tons. The 
aftermost lengths of the shafting are provided with 

iling collars which, when required, work in con- 
junction with the aftermost tunnel bearings, the for- 
ward faces of which are lined with white metal. 
Furthermore, each line of shafting is provided with a 
friction strap so that the shafting can be held stationary 
should it prove necessary to disconnect it at sea. The 
propellers are of Stone’s Turbiston bronze, but were 
designed and manufactured by the builders; they are 
designed so that they turn outwards at the top when 
gonig ahead. 

Current for the engine-room auxiliaries and the ship’s 
services is Bm agern by three Diesel-engine driven 
generators of the shipbuilder’s design and construction, 
each having an output of 200 kW at 220 volts, The 
engines are of the eight-cylinder, four-stroke, single- 
acting trunk type, the bore and stroke being 250 mm. 
and 300 mm., respectively. They develop the power 
required for generating 200 kW when running at 
450 r.p.m., but the full-rated capacity is 270 kW at 





600 r.p.m. The cylinder covers and jackets are fresh- 
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water cooled and provision is made for supplying 
cooling water from the double-bottom tanks een the 
vessels are in dry dock. Each engine and dynamo are 
fitted to a common bedplate of fabricated-steel con- 
struction mounted on insulating material to reduce the 
transmission of vibration; each set is a self-contained 
unit, being provided with its own lubricating and fresh- 
water pve a systems. The fresh water is circulated 
in a closed system by two motor-driven Drysdale 
pumps, each of which has a capacity of 25 tons an 
hour against a head of 40 ft., one pump acting as a 
standby. A steam heater is fitted in each pump 
discharge, so that the engines can be warmed before 
starting, while a by-pass connection is fitted to each 
cooler. The lubricating-oil coolers and fresh-water 
coolers for the Diesel-engine generators are cooled by 
two independent motor-driven pumps of the same type 
as the -water pumps, the motors being inter- 
changeable; as previously mentioned, the two main 
air compressors are cooled by salt water supplied by 
these pumps. The emergency Diesel-engine generator 
is situated in a deck house on the boat deck. It is driven 
by a Ruston and Hornsby engine and is capable of 
generating 40 kW at 220 volts. The set is entirely 
self-contained, and, as previously mentioned, drives an 
emergency air com or. 

Two Clarkson oil- “ thimble-tube ” boilers are 
installed at the forward part of the engine room at 
floor level. They were manufactured by the ship- 
builders and each boiler is capable of generating 
3,500 Ib. of steam an hour at a pressure of 100 Ib. per 
square inch gauge. A counterflow economiser of the 
Clarkson type is installed in the exhaust pipe of each 
Diesel-engine for the generating sets. The economisers 
were manufactured by the builders and are designed for 
wet and dry operation. The boiler-feed pump is 

to discharge through the economisers to the 
boilers, but va connections are provided so that 
the pump can discharge directly to the boilers. The 
feed pump is of the Weir motor-driven type and is 
controlled by automatic pe fitted to the boilers ; 
a steam injector is provided also for supplying auxiliary 
feed to the boilers from the vessel’s fa-oeee tanks. 
The steam generated by the boilers is used for heating 
the accommodation, the domestic water, the coils in 
the fuel-oil tanks, etc., and for warming the main and 
auxiliary engines. The exhaust from the steam-heating 
system is led to a surface-type non-vacuum condenser 
having a steel body, cast-iron ends, naval-brass tube 
plates and aluminium-brass tubes. The condenser 
has a cooling surface of 250 sq. ft. and the condensate 
is led to a drain tank situated below the condenser. 
The condenser circulating water is taken from the 
sanitary-pump discharge to deck. 

Other auxiliary machinery in the engine room includes 
electrically-driven centrifugal purifiers for fuel and 
lubricating oil, two general service pumps, a sanitary 
pump, fresh-water pumps for hot and cold domestic 
water, a fuel-oil transfer pump, and an emergency bilge 
and fire pump. The two oil purifiers are similar, both 
being provided with suction and discharge pumps 
which form an integral part of each machine. The 
lubricating oil purifier is arranged so that the oil may 
be purified either continuously, by bleeding a proportion 
of the oil from the discharge of the main pump, or in 
bulk, in which case the oil is drawn from the drain 
tank by one of the main forced-lubrication pumps 
and di into a steam-heated storage tank 
from which it flows by gravity to the purifier. Bulk 
purification is employed, of course, only when the main 
engines are 5s imilar arrangements have 
been made for purifying the lubricating oil of the 
generator engines, the oil in this case being pumped 
to a separate steam-heated storage rank by a hand 
pump integral with each engine. The two general- 
servicc pumps are of Messrs. Drysdale’s electrically- 
driven self-priming type and each is capable of 
delivering 90 tons of water per hour against a total 
head of 60 ft. 

The navigational equipment of both vessels is 
exceptionally complete, including an echo sounder, 
directional wireless, a radar set, gyro compasses and 
the usual items, such as Clear-View screens, etc. The 
telegraphs are electrically —— and the system is 
designed so that control of the instruments can be 
changed from the forward to the astern navigating 
bridge. Both bow and after rudders are fitted, the 
former being used when the vessel is going astern; 
both are operated by electro-hydraulic steering gears. 
Special precautions have been taken to i 
fire, the Kidde-Rich system of fire detection being used 
in conjunction with CO, setinagihing equipment for 
the cargo spaces while Grinnell automatic sprinklers 
are fitted throughout the accommodation for the 
ee crew. The lifesaving equipment includes 
eight 28-ft. rowing lifeboats and two 24-ft. lifeboats 
fitted with engines, all of which are carried by Welin- 
MacLachlan gravity davits. The accommodation for 
the mepengres is of an exceptionally high order and 
compares every way with that found in modern 
ocean-going liners. 
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PERSONAL. 


The first meeting of the RESEARCH ADVISORY CouNnciL 
OF THE BRITISH TRANSPORT COMMISSION was held in 
London on Monday, July 18. In addition to the chair- 
man, Sm Cyrrm. Hurcoms, and the chairmen or repre- 
sentatives of the Executives, the Council consists of 
Sm CHARLES F. GoopEVE, O.B.E., D.Sc., F.R.S., Pro- 
FEssOR R. V. JONES, C.B., C.B.E., Sm THOMAS R, 
MERTON, F.R.S., PROFESSOR D. M. NEwrrt, M.C., D.Sc., 
F.R.S., SmR WILLIAM STANIER, F.R.S., and Dr. H. E, 
MERRITT, chief research officer to the British Transport 
Commission. The Council has been set up as a result of 
the report of a committee, over which Sir William 
Stanier presided, upon the steps required to promote the 
fullest application of research to the problems of the 
Commission and its Executive. 


"Masor-GENERAL WwW. 8s. Torz, OB., CO.B.E., 
M.I.Mech.E., Director of Mechanical Engineering, War 
Office, is retiring and is to be succeeded, as from 
January 1, 1950, by BRIGADIER S. W. JOSLIN, at present 
Deputy Director of Mechanical Engineering. 

Mr. R. W. AYERS, managing director of Sciaky 
Electric Welding Machines, Limited, Slough, Bucking- 
hamshire, who is chairman of the Resistance Welding- 
Machine Section of the British Electrical and Allied 
Manufacturers’ Association, 36 and 38, Kingsway, 
London, W.C.2, has been nominated to be the represen- 
tative of the Welding Sections of the Association on the 
Beama Council for 1949-50. 

Mr. W. O. Sxeat, B.Sc. (Eng.), A.M.I.Mech.E., has 
been appointed Editor, Fourth World Power Conference, 
to be held in London from July 10 to 15, 1950. Mr. 
Skeat’s part-time services have been lent by the British 
Council until the closing of the Conference. 

Mr. LANCELOT S. Mitts, 6, Duke-street, St. James’s, 
London, 8.W.1, has resigned his directorships of MEssrs. 
De La RvE Extrusions, Liwtrep, and Messrs. DE La 
RveE FLoorRs AND FURNISHINGS, LIMITED, in order to 
give greater attention to his other interests. 


Mr. E. S. WADDINGTON, F.S.E., M.Inst.W., has been 
appointed a member of the Film Appraisal Committee 
of the Scientific Film Association. He has also been 
nominated a member of the Electric Welding Industry 
Committee, and chairman of the Trading Committee, 
Are-Welding Electrode Section, British Electrical and 
Allied Manufacturers’ Association. 


ReaR-ADMIRAL J. F. STEVENS, C.B.E., has been 
appointed Director of Naval Training in succession to 
REAR-ADMIRAL P. RuCK-KEENE, C.B., C.B.E., D.S.O. 

Messrs. THE BIRMINGHAM TOOL AND GAUGE COM- 
PANY, LIMITED, Soho-hill, Handsworth, Birmingham, 19, 
have appointed Mr. F. PorTER to be their representative 
in Yorkshire. 

THE NORTH BRITISH LOCOMOTIVE COMPANY, LIMITED, 
110, Flemington-street, Springburn, Glasgow, N, are 
now undertaking the manufacture, in this country, of 
Voith-North British transmission systems for locomotives, 
which are designed by the J. M. Voith Engineering 
Works, Heidenheim, Germany. 

THE ELECTROPLANT COMPANY, owned by G.P.U. 
LuwireD, Palace of Engineering, Wembley, Middlesex, 
are having erected two single-storey extensions to their 
present works. The total area covered by the new 
buildings will be over 10,000 sq. ft., and it is hoped that 
they will be ready in four months’ time. 

Messrs. THE HOPKINSON ELECTRIC COMPANY, LIMITED, 
Birchgrove, Cardiff, have opened a new office at 97-99, 
Waterloo-street, Glasgow, ©.2 (Telephone: Central 
2491). The office will be under the management of 
Mr. WILLIAM MurRpDOcH, the Scottish sales engineer. 





FourTH EMPIRE MINING AND METALLURGICAL CON- 
GREss.—At the final technical session of the Fourth 
Empire Mining and Metallurgical Congress, held in 
Oxford on Saturday, July 16, the decision of the Empire 
Council of Mining and Metallurgical Institutions to accept 
the invitation of the Australian Government to hold the 
Fifth Congress in the Commonwealth in 1953 was en- 
dorsed with acclamation. Mention of this invitation, it 
may be recalled, was made by the President of the 
Congress, Sir Henry Tizard, F:R.S., at the Guildhall 
banquet, on July 11, as recorded on page 63, ante. The 
offer of the Australasian Institute of Mining and Metal- 
lurgy to organise the Congress has also been cordially 
accepted, and the New Zealand Government’s offer to 
take part in the arrangements is to be forwarded to the 
Australasian Institute with full commendation. In 
winding up the proceedings at Oxford, Sir Henry Tizard 
proposed votes of thanks to the University of Oxford, 
to the Mayor and Mayoress of Oxford, and to all those 
companies, corporations, organising committees and 
individuals who have contributed to the success of the 
meeting. On the following day, Sunday, July 17, the 
Congress members and delegates dispersed to the four 
excursion centres, based on Cardiff, Falmouth, Edin- 
burgh and Newcastle-upon-Tyne. The Congress is to 
conclude to-morrow, Saturday, July 23. 
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NOTES FROM THE NORTH. 


GLasaow, Wednesday, 

Scottish Steel.—The steady maintenance of steel 
production at a high level this year has been fully con- 
firmed by the results published, and Scottish steelmakers 
are quietly gratified with their contribution towards the 
half-year’s record United Kingdom output of ingots and 
castings. The district total for the first six months was 
at an annual rate of 2,419,600 tons, as compared with 
2,254,700 tons in the corresponding period of 1948. The 
June output was equivalent to 2,545,400 tons (2,354,000 
tons in 1948), the second best performance this year, 
being surpassed only by the March return of 2,588,100 
tons (2,258,100 tons). The second quarter’s rate of 
2,541,900 tons (2,310,200 tons) substantially exceeded 
that of 2,297,400 tons (2,199,200 tons) in the first quarter. 
The actual output for 1948 was 2,235,900 tons. The 
rate of production for pig-iron, during the half year, just 
failed, at 745,500 tons, to match that of 748,200 tons in 
1948. The output in June was at a rate of 841,500 tons 
(811,700 tons in 1948), against 845,600 tons (793,300 tons) 
in May. For the second quarter, the return was 812,600 
tons (785,500 tons) compared with 678,500 tons (711,000 
tons) in the first. Last year’s final production aggregated 


NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

South Wales Coal Trade.—At present exports of South 
Wales coal to foreign consumers account for only 28 
per cent. of the district’s total output, compared with 
about 50 per cent. before the war. Mr. J. Cyril Radcliffe, 
President of the Cardiff Chamber of Commerce, who 
quoted these figures last week, pointed out that the only 
ways in which shipments of South Wales coals could be 
improved would be, either by a substantially improved 
output—the prospects of which he described as not en- 
couraging—or by transferring some of the inland trade, 
now met by local fuels, to other coalfields. The announce- 
ments made last week that the National Coal Board 
intended opening an office in Paris, to conduct foreign 
sales, and that they might open similar offices in other 
parts of the world has left exporters wondering what will 
be the ultimate effect of this on their businesses. Ex- 
porters point out that they have received numerous 
assurances from the Board that foreign business would 
continue to be con ucted through the existing channels. 
Up till now the Coai Board, while reserving the right to 
supply direct, has only done so in special cases in which, 





765,700 tons. Steelworks in the West of Scotland closed 
on Friday for the Glasgow-Fair holiday and are due to 
re-open to-day (Wednesday). Since the New Year the 
Colville group had produced 942,000 tons of steel com- 
pared with 869,000 tons in the corresponding six months 
of 1948. Despite the troubled economic conditions, the 
prospects for the industry, on resumption, are tolerably 
good. Bookings are heavy in a number of directions, 
particularly for plates and sheets, and a steady move- 
ment of steel for a fair period ahead is assured. 

Scottish Coal.—Before the majority of the collieries 
closed down on Friday for the summer holiday, fairly 
adequate supplies were provided for all consumer cate- 
gories. Sufficient coking coal has been earmarked to tide 
the coke ovens over the current fortnight, while good 
cover has been given to public utility undertakings and 
continuous-process users. Industrial consumers broke 
off for the holiday leaving comfortable stocks. It was 
noticeable that less than the usual pressure for delivery 
was brought to bear by some firms. House-coal merchants 
substantially improved their stocks, street sales being 
remarkably small against the delivery of full basic 
tonnages. Scheduled shipments were satisfactorily 
cleared off before the holidays. Exports in June totalled 
121,397 tons, as compared with 97,567 tons in May and 
134,370 tons in June, 1948, giving an aggregate of 
569,399 tons for the first six months of the year. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Local brands of pig iron are in fairly 
good supply, and it is hoped to increase production in 
the near future, when the reconstruction of blast furnaces 
has been completed. There is a steady flow of iron and 
steel scrap for re-melting and an adequate supply of 
hematite iron. Further melting, annealing and heat- 
treatment furnaces are being installed, and it is hoped, 
before very long, to attune steel supplies nearer to the 
demand. As it is, there are continued shortages of high- 
carbon steel in sheet, bar and rod forms. Finished iron 
in the district is in steady demand. Heavy steel and 
engineering departments continue to be busy and are 
well booked. In specialised products there is no slacken- 
ing of the demand. Makers of special forgings and 
castings have satisfactory reserves of orders. Another 
large gasholder, for the Wincobank works cf the Sheffield 
gas undertaking, has been ordered from Messrs. Newton, 
Chambers and Company, Limited, who state that they 
have on hand a heavier programme of gasholder con- 
struction than at any other time in the history of the 
company. The gasholder will be a duplicate of the holder 
supplied by the company some few years ago. It will 
have five lifts and will be installed in a reinforced-concrete 
tank 235 ft. in diameter and 45 ft. deep. Many firms 
are in need of more skilled workers to take the place of 
those who have recently retired on pension. Skilled 
bricklayers, used to furnace re-lining, are being sought in 
larger numbers to carry out extensive maintenance work 
at melting and heat-treatment furnaces during the 
forthcoming annual holidays. The lighter branches of the 
steel industry are very well booked on home account but 
find export business more difficult to arrange. 


South Yorkshire Coal Trade.—There was a spurt in 
production recently when other districts were producing 
less coal owing to annual holidays. The demand is very 
strong, notably in locomotive hards required in bigger 
deliveries to make certain of adequate supplies for 
holiday-train traffic. Pressure also is being exerted to 
provide coking plants with reserves sufficient to enable 
them to carry on during the holiday period when collieries 
are closed. Furnace coke is in active request, while 
gas coke moves slowly. Some gas coke is being detailed 
for export. The demand for best grades of steam coal 
for export is greater than the immediate supply. 





they claimed, the busi had been previously held by a 
colliery company which they had taken over. Shippers 
have raised the question with their national organisation. 
There was again a lack of free supplies of all but the very 
poorest opencast descriptions on the Welsh steam-coal 
market during the past week. The demand on oth 
home and foreign account was actively maintained but 
operators were hard pressed to maintain the steady flow 
of deliveries under existing contracts, and, in some 
instances, deliveries were falling into arrears. On foreign 
account a steady trade was maintained with Portugal, 
France, Italy and South America, but, apart from this, 
new business was extremely small. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, there was a steady demand for tin-plate 
from home users. Consumers placed a fair number of 
orders for delivery during the current period and subse- 
quently. There was, moreover, a marked improvement in 
the sales for export. There is no relaxation in the demand 
for steel sheets and all descriptions of iron and steel scrap 
are sought after. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, WEDNESDAY. 


General Situation.—The Cleveland iron and steel market 
continues firm. Works in the Tees-side area are busily 
employed on extensive contracts and, in some branches 
of the industry, producers evince increasing disinclination 
to add to their already heavy commitments by accepting 
offers of new business. Most raw materials are in better 
supply than for some time. Imports of foreign iron ore 
are maintained at a very substantial level. May un- 
loadings were the heaviest of any month since the termina- 
tion of the war and some increase in the yield of the 
Cleveland ironstone mines is a welcome announcement. 
The situation in regard to fuel supply is quite up to 
expectation but larger deliveries of coke would be accept- 
able. The huge demand for iron and steel scrap con- 
tinues to receive satisfactory attention. Pig-iron sup- 
plies barely cover essential current needs and the prospect 
of expansion in tonnage distribution is not bright. Many 
semi-finished products are now obtainable in quantities 
adequate for users’ requirements but there is still con- 
siderable demand for sheet bars. 


Foundry and Basic Iron.—The available parcels of 
ordinary foundry pig iron are eagerly taken up. The 
quantities obtainable from near sources of supply, how- 
ever, are quite trifling and North-East Coast consumers 
cannot rely on distant iron-producing centres always 
providing tonnages sufficient for their urgent current 
needs. The position still necessitates the liberal use of 
good cast-iron scrap, the supply of which, fortunately, is 
plentiful. The basic-iron output continues to flow into 
consumption at steel plants adjoining blast furnaces. 

Hematite, Low Phosphorus and Refined Iron.—The dis- 
tributable tonnage of East-Coast hematite is on a less 
unsatisfactory scale than for some time but customers are 
still calling persistently for larger parcels than they are 
receiving. Outputs of low- and medium-phosphorus 
grades of iron are steadily taken up. Refined-iron manu- 
facturers are able to meet the needs of the regular users. 


Manufactured Iron and Steel.—Branches of industry 
turning out semi-finished and finished-iron commodities 
have a good deal of work in hand, and, as customers’ 
prospective requirements are considerable, works are likely 
to be very actively engaged to the end of the year. Steel 
producers have heavy bookings. Semi-finished commo- 
dities from home-producing plants and from the Con- 
tinent are reaching the re-rolling mills in satisfactory 
quantities. There is no easement of the heavy demand 
for various descriptions of finished steel. Shipbuilding 


material and railway requisites are wanted in much larger 





parcels than are coming forward. 


NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





BRITISH STANDARDS INSTITUTION.—Wednesday, July 
27, 3 p.m., 24, Victoria-street, Westminster, S.W.1. 
Annual General Meeting. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ ExPLoRADOR.”—Single-screw oil tanker, carry- 
ing twelve passengers, built and engined by Messrs. 
Harland and Wolff, Limited, Belfast, for the Estrella 
Maritima S.A. de Navegacién y Comercio, Buenos Aires. 
Second vessel to go on trial of an order for two. Main 
dimensions: 446 ft. by 54 ft. 3in. by 31 ft.; deadweight 
capacity, about 9,000 tons on a draught of 25 ft. 6 in. 
Six-cylinder four-cycle crosshead-type Harland-B. and 
W. Diesel engine. Trial trip, July 5. 

M.S. “ CHANDPARA.”—Single-screw cargo liner, carry- 
ing twelve passengers, built and engined by Messrs. 
Barclay, Curle and Company, Limited, Glasgow, for the 
British India Steam Navigation Company, Limited, 
London, E.C.3. Sixth vessel of a series for these owners. 
Main dimensions: 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck; gross tonnage, 9,000. Six-cylinder Bar- 
clay Curle-Doxford solid-injection engine, developing 
6,800 b.h.p. at 116 r.p.m. on service. Launch, July 8. 


8.8. “ IntsH PLANE.”—Single-screw cargo vessel, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. Irish Shipping, 
Limited, Dublin. Fourth vessel of an order for five. 
Main dimensions: 420 ft. (between perpendiculars) by 
57 ft. 34 in. by 37 ft. to shelter deck; deadweight 
capacity, 8,900 tons on a loaded draught of 25 ft. 1 in. 
Triple-expansion engine coupled to a Bauer-Wach 
exhaust steam turbine, and three oil-fired boilers. Ser- 
vice speed, 124 knots. Launch, July 11. 


M.S. “‘ Exmoor.”—Single-screw cargo vessel, built and 
engined by Messrs. William Doxford and Sons, Limited, 
Sunderland, for the Moor Line, Limited, Newcastle-upon- 
Tyne. Second vessel of an order for two. Main dimen- 
sions: about 444 ft. 9 in. by 56 ft. 6 in. by 29 ft.; dead- 
weight - capacity, about 9,140 tons. Four-cylinder 
opposed-piston Doxford oil engine giving a service speed 
of 13 knots. Launch, July 11. 


S.S. “ TREGOTHNAN.”—Single-screw cargo vessel, 
built and engined by Messrs. John Readhead and Sons, 
Limited, South Shields, for the Hain Steamship Com- 
pany, Limited, London, E.C.3. Eighty-fourth vessel 
built for these owners. Main dimensions: 447 ft. 6 in. 
by 57 ft. 6 in. by 38 ft. to upper deck; deadweight 
capacity, about 9,500 tons. Triple-expansion engine 
working in conjunction with a Bauer-Wach exhaust 
steam turbine, and three oil-fired boilers. Launch, 
July 12. 

S.S. “ GEoRGE.”—Single-screw cargo vessel, built by 
Messrs. Short Brothers, Limited, Sunderland, for the 
Compafiia Lama de Vapores S.A., Panama City, Panama. 
Main dimensions: 310 ft. (between perpendiculars) by 
47 ft. by 27 ft. 11 in. to shelter deck ; deadweight capacity, 
about 3,440 tons on a draught of 19 ft. 1 in. Triple- 
expansion engine of reheat design, and two multitubular 
oil-burning boilers, installed by Messrs. George Clark 
(1938), Limited, Sunderland. Service speed, 12 knots. 
Trial trip, July 12. 

S.S. “‘ VALBORG NIELSEN.” —Single-screw cargo vessel, 
built and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for the Steamship Company 
Progress, Copenhagen, Denmark. Main dimensions : 
307 ft. (between perpendiculars) by 45 ft. 9 in. by 
20 ft. 3 in. to upper deck; deadweight capacity, about 
3,400 tons on a draught of 19 ft. 1 in. Triple-expansion 
engines and two oil-fired boilers to give a service speed 
of 12 knots. Launch, July 12. 


S.S. “Crry or PHILADELPHIA.”—Single-screw cargo 
vessel, carrying 12 passengers, built by the Furness Ship- 
building Company, Limited, Haverton Hill, County 
Durham, for Messrs. Ellerman Lines, Limited, London, 
E.C.3. Main dimensions: 485 ft. 3 in. by 61 ft. 6 in. by 
41 ft. 9 in. to shelter deck; deadweight capacity, about 
10,880 tons on a summer draught of 28 ft. 92in. Parsons 
impulse-reaction turbines and single-reduction gearing 
to develop 7,200 s.h.p. at 115 r.p.m. in service. Two 
Babcock and Wilcox water-tube boilers. Service speed, 
about 15 knots. Launch, July 12. 

8.8. “ LirecuaRD.”—Single-screw trawler built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for the Loyal Steam Fishing Company, 
Limited, Grimsby. Main dimensions: 184 ft. by 
30 ft. 6 in. by 16 ft. ; gross tonnage, about 660 ; fishroom 
capacity, 16,000 cub. ft. Triple-expansion engine and 
one multitubular oil-fired boiler, supplied and installed 
by Messrs. Charles D. Holmes and Company, Limited, 





Hull. Launch, July 12. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMp.ie Bak 3663 and 3664. 


mdence should be addressed 
other correspondence to the 


All editorial corres 
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Accounts are sen to “ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
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Orders should be made payable at Bedford Street, 
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SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
ne t in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
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Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
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well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
of “ Appointments ” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the —— of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first _ on Wednesday. 


“Copy” instructions and alterations to standi 
me. Mh. for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to pal aoe 
proofs for approval. 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE EDUCATION 
AND TRAINING OF 
TECHNOLOGISTS. 


THE fluctuations of international trade and finance 
against which this nation has to contend in these 
uncertain times add weight to the opinion, already 
widely held, that the service most urgently required 
of science, for several years at least, is the effective 
exploitation of its established discoveries for the 
benefit of industry. The operative word is “ effec- 
tive.” It implies that new and improved products 
and processes, able to command success in an 
increasingly competitive buyers’ market, are needed 
quickly. That need, in turn, implies greater 
concentration on the scientific study of the practical 
and industrial arts, and a big increase in the number 
of people purposefully engaged in the search for 
profitable applications of scientific knowledge. 
The successful outcome of such work is not, however, 
entirely a matter of numbers, notwithstanding the 
inexhaustible resources of science ; it depends very 
closely on the skill and other characteristic qualities 
of the technologists who undertake the work. 
In so far, therefore, as those talents can be acqui 
and developed by general education and technical 
training, it becomes of first-rate importance to 
determine the best methods of technological educa- 
tion and how to put them into effect. 

The problem is one of research into the improve- 
ment of a product—the trained technologist—which 
is already in large-scale production in universities 
and technological colleges throughout the country. 
As such, the problem would appear at first sight to 
be appropriate for investigation by professional 
educationists, who, no doubt, are studying it with 
all the care it deserves. On the other hand, British 
industry, as the purchaser and user of the finished 
product, is in the best possible position to know what 
its requirements are, and it is hardly too much to 
assert that, without the whole-hearted co-operation 
of industry, the authorities and teachers responsible 
for technological education cannot make a success 
of a task that has never been more exacting than 
it is to-day. Careful consideration should therefore 





be assured for a recent report, issued by the 





Federation of British Industries,* which amplifies 
the view often expressed by industry that present 
courses of technological education are capable of 
improvement as regards the training of applied 
scientists intent upon industrial careers. 

During the past two or three years, the Federation 
have taken an increasingly active interest in techno- 
logical education and have already published in 
report form the results of a statistical survey of 
research in British industry, and their views on 
the contribution which technical colleges should be 
encouraged to make towards the national industrial 
research effort. The latest report is concerned 
more specifically, and in closer detail than the 
earlier ones, with the character of the training that 
technologists ought to receive. It is the work of a 
study group, drawn from the Industrial Research 
and Education Committees of the Federation, 
whose five members were invited to make recom- 
mendations prompted by their examination of 
existing circumstances affecting the supply of trained 
technologists for industry. In doing so, they may 


90 | Come under suspicion of having occasionally crossed 


the uncertain frontier bounding the province of the 
education expert, but they can claim, not unreason- 
ably, that industry has for long accepted a good deal 
of responsibility for, and has taken a keen interest in, 
academic affairs. They can certainly be com- 
mended, on the other hand, for taking a realistic view 
of the improbability that any feasible building 
programme will solve the accommodation problem 
in the near future, and for concentrating, in conse- 
quence, on suggestions for strengthening and 
re-deploying existing facilities. 

Distinguishing the technologist from the tech- 
nician as one who needs a basic training in general 
science, the report recommends that a higher 
proportion of university students should receive the 
equivalent of at least two years post-intermediate 
study of fundamental science, with an additional 
year in the applied science upon which they intend 
to work in industry. Technologies associated with 
engineering certainly need a full three-year course, 
throughout the whole of which theory and technology 
can well be studied concurrently; but for the 
plastics, rubber, textiles, milling, brewing and tele- 
communications industries, the Federation consider 
it preferable for the full three-year degree course in 
science to be followed by a year of specialised post - 
graduate study at a senior technical college or 
suitably equipped university. In all cases, however, 
industrial training should be an integral part of the 
technologist’s qualification and, preferably, should 
precede the post-graduate course, so that the latter 
can also be taken by mature technologists having 
several years of industrial experience. 

Recognition of the unlikelihood of rapid expansion 
of the premises and staff appropriate to a student 
population above that recommended in the Barlow 
Report of 1946 has not deterred the Federation from 
urging that the highest building priority should be 
given to certain tecbnologies, such as chemical 
engineering, where it can be established that the 
demand for trained men exceeds the supply. 
Emphasis is thereby placed on the desirability that 
every industry should ascertain its requisite annual 
intake of technologists over the next four years, and 
should collaborate with the appropriate educational 
authorities to ensure that the supply of well-trained 
graduates may be forthcoming. This, in turn, 
indicates a corresponding priority in the need for 
laboratories and adequately remunerated teaching 
staff, which the authors of the report regard as of 
vital and immediate importance. 

Associated with this aspect of the general problem 
is the somewhat vexed question of ‘‘ monotechnical ”’ 
colleges, of which the College of Aeronautics at 
Cranfield is an outstanding example. In this 
connection, it is of interest to recall that the Minister 
of Education recently announced in the House of 
Commons that he was proceeding with the establish- 
ment of national colleges of technology wherever 
industry was prepared to co-operate. Five such 
colleges are open at present, and three more, one 
of which is to specialise in wool technology, have 
been approved in principle. The Federation’s 


* The Education and Training of Technologisis, 
Federation of British Industries, 21, Tothill-street, 
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view of this subject is somewhat cautious. It 
differs from the recommendation of the Institute of 
Physics, in 1948, that new colleges or facilities for 
purely technological training should be provided 
outside existing establishments, preferring to 
improve present educational standards and training 
resources. Monotechnical colleges, the Federation 
hold, should therefore be discouraged,.except in very 
special circumstances, as tending to produce 
uneducated speciali ursuing advanced studies 
in intellectual isolation. On the other hand, the 
report endorses the Ministry of Education’s policy, 
which has already produced national colleges in 
London for rubber technology and for heating and 
ventilating engineering, and, at Wolverhampton, for 
foundry technology. The Federation’s argument 
appears to turn on the commendable wish to have 
the technological recruits into industry educated as 
well as trained, and given a liberal outlook derived 
from contacts with students in the non-technical 
faculties of universities. Nevertheless, the report 
admits the need for a few more institutions, dis- 
persed over the country, comparable with the 
Imperial College of Science and Technology. 

The solution proposed by the report for the 
equally vexed question of degrees and diplomas is 
that qualifications in technology should be of two 
kinds. At the graduate level, for students taking 
the equivalent of two years pure and one year 
applied science, general degrees in technology should 
be awarded irrespective of the subjects covered. 
Students holding bachelor degrees should be awarded 
the degree of Master of Technology after taking a 
fourth-year course in technological subjects. Both 
these degrees, it is asserted, should be awarded by 
the universities, and no special body, such as an 
Institute of Technology, is required for awarding 
degrees or diplomas. The Federation’s high opinion 
of university.methods and educational standards is 
reinforced by the expressed statement that every 
student of technology should preferably have the 
opportunity of receiving three years of full-time 
education to obtain an internal degree. Never- 


theless, the merits of part-time study in parallel 
with practice in industry are recognised, together 
with the need for industry to give the part-time 
student due encouragement to take full advantage 


of the facilities available. In a proportion of 
such cases, the outcome will be an external degree 
awarded after examination at a high standard. 
The report expresses the decided opinion that the 
external degrees should be preserved, while at 
lower levels Ordinary and Higher National Certifi- 
cates should continue to be awarded as at present. 

_It is, perhaps, not unjust to suggest that the 
difficulties inherent in obtaining an external degree 

by part-time study, prolonged over two years or 80 
longer than the usual course for an internal degree, 
tend to encourage concentration on factual know- 
ledge and success in examinations, to the detriment 
of ability to write and speak good English. The 
Federation’s report goes so far as to allege that the 
frequent failure of the scientist and technologist to 
express results and technical information in language 
comprehensible to the non-scientific mind is a 
serious handicap in the rapid application of know- 
ledge to industry. To some extent, this may be a 
consequence of premature specialisation at school 
and of lack of emphasis on the importance of clear 
writing throughout undergraduate training. In 
urging, therefore that greater weight should be 
given to English in scientific courses and examina- 
tions, the Federation are not likely to be contra- 
dicted, though if they could indicate bow to do this 
without expanding already swollen curricula, the 
recommendation might induce more enthusiasm. 

_ While advancing in a manner that is often forth- 
right, yet always constructive and usually con- 
vincing, ideas on how the training and education of 
technologists might be improved, the Federation 
have not lost sight of the future responsibility of 
industry towards either students or colleges. Despite 
the increasing part now played by the State, the 
report recommends that industrial grants, endow- 
ments and scholarships should be maintained at the 
present generous level, and suggests that, if State 
scholarships prove inadequate for technicians show- 
ing aptitude for higher study, they should be supple- 
mented by scholarships given by industrial bodies. 


RAILWAY ACCIDENTS IN 
1 


Every railway accident has a cause. In some 
relatively few cases, due more particularly to 
abnormal weather, the cause may be said to be 
beyond the control of man, but the majority are 
due either to human failure or to defective appa- 
ratus. It is to the general deterioration in what 
may broadly be called human efficiency that the 
worsening relation between these two latter types 
of accident is presumably to be attributed. Of the 
train accidents on British railways in 1946, 44 per 
cent. were due to “‘ failure of the human element,” 
to employ the expression used by Lieut.-Colonel 
A. H. L. Mount, in his latest report* on the subject. 
In 1947, the proportion due to human failure was 
44-4 per cent.; in 1948, it rose to 49-4 per cent. 
The unsatisfactory, and somewhat alarming, ten- 
dency shown by these figures is not to be taken as 
an indication that railway servants as a body are 
exhibiting selective deterioration. The inattention 
or casualness which is the basic reason for the 
growing proportion of cases of human failure is 
shared by railway passengers and the general public. 
The total number of accidents to trains during the 
year was 1,293, and of these 8 per cent. were due 
to ‘‘ misconduct or carelessness of the public,” but 
as failure by railway servants may be expected to 
have more serious results than carelessness or 
blunders by the general public, the obligation of the 
former is the greater. In 1948, there were 251 
accidents at level crossings ; 51 people were killed 
and 41 injured, and the public folly which has to be 
taken into account in assessing accident probability 
and devising safety measures is illustrated by the 
case of a motorist who forced the lock of a closed 
gate and drove into the path of a train ; he and his 
wife were killed. 

This individual evidently had no more regard for 
his own safety than for that of others and this type 
of irresponsibility appears to be widespread. 
** Failure of the human clement” by railway ser- 
vants may result in the death or injury of passengers, 
but there is no evidence or suggestion of selective 
indifference to the interests of those in their 
charge. They are just as careless about their 
own safety. In the course of last year, 92 passen- 
gers were killed and 280 seriously injured, but 206 
railway servants were killed and 2,407 seriously 
injured. Of the 206 fatalities, 157 were due to 
train accidents and according to Colonel Mount, 
‘‘were mainly caused by carelessness and lack of 
disciplined action on the part of those concerned.” 
** Movement accidents,’’ which are those connected 
with the movement of railway vehicles, but which 
exclude train accidents, illustrated the,growing dis- 
regard of passengers of their own safety. In 1948, 
there were 1,511 cases of death or injury, the total 
for 1947 being 1,280. For the majority of these 
accidents, the ‘‘ passengers themselves were to 
blame.” Most ‘‘non-movement ” accidents, Colonel 
Mount states, were “‘ due to misadventure and were 
more or less of a non-preventable character.” Even 
so, the tendency was in the wrong direction. In 
1948 the total was 21,707 compared with 21,319 for 
1947. 

A simple case illustrating the interdependence 
between physical safety measures and human frailty 
is furnished by casualties resulting from contact with 
the live rail on electrified lines. Excluding suicides, 
there were 66 cases of death or injury from this 
cause in 1948, showing a considerable improvement 
on the figure of 89 for 1947 ; the total for 1946 was 
60. The largest item in all these figures was fur- 
nished by cases of railway employees working on the 
line. Despite the use of rubber mats, gloves and 
insulated tools, the risk of shock or burns remains, 
especially when packing ballast under sleepers. 
Fortunately these accidents to permanent-way men 
in almost all cases resulted only in injury; there 
were only two cases of death in 128 accidents, in 
the three years. 

The most distressing items in the three-years 
record of live-rail accidents were the death of 34 





* Accidents which occurred on the Railways of Great 
Britain during the Year 1948. H.M. Stationery Office. 
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children and the injury of 45 others. These were 
all due to trespass. Children are irresponsible 
beings and always will be. No doubt some effort jg 
made to induce a better regard for their own safety 
by instruction in schools, but the best way to reduce 
accidents is clearly to ensure that they shall not 
obtain access to any railway line. Unfortunately 
this is probably both physically and economically 
impossible ; there are 1,770 track miles of third-rai] 
line in the Southern Region. Much has been done, 
with chain-mesh fencing and barbed wire, but the 
nature of the problem with which the railway 
authorities have to deal is illustrated by the case of 
a boy, 64 years old, who burrowed under a small- 
mesh fence, strayed on to the line and was electro. 
cuted. Colonel Mount makes some reference to the 
superiority of the overhead system over the third. 
rail from the particular point of view with which he 
is concerned. If any extensive main-line electrif- 
cation is undertaken, probably an overhead con- 
ductor will be used, but conversion of the extensive 
system in the Southern Region is hardly likely. 

It would appear that attempts to reduce the 
number of accidents due to “‘ defective apparatus ” 
offers a more promising field than occupation with 
the intractable human element, although this can 
neither be ignored nor neglected, and it is satis. 
factory that in the physical field progress can be 
recorded. There has been a marked drop in failures 
of engines and coupling apparatus, due no doubt to 
gradual elimination of the effect of the deferred 
maintenance of the war period. Track conditions 
are, however, still far from satisfactory. The 
number of rail breakages, which was 522 in 1946, 
fell to 363 in 1948. These figures are not comparable 
with those of earlier returns, as a new basis of 
report for broken rails was adopted in 1945; the 
improvement shown in the latest figure over 1946 
and 1947 is all to the good, but breakages are still 
double the pre-war figure. The whole problem of 
track improvement is rendered more difficult by 
shortage of experienced labour and new material ; 
cases of speed restriction due to arrears of main- 
tenance were reduced from 308 at the beginning of 
the year to 220 at the end, but are still 25 per cent. 
higher than pre-war. There is serious shortage of 
new sleepers; in the past, about 3,000,000 were 
usually held in stock, but at the end of 1948, there 
were only 1,855,000 in hand; this figure had 
decreased to 1,427,000 at the end of March of this 
year, receipts during the three months being only 
504,000 against a consumption of 932,000. As is 
well known, some use is being made of pre-stressed 
concrete sleepers, but Colonel Mount does not 
think they will replace timber permanently. ‘‘ They 
are more costly, heavier, more awkward to handle, 
and at present cannot be used with track circuits.” 

Public attention to this annual report is mainly 
directed to serious train accidents, although they 
account for only a small proportion of the total 
cases of death or injury. The record for 1948 is 
not a good one. There were 27 fatal train accidents, 
the most for many years, and 54 people. lost their 
lives as a result of failure of railway staff in various 
ways. Of the 15 serious accidents of which particu- 
lars are given in the report, three were due to 
mechanical failure. In one case the crown of a 
copper firebox collapsed owing to shortage of water ; 
in another, the middle connecting rod of a 4-6-0-type 
engine became disconnected and penetrated the 
boiler barrel; in the third, one of the large smoke 
tubes of a tank engine collapsed. In classifying 
accidents and their causes, these cases are naturally 
entered under the heading of material failures, but 
in many cases of this type the ultimate cause may 
be traced back to human failure. The collapse of 
the copper firebox was actually due to the neglect 
of a leading fitter, who allowed the engine to leave 
the shed the previous day, although he knew that 
there had been serious complaint about one of the 
gauges showing a false water level. A total of 
91 train accidents were attributed solely to signals 
not being obeyed, and it was considered that in 
15 of these cases automatic train control of the 
warning type might have been effective. Investi- 
gation of the relative qualifications of various 
arrangements is being undertaken, and an extended 
trial is being carried out on the down main line 
between New Barnet and Huntingdon with a mag- 
netic-induction system. 
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NOTES. , 
Joun Horgkrnson, F.R.S. (1849-98). 


On July 27 occurs the centenary of the birth of 
John Hopkinson, one of the foremost electrical 
engineers of the Nineteenth Century and one whose 
name would be far better known than it is had not 
a tragic death overtaken him in his prime. Few 
families can count more distinguished individuals 
than that of the Manchester engineer John 
Hopkinson, Senior (1824-1902), one-time Mayor of 
the City, who, at the inauguration of the Victoria 
University, saw four of his five sons honoured. 
Of the four—John, Alfred Charles, Edward and 
Albert—John was the eldest. Educated in turn 
at the once-famous Queenswood College, Hampshire, 
Owens College, Manchester, and Trinity College, 
Cambridge, he graduated at the age of 22 as Senior 
Wrangler and Smith Prizeman. A year or 80 
later, he became engineer to the Birmingham firm 
of Chance Brothers and there began the long series 
of mathematical investigations and practical ex- 
periments which were to place him in the front 
rank of the increasing number of physicists and 
engineers concerned with the generation and 
utilisation of electric power. After six years at 
Birmingham, he set up as a consultant in London, 
and in the same year, 1878, was admitted a Fellow of 
the Royal Society. His brother, Edward Hopkinson 
(1859-1922), later President of the Institution of 
Mechanical Engineers, had also become an electrical 
engineer, first with Sir William Siemens and then 
with Messrs. Mather and Platt, at Manchester. Faced 
with the same problems, the brothers joined hands in 
some of their investigations and this fruitful colla- 
boration led to their paper on ‘“‘ Dynamo-Electric 
Machinery,” presented to the Royal Society in April, 
1886, a paper long considered a classic. This paper, 
it has been said, ‘‘ was undoubtedly the most impor- 
tant publication by Hopkinson on the practical 
application of electricity and was the foundation of 
the accurate design of dynamos in accordance with 
theory.” The experiments in connection with 
the paper were made at Mather and Platt’s works, 
and they led to the construction of the Edison- 
Hopkinson dynamo, a small example of which is 

rved in the Science Museum, South Kensington. 
In 1890, Hopkinson was appointed Professor of 
Electrical Engineering in King’s College, London, 
and, while holding this Chair, was consultant to 
power stations at Manchester, Whitehaven and 
Leeds. Among his assistants was C. H. Wording- 
ham, who, at. the Jubilee of the Institution of 
Electrical Engineers in 1922, said ‘‘ It was a wonder- 
ful privilege and an education to work with him. . . . 
He was extremely large-minded and, while expecting 
& plenteous measure of hard work from his staff, 
he was very agreeable to work with and always 
reasonable and equable in his manner. Few 
realise, I think, what an extraordinary fertile mind 
he had in invention .. .” Taking an active part 
in the proceedings of the technical institutions, 
Hopkinson served twice as president of the Institu- 
tion of Electrical Engineers, succeeding Kelvin in 
1890 and Crompton in 1896. In 1892, he gave an 
important address to the Junior Institution of 
Engineers and in 1894 delivered the James Forrest 
Lecture before the Institution of Civil Engineers. 
He was the first commanding officer of the Corps of 
Electrical Engineers, Royal Engineers (Volunteers). 
He married soon after he left Cambridge and had a 
family of four sons and two daughters. In August, 
1898, he set out on a holiday in Switzerland and on 
August 27, while climbing on the Petite Dent de 
Veisivi in the Val d’Hérens, an offshoot of the Rhéne 
Valley, he and a son and two daughters lost their 
lives. A few days later, the bodies were recovered 
and buried in the cemetery at Territet. Of Hopkin- 
son’s three other sons, Bertram Hopkinson, pro- 
ferror of mechanism and applied mechanics at 
Cambridge, was killed in a flying accident on August 
26, 1918, and another, Cecil, was killed in the war. 
There are laboratories at Manchester and Cambridge 
to Hopkinson’s memory and a bust of him by Hamo 
Thornycroft at the Institution of Electrical Engin- 
cers. His widow, “‘ a great and vivid personality, 
died in 1933 at the age of 82, her name being 
perpetuated at Cambridge by the Hopkinson House 
for Women. 





Tue CoLLEGE OF AERONAUTICS. 

The College of Aeronautics at Cranfield, Bedford- 
shire, has now completed its third session; 44 
students are ending their second year and 58 
students are in their first year. The 1949-51 entry 
shows signs of being still higher. The two-year 
‘* post-graduate ’’ course is closely linked with 
practical design problems and research methods, 
and the flight department enables students to learn 
something of flight-testing techniques. The presen- 
tation of diplomas to those who have successfully 
completed their two-year course, and who may now 
designate themselves ‘‘ D.C.Ae.,” was held on July 
14. Diplomas and prizes were presented by Lord 
Tedder, G.C.B., who, in a speech following the 
presentatior, urged that in their work scientists and 
technicians should not ignore the human factor. Of 
the 44 students who have just completed their second 
year, 41 were successful in gaining their diplomas, 
10 of then with @istinction. These 41 students fall 
into three groups—those with a University back- 
ground, 18 students, of whom six obtained distinc- 
tion ; those with an industrial apprenticeship back- 
ground and Higher National Certificate, 14 studente, 
of whom three obtained distinction; and serving 
officers of the Royal Air Force and Royal Navy, nine 
students, one of whom obtained distinction. Sixteen 
of the successful students specialised in aerodyna- 
mics, 14 in aircraft design, and 11 in aircraft propul- 
sion; the new course in aircraft economics and 
propulsion, initiated this year under Professor J. V. 
Connolly, has not yet been through a second or 
“specialist” year. The Governors’ Prize for the 
best all-round student for the two-year course was 
awarded to Mr. A. N. Byron (aircraft-design) ; and 
the Principal’s Prize, for the best piece of original 
work done in the second year, to Mr. R. 8. Jones 
for his empirical method of analysis of the load 
distribution on swept-back wings. Now that the 
work of preparing the two-year courses is largely 
completed, shorter courses are being organised ; 
five such courses have already been held in the 
past year and have proved popular. Members of 
the staff have engaged upon theoretical research 
and have issued a number of reports; experi- 
mental research is now commencing and three 
of this year’s students have initiated a study 
of the flutter of cascade aerofoils, which is believed 
to be entirely new. Another student has done 
some useful research on the wear of carbon brushes 
at the low temperatures and pressures encountered 
at high altitudes. A new high-speed tunnel is in 
course of design, for investigations in the sonic and 
supersonic regions, and a fatigue-testing machine 
bas been built for investigating the effects of repeated 
loading on built-up structures. 


Tue InstrTuTE OF WELDING. 

This year, for the first time since 1946, there has 
been an increase in the membership of the Institute 
of Welding, the total on March 31, 1949, being 
4,818, compared with 4,631 on the corresponding 
date last year, 4,811 on March 31, 1947, and 5,115 
on March 31, 1946. It is stated in the 26th annual 
report of the Council on the activities of the Institute 
during the twelve months ended March 31, 1949, 
presented at the annual general meeting in London 
on July 13, that the Council have approved the 
establishment of a new class of members to be called 
companions, who will ultimately replace the present 
companion-members. It is added that the Articles 
of the Institute will have to be amended in order to 
give effect to this change. The growth of the 
branches, both in activity and in number, continued 
during the year, during which Council recognition 
was accorded to a new section at Hull, which is to 
act under the xgis of the Leeds branch, and also to 
the first overseas branch, which has been formed 
in India. Before the end of the year under review, 
inquiries had been received with a view to the 
formation of a section of the South London branch 
to serve the Medway area, and plans were being 
drawn up for the coming session. The Technical 
Committee has continued to ensure the repre- 
sentation of the Institute on all appropriate 
bodies, such as the technical committees of the 
British Standards Institution, and to supply 
comments upon draft specifications and codes of 
practice. A competition for the design of a work- 





piece was held during the year and the prize awarded 


to Mr. R. A. Iddon. A further competition in 
welding craftsmanship was held, the results of which 
are not yet available. The report of the Presidential 
Committee on the economy in steel and cast iron due 
to welding, completed last summer, has been made 
available to the Steel Economy Sub-Committee of 
the Cabinet Materials Committee. It has since 
been printed in the T'ransactions of the Institute 
and discussed at a joint conference on welding 
as an aid to the saving of steel and man-power, 
organised by the Institute and the British Welding 
Research Association, at Ashorne Hill, from March 
22 to 25, 1949. The Council have accepted with 
thanks a sum of 2501., given by Mr. C. W. Hill, a 
past President, for the furtherance of welding 
education, especially among draughtsmen. It is 
intended to apply the income for an annual prize 
to be known as the C. W. Hill Prize, and regulations 
for the award have been approved. 


THe Enorneerinc Inpustry IN SouTH-EasTERn 
ENGLAND. 

A variety of industries in London, Kent, Sussex 
and Surrey were covered by a recent tour of industry 
of the London and South-Eastern Region organised 
by the Ministry of Supply. The first visit was to 
Messrs. Elliott Brothers (London), Limited, at their 
Lewisham works. Their products include electrical 
measuring instruments, process control instruments, 
and magnetic amplifiers. Of particular interest is 
their pneumatic automatic process-control system, 
with application to any continuous control process 
such as oil-refining, steelmaking, etc. This system 
provides proportional control, modified by integral 
and derivative functions; the electro-pneumatic 
controlling mechanism is activated by electric 
signals from the potentiometer-recorder, which 
records the process deviations, and there is no 
mechanical linkage between these two elements. 
The Victoria Works, Maidstone, of Messrs. Tilling- 
Stevens Limited was next visited. This firm, with 
whom Vulcan Motors Limited are associated, manu- 
facture electric motors from } to 20 b.p. and genera- 
tors up to 100 kVA, in addition to their well-known 
petrol- and Diesel-engined goods and passenger 
chassis, and the electric-battery vehicle which is 
widely used by municipalities on account of its low 
running costs and silent running. At Ashford, 
Kent, visits were paid to Messrs. Norman Cycles 
Limited and Messrs. Ailsa Craig Limited. Approxi- 
mately 80 per cent. of the output of bicycles, auto- 
cycles, and light motor-cycles of Messrs. Norman 
Cycles is exported. A new range of motor-cycles is 
shortly to go into production, and a new totally- 
enclosed auto-cycle is under development. Messrs. 
Ailsa Craig Limited are also making a noteworthy 
contribution to the export effort, 94 per cent. of their 
output of Diesel engines going abroad. Before 1947, 
this firm was operating in three separate factories in 
the London area; the layout of the new Ashford 
works has enabled a 50 per cent. increase in output 
to be obtained with only two-thirds of the number of 
employees. The present range of production is a 
“family " of Diesel engines for marine, industrial and 
traction purposes, consisting of one, two, three, four 
and six cylinders of 44-in. bore and 54-in. stroke, with 
@ rating of 10 h.p. per cylinder at 1,200 r.p.m.. At 
Hove, Sussex, the two factories of Messrs. C. V. A. 
Jigs, Moulds and Tools, Limited, were visited. This 
company manufacture high-production machines 
such as automatic screw-machines, high-speed 
die presses, and, under licence, the Kearney and 
Trecker, Milwaukee, plain and universal milling 
machine ; they will also produce shortly the rotary- 
head milling machine by Kearney and Trecker. 
The last factory visited was the works of Messrs. 
James Walker and Company, Limited, at Woking, 
Surrey. As well as their standard ranges of jointing 
and packing materials, the firm specialise in the 
solution of difficult jointing and packing problems, 
such as providing materials to withstand the action 
of oils, chemicals, and high temperatures and pres- 
sures. Specially interesting examples from their 
wide range were packings developed for the oil- 


refining industry, an asbestos-twill jointing material, 
with mild-steel reinforcement, for gas-turbine 
applications and cylinder-head joints, and an asbes- 
tos and stainless-steel jointing material for high- 
temperature high-pressure boilers, working at pres- 





sures of 1,600 Ib. per square inch and higher. 
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LETTERS TO THE EDITOR. 
LOUGHBOROUGH COLLEGE. 


To THE Eprror oF ENGINEERING. 

Smr,—Dr. Schofield, the Principal of Lough- 
borough College since its inception in 1918, is to 
retire shortly. The Past Students’ Association is 
particularly anxious to mark this occasion in a 
fitting manner and wishes to make contact with all 
those past students whose addresses are no longer 
known. Ideas for a suitable presentation were 
fully discussed at the last meeting of the Association 
on June 18, and full details will be sent to any 
past student whose address is received. 

As so much of Dr. Schofield’s work was done in 
the training of engineers, may I, in the expectation 
that many of them are readers of ENGINEERING, 
appeal to them to write to the Joint Honorary 
Secretaries of the Association at Loughborough 
College, giving details of their whereabouts. It is 
felt that every effort should be made to render the 
presentation truly representative of the many 
students in whose life Dr. Schofield played such an 
important part. 

Yours faithfully, 
M. G. Satow, 
President, Past Students’ 
14, Crooksbarn-lane, Association. 
Norton-on-Tees, Co. Durham. 
July 4, 1949. 





TECHNICAL DICTIONARIES. 
To THE Eprror oF ENGINEERING. 

Stmr,—The article on ‘Technical Dictionaries ” 
by Mr. P. E. Erikson, in your issue of July 1, on 
page 4, brings out some very important points 
with regard to international co-operation in the 
compilation of such works. Assuming that inter- 
national organisations, dealing with various branches 
of technology, were to undertake this task, it seems 
to me that they could at the same time take up 
the question of the standardisation of certain 


technical terms. To cite just one example, the word 


Radar (RAdio Detection And Ranging) was, 
I believe, first used in the United States of America. 
In this country, expressions like Radio Location 
and variants thereof were used to describe the same 
thing. Now, Radar has some distinct advantages : 
it is short, it is lucidly descriptive to the radio 
‘technician and the spelling and pronunciation are 
almost universal. It has even been suggested that, 
since Radar is a palindrome, it could also convey 
the meaning that the signal is reflected back to the 
transmitter as part of the operation. There are 
many similar synthetic words used, particularly in 
the radio art, and it is suggested that an inter- 
national body, like International Radio Consultative 
Committee (C.C.LR.) would find it advantageous 
to recommend such words, suitably defined, for 
international use, and it is to be hoped that some 
action along these lines will be taken. Much the 
same argument applies to other fields of technology, 
where the standardisation of words and expressions 
would be most useful. 
Yours faithfully, 
Maurice KENNEDY. 
30, Monahan-avenue, 
Purley, Surrey. 
July 12, 1949. 


To THE Eprror oF ENGINEERING. 

Sir,—Like Mr. Lassally, I also have read Mr. 
Erikson’s article on technical dictionaries with great 
interest, and beg to submit the following comments 
and suggestions. 

The statement that ‘‘ In 1928 Schlomann brought 
out a companion volume on electrical engineering 
and electro-chemistry ” calls for amplification. This 
particular dictionary is actually the much enlarged 
and revised second edition of Volume II of the 
series, the first having been published about 1907, 
which gives therefore a period of about 20 years 
useful service for the earlier issue. 

The second edition is also noteworthy for having 
been issued by a private publisher, while its distri- 
bution, both inside and outside Germany, was in 
the hands of the VDI-Verlag, Berlin, official pub- 
lishers to the Verein Deutscher Ingenieure, so that 





some Official recognition, if not actual contribution, 
had evidently been called for. Following the prac- 
tice adopted in two earlier volumes, the new issue 
on electrical engineering was also provided with 
separate indexes for English, French, German, 
Italian and Spanish (Russian having always been 
listed separately in all volumes), instead of listing 
the words of all these languages indiscriminately in 
strict alphabetical order, one below the other. 

As regards multi-lingual versus bi-lingual dic- 
tionaries, it should be borne in mind that the 
translator is usually expected to know all, or at 
least three, out of the five languages mentioned above, 
as compared with a free-lance translator, able to 
specialise in one or two languages only. Thus both 
from the point of view of cost as well as convenience, 
my own preference is for the multi-lingual technical 
dictionary, supplemented by bi-lingual dictionaries 
of a more general character. Even so recent a 
dictionary as that published in 1948 by Thali on 
electrical engineering and allied subjects, is tri- 
lingual, covering German, French and English. Is 
the inclusion of Russian in many multi-lingual 
dictionaries really essential, and could it not be 
replaced with advantage in some cases by either 
Dutch, Portuguese or Swedish ? 

The issue of separate indexes to the main volume 
for each language appears well worth consideration. 
A multi-lingual dictionary, however, should not be 
based on one main language, arranged in alpha- 
betical order through many volumes, while the 
indexes for the other languages in say a separate 
volume give only the barest reference where a given 
word is to be found. I agree with Mr. Erikson that 
illustrations of the objects described are a most 
valuable feature ; in my opinion superior to giving 
illustrative phrases and idioms. Apart from 
enlarging the volume to the point of unwieldiness, 
they may give quite misleading technical references. 

Volume XVII of the Schlomann series, on Aero- 
nautics, published in 1932, affords an example of 
the difficulties encountered when attempting to 
co-ordinate the activities of various bodies in 
different countries. This volume lists public authori- 
ties in Germany, France and Italy as contributors 
and sponsors, but, on the other hand, it omits the 
Russian and Spanish features of the other volumes. 

I agree with Mr. Lassally that individual com- 
mittees in each country, including a representative 
duly qualified to speak for the actual users, the 
translators themselves, offer far greater chances of 
success, as they could conclude their work inde- 
pendently of events, whereby a loose federation or 
similar form of collaboration between countries 
could, of course, be arranged. I consider the 
inclusion of a text-book on technical usage in a given 
language in a dictionary should not be encouraged, 
because to make efficient use of a technical dictionary 
it is imperative to have a knowledge above the 
average both of the language and of the subject 


concerned. 
Yours faithfully, 
4, Gordon-street, C. Carry. 
London, W.C.1. 


July 12, 1949. 





Branco LINE RE-OPENED.—The Eyemouth branch 
line, Berwickshire, connecting Eyemouth with Burn- 
mouth on the East Coast main line, was re-opened on 
Wednesday, June 29, after being closed for more than 
ten months due to flood damage last August. The major 
reconstruction work consisted of repairs to Eyemouth 
viaduct, the centre pier of which was washed away by 
the floods. 


ScrENCE MusEum.—The Astronomy Gallery at the 
Science Museum, South Kensington, London, S.W.7, is 
now once again open to the public after having been 
closed since the outbreak of the war in 1939. Among the 
many exhibits on view are historic telescopes, models 
of the solar system including an orrery made for 
King George III, sundials, sextants and several historic 
globes. An éxhibit now shown for the first time is one 
presented by H.M. The King. This comprises a 
globe upon which is engraved a representation of 
the visible surface of the moon. Constructed by John 
Russell, R.A., in 1797, the globe is known as a seleno- 
graphia and it is supported in an ingenious mounting 
which enables the motions of the moon to be demon- 
strated. The Science Museum is open on weekdays from 
10 a.m. until 6 p.m., and on Sundays from 2.30 to 6 p.m. 
Admission is free at all times. 





— 


THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Concluded from page 66.) 


Tue second day (June 29) of the Edinburgh 
summer meeting of tne Institution of Naval Archi. 
tects was similar in programme to the preceding 
day, the morning being devoted to a technical 
session in the lecture theatre of the Royal Society 
of Edinburgh, and the afternoon to a visit—on this 
occasion, to the City Chambers, where the members 
and their ladies were given a civic reception and tea, 
Bailie Stewart Lamb again deputising for the 
Lord Provost (Sir Andrew Murray). In the morning, 
while the technical session was in progress, the 
ladies were taken by motor coach on a sightseeing 
tour of Edinburgh. The papers presented at the 
technical session were by Professor G. Vedeler, of 
the Technical University at Trondheim, Norway, 
who dealt with “‘ The Calculation of Beams,” and 
by Mr. C. V. Manley, of Lloyd’s Register of Shipping, 
who delivered in summary “ A Fifty Years’ Survey 
of Casualties to Merchant Ships Reported Aban- 
doned, Foundered or Missing.” 


THe CALCULATION OF BEAMS. 


Most text-books on strength of structures, said 
Professor Vedeler, deait with the calculation of 
ordinary beams in two ideal cases only, namely, with 
the ends hinged, and with the ends fixed. Designers 
realised that these were ideal cases, but they were 
free to use either one or the other ; if an intermediate 
value was chosen, the choice was often mere guess- 
work. Bending moments varied considerably with 
end constraint, and it was advisable to introduce 
some measure of the fixation ; a satisfactory calcu- 
lation of beams in a ship could not be made unless 
the degree of fixation of the ends was known. 
A simple method of calculating the degree of fixation 
was given in the paper for the common case of a 
beam which was an integral part of a framework, 
and an approximate method was described for taking 
into account the influence of the brackets. Considera- 
tion was given to the calculation of the effective 
width of flanges, and it was shown that unsym- 
metrical sections were less rigid than symmetrical 
sections. A formula was derived for the effective 
width of the compression flange after the buckling 
load had been exceeded. A section of the paper was 
devoted to web beams, with special reference to the 
behaviour of frameworks which were welded together 
without brackets at the joints with the beam. 
In such a case, Professor V:!eler pointed out, there 
were two contradictory considerations: either that 
the mutual turning point was at the intersection 
of the neutral axes, or that the inner corner would 
be the turning point. Where a bracket was fitted 
at the corner, however, it would be in order to regard 
the beam span as being the distance between the 
inner edges of the frames. With deep web beams, 
and especially if there were no brackets, a better 
agreement with actual conditions would be obtained 
by increasing the span, say, by one-fifth of the frame 
depth. It was shown how to calculate the height 
of web beams and the spacing and scantlings of web 
stiffeners so as to avoid buckling of the web. 

The discussion was opened by Mr. E. C. B. Corlett, 
who, referring to Professor Vedeler’s comments on 
the inefficiency of channel sections, observed that 
they could not be stressed above the elastic limit 
because the section would twist, and shirk the load. 
Did this, he asked, induce plate-buckling in decks ? 
What Professor Vedeler meant by “end fixity,” 
presumably, was an elastic end-fixity. He had 
found the Hardy-Cross method easy to apply to 
simple structures, but not for such complicated 
structures as a ship with several decks ; moreover, 
the result was not nearly so good as was given by 
Professor Vedeler’s method. On the other hand, 
many people had become familiar with the Hardy- 
Cross method and might not have time to adapt 
their minds to new variations. In treating of the 
end conditions of frames, Professor Vedeler had 
assumed them to be encastré at the floors, which 
was probably correct, but the end fixity of beams 
was variable in a ship at sea. The problem could be 
simplified by treating the section of the ship as a 
portal frame. Could the hull be regarded as a 
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series of portal frames, with due regard to the effect 
of racking ? He attached some importance to the 
question of racking (or ‘‘ side sway,” to use the term 
commonly employed by civil engineers to denote 
the distortion of porta] frames under the influence 
of forces not symmetrical about a centre line). 

Mr. W. Muckle endorsed Professor Vedeler’s 
opening remark, that naval architects ought to 
consider what might seem to be more complex 
methods of dealing with structural problems if they 
were to make progress in that sphere. In the paper, 
he had applied a good deal of thought to a problem 
which, as he had said, had been treated usually as 
being very simple. He had assumed, however, 
that the joints themselves were rigid; this as- 
sumption was fundamental to the Hardy-Cross 
method as well—but was it absolutely true? Mr. 
Muckle doubted whether even the use of com- 
pletely welded brackets would ensure that the angle 
between the tangents of the two members did not 
change under load ; and if that change did occur, 
it would, of course, introduce a further complicating 
factor into the analysis. His own formule for 
buckling stresses, as given at the Spring Meeting of 
the Institution, seemed to agree with Professor 
Vedeler’s results. 

Professor E. V. Telfer said that Britain must 
be grateful to Norway for the contributions made 
to the development of the general subject of naval 
architecture ; forexample, the work of the late Dr. 
J. Bruhn. A very important remark in the paper 
was that the load on bottom and side frames in a 
ship with ordinary *thwartship framing had little 
influence on the deck beams. It would seem to 
justify the classification societies’ practice of 
considering beams merely as beams. Trouble was 
encountered, however, at the bottom ends of frames ; 
perhaps this could be investigated experimentally 
with an aluminium structure, in which the movement 
would be greater than with steel. He felt that the 
paper contained a hint of a challenge to the classifi- 
cation societies to use the more modern methods of 
structural analysis. Lloyd’s Register now took 
some cognisance of a structure as such and had 
taken to using the section modulus ; having gone 
so far, they ought to go much farther and adopt 
something more like aircraft structures. 

Mr. R. B. Shepheard, invited by the President 
to speak, said that he would comment in writing, 
“the present not being a suitable occasion for 
discussing the practice of classification societies.” 

Professor Vedeler, in a brief reply to the discussion, 
agreed that, when he referred to “‘end fixity,” he 
was referring to the elastic side of the question only. 
He was quite willing to look into the question of 
“side sway,” which was very important, but he did 
not like to complicate the present paper. He 
felt that, on a first acquaintance with the method 
it was best, perhaps, to see the simplicity of it, and, 
at some later date, to go a step farther. It would 
be necessary to go much farther to get to the bottom 
of all such questions of the strength of ships. 

The fourth and last paper, by Mr. C. V. Manley, 
on “ A Fifty Years’ Survey of Casualties to Merchant 
Ships Reported Abandoned, Foundered or Missing,” 
was presented by him as a record of facts, no 
attempt being made to draw any conclusions from 
the array of statistics. Introducing the paper, he 
quoted the aphorism of Confucius, that ‘‘ The truth 
cannot be told—it can only be hinted at”; and, 
commenting that this applied to most statistical 
surveys, he indicated merely a few of the more 
striking features by way of summary. 


MeErcHAnt-Suip CasuaLtizs, 1899-1948. 


Mr. Manley’s survey related to iron and steel 
seagoing cargo vessels of 100 tons gross or more, 
engaged in normal mercantile trading. It omitted 
all vessels of wood or composite construction, sailing 
vessels (whether or not fitted with an auxiliary 
screw), fishing craft, tugs and dredgers, whalers, 
and salvage and cable ships ; and ignored casualties 
to vessels which foundered at their moorings, were 
lost while in tow, or were engaged in lake or river 
service. Moreover, although the period covered 
was the 50 years 1899-1948, inclusive, the war 
years 1914-18 and 1939-45 were omitted. With these 
reservations, the total number of losses investigated 
was 1,420, spread over seven five-year periods 








(three before 1914 and four between 1919 and 1938) 
and one period of 2} years, ended June, 1948. 
The overall annual average, therefore, was 38; 
but the annual average of the five-year periods 
varied considerably, the lowest being 28-2 for the 
period 1929-33 and the highest, 56-6 in the period 
1919-23, the corresponding numbers of ships lost 
in those periods being 141 and 283, respectively. 
Of the total number of ships lost, 50 per cent. were 
over 20 years old, and 29 per cent. over 30 years ; 
but 215 ships (15 per cent. of the total) were not 
more than five years old and, of these, 72 were less 
than two years old and 51 had not completed their 
first year in service. Only 3 per cent. of the 1,420 
ships were in ballast at the time of loss. In 170 
cases, the nature of the cargo could not be ascer- 
tained. More than a quarter of the ships lost 
(actually, 27 per cent.) were coal carriers and, 
though the percentage of colliers lost decreased after 
1928, the average was still 22 per cent. during the 
period 1934-38. In general, the annual average losses 
decreased, though the total number and tonnage 
of ships owned had increased. Three-quarters of 
the casualties were to ships between 100 ft. and 
300 ft. in length; and the percentage losses of 
ships less than 200 ft. long, in relation to the total 
number of casualties, showed a progressive increase. 
The percentage of losses, in relation to total tonnage 
owned, was higher for ships registered in certain 
countries than in others. Less than a third of the 
losses occurred during ocean voyages. A quarter 
of the total occurred during North Sea voyages or 
voyages to Northern Euro ports, and a 
further 10 per cent. in the English Channel and the 
Bay of Biscay. 

The first speaker in the discussion was Mr. R. B. 
Shepheard, C.B.E., who urged the need to realise, 
in studying the survey, precisely what types of 
ships it included. The cases considered were only 
those of ships which had foundered, were abandoned, 
or were missing; the total losses due to stranding, 
collisions, fires and other similar causes had been 
ignored and, with the author’s further elimination 
of special types of ships, he had probably reduced 
his consideration to about 10 per cent. of the total 
casualties of merchant ships under peace-time 
conditions during the period under review. The 
figures of annual average losses showed a trend 
towards reduction, but there were two rather 
remarkable exceptions. In the period 1919-23, 
the annual average was of the order of 56, and the 
number of casualties over those five years was 283 ; 
both figures were greatly in excess of those for the 
other periods. The second exceptional period 
covered the 2} years which the author had included 
since the second World War (1946 to June, 1948) ; 
it was only half as long as the other periods and the 
annual average loss was about half that of previous 
periods. Jt would be dangerous to draw too many 
inferences from those figures, but he was led to 
wonder whether there was something unusual in 
the period 1919-23. It was a post-war period ; 
possibly there were war casualties in the figures for 
that period, though whether due to mine losses, or 
lack of general maintenance due to war conditions, 
he did not know. But why did not the casualties 
show up in the same way for the period 1946-48 ? 

The table giving the proportion of casualties to 
total number of ships owned and to the gross ton- 
nage owned was more valuable statistically. The 
overall picture showed a steady and general improve- 
ment. That table was a condensation of a much 
more extensive table given later in the paper ; but, 
from the statistical point of view, there were obvious 
qualifications to be made. For instance, he believed 
that the figures representing gross tonnages and 
total numbers of ships in the analyses had not been 
corrected for the specialised types which Mr. Manley 
had eliminated from the casualty lists, nor had they 
been corrected for ships laid up or undergoing repair. 
That would make a considerable difference to the 
United States figures for the period 1946-48, when 
there were some 1,900 United States ships in reserve 
rather than in service, amounting to about 12} mil- 
lion tons ; and some three million of the 18 million 
tons owned in the United Kingdom during that 
period were out of commission for reconditioning or 
survey. Referring to a table showing the numbers 
of casualties within certain tonnage ranges over the 


various periods, Mr. Shepheard suggested that it 
would be useful to add the total number of ships 
owned in each group, to give a sounder basis for 
assessing the risks incurred. That held also for 
other analyses, such as voyages, cargoes carried, and 
nationalities ; though it was doubtful whether, in 
the case of the voyages, it would ever be possible to 
make a sound statistical analysis. Among the 
ocean voyages, the North Atlantic showed up as the 
most severe, and in Continental waters, the North 
Sea and North European areas. 

The possible causes of the losses of the ships might 
be divided under several major headings—weather, 
human error (which was generally taken to include, 
not only errors by personnel on board, but also in 
the stowage and ballasting of the ships, defects in 
design, construction or maintenance of the ship or its 
machinery) and possible other risks, such as fire ; 
and there might be combinations of those possible 
causes. Again, in a diagram showing the ages of 
ships lost and a table indicating the ages of ships 
at the time of casualty, there was a tendency to 
higher losses (on the percentage basis) during the 
first five years of a ship’s life than in the next two 
or three five-year periods. The reason could only 
be surmised, but it might be related in some way 
to the fact that the crews were working with some- 
thing new, and were not fully familiar with the 
peculiarities of loading, the behaviour at sea, and even 
the construction of the ships. The paper indicated 
that, while the total number of losses had steadily 
decreased—again, with the exception of the period 
1919-23—the losses in the range of ships up to 
200 ft. long had remained about the same. Conjec- 
ture came very much into any attempt to assign a 
reason. The author had been wise in resisting the 
temptation to go farther than the statistica] analysis. 

Mr. H. E. Skinner, 0.B.E., said that, Mr. Shep- 
heard and Confucius notwithstanding, statistics 
were valueless unless conclusions were drawn from 
them; and meanwhile, the world was losing more 
than a ship a month without knowing why. Refer- 
ring to Mr. Manley’s figures of casualties to ships, 
taken in relation to their length, he said it would be 
helpful to know also the total numbers of ships 
existing, in their different lengths. Roughly, how- 
ever, ships of more than 400 ft. constituted about 
one-third of the ships of the world ; those between 
200 and 400 ft., one-third ; and ships up to 200 ft. 
long represented the remaining one-third. For the 
group exceeding 400 ft., the casualties were only 
3-7 per cent. of the total number of casualties ; 
whereas, in the group from 200 to 400 ft., more than 
50 per cent. of the casualties occurred. That was a 
significant difference and needed investigation. It 
was desirable also to separate out the number of 
passenger ships; although the author had stated 
that he was dealing with cargo vessels, it was not 
clear whether he had excluded ships defined as pas- 
senger ships, i.e., those which carried more than 
12 passengers. A statement on the stability of 
ships had been circulated by the Ministry of Trans- 
port to the British delegation to the 1948 Inter- 
national Convention on Safety of Life at Sea. It 
gave a number of casualties during the period 1929- 
47; there were 20 ships which were thought to have 
been lost for reasons connected with stability. In 
that list, there were no passenger ships, but there 
were 19 cargo vessels of less than 400 ft. length and 
one cargo vessel above 400 ft. It was significant 
that the risk of loss appeared to be affected by 
whether a ship was or was not a passenger ship or 
more than 400 ft. long. Referring to the author’s 
diagram relating to the cargoes carried, he noted 
that the major number of casualties occurred in those 
ships carrying fairly bulky cargoes which were liable 
to shift ; and that, in regard to voyages, the North 
Atlantic showed most casualties among the ocean 
voyages, and, in Continental waters, the North Sea 
and North European routes were the worst. Assum- 
ing that freeboards were assessed on the basis of the 
paper, and the decision had to be made whether to 
give relatively more or less freeboard to ships 
between 200 and 400 ft. long than to those over 
400 ft. long, he suggested that it was a fair inference 
to draw from the paper that one might decide, 
telatively to their depth or draught, to give them 
more freeboard. Under the existing regulations, 





however, they were given less. One conclusion 
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which could be drawn from the paper was that the 
present freeboard regulations needed revision. 

Mr. J. S. Ormiston, B.Sc., also noted that the 
high number of casualties in the five-year period 
following the first World War had not been repeated 
in the 24 years following the second World War. 
Referring to the author’s table showing the ages 
of ships at the time of casualty, he said that the total 
of casualties in the age groups 6 to 10 years and 11 to 
15 years, added together, was as large as among 
ships in the age group 21 to 30 years ; and the total 
in the age group 11 to 15 years (a five-year group) 
was about half the number in the age group 21 to 30 
(a ten-yesr group). Although it might be inferred 
that casualties increased with the ages of ships, 
that did not appear to be borne out ; and it must 
be remembered that there had been improved 
construction in the more recent years. 

Professor A. M. Robb, in a written communication, 
observed that an interesting minor point emerged 
from inspection of the figures on the first page of the 
paper. The fact that the annual average figure for 
losses in the period 1919-23 was appreciably 
higher than the figure for any other quinquennium 
appeared to justify a suggestion, commonly heard 
during that period, that there had been an epidemic 
of something akin to barratry. A major point 
seemed to offer striking confirmation of a criticism 
of freeboard regulations made by Mr. Skinner and 
Mr. J. Phillips in their paper on “‘ Merchant Ship 
Subdivision,” at the Spring Meetings ;* the statis- 
tics presented by Mr. Manley showed that ships 
carrying coal suffered more severely than ships 
carrying other cargoes. Ships carrying coal had 
minimum freeboards ; and the statistics indicated 
more severe losses of the smaller ships. Comment 
on the freeboards of the smaller ships was made by 
Mr. Skinner and Mr. Phillips in their paper. 

Two other written communications were read by 
the secretary. The first of these was contributed 
by Mr. F. C. Cocks, B.Sc., who asked whether the 
author could include in his survey the total numbers 
of vessels in each class, to show whether there was 
any connection traceable between the character of the 
risk and the volume of the risk. It appeared to him 
likely that some of the losses could have been 
provided against in the design stage. The remaining 
communication was from Mr. A. G. Akester, M.Sc., 
who suggested, as one explanation of the increased 
number of losses in the 1919-23 period, that some 
of them might have resulted from ships striking 
submerged wrecks. The relative drop after the 
1939-45 war might have been influenced by the 
virtual cessation of the British export coal trade. 

Dr. S. Livingston Smith endorsed the views of 
other speakers regarding the unwisdom of drawing 
conclusions from the figures unless they were 
corrected either for the numbers of ships in existence 
in their various lengths, or the cargoes carried ; 
perhaps an alternative would be to consider the 
total number of voyages made by the ships in the 
various categories. 

Professor E. V. Telfer recalled the peculiarity of 
the increased number of casualties during the period 
1919-23, and was rather in ageement with 
Professor Robb’s suggestion that scuttling might be 
one of the factors bearing on the statistics for that 
period ; because the increase was apparent in all 
sizes of ships, particularly those in the 100-200 ft. 
group and even among those more than 400 ft. long: 
It would be interesting if the author could apply to 
that period the relative drop in the values of ships. 
He suggested that it would be found that, when 
the values of ships were dropping very rapidly, 
ships had been scuttled most frequently. It was 
rather significant, too, that the North Sea and 
Mediterranean figures were quite high in respect of 
the numbers of ships lost. Another point of extreme 
interest was the frequency of the loss of new ships. 
He was not inclined to put the blame on the crews, 
for not knowing how to handle new ships ; after all, 
crews changed so frequently that every old ship 
was a new ship to its crew. There had been a 
criticism that naval architects were not necessarily 
always able to produce a ship which was entirely 
stable ; if there were lack of freeboard, that was 
something which the profession would know. If 
the lesson of the statistics was that the least qualified 
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vessels would the more rapidly be lost, it would be 
valuable to know what actually had happened to 
the ships. 

Mr. D. I. Moor, B.Sc., was not wholly in agree- 
ment with the comments made concerning the 
increased losses during the period 1919-23. Although 
the actual numbers lost in that period were con- 
siderably above the average, he drew attention to 
the table in which the losses were given for the 
various periods as a percentage of the total number 
of ships owned. There the figure, 0-23 per cent., 
was no greater than the figures over the 25 years 
from 1889 to 1913. He did, however, regard as 
remarkable the steep rate at which the losses fell 
after 1919-23, and particularly in the present post- 
war period, which were only a quarter of those for 
1919-23, and only half the figures for the period 
immediately preceding the last war. Additional 
information on the rate of casualties would be 
exceedingly interesting ; particularly, he would like 
to know what proportion of the lost ships were 
actually missing, there being no knowledge of what 
happened. The nature of the cargoes carried was 
clearly important, and it was remarkable that, in 
these days of form-filling, no less than one in eight 
of the casualties was listed as carrying cargoes not 
known ; in the early 1930’s the figure was as high 
as one in five. 

Mr. Manley, in his reply, said that, if the casualties 
covered in the paper could have been related to the 
types of ships, etc., and if some of the information 
asked for could have been given completely, it would 
have been very informative ; but the information 
was not available for the whole 50 years, and his aim 
had been to make an objective survey of conditions 
of which he had the relative information throughout 
the period. Particulars in the divisions of age, 
tonnage, etc., were available from 1924 onwards, 
and, from a quick look through them, it seemed that 
there was a surprising correspondence with the 
results given in the paper. However, in view of the 
discussion, he hoped to make some further researches. 
With regard to the point that certain types of ships 
had been omitted, he said that there were no figures 
relating to them ; but their tonnage was not appre- 
ciable in relation to the total tonnage. In reply to 
Mr. Skinner, he said that possibly some of the ships 
had carried passengers ; he had seen very few that 
were noted as passenger and cargo ships, and had 
deduced that practically the whole of the ships sub- 
jected to casualty were ordinary cargo ships. While 
the percentage of casualties of small ships, less than 
200 ft. long, had increased in relation to the total 
casualties, over the period of 50 years the extent of 
the casualties among small ships had remained fairly 
constant, whereas, for those more than 200 ft. long, 
it had decreased. Reviewing the whole inquiry, it 
seemed to him that the number of casualties, such 
as he had dealt with, was mercifully small, and that 
the sea was becoming progressively safer. 

The President (Admiral of the Fleet Viscount 
Cunningham) at the conclusion of the discussion, 
defended the ordinary seaman against the accusation 
of scuttling ships, as an explanation of the high 
casualty figures in the period 1919-23. Bearing in 
mind, in conjunction with those figures, that the 
Mediterranean and North Sea were high casualty 
areas, he would have thought the high losses were 
due to undisclosed mines. The reason why there 
was not @ similar increase after the second World 
War was that the organisation for mine clearance 
was vastly better then than formerly. 

As stated above, the afternoon function on 
June 29 was a reception and tea, by invitation of the 
Lord Provost of Edinburgh, in the City Chambers. 
On the following day, which concluded the meeting, 
there was a visit to the shipyard of the Caledon Ship- 
building and Engineering Company, Limited, at 
Dundee, where the members and their ladies were 
received by the managing director, Mr. George C. 
Parker, M.B.E. After luncheon, the ladies were 
taken on a motor-coach trip to Glamis and Forfar, 
as the guests of the company, while the members 
were conducted round the shipyard, and subse- 
quently taken by motor coach round the outskirts 
of Dundee. The two parties joined again at the 
City Chambers, where they were received by the 
Lord Provost (Mr. Richard Fenton, L.L., J.P.) and 
entertained to tea. 





350-H.P. DIESEL-ELECTRIC 
SHUNTING LOCOMOTIVES ; 
SOUTHERN REGION. 


A szrtes of 15 new 350-b.h.p. Diesel-clectrig 
shunting locomotives of the 0-6-0 type, one of which is 
illustrated on the opposite page, are being built 
for service on the Southern Region of British 
Railways. The locomotives are fitted with English 
Electric type 6 KT Diesel engines, and are general} 
similar to those which are in use on the London Midlan, 
Western, and Eastern ions, but have been designed 
for flat shunting and light yard transfer duties, 
Consequently, the maximum speed—27-5 m.p.h.—is 
higher than is the case with the previous designs. The 
power unit consists of a standard six-cylinder four. 
stroke Diesel engine, directly coupled to a six-pole 
190-kW direct-current generator, the whole being 
mounted on a three-point suspension system. Current 
for auxiliaries, control circuits, etc., is supplied from 
an auxiliary generator which is mounted above, and 
driven by belt from, the main generator. 

Two axle-hung nose-suspended series-type traction 
motors are provided, one on each outer axle, driving 
through double-reduction straight spur gearing, the 
ov ratio of which is 17-5 to 1 (76 to 19 for the first 
set of gears and 70 to 16 for the second set). The 
wheels of the locomotive are 4 ft. 6 in. in diameter, and 
the maximum tractive effort is 24,000 lb. The weight 
of the locomotive in running order is 49 tons. In order 
to limit the maximum speed to 27-5 m.p.h., and as a 
protection for the traction motors, an electro-pneumatic 
device is fitted which automatically cuts off wer to 
the motors when that speed is exceeded, and, after a 
short time-delay, applies the locomotive air brakes in 
the same manner as the normal “ dead-man’s” 
handle. The air-brake system is supplied from a 
motor-driven compressor. The mechanical of 
the locomotives are being built in the Ashford Works of 
the Southern Region, to the requirements of Mr. 
O. V. S. Bulleid, C.B.E., M.I.Mech.E., chief mechanical 
engineer, and the traction equipments and Diesel 
engines are being supplied by the English Electric 
Company, Limited, 8 the direction of Mr. S. B. 


- 


Warder, M.I.E.E., electrical engineer. 





THE PROTECTION OF STEEL 
STRUCTURES AT ABBEY WORKS, 
MARGAM. 


As a result of research work it has been established 
that probably the best protection known at the present 
time for constructional steelwork involves a thorough 
cleaning of the surface and the deposition of a pure 
metallic coating of either zinc or aluminium according 
to the circumstances. The thickness of this should 
be in the neighbourhood of 0-004 in. and the metallic 
layer should receive one coating of suitable paint in 
order to give it a pleasing finish from an esthetic point 
of view. In the t, one of the criticisms of this 
method has been that the cost is too high. An examina- 
tion of the problem will prove, however, that a large 
proportion of the cost is taken up by the cleaning 
operation and, therefore, if the cleaning can be done 
at a moderate cost the extra outlay due to the pure 
metallic coating will not be much greater than the 
cost of a really effective painting scheme using three 
coats of good paint. 

When it was decided to erect the new rolling mills 
of the Steel Company of Wales, Limited, at Margam, 
the consultants, Messrs. W. 8. Atkins and Partners, 
considered that a really good protective treatment 
should be given to all steelwork, which would be mostly 
inaccessible when the mills were in operation. Hence 
they ordered that the whole of the structure of the 
Abbey Works at Margam, above crane level, should be 
sprayed with aluminium to a thickness of 0-004 in., 
and Metallisation Limited, Barclays Bank Chambers, 
Dudley, were entrusted with the contract. Mr. W. E. 
Ballard, F.R.I.C., F.I.M., managing director of Metal- 
lisation Limited, to whom we are indebted for the 
data on which this article is based, states that, as 
much of the steelwork was in the form of straight 
lengths of rolled-steel joists and angles, it was decided 
to erect a special machine for the cleaning of these 
parts and to place near it a metal-spraying machine 
which would apply the aluminium coating. This 
equipment, it was felt, would be able to deal with a 
large proportion of the steel required, and the remaining 
portion of the work would be done by manual methods. 
As metal spraying must be carried out as soon as 
possible after cleaning, the two processes of cleaning 
and metal spraying must be conducted in the same 
place. Furthermore, they should be as near as possible 
to the building site. In the case of the Abbey Works 
contract, however, this has not been possible, and the 
mechanised plant is situated in the firm’s Dudley 
Works. Some of the fabricated portions of the work 
are being sprayed on the site in South Wales. This 
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arrangement, it is acknowledged, is not ideal, and it 
would have been preferable if the mechanised plant 
could have been put down on the building site, as this 
would have reduced handling costs. 

The normal practice of the constructional engineer 
is to send his steel forward cut to lengths, drilled and 
identified with erection marks and numbers. These 
marks are usually put on with paint. Obviously, when 
for instance, a purlin with painted erection marks is 
put through the cleaning apparatus, these erection 
marks are removed. It is therefore essential that the 
constructional engineer dealing with steelwork which is 
to be sprayed should use hard stamping as a method 
of stabilising erection marks. An alternative would 
be to use a thin electrode and draw the marks with the 
aid of the electric arc. There seems to be great objec- 
tion, on the part of constructional engineers, to the use 
of hard stamping. It is claimed that the cost is 
extremely high, but experience has proved that the 
other method of painting is not very reliable and it is 
felt that this objection to hard stamping is not really 
justified. After spraying, the hard stamp is still visible, 
but it may be necessary for the spraying contractor to 
use paint to encircle the marks or to paint on the 
actual identification marks so that the erector can see 
them easily. There is a further difficulty in that it is 
not possible, at the present time, to spray those parts 
of the steelwork that have subsequently to be welded. 
This matter is referred to later. 

The cleaning of the steelwork is carried out by 
means of blasting equipment known as airless grit- 
blasting apparatus, in which method the abrasive, 
consisting of angular steel grit made by crushing 
granulated cast steel or iron, is thrown from a rapidly- 
revolving wheel on to the surface to be cleaned. One 
such machine is the ‘‘ Wheelabrator,”* made by Messrs. 
Tilghman’s Patent Sand Blast Company, Limited. 
Airless machines are expensive to purchase and the 
wheels and the body of the machine are subject 
to considerable wear and must often be replaced. 
After allowing for this, however, the cost of grit- 
blasting by means of such a machine is about 
one-tenth of that of cleaning by the older method 
of blasting and is probably the cheapest method of 
cleaning mill scale, etc., from steel that is yet avail- 
able. The design of the airless machine is, of course, 
the work of a specialist; the size of the wheel and 
its distance from the work and the spacing and 
location of the wheels are most important. 

The Tilghman ‘“ Wheelabrator” installed at the 
Dudley Works of Metallisation Limited, is claimed to 
be the largest of its type in the world. Five 3-in. by 
3-in. angles, 40 ft. long, will pass through the machine, 
side by side, at rates of up to 4 ft. a minute, and, at 
the same speed, the machine will deal with 16-in. by 
6-in. purlins. The steel members to be cleaned and 
treated are taken from a railway wagon on a siding 
and placed on a conveyor which passes them through 
the chamber. In this four wheels are placed which 
each throw about 300 Ib. of steel grit a minute. 
The speed is varied according to the type of work 
to be cleaned. The method has the advantage that 
men are not exposed to any dust and the grit is returned 
by an endless rubber belt to a cleaning device and back 
tothe machine. The grit is then taken up by elevators, 





* See ENGINEERING, vol. 164, page 552 (1947). 
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from which it falls again on to the wheels. There is 
no doubt that this airless method of blasting can be 
made extremely flexible and it represents a distinct 
advance in methods of cleaning. 

For the spraying operation the joists or angles from 
the blasting machine are placed on a chain conveyor 

rovided with grips resembling those of a draw bench. 

he cleaned steel is then drawn through a machine 
which comprises a number of metal-spraying pistols. 
It might be thought that in a case such as this it 
would be desirable to have large spraying nozzles with 
considerable spread, but it must c remembered that 
to make the spraying really effective the coating must 
be of even thickness, dense, and of the finest possible 
particle size. It is therefore not recommended that 
the machine should have nozzles which accommodate a 
diameter of wire greater than } in., and in the machine 
at Dudley the units, for the most part, consist of three 
nozzles, the wire being propelled through by gearing 
attached to electric motors fitted with speed controls. 
These nozzles are arranged so that they can be ganged 
together to give banks of six or more, and in the 
present machine a maximum of 28 nozzles can be used 
in accordance with the type of work to be treated. 
Like most mechanised plants, the machine has to be 
set for a particular type of material. To change 
this may take from two to three hours and, therefore, 
it is advisable to run for at least two days under one 
set of conditions. 

The spraying machines at Dudley are of the oxy- 
coal gas type, the oxygen being drawn from a liquid- 
oxygen evaporator. Ifsuch machines were established 
on the building site they would require either a coal-gas 
compressor, drawing from nearby mains, or batteries 
of cylinders which could be changed over without 
breaking the continuity of the run. The process of 
Metallising is normally much more rapid than. that of 
cleaning and this gives time for inspection and testing 
for complete uniformity of finish by checking with an 
electromagnetic thickness tester. Having been sprayed 
and tested, the steelwork is loaded immediately on to 
wagons waiting on a nearby siding. In handling 
treated steelwork it is better to use rope slings instead 
of chains. 

When a zinc coating is applied it is difficult to make 
a sound weld, furthermore, as is well known, the presence 
of zine during welding produces objectionable fumes. 
With aluminium coatings, and using ordinary electrodes, 
fumes are absent, but difficulty is experienced in getting 
a sound weld, especially in the overhead or vertical 
position. This difficulty has meant that up till the 
present those parts of the work which have to be 
welded are shielded with sheet metal during the spraying 
operation. It now seems probable, however, by the 
use of special electrodes which have been coated with 
a fluoride flux, that this difficulty will be overcome, 
and that it will be possible for aluminium-coated steel 
to be welded without difficulty, providing that the 
coating is not above a certain maximum thickness, 
which, at present, appears to be about 0-005 in. 

When zinc coatings are exposed to the atmosphere 
they become coated with a white deposit which is 
somewhat unsightly and is apt to lift the paint 
coatings if it becomes too abundant. Aluminium 
coatings, on the other hand, are not subject to this 
trouble, but they exhibit a brown rusty stain under 
certain conditions. This staining may be due to par- 








ticles of steel grit left upon the surface after blasting 
or to the settlement of dust particles present in the air 
near the blasting apparatus. These brown areas are 
merely surface stains and do not imply any breakdown 
of the protective coating; they have, however, an 
unpleasant ap ce. There is a second type of 
brown staining which sometimes becomes apparent on 
aluminium-sprayed coatings. It is due to the effect of 
moisture working through the ge in the aluminium 
coating causing oxidation of the iron and slight rust 
staining. It has been found that this happens particu- 
larly when an aluminium-sprayed surface is exposed 
to pure rain water for any length of time immediately 
after spraying. If, however, the aluminium coating 
is exposed under ordinary weather conditions for some 
days and does not show this brown staining, it will not 
appear subsequently, even after contact with pure 
water. The point to be stressed is that either type of 
brown staining is no indication of breakdown, and, in 
fact, the aluminium that has become stained, providing 
it is of the specified thickness, will be as protective to 
the steel as coatings which do not show these brown 
stain marks. The majority of aluminium-sprayed 
surfaces do not show this effect but it is sometimes 
apparent when large areas have to be treated. After- 
treatment intended to suppress these stains, however, 
appears to be unnecessary. 

Some fears have been expressed from time to time 
that sprayed steelwork, especially that treated with 
aluminium, may be damaged in transit. It is, of 
course, true that some damage does occur but the 
amount is not considerable, and it must be realised 
that small cuts and abrasions on the surface of the 
steel would not be of great significance as, in general, 
the aluminium coating is anodic to the steel and there- 
fore the abraded portions become protected with a self- 
sealing film. Nevertheless, as much care as possible 
should be used in the handling of the treated steel and 
the sliding of one piece of steel edgeways over another 
must be avoided. 

Some parts of large structures, such as roof trusses, 
lave to be fabricated before being given the protective 
treatment. There is no mechanical method suitable 
for carrying out the cleaning and metal spraying of 
this type of work and it must therefore be done by the 
older methods. Here again this work should be done 
on site as near the erection point as possible, and it is 
advisable to put up temporary buildings in order that 
the employees may work under cover. Such tem- 
porary buildings should be as low as possible to 
accommodate the particular type of work dealt with 
as this enables exhaust fans to be used to remove the 
dust. The steel grit employed in the steel-cleaning 
process must be shovelled back into the shot-blast 
machines from the floor, and it should be sieved to 
remove all fine dust before it is returned to the machine. 
It is necessary therefore to provide the temporary 
buildings with a flat floor, preferably of steel plate, 
although concrete can be used as an alternative. After 
grit-blasting the parts are sprayed with a hand tool 
and the thickness checked by means of an electro- 
magnetic tester. 

When the sprayed steel has been erected there will 
be areas which have had to be left untreated for welding 
and there will be parts that have been damaged. 
Sometimes the structures are awkward and difficult 
to reach but usually some staging has been placed there 
by the erectors for welding orriveting. The Metallising 
of these parts should be carried out immediately after 
the erectors have passed and an area of 50 
has been cleared of men. A portable compressor is 
then brought as near as possible to the site and a small- 
capacity sandblast machine is taken close to the actual 
patch requiring attention. This machine is fed with 
sand and the man, of course, has a protective helmet. 
As the patches to be dealt with are not more than a 
few inches square, the amount of sand used is small 
and is allowed to blow away. In one building at 
Margam the compressor is mounted on the crane 
girders some 80 ft. above ground level. If care 
has been taken the amount of patching to be done 
is small and arrangements can easily be made 
for it not to interfere with erection. Nevertheless, it 
must be realised that this is likely to be the most 
expensive part of the work because the process cannot 
go on in rain, fog or high wind, and the men are 
subject to a certain amount of waiting time. 





SILICONE-RUBBER INSULATED CABLES.—It has been 
decided to increase up to 150 deg. C., the maximum 
working temperature of the silicone-insulated cables 
and wires, which are manufactured by British Insu- 
lated Callender’s Cables, Limited, Norfolk House, Nor- 
folk-street, London, W.C.2,in conductorsizes up to B.S. 7. 
Owing to the presence of the silicon atoms and the 
strength of the silicon-oxygen bond, silicone compounds 
have a very great temperature stability. Silicone rubber 
is flexible and resistant to moisture at high temperatures 
and is capable of withstanding continuously a wide range 
of temperature variations without deterioration. 
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ANNUALS AND REFERENCE BOOKS. 


Seaton and Rounthwaite’s Pocket Book of Marine 
Engineering Rules and Tables.—To the marine-engineer- 
ing draughtsman, especially if he is mainly concerned 
with steam machinery, there has never been any pocket 
book quite in the same class as Seaton and Rounthwaite, 
and the a ce of a new edition—the 17th—is 
likely to be hailed, therefore, as something of an event ; 
an impression which will be strengthened in the minds 
of those who decide to buy a copy, for the price has now 
risen to 50s.—a price which (from memory) is four 
times what it was before the 1914-18 war. On the 
other side of the account, however, is the fact that the 
=~ edition is not only appreciably enlarged, but 

been reset ; an expensive undertaking in these days, 
when dealing with a volume of nearly 1,000 
The revision has been undertaken, with evident care 
and consideration, by Mr. J. S. Mackay, Wh.Ex., a 
consulting marine engineer and ship surveyor who was 
for many years chief draughtsman of the North-Eastern 
Marine Engineering Company, Limited, and whose 
personal experience as a user of Seaton and Rounthwaite 
is long and intimate. It is a of course, 
to question the revision of a stan work on points of 
detail—for instance, if, as was claimed for it, the late 
Mr. E. R. Mumford’s formula for determining the 
wetted surface of a ship was more accurate than 
“ Kirk’s analysis” of the ‘eighties, it is curious that 
Mumford’s method should have been jettisoned and 
Kirk’s retained. We have always felt some little 
doubt, too, regarding the practical utility to the 
marine-engine builder of the testing ure laid 
down by the Heat Engine Trials Committee’s report ; 
but extracts from it are now included among the 
additional matter incorporated in this 17th edition, 
though the report was published as long ago as 1927. 
Basic facts, however, do not change, and it is in the 
straightforward presentation of fundamentals that the 
attraction of Seaton and Rounthwaite has always lain. 
The late A. E. Seaton had a peculiar genius for the 
construction of simple formule, admittedly approxi- 
mate, but usually accurate within ordinary limits of 
observation and practice. This feature still charac- 
terises the latest edition of the work by which he and 
his original collaborator, H. M. Rounthwaite, are chiefly 
remembered. There are those to-day who decry this 
method of applying engineering knowledge and would 
have everything developed from first principles; but 
this takes time and is not always noticeably superior in 
its results to the method of using established short cuts 
intelligently, which it was Seaton’s aim to inculcate. 
The Pocket Book is published by Messrs. Charles Griffin 
and Company, Limited, 42, Drury-lane, London, 
W.C.2; and, as stated above, the price is 50s. net. 





STEEL OUTPUTS OF THE UNITED STEEL COMPANIES.— 
During the financial year of the United Steel Companies 
Limited, 17, Westbourne-road, Sheffield, 10, ending on 
June 30, 1949, the firm made more than 2 million tons of 
steel ingots for the first time in its history. The actual 
figure was 2,042,056 tons, this being 146,000 tons higher 
than the previous year’s total which was itself a record. 
The Appleby-Frodingham branch of the company, at 
Scunthorpe, made 830,000 tons of steel ingots, and the 
Steel, Peech and Tozer branch, at Rotherham, 761,000 
tons, both beating their previous records by substantial 
margins. The cogging mill at Steel, Peech and Tozer 
rolled nearly 800,000 tons, beating its previous year’s 
record by 82,000 tons, while the Templeborough melting 
shop, at this branch, made 573,000 tons of ingots. 


THe Late Mr. J. T. Etiis-Fermor.—tThe older 
members of the staff of ENGINEERING have lost a valued 
friend by the death on July 14, at his home in Hamp- 
stead, of their former colleague, Mr. Joseph Turnley 
Ellis-Fermor. Mr. Fermor, who was 86, joined ENaI- 
NEERING so long ago that no record can now be found 
of the exact date; but it was some 60 years ago— 
probably more rather than less—that he left his previous 
employment as a legal engrossing clerk to become 
personal secretary to the late Dr. W. H. Maw, who 
edited this journal from its commencement in 1866 until 
his death in 1924. 
wrote with great speed and a beautiful precision, and of 
a “‘ copper-plate ” handwriting rarely to be found to-day, 
Mr. Fermor was engaged to practise those arts alone ; 
for, at that date, this office contained no typewriter, 
the letters being hand-written by him and press-copied 
into the letter-books. The typewriter, indeed, was a 
machine to which he never became really reconciled, 
although he did eventually acquire great facility with 
one of the early Hammond models. For many years, 
he reported for us the proceedings at meetings of the 
Institution of Mechanical Engineers, and, less frequently, 
those of other institutions. He retired in 1939, but 
continued, until comparatively recently, to assist with 
the compilation of our half-yearly volume indexes, in 
which laborious task he displayed, as always, the most 
conscientious and painstaking care. 


A master of shorthand, which he | POSS 





LABOUR NOTES. 


THE ee in regard to the number of dockers 
involved in the London dock stoppage has continued to 
deteriorate during the past week and there has been 
little sign of the deadlock breaking, but, unless some 
other unexpected complication arises, the peak of the 
dispute seems to have been reached now. Statistics 
published by the Dock Emergency Committee give the 
number of dockers on strike on Wednesday, July 13, 
as 13,964, with 10,326 remaining at work on 22 ships, 
excluding ships at private wharves. On that date, 
2,505 Service personnel were working 16 vessels and 
there were 116 ships idle, and eight undermanned, at 
the docks. On Saturday, there were 14,638 dockers on 
strike and 9,666 at work on 23 ships. Service personnel 


. | had increased to 5,500 and were engaged on 52 ships, 


but 91 vessels remained idle, and seven undermanned. 
By Monday, the number of strikers had increased to 
15,341, leaving only 8,936 dockers at work on 22 ships. 
The employment of troops had increased to 6,600 and 
they were operating 66 ships. Ships idle had declined 
in number to 71, with seven undermanned. The 
number of strikers on Wednesday was 15,509, but 7,927 
dockers remained at work on 17 ships. Service per- 
sonnel numbered 9,053 and were employed on 94 
ships. The number of ships idle had been reduced to 
45, with four vessels undermanned. 


At a meeting last Friday between officials of the 
Ministry of Labour and the general secretaries of the 
Watermen, Lightermen, Tugmen and Bargemen’s 
Union and the National Amalgamated Stevedores 
and Dockers, to discuss means of settling the dispute, 
the latter were informed that the suggestion that the 
Ministry should endeavour to arrange a meeting 
between representatives of the Canadian High Com- 
missioner’s office and the Canadian seamen of the 
Beaverbrae and Argomont, with the two Union secre- 
taries present, could not be entertained. The Ministry 
officials confirmed this decision at a larger meeting 
with delegates of the Unions on Saturday, but promised 
the Union executives full assistance in obtaining 
information regarding the situation in Canada. The 
Ship) ing Federation was also approached direct, on 
behalf of the Union executives, with a request for their 
assistance in arranging a meeting between the Canadian 
shipowners and Canadian seamen, but replied on Mon- 
day, that their intervention would be improper because 
the Canadian dispute, “in so far as it was industrial 
and not political,” was no concern of the British 
shipping or docks industries.” 


In the age of the London dockers, the strike of 
members of the crews of the Beaverbrae and Argomont 
makes these two ships “ black,” and they refuse to 
work them. The London dock dispute, now in its 
25th day, has arisen out of this refusal, but on Monday 
a majority of the crew of the Beaverbrae wrote to 
Mr. George Isaacs, the Minister of Labour, that their 
ship was “ white” and asked the Minister to use his 
full powers to settle the conflict. The Minister sent 
copies of the letter to the unions concerned. Drivers 
and meat porters belonging to the Smithfield branch 
of the Transport and General Workers’ Union, decided 
on Monday not to strike in support of the dockers, 
but to continue to refuse to deal with meat handled 
by Service labour. Meetings of the Dock Emergency 
Committee with the National Dock Labour Board took 
place on Tuesday. Later in the day, a statement was 
issued by the Board ordering all dock personnel on 
strike to resume work by 7.45 a.m. yesterday morning. 
The statement was issued with the full approval of all 
members of the Board, consisting of four representa- 
tives of the dock employers, and four trade-union 
representatives under an independent chairman and 
vice-chairman, and declared that men would not be 
allocated to any job which was in dispute so long as 
the proper negotiating machinery was used. An 
announcement from 10, Downing-street early on 
Wednesday morning declared that the Board’s state- 
ment was issued without the authority of the Emer- 
gency Committee and that while the Government 
agreed that the men should return at the earliest 
ible moment, they were not contemplating bringing 
the national dock labour scheme to an end, as was 
implied in the Board’s statement. 


The claims for a new wage structure in the engineer- 
ing industry were submitted by the executive council 
of the Confederation of Shipbuilding and Engineering 
Unions to the Engineering and Allied Employers’ Na- 
tional Federation on June 14. The Record of the Trans- 
port and General Workers’ Union for July reports that 
the men’s case was presented by the Confederation in 
considerable detail and that the Federation have 
undertaken to give the claims early consideration and 
to announce their decisions in the near future. 


The July Record also states that the Union’s claims 
for the introduction of national differentials in the 





foundries and for the upgrading of foun labo 
and the establishment of om ap adhe I in the 
industry were rejected by the employers’ organisation 
on May 31. What further steps are to be taken to 
press these demands are now under consideration by 
the foundry unions committee. 


The recently issued annual report of the Genera] 
Federation of Trade Unions, for the financial year 
ending on March 31 last, records the steps taken by 
the management committee of the Federation in the 
interests of their membership over a wide range of 
trade-union activity during the preceding twelye 
months. A special development sub-committee under 
the presidency of Mr. F. Worthington, chairman of 
the management committee, was set up to consider the 
future work of the Federation in all departments, jn 
the light of existing and prospective industrial require. 
ments. The administration of the Federation, contri. . 
butions to the funds, membership benefits, the accept. 
ance of new affiliations under special conditions, regis. 
tration, and the rules of the Federation, were all 
investigated by the sub-committee in detail. Their 
findings have been approved by the management 
committee and have been incorporated in new draft 
rules. These will be submitted to the next annual 
general council meeting for approval. 


Among the representations made to Government 
ments by Mr. George Bell, general secretary to 
the Federation, during the preceding twelve months, 
was one to the Ministers of Education and Labour 
calling attention to the serious decline in the percentage 
of young persons expressing a preference for learning a 
trade. Mr. George Isaacs, the Minister of Labour, 
replied that his Ministry was encouraging industries 
to agree jointly upon the standards to be observed in 
the recruiting, training and employment of young 
persons, especially of apprentices and learners in skilled 
occupations. He added that a number of industries 
had revised their industrial ents to provide for 
improved technical training of young people and that, 
where such arrangements existed, officers of the youth 
employment service, when giving vocational guidance, 
called the attention of suitable boys and girls to the 
advantages of such planned systems of training. Mr. 
Bell also made representations to the Minister of Labour 
on the importance of surprise in connection with the 
visits of factory inspectors, the need for co-ordination 
between the factory and sanitary inspectorates, and 
the necessity for the rigid enforcement of the standards 
laid down by the Factories Act. 


The names of the members of the board of concilia- 
tion, which the Minister of Labour announced on 
July 9 would be set up to assist the various railway 
unions and the Railway Executive to resolve the 
—- which confront them, were made known on 

uesday. Sir John Forster, K.C., President of the 
Industrial Court since 1946, will be the chairman of 
the board, and there will be four other members. The 
Railway Executive, together with the National Union 
of Railwaymen, the Associated Society of Locomotive 
Engineers and Firemen, and the Railway Clerks’ 
Association, accepted the original terms of reference 
of the board, but the Confederation of Shipbuilding 
and Engineering Unions, representing employees in 
railway workshops, were unable to agree to accept in 
advance decisions which the board might make, in the 
event of the two sides in the dispute failing to agree 
on any point. 


The attitude of the Confederation was that it had 
presented no wage application to the Railway Execu- 
tive and that acceptance of the Railway Executive's 
offer of small wage increases would upset the pay 
differentials which now exist between craftsmen and 
labourers in railway workshops. The railway shopmen 
will accordingly be excluded from the board’s con- 
siderations, but the Confederation, although they will 
not be a party to the negotiations, will appear before 
the board and give information concerning the shop- 
men’s wage agreement. The N.U.R. have pressed, 
unsuccessfully, for the original terms of reference, but, 
in view of the foregoing, the Minister has decided, with 
the consent of the other parties, to limit the activities 
of the board to the consideration of salaries, wages and 
service conditions of the conciliation and salaried 
grades covered by the machinery of the negotiation for 
railway staff agreement, 1935. 


The National Union of Railwaymen have summoned 
a special delegate conference, to meet in London on 
Monday, in order to discuss the latest developments 
respecting the setting up of the board of conciliation 
and its terms of ref 


erence. The work-to-rule movement, 
which began in Manchester and Salford on July 10, is 
to continue. This movement has no official union 
support. 
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EFFECT OF FIT AND 
TRUNCATION ON THE STRENGTH 
OF WHITWORTH THREADS.* 


By C. W. Situ, B.Sc., A.Inst.P., and A. C. Low, B.A. 


Tur object of the investigation which forms the 
subject of this report was to verify that the amount 
of truncation of Whitworth-form threads, set out in 
Amendment No. 2 to British Standard Specification 
84-1940, “Truncated Form Whitworth Threads,” 
does not result in excessive loss of strength under static 
tension. This amendment was made in April, 1943, 
to facilitate the production of Whitworth threads in 
the United States. The tests described were carried 
out at various dates from April, 1944. 

Some preliminary work was carried out to decide 
upon a suitable t and size of specimen, a suitable 
method of test, and a criterion of failure. The results 
showed that, in order to ensure failure in the threads, 
the ratio 1:d, where | = nut length and d = thread 
diameter, should not appreciably exceed 0-6. Com- 


























ENGIN 





EERING. 


to the final design of adaptors shown in Figs. 1 and 3. 
The prelimi tests did not indicate any definite 
criterion of failure for use in the main series, but 
showed that, whatever criterion were used, the effect 
of varying degrees of truncation would be small. 
The investigation was divided into two sections, to 
determine : (1) the effect of tolerance and thread form, 
and (2) the effect of eccentricity. Bolt and nut 
assemblies of various tolerances and thread forms were 
tested to destruction under pure tension. Section (2) 
was sub-divided into : (2a), in which assemblies of 
various tolerances and thread forms were in 
tension, with the nut forced eccentric to the bolt; 
and (2b), assemblies of the same tolerance, but with 
eccentric truncation of various amounts, were tested 
in pure tension. (Eccentric truncation means that the 
major diameter of the bolt and the minor diameter 
of the nut are eccentric in relation to the effective 
diameters.) 

Specimens were machined from four 2-in. diameter 
round steel bars (marked A, B, C, D), supplied by the 
British Iron and Steel Corporation, Limited, to comply 
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Fig. 3. 


APPARATUS SET UP FOR TEST. 


parative tests were made on two similar specimens 
machined from normalised mild-steel (bolts § in. in 
diameter, 26 threads per inch, nut # in. thick), one 
having 70 per cent. and the other 33 per cent. depth 
of engagement. These specimens were approximately 
geometrically similar to the specimen proposed for the 
main tests. They were tested in tension between 
two cup-shaped fittings, with Martens extensometers 
applied to the cups. The load-extension curves 
very closely, and the stripping load of the thread with 
33 per cent. engagement was only 6 per cent. lower than 
that of the other. A further test, in which the fit of 
the threads was observed after various loads, indicated 
the desirability of observing the thread deformation 
and nut expansion. 

These tests confirmed the suitability of the type of 
specimen, shown in Fig. 2, on this page, which was 
proposed for use in the main investigation, and led 





* Communication from the National Physical Labora- 
tory. Abridged. The work described was carried out 
as part of the research programme of the laboratory, 
and the report is published by permission of the Director. 
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with specification 3821 of B.S. 1111-1943. The bars 
were cut into 18-in. lengths, and normalised by the 
Metallurgy Division of the N.P.L. (900 deg. C. for 
6 hours and cooled in still air). The specimens were 
then prepared from these lengths. In section (1), the 
complete assemblies were made by the Coventry Gauge 
and Tool Company, Limited. In section (2), the 
nuts were made by them, and the bolts were ground by 
the Metrology Division, N.P.L., who also truncated the 
nuts where required. All specimens were measured by 
the Metrology Division before test. One }-in. slice for 
hardness tests was cut from each 18-in. length after 
normalising. In section (1), three complete assemblies 
were taken from each 18-in. length, together with a 
thick nut and a hardness-test slice. All the assemblies 
in this section came from bar A. In section (2), as 
only the nuts were being made away from the N.P.L., 
all nuts were made from four lengths. The assemblies 
in this section came from bars B, C and D. 

Each specimen consisted of a nut and bolt, the main 
dimensions of which complied with Fig. 2, having }-in. 
B.S. pipe threads, and thin nuts with an /:d ratio of 
about 0-6. Section (1) comprised six series, numbered 
I to VI in Table I, on page 94, series I, II, III being of 
basic Whitworth thread form, but varying in tolerance, 
and series II, IV, V and VI having the same tolerance 
but varying degrees of truncation, series II being 
common to both groups. Section (2a) comprised four 
series, numbered VII to X, and section (2b) three series, 
numbered XI to XIII. Particulars of the specimens are 
given in Table I.* In the last three series, the bolts 
and nuts were marked prior to the test, so that when 
assembled the maximum truncation of each occurred 
on the same radius. Agreement between nominal and 
actual diameters was good. In all cases the tolerances 
were applied to the bolt, thus permitting the use of 
the same finishing tap throughout. In series I and VII 
(basic size), and XI, XII and XIII (basic size with 
eccentric truncation), an allowance of 0-0010 in. on 
diameter was made to ensure assembly. 

Tensile tests were made on two specimens from each 
bar, and diamond-pyramid hardness tests on the 
hardness specimens (one from each length cut). One 
assembly each from series I to VI, and two from 
series VII to XIII, were tested in tension between 
the special adaptors shown in Figs. 1 and 3. Martens- 
type mirror extensometers placed on the bolt head 
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and nut, enabled their relative movement to be deter- 
mined and load-extension graphs drawn. The test was 
continued to failure. In series I to VI and XI to XIII 
the nut was unrestrained, while in series VII to X it 
was forced into a position eccentric to the bolt. One 
specimen each from series I to VI, and two from 
series VII to XIII, were tested in tension without 
extensometers. The load was applied in }-ton incre- 
ments; it was released after each increment, the 
assembly unscrewed, examined and measured, the 
profile of a number of stressed bolt threads being 
projected and recorded. When jamming occurred, 
i.e., when the assembly could no longer be unscrewed 
by hand, the load was raised to failure. As before, 
the nut was forced eccentric to the bolt in series VII 
to X. A number of spare assemblies from series VII 
to X were tested with the nut unrestrained for com- 
parison and to amplify results already obtained. These 
are reported as series Supplementary A, B, C and D. 
Extensometer tests were carried out on two test 
jieces cut from each bar. The results are given in 
Table II, page 94. The limit of proportionality was in 
all cases at, or very near, the yield. The failures were 
of the slow ductile type, the broken ends showing 
imperfect “‘cup and coning.” The tests confirmed 
that the material was reasonably uniform, and com- 
plied with Specification 3821 as regards mechanical 
properties, i.e., 25 tons to 35 tons per square inch 
ultimate stress, and 25 per cent. minimum elongation. 
The hardness-test slices cut one from each length 
after normalising were polished on one face. Diamond- 
pyramid impressions were made along a diameter of 
the surface. The results indicated a satisfactory 
degree of uniformity in the material, with bar A 
slightly softer than the others.* 

e load-extension curves obtained from the exten- 
someter tests are given in Figs. 4, 5, 6 and 7, on page 94. 
Fig. 4 gives the curves obtained from the first group 
(series I, II and III), in which there is a variation of 
tolerance but not of thread form, and Fig. 5 those 
from the second group (series II, IV, V and VI), in 
which the tolerance is the same throughout, but the 
degree of truncation varies. The curve for series IT 
is common to both figures. Fig. 6 gives the curves 
obtained from series VII to X (symmetrically-truncated 
specimens tested eccentrically), and Fig. 7 those from 
series XI, XII and XIII (eccentrically-truncated 
specimens). In all cases, the estimated theoretical 
psy extension of shank and core is shown. Exten- 
sions in excess of this, in the elastic range, are therefore 
presumably due mainly to thread deflections. All the 
curves, except those for series X and XIII, where the 
depth of engagement is less than 50 per cent., show a 
sharp yield corresponding to yield in the core of the 
threaded portion. Comparing Figs. 4 and 5, it will be 
seen that the amount of bending ‘eflection for a given 
load, up to the yield, increases wi _ increasing tolerance, 
but truncation does not affect it appreciably until the 
truncation becomes excessive. This is seen again in 
Fig. 6, where the curves for series VIII and IX coincide. 
Here it will be noted that there can be a fair amount 
of variation in bending deflection in one series which 
is not all explained by measured difference of fit. 
In Fig. 7, the curves behave as though there were a 
difference of tolerance between them, whereas the 
differences are due to eccentric truncation; and, as 
will be seen later, these three series behave rather 
differently from the others. 

The results of the deformation tests are given in 
Tables III, IV and V, on page 95. Series VII to X 
were tested with the nut forced into a position eccentric 
to the bolt; the remainder were tested with a free 
pull. Series Supplementary A is used as the basis of 
reference for all tests after series VI. Various other 
measurements, such as nut diameters and thicknesses, 
shank and core diameters, were recorded. The fits of 
the threads on each other, and on a standard thread, 
were also noted, and profiles of the strained threads 
were projected and recorded. Some typical deformed 
t profiles are shown in Figs. 8 and 9, on page 95. 

The load-extension curves obtained from the extenso- 
meter tests show a distinct yield at 12 to 13 tons, 
i.e., some 20 per cent. below the yield calculated on the 
effective area of the bolt. Since the curves are smooth, 
— from the yield, it seems that there is no sudden 
slipping between the engaged nut and bolt threads 

rior to stripping. It had been hoped to determine 

m these extensometer results a suitable criterion of 
failure applicable td all cases. This did not prove 
practicable, however, especially in view of the fact that 
there were no sudden large strains prior to ultimate 
failure. It is obvious that the critical requirements of 
any practical case must depend on the purpose for 
which the bolt and nut are used; and it is impossible to 
say arbitrarily that the small differences in strain at a 
given load shown on the curves in Figs. 4 to 7, between 
different thread forms and degrees of tolerance, will be 
sufficient to cause failure generally with one type of 





* The nomenclature of fits and tolerances is that given 
in B.S. 84-1940, “‘ Screw Threads of Whitworth Form.” 





* The average diamond-pyramid hardness numbers 
were about 119 for bar A and 127 for the other bars. 
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THREADS. 


SeriesTHandV | 
Series IV 


Series VI- | 


PARTICULARS OF ) THREADS oF SPSCINENS, 


- Basic size. 

= Maximum medium-fit tolerance ; full form. 
- Maximum free-fit tolerance ; 

— Medium fit; nut fully truncated. 

Medium fit; nut and bolt fully truncated. 

Medium fit; nut and bolt 50 per cent. extra truncation. 
| Basic size. 

Maximum free-fit tolerance ; full form. 

Free fit ; 

Free fit tolerance plus 50 per cent. ; 

Basic size ; normal truncation app! 

| Basic size ; normal truncation 
| Basic size ; 
one side. 
LT 


full form 


nut and bolt fully’ truncated. 
fully truncated. 
lied eccentrically. 
plus 50 per cent. applied eccentrically. 
sufficient eccentric truncation to give no engagement at 





thread but not with another. The value of the extenso- 
meter tests lies largely in the fact that they show what 
little effect truncation has on the thread deformation 
at a given load, compared with the effect of variation 
in tolerance. The effect of this latter variation is 
itself not large. 

More definite criteria, however, can be developed 
from the results of the deformation tests. Two factors 
which are obviously of importance in practice are the 
loads at which jamming and stripping occur. It 
should be borne in mind, however, that, in general, the 
stripping load for a full-length nut is well above the 
failure load for the bolt shank. The jamming load 
(i.e., the load after applying which the nut could no 
longer be screwed off the bolt by hand) was fairly 
definite in all cases. In the case of the axially-loaded 
bolts, it will be seen from Tables ITI, IV, and V, that 
the axial load increases with the degree of tolerance, 
but is unaffected in truncated threads by the degree 
of truncation. The truncated threads, however, do 





TABLE II.—Resulis of Tensile Tests on Test Pieces. 


oe Sa Ia 


Bar. A. 





Modulus of elas- 
ticity, 106 Ib. per | 
#4. Mie. «< | 29-8 | 29-8 | 

Yield stress, tons. 
per sq. 20-3 | 19-6 | 

Uiimets "aes | | 
stress, tons aod | | 
ae 7°83 | 27-5 | 28-2 | 28-1 | 28-6 | 

Elongation on 4+’, A, | | 
per cent... 4 |46 | 50 | 48 | 48 

Reduction of € area, | | 
per cent.. | 644 | 68 | 69 | 674 | 67 

| | | | 


30-0 | 30-0 | 30-0 | 30-0 
| } 
20-0 | 20-2 | 20-2 | 20-2 
28-6 
47 
67 





tend to jam at a slightly lower load than the full-form 
threads of similar tolerance. These results might be 
expected from geometrical considerations regarding 
the thread forms. The stripping load decreases as the 





tolerance or degree of truncation increases. The 
approximate percentage decreases, from the stripping 
load for the basic sizes, are also given in the tables. 

It may be noted that the normally-truncated (nut 
and bolt) medium-fit case agrees with the full-form 
free-fit case, which would seem to indicate that the 
effect of truncation on thread failure strength is no 
greater than that of an increase of tolerance from 
medium to free fit with a full-form thread. The 
results of the second group of tests have been correlated 
to series Supplementary A, which, as will be seen from 
the tables, have a 5 es stripping strength than 
series I, although they are nominally the same. The 
exact reason for this is not known, but it is assumed that 
it is due to differences in production. Two sets of 
basic figures therefore have been used. 

Fig. 10, opposite, gives the percentage decrease 
in stripping load plotted against the ey 4 loss of 
depth of engagement, for all the tests. A family of 
“truncation curves” can be drawn “sliding” on a 
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TABLE III.—REsvuits oF DEFORMATION TESTS, SERIES I TO VI. 
Series | ;. Il. | Ii. | IV. | Vv. | VI. 
—— ——— —$$$___—___—_——_ —_—— a Seeemers ay aaa 
Form of thread—Nut Full | Full Full Truncated Truncated | Truncated + 
| 50 cent. 
Bolt Full Full Full Full | truncated | ‘Truncated + 
| | 50 per cent, 
Thread tolerance ..| Basicsize | Maximum Maximum Maximum | Maximum Maximum 
| | medium fit | free fit | dium fit | dium fit medium fit 
Jamming load, tons... 7 15 154 14} | 144 144 
Stripping load, tons. «j in 18-5 18-25 16-85 17-0 16-9 15-5 
(from deformation, extenso- 18-4 16-95 16-25 | 16-95 16-1 15-45 
meter and subsidiary tests) 16-1 | 16-45 15-5 
16-15 } 15-7 
Decrease in mean stripping load 0 5 (+34) 11 (+2) BR | 11 (+2) 16 (+1) 
from series I, per cent. 
Type of failure .. | Bending Bending | Bending Bending Bending Ben 
and shear and shear and shear 
TABLE IV.—RESULTS OF DEFORMATION TESTS, SERIES VII TO X AND SUPPLEMENTARY A. 
Seve: = = cochabieigetunalics ae a : 
Series. pete Manned vu. VII x. | x 
Form of thread, nut and bolt Full Full Full Truncated Truncated 
Thread tolerance Basic size Basic size Maximum free Maximum free ‘2 Free fit + 
fit fit 50 per cent. 
Jamming load, tons. | ot) 14 ae ek 13 12 
9 14 13} 12} 
Stripping load, tons... i ox 17-9 15-6 Era 15-0 13-3 
(from deformation and extenso- 17-1 17-4 14-0 14-0 12-6 
m ) 17-4 16-8 14-7 14-5 12-5 
17-5 15-0 15-0 13-0 
Decrease in mean stripping load from 0 0 (414) 15(45) | 16(43) | 26(+2%) 
series supplementary A, per cent. | 
Type of failure Bending Bending | Bending Bending Bending 
Ween - __and shear and shear 


TABLE V.—RESULTS OF DEFORMATION TESTS, SERIES 











XI To XIII and SUPPLEMENTARY B, C anv D. 


| Crpeigeeateny eset Stine eat anced 





























Series. Xi. XI XIII 
Thread form, nut and bolt ..| Eccentric Eccentric Eccentric 
Truncation Truncation Tr | t Full Truncated 
ormal Normal + 50 | Twice normal 
per cent. 
Thread tolerance ..| Basic size Basic size | Basic size Maximum free "Free fit + 50 | Free fit + 50 
| fit per cent. per cent. 
Jamming load, tons 114 10 eo, 
11 11 8} 
Stripping load, tons | 17-6 15-5 13-0 ae | 13-8 13-7 
16-8 15-4 12-7 14-7 13-9 | 13-4 
| 16-9 14-8 | 12-5 
| 16-3 15-5 | 12-5 
Decrease in meanstrippingload | 3 (+4) 11 (+2) 27 (+41 15 21 22 (41 
from series supplementary A, — ' ~_ 
per cent. 
Type of failure .. ..| Bending Bending | Bending | Bending Bending Bending 
and shear and shear andshear | and shear and shear 





“tolerance curve.” Forcing the nut eccentric to the | chain-dotted lines in Fig. 10. The dotted line shows 
It gives a small extra decrease of load, where the | the effect of eccentric truncation. 
tolerance is sufficient to allow an appreciable eccen- | percentage loss of depth of engagement in the case of 
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tricity, as shown by the pairs of points connected by | fully truncated maximum free-fit thread would be 42. 
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From the graph, this gives an estimated decrease in 
stripping | of approximately 16 per cent. As 
already noted, this does not necessarily mean a corre- 
sponding decrease in failing strength of an actual bolt 
and nut having such a thread. Until the decrease in 
thread strength is sufficient to cause stripping of the 
nut, rather than the usual tensile failure in the bolt 
shank, the actual strength of the bolt and nut assembly 
will be unimpai The amount by which the stripping 
load of a full-length thread exceeds the load necessary 
to cause tensile failure in the bolt shank, probably 
varies with other factors besides the thread form and 
tolerance, such as the pitch: diameter ratio of the 
thread and the nature of the material used. Experi- 
ments conducted with some of the surplus bolts and 
nuts indicate that, in the mt case, the stripping 
load of the basic-size full-form thread (the nut used 
being of full length) is approximately 20 per cent. 
greater than the failure load of the threaded portion of 
the bolt shank. Hence, it would seem possible that, 
in practice, a bolt and nut having a full-length truncated 
thread of free fit might just fail by stripping, but with 
little reduction in the strength of the assembly. The 
method of stripping ap’ to differ with the form of 
thread. As shown in Tables III, IV, and V, the full- 
form threads fail in bending only; truncated threads 
fail in bending and shear, the degree of shearing 
increasing with the amount of truncation. This again 
is to be expected from the geometry of the thread form. 
At high loads, the sharp edge of the truncated thread 
tends to bite into the mating thread; this effect, 
however, is inappreciable even at a load of 10 tons 
(Fig. 9), and as this is approximately twice the fatigue 
range for these bolts no stress concentration effect in 
fatigue is likely. This point is being checked in the 
course of the investigation of the effect of thread form 
on the fatigue strength of screw threads now in progress 
at the National Physical Laboratory.* The results 
obtained so far confirm that the sharp edge does not 
affect the fatigue strength. 

The following conclusions were reached, as a result 
of the work described above. The decrease in static 
strength of Whitworth-form threads, produced by 
the degree of truncation set out in Amendment No. 2 
to B.S. 84-1940, does not appear to be excessive, 
whatever the criterion of failure used. The stripping 
load (with a nut length of 0-6 of the diameter) is 
reduced by about 5 per cent. by full truncation of any 
fit of assembly. The tolerance of fit has more effect, 
a free-fit full-form assembly having a decrease in 
stripping load of 11 per cent. over the basic size, while 
the same assembly fully truncated has a total decrease 
in strength of 16 per cent. A forced eccentricity 
between bolt and nut may have the effect of decreasing 
the strength by about 3 per cent., but insufficient tests 
were undertaken to certain. Eccentricity of 
truncation, on the other hand, produces a marked 
decrease in load when the truncation is greater than 
normal, as com with concentric truncation. 
Truncation does not appear to decrease noticeably the 
load at which jamming between the threads occurs. 
There is a tendency for the sharp edge of the truncated 
thread to bite into the surface on which it bears ; 
the fact that the truncated threads fail in shear as well 
as bending shows the potency of this effect. The effect, 
however, commences only at such a high load (even 
with the short nut) that any stress-concentration effect 
in fatigue is unlikely. ‘ 
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* D. G. Sopwith and T. Settle, “‘ Research on Fatigue 
Strength of Screw Threads of Different Form,” Proc. 
I.Mech.E., vol. 155, page 156 (1946). 
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TRAVELLING X-RAY THEATRE AND 
DARK ROOM. 


Art the present time, mass radiography is used to 
discover early signs of pulmonary tuberculosis. The 
method adopted is to place the subject against a 
fluorescent screen on to which an image of the = 
of the body penetrated is projected by X-rays. i 
image is pment, on to a strip of 35-mm. film by 
means of a camera. The time of exposure, which is 
automatically controlled, is about 1/20 second. Most 
of the units operated by the Regional Hospital Boards 
for this purpose, although readily transportable, are not 
so mobile as was intended when the scheme was initiated 
during the war. More recently, however, a number of 
specially-built vans, containing a power generator for 
supplying the X-ray apparatus and:equipped as a dark 
room to enable fi to be pi on the spot, 
have been in use, while the latest type of vehicle is 
arranged so that the X-ray examination can be made 
inside it. The Ministry of Health and the Department 
of Health for Scotland are gradually building up suffi- 
cient mass-radiography units to serve the whole country 
and a number of these will be equipped with the new 
vans so that they will be operationally mobile. 

The vehicle consists of a caravan type body mounted 
on a standard Leyland “ Beaver” 12B/1 chassis, 
26 ft. long and 7 ft. 6 in. wide, and is fitted with a 
125/130 brake horse-power six-cylinder Leyland Diesel 
engine. The coachwork has been built to the design 
of the Ministry of Works by Messrs. Samuel Elliott and 
Sons (Reading), Limited, Caversham, while the body 
has been thermally insulated by filling the cavity 
between the aluminium outer skin and the interior 
plywood panelling with a suitable packing. The 
internal air is conditioned, its volume and tempera- 
ture being controlled by adjustable louvre ventilators 
and a heater/cooler unit, which in cold weather can be 
supplemented by waste heat from the film-drying 
cup In order to reduce vibration while X-ray 
examinations are being made, steadying jacks are 
fitted at each corner of the frame. Tools and ancillary 
equipment, such as cable drums and earthing electrodes, 
are stored in lockers on the undersides of the coach- 
work. Two of these lockers are provided with socket- 
outlets for i ion lamps. 

The interior of the vehicle is divided into two com- 
partments, which are ted by a fixed partition 
and a light-tight door. The examination compartment, 
in which the X-ray ap tus is installed, is in front, 
while at the rear is a “ waiting room” which can be 
converted into a darkroom. Access can be obtained 
to the examination compartment either through the 
“‘ waiting room” or by steps on the near side, the 

ents being such that patients can be examined 
at the rate of 120 an hour. 

The supply of electricity necessary for operating the 
apparatus will normally be taken from the mains, a 
single-phase current of 20 amperes at 230 volts — 
required for the lighting and heating services, and o' 
75 amperes for the X-ray unit. In emergency, the 
lighting system can be supplied from a 24-volt battery, 
which can be charged from the vehicle dynamo or a 
battery charger. In order that the unit may be 
employed in areas where adequate supplies are not 
available, a trailer has been designed to carry a 20-kVA 
Diesel-alternator. 

The examination room is fitted with apparatus sup- 
plied by Messrs. Watson and Sons (Elsctromedical) > 
Limited, Parker-street, Kingsway, London, W.C.2. 
This consists of a transformer and rectifier giving full- 
wave rectification and outputs of 400 milliamperes at 
90 kV peak voltage, or of 200 milliamperes at 100 kV 

voltage, an X-ray tube column unit with a 
hlett “ Dynamox 25 ” shock-proof dual focus rotat- 
ing anode tube; and a screening and camera unit 
consisting of two columns, which support a fluorescent 
screen. A light-tight camera tunnel, in which a film 
numbering device and a 35-mm. camera are incor- 
porated, is attached to this unit. The camera is fitted 
with a f 1-5 “coated” lens of 5 cm. focal length, 
which was made by Messrs. Taylor, Taylor and Hobson, 
Limited, Stoughton-street Works, Leicester. A com- 
plete system of controls for the electrical circuits, 
for focusing the X-ray tube and for counting the film 
exposed is contained in a separate unit. Both the 
operator and the patient are protected by metal screens 
fitted with lead-glass observation windows, while a 
curtain fixed to a corrugated steel valance forms a 
protected corridor. This curtain is made of double 
sheets of a standard artificial resin of the polyvinyl- 
chloride group, which has been loaded with litharge. 
A glass weave fabric is sandwiched between the sheets 
to overcome the natural elasticity of the plastic 
material. The whole electrical installation is bonded 
to the plumbing system and connections to earth are 
made through copper-plated steel electrodes. The 
dark room is equip with developing and fixing 
tanks, as well as with electrically-heated processing 
tanks, a sink with a draining rack and hot- and cold- 
water facilities. 





THE DETECTION OF SMALL 
LEAKAGES IN POWER-STATION 
CONDENSERS. 


CuEmicaL analysis of the boiler water at the Earley 
generating station of the British Electricity Authority 
showed there was a persistent leakage of cooling water 
into the condensate from a 40-MW turbine. The 
normal method of filling the vapour space of the 
condenser with water and inspecting the tube plate, 
however, failed to reveal any leakage large enough 
to account for the amount of contamination discovered. 
It was therefore evident that there must be a large 
number of small leaks, the presence of which was 
masked by residual water on the plate and in the open- 
ings to the tubes. Ordinary dyestuff could not be used 
to colour the test water, as in order to be able to detect 
such minute leaks the concentration would have had 
to be so high that serious contamination would have 
been caused when the water from the condenser, 
amounting to 67} tons, was disc into the river. 

A more delicate method of detection had, therefore, 
to be devised and, after laboratory tests had been 
made by Mr. C. Wood, the station chemist, it was 
decided to dissolve a trace of fluorescine in the water 
with which the condenser was filled so as to give a 
concentration of about 10 per million; and to 
attempt to detect the. presence of this chemical on the 
tube tes by means of ultra-violet rays. This 
method seemed feasible, as even the smallest traces of 
fluorescine exhibit a brilliant green fluorescence when 
exposed to ultra-violet radiation. Then ia- 
tion was obtained from a 125-watt, 200/250-volt 
Mazda mercury-vapour discharge lamp with an ultra- 
violet filter bulb. The greater part of this radiation 
was of 3,650 A wavelength, and, while exciting fluores- 
cence, had no sunburning effect or therapeutic qualities. 
It could therefore be used with safety so long as the 
filter bulbs remained intact. The lamp was operated 
in series with an appropriate choke and was fitted 
with a metal shade and handle. It was connected to 
the mains through a three-pin bayonet-type lamp- 
holder, tumbler switch and plug, and a suitable length 
of vulcanised indiarubber cable. 

When the tube plate was inspected with an ordinary 
hand lamp no leak could be detected, but when the 
mercury-vapour lamp was used in semi-darkness, the 
mouth of each leaking ferrule, from the few which 
gave a tiny trickle or wept a single drop, to the majority 
which dripped very slowly, showed a brilliant green 
light. Other fluorescent material in the form of oil and 
river debris did not invalidate the test as the glow in 
these cases was a pale bluish white. 

Mr. Wood informs us that in this way it was possible 
to inspect 19,200 tube ends during a period of four hours, 
and to identify and mark 502 which were leaking. 
The detection by means of the fluorescine solution was, 
in fact, much easier than had been expected, and during 
a further test on a similar condenser a concentration 
of two parts per million was found to be so successful 
that a reduction to one million, or even less, 
is being contemplated for future work. This would 
mean that only 2 oz. of fluorescine would need to be 
added to the 674 tons of water required to fill a con- 
denser of this size. 





CATALOGUES. 


Trailer Concrete Mixers.—The 7 cub. ft. and 10 cub. ft. 
trailer mixers manufactured by them for wet or dry 
concrete, mortar, plaster and other materials are des- 
cribed in a pamphlet recently received from Messrs. 
Ransomes and Rapier, Limited, Ipswich. 


Electric-Welding Accessories.—We have received from 
Murex Welding Processes, Limited, Waltham Cross, 
Hertfordshire, a well-illustrated catalogue describing the 
welding accessories, such as electrode holders, screens and 
spectacles and protective clothing, made by them. 


Electric Cables.—Messrs. W. T. Henley’s Telegraph 
Works Company, Limited. 51, Hatton-garden, London, 
E.C.1, have sent us a brochure giving details of the 
various types of 33-kV mass-impregnated cables manu- 
factured by them, and illustrating joints and terminal 
ends for use with such cables. 


Spot-Welding Machine.—A brochure received from 
Messrs. Philips Electrical Company, Limited, Century 
House, Shaftesbury-avenue, London, W.C.2, deals with 
their single and repeat spot-welding machine (Type 
E1201). This has been designed for welding heavy 
gauge material up to thicknesses of ¥,-in. mild steel, or 
for withstanding high-duty cycles of operation. 

Capacitors for Motor-Starting and Radio Circuits.—A 
brochure, received from the Plessey Company, Limited, 
Ilford, Essex, describes a range of capacitors which have 
been designed for starting single-phase induction motors, 
or for other purposes involving the intermittent applica- 
tion of alternating current. A catalogue issued by the 
same firm deals with the latest designs of electrolytic 
capacitors for radio work. 





NOTES ON NEW BOOKS. 


Worked Examples in Electrical Engineering. By 
W. T. Pratt, B.Sc. (Eng.) (Lond.), A.M.I.E.B, 
Hutchinson’s Scientific and Technical Publications, 
Stratford-place, London, W.1. [Price 25s. net.] 


Tue author of this book, who is a senior assistant in 
electrical engineering at Southall Technical College, 
Middlesex, has brought together the worked-out 
solutions to nearly 200 questions selected from papers 
set for B.Sc. d , City and Guilds Final Certifj- 
cate, and the titution of Electrical Engineers 
examinations. Though, in general, only the numerical 
parts are answered, an introductory chapter is included 
to define various technical terms which themselves 
sometimes form of a problem. The book igs 
divided into two sections which are mainly concerned 
with heavy-current engineering, questions on electronics 
and radio being purposely exc uded. Circuit diagrams 
and drawings are given where necessary, and the 
solutions are set out clearly and in a manner suitable 
for examination purposes. An index is also given. The 
first section covers the design and performance of 
alternating- and direct-current equipment, such as 
motors, transformers, and mercury-arc rectifiers; 
a chapter in this section also pe questions on 
symbolic notation and circuit theory. The second 
part is concerned with problems of generation and trans- 
mission, and contains questions on the thermal efficiency 
of power stations, parallel operation of overhead lines, 
conductor sag, and dielectric stress in cables. Though 
a particular solution may be understood on reading, 
this is no guarantee that the reader would have been 
able to solve the question, but with this warning in 
mind, the book should prove helpful to all those 
studying for any of the above-mentioned examinations, 
It anale be recommended to college lecturers wishing 
to have a wide range of questions in compact form. 


Business Charts. By T.G. Ross, M.I.Mech.E. Fourth 
edition. Sir Isaac Pitman and Sons, Limited 
Parker-street, Kingsway, London, W.C.2. 
18s. net.] 


In reviewing the first edition of this manual, which 
appeared some 19 years ago, we commended it highly 
as an introduction to its subject. The favour that it 
has enjoyed since then, and the author’s status as a 
business consultant, make further commendation 
to those who are acquainted with either; 
but the various aspects of business efficiency are more 
widely studied now than they were at that time, and 
the newcomer to the study may be informed, therefore, 
that the book is a guide to the construction and use 
of the kind of charts applicable to the class of business 
that occupies at least three-fourths of the industrial 
roducers of this country. Other methods may 
needed for more elaborate types of commercial 
enterprise, but with these the book does not attempt 
to deal. Their proper compilation and interpretation 
often requires the highly special knowledge of the 
statistician and the actuary. The charts discussed 
in this book can be constructed and applied by any 
man of average intelligence; and Mr. Rose’s own 
experience in engineering production makes the book 
icularly suitable for study by intending entrants 
or Section C of the associate-membership examination 
of the Institution of Mechanical Engineers. 


Merchant Steamers and Motor-Ships. Part Il. 
Descriptive Catalogue. By H. P. Spratt, B.Sc. 
The Science Museum, South Kensington, 8.W.7; 
and H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 3s. 6d. net.] 


By degrees, the valuable series of handbooks to the 
exhibits in the Science Museum is being re-issued after 
the hiatus caused by the war; in many cases, with 
more or less extensive additions and modifications. 
In the present instance, the revision has been con- 
siderable, and embodies the fruits of much painstaking 
research by Mr. Spratt, especially on the early steam- 
ships. The introductions to the various sections have 
been rewritten and, to some extent, condensed ; but 
there is compensation in a new section, dealing with 
“‘ Experimental Ship Design” and in the considerable 
amount of new material in the section on “ Vessels for 
Special gage In one respect only, Mr. Spratt’s 
notes to the exhibits invite occasional criticism: 
some phrases are repeated until they almost qualify 
to be termed clichés (for example, “ to aid her consi- 
derable spread of sail,” which occurs several times 
with little or no variation, is not necessary to explain 
the presence of an auxiliary engine) and there are too 
many statements which, in fact, are only expressions 
of personal opinion, such as the references to “ this 
handsome steamer,” “ this fine vessel,” etc. Compilers 
of catalogues, we feel, should work on the principle 
that “‘ Beauty is in the eye of the beholder ” and confine 
themselves to a bare recital of facts; but this is 
@ very minor objection to what is, in fact, a reference 
book of great interest and historical value. 


[Price 
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TIDES AND CURRENT 
VELOCITIES IN A SEA- 
LEVEL CANAL. 


By J. LamMorn.* 


THE prediction, either by small-scale experiments 
or by mathematical methods, of the influence on 
tidal phenomena of civil engineering work in 
maritime waterways is receiving renewed attention 
in many quarters at present, in connection with 
schemes of world-wide importance, paramount 
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published in a paper by J. 8S. Meyers and 
E. A. Schultz,* who treated the problem by means of 
a small-scale model. 
the question, these American authors were chiefly 
concerned with current velocities. As far as could 
be ascertained, the agreement between their experi- 
mental results and the present investigation may be 
regarded as a fair one, considering the fact that, in 
order to keep to essentials, we simplified the actual 
situation and adopted a canal of rectangular cross- 
section, of constant width L = 180 metres and of 
length 1 = 72,000 metres (= 45 statute miles), 
extending between the two oceans. The units used 


97 
T = 12 hours 25 minutes = 44,700 seconds = 
period of tide. 
According to the nature of t=—time; ¢=0,T,2T... of H.W. at 
Atlantic end. 
2a 
n= T° 


eint = cos nt +i sin nt = complex time fac- 
tor, convenient when the motion is 

simple harmonic. 
C = Chézy resistance factor. According to 
Meyers and Schultz we take O = 

74 mt sec.—. 
The following partial differential equations are 
relevant to this tidal regime.* 
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as set forth in a recent paper by H. Holsters, whose 
method is based on earlier theoretical work by the 
late Professor J. Massaut of Ghent University, 
Belgium. 

The argument as given here differs slightly from 
that in Holsters’s original text and a definite example 
is directly dealt with, viz., the predetermination of 
the tidal regime in an unregulated sea-level Panama 
Canal ; that is, a canal simply connecting the Atlantic 
and Pacific Oceans without any provision for 
reducing the maximum current velocities. Stress is 
laid more on the method of treatment than on the 
Special case considered for the presentation of the 
theory. 

The following investigation is based on data 


* Hydraulic Laboratory, Belgian Ministry of Public 
Works. 

t H. Holsters: ‘Le calcul du mouvement non per- 
manent dans les riviéres par la méthode dite des lignes 
d’influence.” Revue Générale de l’Hydraulique, Paris, 
January to October, 1947. 

t J. Massau: “ Mémoire sur]’intégration graphique des 
équations aux dérivées partielles.”” Annales des Ingénieurs 
sortis des Ecoles de Gand, 1900. 











H = water depth below mean sea level, which 
is assumed to be common for Atlantic 
and Pacific. H is taken as constant, 
either for the whole canal or for each of 
the reaches into which it is divided. 

7 = (+ or —) tide elevation with respect to 
mean sea level. 

h = H + 7, water depth. 


Lh 
hydraulic radius. 


(L + 2h)’ 

x = abscissa measured along longitudinal 
axis of canal, the positive direction 
being from Atlantic to Pacific; x = 0 
at Atlantic end. 


c = V gh, Lagrangian velocity of wave pro- 
pagation. 
u = current velocity, positive if directed 
from Atlantic to Pacific. 
Umax. = maximum value of current velocity. 
Ucr and Ugq = current velocity at the Atlantic (Cristo- 
bal) and Pacific ends (Balboa), respec- 
tively. 
* J. S. Meyers and E. A. Schultz: “ Tidal Currents,” 
Proceedings, American Society of Civil Engineers, April, 
1948 (Panama Canal number), 





(use the upper sign before the friction term when 
u > 0). 
Continuity :— 


(2) 
n 


When 


transform into 


is sufficiently small, the equations 


2 
eG gos @ 


on ou 
When the friction ku is proportional to the current 
velocity, equation (3) becomes 
ou an 
at * "dx 


and, in the absence of friction, 


(4) 


+ku=0 (3’) 

(3) 

A rather detailed knowledge of the functions 
* H. Lamb, Hydrodynamics. 
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» (x, t) and wu (x, ¢) can be obtained by using the 
method developed by H. Holsters and applied by 
the author* to the simple case of water hammer, 
taking into account continuously distributed pipe 
flow loss. 

Reverting to equations (3”’) and (4) their complete 
solution is known to be (they are equivalent to the 
equation of vibration of strings, whereas (3’) and 
(4) are equivalent to the telegraph equation) :— 


n= F@-—ct+f@rt+ed. (5) 


S=F@-cb)-fSer+en. 


(6) 
where F and f are arbitrary functions and ¢c =V gH. 
The functions » and uw may be rep.esented 
graphically as surfaces, lengths proportional to 7 
and u being produced vertically upwards or down- 
wards from a horizontal plane (2, ¢). 
Adding and subtracting (5) and (6) we find 


7+ S=2F@-eb (7) 


n-Sm2f@ren (8) 


and infer that (» a “*) remains constant along any 
straight line 

x — ct = constant. (9) 
The same property holds for (> _ “*) along any 


straight line 


xz +ct = constant. (10) 


The lines (9) and (10) are the projections on the . 


(x, t) plane of “ characteristic lines ’+ of equations 


(3), (3’), (3’’) and (4). ; 
When a friction term an is introduced, the 


above-mentioned property vanishes, but it can 
be shown that the variations a(n + “*) and 


a(n -- “*), along (9) and (10), respectively, are 


cu . 
a(n +—) = 
(> ) 
u? |d z| 


cu 
a( - *)- CR’ 


for increasing values of t(dt>0; [da] = cdt, 
c being considered as positive. The upper signs 
correspond to u>0. In numerical applications 
errors of sign are avoided by keeping in mind that 
friction always tends to diminish |u|. 

By stations I,II, . . . V (See Fig. 1, page 97) we 
divide the length of the canal, J=72,000 m., into six 
consecutive reaches of length dx = 11,614m.; 
11,772 m.; 11,923 m.; 12,074 m.; 12,233m.; 


given by 
u? |d z| 


GR (11) 


(12) 


and 12,384 m. ; of depth H = 18-24m.; 18-73m.; 
19-22 m.; 19-72 m.; 20-23 m.; and 20-74 m.; 
corresponding to propagation velocities Vg H = 
13-38 m. per sec.; 13-56 m. per sec.; 13-73 m. 
per sec. ; 13-91 m. per sec. ; 14-09 m. persec.; and 
14-26 m. per sec. In this way allowance is made 
for the variation of H with x and we have the same 


dz 
Vv gH 
reach. 

The network of lines (9), (10), used for the 
computation is shown in Fig. 1. When passing 
from any strip, say (0 << z € 11,614; 0 Ct Cm), 
to the next one (11,614 < x < 22,386; 0 Ct Cm), 
the value of c changes slightly. In any strip the 
lines (9) and (10) remain parallel. 

Suppose now that, for a given instant, say 
t = 46,872 seconds (Fig. 1), we know the functions 
n (x,t) and u (zx, t) throughout the canal. We are 
then in a position’ to compute these functions for 
the time ¢ + dt = 46,872 + 868 = 47,740 seconds, 
the tide elevations 7 (0, ¢) and 7 (1,t) being given as 
boundary conditions, viz., at both canal ends :— 

Atlantic, x = 0 

Pacific, x = 1 = 72,000 m. 


time interval dt = = 868 seconds for every 


7 = 0°30 cos nt 
7 = 3-00 sin nt 





* J. Lamoen: “ Le coup de bélier d’Allievi, compte tenu 
des pertes de charge continues.” Bulletin du Centre 
d@’Etudes, de Recherches et d’Essais scientifiques des 
Constructions du Génie Civil et d’Hydraulique fluviale 
(C.E.R.E.S.) Tome II, 1947, Desoer, Lidge. 

t A general theory of these lines is given in Ch. J. 
De la Vallée Poussin, Cours d’ Analyse Infinitésimale. 


corresponding to tidal ranges of 0-60 m. and 
6-00 m. 

For t = 46,872 seconds we have the elements of 
Tables I and IT, and we use the latter table for the 
whole interval 46,872 < ¢ < 47,740. 

As the values of Table II change with the time 
interval, allowance is made to a certain extent for 
the variation of h with z and t. 

Concerning the velocities at time t = 47,740, it is 
necessary to make an assumption, as, for example, 
that of Table III. 

A reasonable approximation to the w-values 
(Table ITT) is obtained by extrapolating on a graph, 
on which it is advisable to transpose the results 
(m and u in function of time, for the various stations 
and canal ends) as they are found. In this way 
successive trials are avoided and the calculation 


= 0-94 m. per sec. and, from continuity, 
0°5 (18-73 + 19-22) + 0-36 


= 0-94. 
” (18-78 + 0-36) 





= 0-95 m. 
per sec, 


0-5 (18-73 19-22) 0-36 
¢ os = = 0-93 m. 


(19-22 + 0°36) 





Us = 0°94. 


Per see, 

Putting the value of u, in (14) we finally get 
7 = 0-51 m. and tide elevation and current velocity 
at the point D are determined. J 
To apply the foregoing method, we must first 
adopt » = f(x) and u = f(x) for ¢ = O and 
< x < 72,000. We may choose any assumption, 
but it is of course advisable to select a reasonable 
one. We started our computation for the Panama 
Canal scheme with values based on the Zuider Zee 
method. Now the method given previously 





TABLE I. 
(u, and wu, velocities on Atlantic and Pacific sides of stations, respectively.) 





Atlantic End. 





Station I. | Station IT. | Station ITI. | Station IV. | Station V. | Pacific End. 





| | 
jinm. .. e- . 
u in m. per sec, 

uy in m. per sec. 

uo in m. per sec. 


0-32 
1-23 
1-20 


0-29 } 
1-26 | 


0-36 | | 
1-10 | 
1-07 








Atlantic— 
Station I. 





18-54 
15-36 
1-372 1-393 


0-1380 | 0-1370 





| 





(Velocities for t = 


TABLE III. 


47,740 seconds.) 





|atantic End.| Station I. 


Station II. | Station III. | Station IV. | Station V. | Pacific End. 





05 
02 


uin m. per sec. - oe . | 
u, in m. per sec. a | : 
wu in m. per sec. ee a | . 


1 
1 





| | 
0-95 " 0- 
0-93 | . | 0- 


7 


0-12 
56 — 


0-37 
0-36 





gives the slight corrections that are to be made to 
the assumed velocities. 

When passing from ¢ to (¢ + d#) three problems 
must be solved :— 

I. Knowing the water level and velocity at 


point A (Fig. 1) compute the velocity at point B, 
where 7 = 0-27 m. At B we have 7» — = 


1-23 + —\ 


2 
= 1-06 m. 


7 — 1-372 u = — 1-37 + 0-1380 ( 
— 1-19 — 0-27 
— 1-372 


— 1-19, and uw 
per sec. 

II. Pass from Gto H. Similar to first problem, 
but function (» <*) is used. 
III. Pass from A and C to D. 
Along AD... += = + 1-393 u, = 


1-20 + 0-95\2 
+ 1-99 — 0-1370 ( 2 =) = +1-83 (13) 


Along CD...) —<"F = — 1-412 uy = 


— 0:91 + 0-1352 = —0-79. 


e . 2 
(° 95 *° *) (14) 


Subtracting (14) from (13) we have, approximately, 


(1-30341-412) “1 = “® ~ 1.9340-79; St 





yields results which gradually approximate to the 
exact solution, just as a tidal model does during the 
short transient interval between its starting and its 
functioning periodically. We had to pursue our 
calculations for a period equal to 1} tides to find the 
second tide covering the first one, which means that 
the results had reached the exact solution after half 
a tide. This solution is shown in Fig. 2, page 97. 

Further refinement serves no useful purpose, 
since the discrepancies between the computed and 
the actual values are of the same order of magni- 
tude as in the case of steady flow, when comparing 
calculated back-water curves with observed ones. 
The important point is a correct evaluation of the 
friction term. 

This method yields immediately time-position 
diagrams for 7 and u. There would be no difficulty 
in allowing for a difference in mean sea level between 
Atlantic and Pacific. In fact the method is not 
even restricted to periodical phenomena, where 7 
and wu are functions of the type const + const x 
cos n(t + €,) + const x cos 2n (¢+ «,) + ..- 
It applies equally well to transient flows, as, for 
instance, the propagation of floods. 


u 

— are no longer small, 

9 

mathematical rigour would require that equations 
d a 
sau t Vor (16) and (16) 


be substituted for (9) and (10). The lines (15) or (16) 


When the ratios 4 and 
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arc no longer parallel in a given strip (x to x+ dz; 
0 <t<), and the friction term in equations (11), 
f= 
(12) is of the form fates 108. 
In the case of the tidal Scheldt, however, the 
ratio : is quite important and integration along (9) 


and (10) still continues to give good results. The 
author is confident that for many problems the 
method will also prove an accurate and convenient 
procedure. It is not possible, in a short article, 
to do full justice to its possibilities, and in order to 
appreciate its versatility the reader is referred to 
the original publication.* 

It is always easy, at any stage of the computation, 
to examine to what extent the results agree with the 
complete equations (1) and (2) and to ascertain the 
relative importance of the different terms involved. 

It should be borne in mind, however, that, in some 
special cases, Holsters’s method may fail, as, for 
instance, in the case of a bore, when the use of a 
network of straight lines (9) and (10) is inadmissible. 
The point is of importance in such circumstances, 
in order to ensure that the projections of the charac- 
teristic lines on the (z, ¢) plane give an envelope 
locus. 

The method of the Zuider Zee Committee, due to 
H. A. Lorentz}, affords a rapid means of estimating 
the maximum velocity to be expected in the case of 
an unregulated sea-level canal. 

The method resembles that of W. B. Parsons for 
Cape Cod Canal, based on Airy’s theory, since both 
start from equations (3’) and (4), for which the simple 
harmonic solution of period T is 


N= a@e-e? + a’ err , (17) 


u- = (aenox — a’ coz). (18) 
where the time factor eint is omitted and the 
symbols a and a’ are complex integration constants. 
The symbol a is defined by 


ae 
n (sta 5 + tos 5 


:) 





c= a (19) 
V/ gH cos 8 
ms" (20) 
n 
with 
8 9 Umax. 
°-"s ee - 


Formula (21) is one of the main features of the 
Zuider Zee method. The real friction term is 
approximately proportional to u*, but, in order to 
deal with linear equations, a term proportional to u 
is substituted. Now the resistance coefficient k, 
taken over the duration of a whole tide, is such that 
the term k u has much the same effect as the term 

3 

+ aa with R put equal to H; wmax. is the maxi- 
mum velocity occurring in the canal. If wmax. 
or the crogs-sectional area varies considerably with 
z, it is necessary to subdivide the length of the 
canal into reaches and proceed as before. As the 
aim was to find only a rough approximaticn, we 
assumed témax. = 0-5 (ucr. max. + UBa. max.) through- 
out the entire length of the canal, the justification 
being found in the circumstance that wor. max. and 
UBa. max. Were Of the same order of magnitude and 
the phase difference between ucr, and wpa, was small. 
In this case we adopted C = 74 and H = 19-50 m. 
for 0<2<l. The boundary conditions have 
been given previously. 

Guided by two preliminary trials we assumed 
Umax, = 1-94m. per second (1 knot = 0-514 m. per 
second). The final result is 

Up = +1-TT cosnt —1-35sinnt... 
Ucr, max. = 2°22 m. per sec. 
Up,. = + 0-95 cosné —1-3lsinnt... 
“pa. max. ™ 1°62 m. per sec. 
and 
Umax, = 0°5 (2-22 + 1-62) = 1-92 m. per sec. 
which closely with the figure initially adopted 
for that velocity. The maximum velocities at the 





* H. Holsters, loc. cit. 

+ J. Massau, loc. cit. 

t Verslag Staatscommissie Zuiderzee. Algemene 
Landsdrukkerij. The Hague, 1926. 


extremities compare reasonably with the data of 
Meyers and Schultz. 

The method of the Zuider Zee Committee is an 
approximate procedure. In it the assumption is 
made that, at any station, 7 and wu are simple- 
harmonic functions of time, and that the values 
computed for wor, max. 2nd wBa. max. apply to either 
direction of flow. 

As the Zuider Zee method requires little effort for 
computation, it was thought worth while to repeat 
the calculation for C = 30, 100 and 50, the latter 
being an appropriate value for many natural water 
courses. The results are shown in Fig. 3, page 97, 
from which some idea may be gained of how wer. max. 
and pa, max. vary a8 functions of Chézy’s resistance 
factor. The diagram indicates the important effect 
of friction in the present case. In uniform flow, for 
a given slope, the curves of Fig. 3 would reduce to a 
straight line passing through the origin of the 
di 


agram. 

The inference that high friction would be a favour- 
able factor in an unregulated sea-level canal calls 
to mind the results obtained by the late G. Denil*, 
with extremely rough fish- It is not, 
however, the intention to assert, without further 
inquiry, that this point is of any practical value for 
the special question treated here and selected to 
exemplify Holsters’s procedure. 

Any important technical problem involving tidal 
phenomena should be submitted to both experi- 
mental and analytical treatment. When the results 
of the two lines of approach agree, they may be 
regarded as reasonably accurate. 
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Physical Aspects of Colour: An Introduction to the 
Scientific Study of Colour Stimuli and Colour Sensations. 
By Dr. P. J. Bouma. Published by Philips Technical 
Library, and distributed by Cleaver-Hume Press, 
Limited, 42a, South Audley-street, London, W.1. 
[Price 308.] 

Tuts is the first volume of the Philips Technical 
Library to be published in English. The Dutch 
edition appeared in November, 1946, and, owing to 
Dr. Bouma’s untimely death in January, 1947, 
at the age of 38, his colleague, Dr. W. de Groot, 
has supervised the work of translation and has made 
a few additions to the original text. Colour is a 
matter of universal concern and raises problems 
pertaining to the provinces of physics, physiology 
and psychology. That the fundamental contri- 
butors to the subject have been men of wide and 
diverse interests is shown by the appearance of such 
outstanding names as those of Newton, Goethe, 
Young, Grassmann, Maxwell and Helmholtz in the 
chapter on the historical development of colour 
science. It is doubtful, however, whether Newton 
“devoted himself in the beginning to theological 
studies,” as is stated on page 208. The evidence 
rather is that they occupied his attention after his 
main scientific work was finished. 

Coiour perception depends upon three factors, 
namely, the luminous source which emits radiation 
having a definite spectral distribution, the object 
illuminated which reflects certain of these spectral 
constituents while absorbing others, and the eye, 
the stimulus to which depends upon the nature of the 


sition, the reverse is not necessarily true. 


three in colour vision is well brought out. 
experimental procedure for the quantitative investi 


radiation it receives. These are discussed in broad 
outline in the introductory chapter, where it is also 
pointed out that, though a difference in colour 
exhibited by a pair of objects viewed simultaneously 
invariably implies a difference in spectral compo- 
Colour 
variations can be brought about in three ways, by a 
modification of hue, saturation, or apparent bright- 
ness. The number of distinct colour sensations is 
very much smaller than the number of possible spec- 
tral distributions and experiment shows that any 
given colour sensation can be matched by the addi- 
tive mixing of three selected spectral (primary) 
colours in appropriate proportions. The physio- 
logical significance of the recurrence of the number 
The 


gation of colour consists in viewing simultaneously 


two coloured light spots, preferably in the shape of 
two continuous semi-circles. Leaving one unchanged, 
the observer alters the spectral composition of the 
other until the two halves become indistinguishable 
and the line of demarcation between them disappears. 
Low illumination levels must be avoided to secure 
cone and, preferably, foveal vision. 

In Chapter IT, the concept of brightness is more 
fully analysed and, in the following chapter, the 
possibility of representing colour sensations of the 
same chromaticity, but of different brightness, by 
a single point on a plane diagram (the so-called 
“colour triangle’) is explored. The more com- 
plete representation of colours in space based on 
Grassmann’s laws, from which the X YZ co- 
ordinate system of the Commission Internationale 
de l’Eclairage has been developed, occupies Chapters 
IV and V; while colour calculations in this system 
are fully explained in Chapter VI and are extended 
to examples involving special light sources and 
colours in Chapter VII. The technique of colour 
measurement is described in Chapters VIII and IX, 
the former being devoted to objective, or physical, 
colorimetry (including spectrophotometry and the 
photo-electric tricolorimeter), and the latter to 
subjective, or visual, colorimetry, with details of 
prisms used in trichromatic colorimeters and 
methods for obtaining additive mixtures of primary 
colours. The features characterising the various 
types of defective colour vision are fully dealt with 
and a more extensive account than usual is given 
of their hereditary nature. Data concerning the 
minimum variations in hue and brightness percep- 
tible by the normal eye are contained in the discus- 
sion on discrimination which is followed by a more 
detailed study of the character of colour sensation. 
The results of the scientific classification and 
measurement of colour provide the only sure guide 
in developing new light sources for illuminating and 
signalling and in the selection of colours 
in the textile and colour-printing industries. These 
technological applications are surveyed in the 
concluding chapter, which might well have been 
longer in view of Dr. Bouma’s own extensive contri- 
butions to this aspect of the subject. A set of 
numerical tables for the calculation of colours, a 
list of symbols employed, and an extensive list of 
references to the literature of colour appear as 
appendixes. 

On the whole, the English reads well, apart from 
a few expressions such as “‘ a force exercised on O,” 
“a snare in the argument,” “deviate fairly 
strongly,” and ‘‘ material of very devious origins.” 
A few misprints, in addition to those contained in 
the errata slip, were noted, but none is of moment. 
This clear and connected account of the origin and 
measurement of colours, based on experimentally 
established facts and avoiding purely speculative 
theories, should be read with interest and profit by 
students of physics, illuminating engineers, and 
those concerned in the manufacture and use of 
coloured materials. 


Science in Liberated Europe. By J. G. CROWTHER. The 
Pilot Press, Limited, 45, Great Russell-street, London, 
W.C.1. [Price 18s. net.] 

In 1946, Mr. Crowther paid visits to France, Den- 
mark, Holland and Czechoslovakia, to ascertain 
‘‘how the occupation affected science in countries 
now liberated, how the scientists reacted to it, how 
it has influenced their ideas of the place of science in 
life, and what plans have been made for the develop- 
ment of science in these countries.”” This book is, 
apparently, in the main, a reproduction of the notes 
made during the visits. A large amount of informa- 
tion was evidently collected, and descriptions are 
given of the more important research and educa- 
tional institutions and of the work being done. In 
some cases, notably in that of the detailed descrip- 
tion of the damming and draining of the Zuider Zee, 
the book appears to stray a little beyond the limits of 
its specific field. In the case of Czechoslovakia, 
it may be doubted whether the information given 
about Prague University, the Czech Academy of 
Sciences and other establishments, and particularly 
about the work of individual members of the staffs, 











Committee on Fish Passes. London, 1942. 


* Cf. Institution of Civil Engineers, Report of the 


is now accurate. This is Mr. Crowther’s misfortune, 
not his fault. The Communist coup d’état took place 
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on February 25, 1948, and may well have modified 
radically both the data and conclusions set out. 

It is stated above, that the book appears to be a 
reproduction of notes made during the visits. That 
remark was made deliberately. A patient reader 
may extract much information from the book about 
the constitution, finances and work of a large number 
of scientific organisations, but his task is not simpli- 
fied by Mr. Crowther’s practice of reproducing 
apparently every bit of detail information which 
he collected, instead of reducing his material to 
broad over-all accounts of intentions and achieve- 
ments. In course of the description of the Physical 
Research Laboratory at the Sorbonne, the names of 
14 members of the staff are mentioned. Among 
these “‘ Mlle. Coquenpot has started research on 
viscosity of oils,’ and M. Robert Lennuier “is 
married and has two children.” This last item of 
information is paralleled in the inorganic sphere: 
the office of the Centre National de la Recherche 
Scientifique in Paris is “‘ comfortably furnished in 


If Mr. Crowther had jettisoned a large proportion 
of the casual facts which he collected, he might have 
produced a more useful and readable book. His 
compilation contains a large amount of information, 
much of which is probably not available elsewhere 
inthe English language, but the presentation is 
discouraging to the reader. It almost appears as 
if the book were constructed by dictating to a typist 
the notes made on the visits. This might explain 
repetitions and inconsistencies. On page 51, Paul 
Langevin is “‘now . . . president of the Ministerial 
Commission on the Reform of Education in France,” 
but on page 47, “his recent death is deeply 
mourned.” The suggestion that this book was 
dictated from notes and that the typescript received 
little or no after attention is supported by the 
remarkable ideas about the purpose and nature of 
the paragraphs in English composition. Two 
examples may suffice. ‘‘ Much therefore will depend 
on re-organisation of existing institutions.” ‘* He 
is now High Commissioner for Atomic Energy.” 
It looks as though the typist wrote these items of 
information down in this form and in this form they 
remained. ee 
Interpre’ive History of Flight. 

F.R.Ae.S. Second edition. 

York House, Kingsway, 

8s. 6d. net.] 

Tuts illustrated historical survey, by the Keeper of 
the National Aeronautical Collection at the Science 
Museum, of the origins and development of aero- 
nautical science was first published in 1937. The 
second edition follows closely the lines of the 1937 
edition, with the addition of a chapter on the use 
and implications of aircraft in the second World 
War, together with minor revisions of the 1937 
text intended to bring the work up to date. The 
survey is divided into three sections: Part I covers 
flight in Nature, mythological accounts of human 
flight in ancient literature, and primitive aero- 
nautical devices. Part II deals with the history of 
flight by man from very early times up to the end 
of the first World War, and includes in some detail 
the development of the free balloon (1783-1800) 
and of the dirigible balloon and airship (1783-1919), 
as well as the development of heavier-than-air 
machines through the stages of theoretical formula- 
tion and experiments on power-driven models (1800- 
1890), full-scale piloted gliding tests (1890-1903), 
the early development of the piloted aeroplane 
(1903-1912), and aeroplane development in war and 
peace (1912-1919). Part III is concerned with the 
inauguration of air transport (1919-1929), and its 
evolution, aircraft in the second World War (con- 
cerned more with their strategic use and the resulting 
sociological effects than with technical developments, 
other than a brief reference to jet propulsion and 
radar), and a chapter on the social and economical 
significance of flight, both in its military aspects and 
in its peace-time potentialities. Those parts of the 
survey dealing with past aviation history have been 
been compiled with much care and form a valuable 
historical reference work ; Part III, however, is less 
successful in presenting a picture of the trend of 
aircraft development to-day ; on page 162 a para- 
graph on future progress is word-for-word as in the 
1937 edition, with the addition of the remark that 


By M. J. B. Davy, 
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London, W.C.2. [Price 





“the recent development of the gas turbine . 
would seem to offer remarkable possibilities.” 

Recent aerodynamic advances, such as laminar- 
flow wings, and the possibilities of boundary-layer 
control, are ignored. The development of the gas 
turbine and of jet propulsion is only briefly referred 
to, but the fact that jet propulsion has given tremen- 
dous impetus to the pursuit of sonic and supersonic 
speeds and that this is profoundly influencing 
aerodynamic design, and is propounding new prob- 
lems in aircraft operation, has been left unnoticed. 
Other notable omissions include, rather oddly, the 
universal adoption of trailing-edge flaps on aircraft 
with high wing-loadings, the development of the 
automatic pilot, the development of pressure 
cabins; and no credit is given to the Gloster 
Meteor for being the first piloted jet aircraft to fly 
operationally. The 1937 edition was illustrated 
by 31 half-tone plates ; two more plates have been 
added to the present edition, illustrating the Spitfire 
XII and the Boeing Fortress, both photographs 
being dated 1943. It seems a pity that the oppor- 
tunity has not been taken to include some aircraft 
of more recent types. 


Tables of the Bessel Functions of the First Kind of Orders 
Forty through Fifty-one. By the Staff of the Computa- 
tion Laboratory of Harvard University. Harvard 
University Press, Cambridge 38, Massachusetts, 
U.S.A. [Price 10 dols.}; and Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 55s. net.] 

Tus, the ninth volume in the set of tables of the 
Bessel Functions of the First Kind and the eleventh 
of the Annals of the Computation Laboratery of 
Harvard University, extends the tabulation as far 
as Order 51. The computation has been carried 
out on the automatic sequence-controlled calcu- 
lator. The control tapes for this, as for the two 
previous volumes, were designed by John A. Harr, 
who likewise supervised the operation of the 
machine and prepared the sheets for the press. 
The same general layout of the pages has been 
followed, values of three of the functions to ten 
decimal places appearing on each; the argument 
extending to 99-99 for each function, with an 
interval of tabulation of 0-01 except at the outset, 
where the functions increase so slowly that values 
of the argument are given at irregular intervals, 
corresponding to values of the function increasing 
by a single unit in the final decimal place. 

The functions of orders 40, 41 and 42 are tabulated 
on pages 3 to 162 with J,(x) starting from 
x = 18-37, J,, (x) starting from + = 19-11 and 
J42 (x) starting from x = 19-85. The functions of 
orders 43, 44 and 45 are tabulated on pages 165 to 
320 with J,; (x) starting from z = 20-60, Jy, (x) 
starting from + = 21-35, and J,, (x) starting from 
x = 22-11. The functions of orders 46, 47, and 48 
are tabulated on pages 322 to 472, with Jy, (zx) 
starting from xz = 22-87, J4,(x) starting from 
x = 23-64, and J,, (x) starting from + = 24-41. 
The functions of orders 49, 50, and 51 are tabulated 
on pages 475 to 620, with J, (x) starting from 
x = 25-18, Js (x) starting from z 25-96, and 
Js; (xz) starting from x = 26-74. 

The same high standard of presentation has been 
maintained. The completion of tbe contract 
between the Bureau of Ordnance and Harvard 
University will require four more volumes which, 
at the present rate of progress, are likely to be 
ready within twelve months. 

One major advantage of these tables is the small- 
ness of the interval of tabulation, which enables 
interpolation to be dispensed with for most practical 
purposes. This, together with the number of 
figures given, their complete reliability and extensive 
range, renders these tables the definitive source of 
reference for the pure mathematician and for all 
who require Bessel Functions for the solution of 
scientific and engineering problems. 





REMOVAL OF NATIONAL AERONAUTICAL COLLECTION.— 
On Monday, July 25, the National Aeronautical Collection 
in the Science Museum was closed to the public. The 
Collection has been removed in order that the unfinished 
wing of the Museum may be completed for the Festival 
of Britain in 1951. Later, it is hoped to display the 
Collection in another building near by. 


THE FOURTH 
INTERNATIONAL GAS 
CONFERENCE. 


(Concluded from page 77.) 


Tue first of the two papers presented in Mecting 
Hall B at the morning session on June 17 was by 
Mr. P. Fleurquin, President of the Comité de 
Coordination Gaz-Electricité 4 Electricité de France, 
the subject being ‘‘ The Establishment of a Rational 
System of Gas Charges.” Premising that the selling 
price of a commodity should not be less than its 
cost, and could not be more than the selling prive of 
its competitors (a thesis, however, which ignores the 
question of relative amenity values), Mr. Fleurquin 
said that the price of gas for cooking was usually 
slightly higher than the average cost, to allow for 
the fact that reduced tariffs lowered the average 
selling price below the maximum. These reduced 
tariffs were usually calculated so that gas could 
compete with other forms of fuel or energy. He 
proceeded to show that it was possible to calculate 
the cost of gas for each kind of use by separating 
the component expenses under the four heads of 
those proportional to the number of consumers, and 
to the cubic feet produced, and those which depended 
upon the peak of production and upon the peak of 
distribution. The cost could then be calculated 
from a knowledge of the relative bearing of these 
four factors. Thus a rational system of charges 
could be built up, such that the selling price was 
never below the cost price ; and, if similar systems 
of charges were built up for the competing forms of 
energy, the customer would select the form that 
was most economical for the community, for each 
form of use. 

The second paper, jointly contributed by Mr. H. D. 
Greenwood, M.Sc., Assistant Director of Carbonisa- 
tion, National Coal Board, and Mr. W. R. Branson, 
M.Sc., was presented by Mr. Greenwood and dis- 
cussed ‘‘ Present and Future Problems in Coke-Oven 
Gas Supply in Western Germany,” where he had 
been formerly the Director of Public Utilities, and 
Mr. Branson, Assistant Director. At the end of 
the war, the authors stated, the Ruhr gas grid was 
almost entirely out of action; but since then the 
production of coke-oven gas had increased steadily 
until, in 1948, the total produced reached 8,100 
million cub. m., or 60 per cent. of the maximum 
reached in 1942. Future German coke and gas 
production was being planned in relation to the 
European recovery programme and it was estimated 
that, by 1952, the carbonising capacity would be 
about 125,000 tons of coal a day. When the 
expected coke requirements were met, the total 
coke-oven gas available would be 7,409 million 
cub. m. per annum in 1952-3, of which 7,100 million 
cub. m. would be needed for town supply and 
industrial purposes. The problem of distributing 
this large quantity of gas was a complex one, bearing 
in mind the fluctuations, seasonally and at week- 
ends, in the demand, the steady level of supply 
from ovens making steelworks coke, and the fact 
that, if contracts are made for the supply of gas to 
towns and to industry, production must be main- 
tained even in periods of small steel production. 
In planning a coke-oven gas grid, therefore, sufficient 
gas producers must be provided to keep up the gas 
output while decreasing coke production. During 
each working day, the demand reached its peak 
between 8 a.m. and noon, falling to a minimum 
after midnight. The weekly cycle varied greatly 
between summer and winter; in summer, there 
was a small daily surplus, rendering Sunday storage 
unnecessary, but in winter there would probably 
be a daily deficiency, and gas stored on Sundays 
could be sold during the following week. Formerly, 
the winter load was met by means of underfiring 
compound ovens with producer gas, and by restric- 
tion of consumption, these restrictions usually falling 
on the large industrial consumers. The estimated 
capacity of producer-gas generators available in 
1952-53 would be about 3-5 million cub. m. a day, 
but in winter this would leave little margin to meet 
peak demands. At other periods of the year, 
there would be a surplus of coke-oven gas, which 
| could be used only as fuel at the mines and ovens ; 
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there appeared, therefore, to be a need for new 


outlets for gas which would not increase the winter 
demand. Alternatively, additional storage might 
be provided, either in gasholders at the coke-oven 
plants, in holders at consumers’ premises or at 
strategic points in the grid system, or in the pipe- 
lines. An attractive possibility was to store gas 
in one of the longer pipelines, preferably one with 
few coke-ovens feeding’ into it and a minimum 
number of consumers drawing gas from it. 

At the concluding general session, held in Meeting 
Hall A, on the afternoon of June 17, two papers were 
presented, the first of which dealt with ‘‘ Professional 
Training in the French Gas Industry,” and was 
introduced by Mr. F. Prégermain, President of the 
Association Technique de |’Industrie du Gaz en 
France.” Aserious effort had been made in France, 
said Mr. Prégermain, to provide for the professional 
training of employees in the gas industry. Several 
of the large companies had old-established courses 
of training, particularly for the junior grades, includ- 
ing technicians, and after the nationalisation of the 
industry these courses had continued in operation, 
to the satisfaction of those concerned. They had 
been supplemented, on a national level, by the 
various training organisations set up by the Associa- 
tion Technique de l’Industrie du Gaz en France—for 
example, the Centre for Higher Gas Studies, courses 
for junior grades, and commercial courses for the 
representatives who made direct contact with con- 
sumers—and the scheme was completed by the 
institution of a Centre for Apprentices, at Versailles, 
and by Promotion Courses, both technical and 
administrative. Thus the present organisation 
covered all grades, from apprentice to engineer. 

The final paper was complementary to the one 
above mentioned and dealt with ‘* Technical Educa- 
tion for the Gas Industry in Great Britain.” It was 
prepared and presented by Dr. P. C. L. Thorne, 
H.M. Inspector (Staff Inspector for Chemistry) in 
the Ministry of Education, who pointed out that 
the methods of technical education in Great Britain 
had grown as a matter of historical development 
and differed in many respects from those obtaining 
elsewhere. Evening lectures and classes were 
traditional, being an outcome of the mechanics’ 
institutes which followed the Industrial Revolution, 
and their systematic development dated from the 
Great Exhibition of 1851. They had obvious 
drawbacks, but offered the advantage that theoreti- 
cal studies proceeded concurrently with practical 
experience. Some of their most serious disadvan- 
tages had been increasingly avoided since 1938 
by the development of part-time day study, and 
the so-called ‘“‘sandwich system” of alternate 
periods, up to six months duration, in college and 
works. Grouped-course systems, and especially 
the National Certificate courses, prevented the 
instruction from becoming too fragmentary. The 
wide distribution of technical colleges favoured the 
provision of suitable education for gas engineers ; 
and the education scheme, introduced in 1923 by the 
Institution of Gas Engineers, regularised the instruc- 
tion and certification of all grades, from fitters to 
chartered gas engineers. A recent revision of the 
scheme had raised the educational standard required 
for all stages and had brought the requirements for 
associate-membership of the Institution more closely 
into line with those of other engineering institutions. 
The courses for gas fitters and salesmen also had 
been improved and broadened. 

The presentation and discussion of Dr. Thorne’s 
paper concluded the technical sessions of the Confer- 
ence, and, after the formal! closing business had been 
accomplished, the delegates and their ladies were 
able to devote the remainder of their time to social 
occasions. During the afternoon of June 17, the 
ladies visited the Royal Botanic Gardens at Kew, 
and, in the evening, there was a visit to the 
Royal Opera House, Covent Garden (as previously 
mentioned) and, as an alternative, a private display 
of films relating to the gas industry and other sub- 
jects. On Saturday, June 18, whole-day visits 
were made to Cambridge and its colleges, and to 
Hampton Court Palace and Windsor Castle ; and, 
for those who wished to explore England and Wales 
more extensively, week-end excursions were provided 
to Stratford-on-Avon and the Cotswold Hil!s, and to 
North Wales and ‘‘ Snowdonia.” 








EXPERIENCES WITH ETHYL 
SILICATE IN THE FOUNDRY.* 
By D. F. B. Trepps. 


During the past eight to ten years the organic 
silicate materials have received much prominence as 
being materials suitable for bonding a bodies 
together, and this paper describes the usefulness of 
one of them—ethy] silicate. The earliest application 
of the silicon esters, of which ethy] silicate is one, was 
for the preservation of artistic and architectural 
stonework. Later it was used for bonding together 
refractory bodies in the form of a paint; then, just 
before the second World War, it was used for making 
refractory shapes and moulds. The reason it finds 
its usefulness in these applications is that, after certain 
chemical reactions have taken place, silica is deposited, 
the liquid turns to a jelly-like mass, and sets hard in 
a comparatively short time. 

Ethyl silicate is made by first passing chlorine over 
heated metallic silicon to produce a yellow fuming 
liquid called silicon tetrachloride. This is then 
treated with industrial methylated spirits (ethyl 
alcohol) to form the silicon-ester or ethyl-silicate, 
according to the chemical equation ;— 

SiCl, + 4C,H,OH = 4HCI + Si(OC,H;), 

Silicon Ethyl Hydrochloric Tetra ethoxy 

tetrachloride. alcohol. acid. silicaine 
(ethy] silicate) 

In order to obtain a binder or jelly-like mass, the 
ethyl-silicate must be hydrolised, thus :— 

Si(C,H,), + 4H,0 = Si(OH), + 4C,H,OH 


Ethyl Water. Silicie Alcohol. 
silicate. acid. Ethyl 
SiO, 


The hydrolysis of ethyl silicate in a neutral solution 
is rather slow. In the presence of alkaline materials 
the reaction proceeds very rapidly, forming a gelatinous 
precipitate. In the presence of mineral acids the 
hvdrolysis is less rapid and more easily controlled. 
Full use is made of these phenomena during various 
stages of the process outlined in this paper. For 
example, it is common practice to acidify with hydro- 
chloric acid the water used in the initial stage of the 
hydrolysis, and then to obtain the silica in a gelatinous 
form by neutralising the acid with magnesium oxide 
mixed with the refractory material. 

Care must be taken at all stages of the technique, as 
too much acid will reduce the “ shelf life,” since the 
higher the concentration of acid employed, the shorter 
will be the time required for hydrolysis. Also, the 
magnesium or alkali content in the re ry must be 
carefully controlled, so that it will neutralise the acid 
and produce gelation in the correct time period. There 
are usually three stages in the procedure for hydro- 
lysing the silicon ester:—(l) initial hydrolysis, 
(2) dilution, and (3) cooling; and the final result can 
be :—(a) a water solution, or (b) a spirit solution. 
Details of the composition of the solutions used at 
various stages of the different techniques, described 
later, are given in the appendix. The solutions 
described are those used for all work in this paper, and 
are offered as typical examples, since it is known that 
varying ratios of ethyl silicate tq alcohol and water 
and other methods of hydrolysis would probably work 
equally well. 

Ethyl silicate found great prominence with the 
advent of precision investment casting during the early 
1930’s. It was soon realised that here was a material 
capable of bonding suitable refractory aggregates into 
which steel and the high melting-point metals might 
be cast. Much has been written about this process 


and, therefore, it is not proposed to go into great detail 
with the technique as a whole, but to give a brief 
outline with particular emphasis on the moulding 
technique and moulding treatment. 

After receipt of the master pattern of the component 
to be cast, a soft-metal die is produced into which 
molten wax is injected under pressure. An alternative 
to this process is the production of a conventional 
machined die in which the wax patterns aremade. The 
wax models or patterns are then assembled into casting 
formation on to a common runner, and given a primary 
refractory coating by spraying or dipping. When this 
has dried, the complete assembly is attached to a base- 
plate, and the moulding box is slipped over the top 
(and also attached to the plate) ready to receive the 
investment or moulding material. 

The refractory is best compounded from materials 
having no free silica (owing to the risk of silicosis), 
such as the aluminium silicates, the most well known 
being sillimanite. This can be obtained in various 
grades which can be mixed to give coarse, open, friable 
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during recent years and this must be familiar to all| po 





mixtures, or very dense, close, hard mixtures. What- 
ever mixture be used, a certain percentage of an alkali 
is added to act as an accelerator, as explained earlier. 
A recommended mixture, and one that has been found 
quite suitable for the production of precision castings 
cast under pressure, is as follows :—80 lb. of medium 
grade sillimanite 20 lb. of fine-grade sillimanite, and 
4 oz. of magnesium oxide. 

To each 1 Ib. of the above sand is added 200 ml. of 
spirit solution “B” (see Appendix). This mixture, 
when thoroughly mixed, is in the form of a sludge or 
slurry, and is poured into the moulding flask, where it 
flows quietly around the wax assembly. It is then con- 
solidated around the assembly by vibrating the whole on 
a mechanical, pneumatic or electrical vibrator for one to 
two hours, depending upon the diameter and the height 
of mould desired. The excess bonding solution rises 
to the top of the mould and is poured off and used 
again and, later, the moulding plate is stripped from 
the box and mould. About one hour after vibration, a 
considerable hardening will have taken place, parallel 
with the production of silicic acid in the mould as the 
hydrolysis becomes complete. 

Should the moulding technique be incorrectly con- 
ducted, certain defects may manifest themselves 
within the mould. The most prevalent defect is 
undoubtedly the occurrence of mould cracks which 
produce flash or fissures on the resultant castings, 
subsequently to be removed by fettling: These cracks 


can be produced or accentuated by :—(1) incorrect 
grading of the sand aggregates. Too high a percentage 


of fines (passing 200 mesh) causes excessive shri 

to occur when the mould is dried and fired. (2) In- 
sufficient amplitude on the vibrating table. A vibrat- 
ing table which has insufficient amplitude will not 
settle or pack the sand particles sufficiently. The 
mould then contains an excess of bonding solution 
which, after the hydrolysis is complete, shrinks exces- 
sively on drying, setting up stresses and so producing 
cracks. (3) Excessive amount of alkali present in the 
sand mixture. Should an excessive amount of alkali 
be present in the sand mixture, then the “ setting 
time’ is advanced, causing gelation of the silicic acid 
to occur before the packing or consolidation of the 
refractory grains around the wax pattern is complete. 
This means that the mould has hardened with an 
excess of solution present, and should vibrating be 
continued, ruptures will occur throughout the mass. 

If the primary coating on the wax assembly is not 
allowed to air-dry sufficiently, poor chemical adhesion 
is obtained between the main body of the mould and 
the primary coating. Upon heating the mould, the 
primary coating cracks and flakes away, the resultant 
casting having a scabby surface. 

After sufficient time has elapsed, the moulds are 
placed in a forced-circulation air-oven, the temperature 
of which is controlled to + 5 deg. C., and held for 
6 hrs. at 45 deg. C., followed by 6 hrs. at 140 to 
150 deg. C. The initial low-temperature period 
hardens the moulds and drives off a certain amount of 
alcohol, while the high temperature melts out the wax 
pattern and dries and hardens the mould still further. 
The moulds are then transferred to the high- 
temperature furnace. This is usually a tunnel-type 
furnace with a progressively increasing temperature 
from the charging door to the high-temperature zone. 
On entering the furnace, the moulds are gradually 
traversed along, the residual wax and alcohol which 
remain in the mould burning out as they reach a 
temperature of 1000 deg. C. The moulds are then 
ready to receive the molten metal. 

The metal is melted in an electric furnace of the 
indirect-are type, fitted with an arrangement for air 
pressure to be introduced at 5 to 15 Ib. persq.in. As 
soon as the metal is at the correct temperature for 
uring, an asbestos gasket is placed round the tap- 
hole of the furnace and the mould is removed from the 
high-temperature oven to be clamped thereto. The 
furnace is turned through 180 deg. and the metal is 
forced by gravity and pressure into the mould cavity. 

It might be added that, should the mould be in- 
sufficiently fired in the high-temperature oven, the 
face of the mould cavity will be coated with unburned 
wax and soot, which reacts with the molten metal as it 
enters the mould with disastrous effects on the resultant. 
casting. As soon as the mould has cooled to room 
temperature, the casting is stripped, the runners are 
removed by a high-speed abrasive wheel and the castings 
are shot-blasted. 

The purpose of a mould or core dressing is to give 
protection against the action of liquid metal and help 
to produce a smooth clean skin on the casting. Using 
both the spirit solution “B” and the water solution 
“4” cores have been coated successfully, and both 
aluminium and magnesium castings have been produced 
using such cores. The application of the spirit solution 
over the surface of a dried or baked core considerably 
hardens the top layer and produces a non-friable 
surface without affecting the characteristics of the 
core mixture with regard to ease of knock-out, etc. 
The dried cores are painted with the spirit solution, 
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which is then lighted to burn off excess alcohol. When 
cooled, the core is ready for assembly into the mould. 
A cast skin is produced on the castings, accordi 
to the surface of the original core and the ethy! silicate 
which helps it to resist metal-wash as the metal flows 
over it. 

If a refractory coating is desired, the water solution 
offers the best method, since the gel produced is not 
so hard as that obtained from the spirit “‘ A ’ mixture, 
and is more flexible. Upon drying, this gives a coating 
which is less prone to “ crazing” when the refractory 
filler is added. The most satisfactory filler depends 
—_ the metal being cast, but silica flour, alumina, 
sillimanite, and zirconia (all to pass a 200-mesh sieve) 
have been successfully bonded and sprayed over cores 
both before and after drying. 

The spraying of moulds with the water solution 
“A,” prior to skin drying, offers possibilities. The 
most important application to date was carried out on 
moulds into which magnesium was to be poured. The 
moulding sand consisted of a washed silica sand with 
4 per cent. Fulbond and 2 per cent. ammonium 
bifluoride. Normally, skin drying of such a mould 
produces a friable surface easily eroded by the stream 
of molten metal. After spraying the surface with the 
water solution and then skin drying to a depth of 
$ to } in., an excellent and hard surface was produced 
which resisted erosion successfully. 

Applying refractory washes to the inside of high- 
temperature ovens is common practice in order to 
protect the brickwork. A satisfactory application has 
been tried on a tunnel-type oven operating at 1,000 deg. 
C. This was coated with alumina bonded with the 
spirit solution “ B.” The inside surface of the furnace 
is still quite satisfactory after 18 months’ continuous 
use. A further application for ethyl silicate can be 
found in the making of furnace linings, crucibles, etc. 
Where high temperatures are encountered, as, for 
example, in the melting of steel, the high-grade refrac- 
tories required to withstand these conditions can be 
successfully bonded with ethyl silicate to give a hard 
refractory shape, or lining, capable of withstanding 
the severest of conditions. 

Another example of the use of refractories bonded 
with ethyl silicate is the lining of the gas and air tunnels 
on melting furnaces and high-temperature ovens. 
Here, a mixture of sillimanite and the spirit solution 
“B” is formed and rammed in position in the usual 
way, as if lining normally with silicon-carbide cement. 

r ramming in position and leaving for a few minutes, 
the wooden former can be withdrawn. The mixture is 
then left to air-dry slowly and thoroughly to harden 
before use. If desired, a torch may be applied to the 
mixture, when the excess alcohol will burn off and the 
mixture will harden rapidly. 

Special refractory bricks and shapes have also been 
made for both electric and crucible-type furnaces with 
satisfactory results. Another possibility is the pre- 
fabrication of specially-shaped runners which it is 
impossible to mould integrally with the remainder of the 
mould. These runners can be placed in position resting 
on the pattern, and formed in situ during the ramming 
of the sand into the moulding boxes. 

In the report recently issued by H.M. Stationery 
Office, “‘ Report of the Joint Advisory Committee on 
Conditions in Iron Foundries,” commonly known as the 
Garrett Report, attention was drawn to the objection- 
able conditions created by the fumes liberated during 
the baking of cores. These fumes are emitted from the 
currently used bonding agents, such as starch or sugar 
compounds, linseed oil, etc. Another point causing 
concern is the recent necessity for use of mineral oils 
in place of linseed oil, it being a retrograde step from 
the health point of view, because of the postulated 
carcinogenic properties of some of them. Obviously, 
some new approach is required to the subject to try to 
find a material which does not evolve these objectionable 


The organic silicon compounds have been considered 
as possible core-bonding materials, and the following 
section outlines the procedure, and findings made. 
As is well known, the art of core-making is the produc- 
tion of cores which are an exact reproduction of the 
internal shape of a core-box. The type of sand used 
to produce these cores is of prime importance, as it must 

certain main qualities :—({1) The “ green” or 
undried state should be such that it enables the core to 
maintain its shape after it has been withdrawn from the 
core-box; (2) the dry strength, after the core has 


been thoroughly dried, must be such that it will resist | ing 


the erosion of the metal as it flows into the mould, and 
maintain the shape long enough to allow the. liquid 
metal to solidify ; (3) the permeability must be such 
that any gases generated during casting, and any air 
in the core itself, can obtain quick exit to the atmos- 
phere; (4) the ease of collapse after casting must be 
such that, as soon as the metal begins to solidify, 
contraction can proceed with no undue strains or restric- 
tions being placed upon the casting ; (5) the core should 
be capable of being removed from the casting with the 
minimum of effort, and without damage to the casting. 





Taking advantage of the fact that, upon hydrolysis, 
ethyl silicate deposits silicic acid in the form of a 
gel, it was decided to cast cores using the sand in 
the form of a slurry rather than to ram them by the 
conventional method, and with this in view, the 
following procedure was adopted :—(l) the surface 
of the corebox was given a thin coating of Vaseline ; 
(2) quantities of sand and solution were measured and 
mixed ; (3) the mixture was poured into the core-box 
and allowed to set when sufficiently hard—usually after 
a few minutes—the box was opened ; (4) the core was 
carefully lifted out or extracted, the box being re-coated 
with Vaseline and closed ready for the next core. The 
bonding solution employed for the production of cores 
is the water solution “A.” 

Various refractory mixtures were tried using both 
Bedford sand and Molochite sand as a basis, to which 
was added varying percentages of fines, usually one of 
the aluminium silicates ground to a fine mesh. The 
general mixtures investigated had the following ratios 
of coarse sand to fine sand :—90: 10, 80: 20, 70: 30, 
and 60:40. It was soon found that the 90:10 
mixture was much too weak in the dry state. The 
70: 30 and 60: 40 mixtures were quite hard, but were 
not sufficiently permeable and gave castings which 
were badly blown. A compromise was thus made, 
concentrating on the 80:20 mixture. During these 
investigations it was soon realised that the time 
required for gelation of the silicate solution was 
materially affected by the quantity of magnesium oxide 
present, and the temperature and age of the bonding 
solution. 

Mixtures have been tried for light-alloy core pro- 
duction replacing the 20 per cent. fine-grade material 
with 20 per cent. plaster of Paris. This gives a core 
which is harder in the dry state than the 80:20 
Bedford-Molochite mixture. It has been used success- 
fully for casting both aluminium and magnesium. 
When casting magnesium, the surface of the core may 
be sprayed with a solution of ammonium bi-fluoride 
(20 gm. per 100 ml. of water) or 3 per cent. sulphur 
may be substituted for the same amount of the fine- 
grade Molochite or plaster in the sand mixture. The 
80:20 mixture has a low dry compression strength 
(50 Ib. per square inch) and so it will collapse quite 
readily when metal is contracting round it, and is 
easily removed from the final casting. 

If two or more cores have to be assembled and 
joined together, this is best accomplished while the 
cores are still ‘‘ green’ or wet. The method employed 
is to fit the cores together and run a small quantity 
of the slurry into the joints by means of a spatula. 
This quickly sets and the excess can be cut easily and 
trimmed back to the correct smooth shape. The 
complete assembly is then dried. 

When once the slurry is set, it is best left to remain 
in the core-box for a short time depending upon shape 
and section of the core in order that the silicic-acid 
gel can harden sufficiently to allow the core to be 
handled easily and retain its shape. After air-drying 
for an hour or two, the core is quite rigid and can 
be dried out in the core oven in the usual manner. 
Core-oven temperatures can: be maintained between 
100 and 300 deg. C., the time of drying being dependent 
upon the cross-sectional area of the core. The type of 
core oven best suited for drying the cores is one fitted 
with a forced-air circulating fan, although any standard 
type of core-drying oven can be used. 

After the core has been cast and the silicic-acid gel 
has hardened off, a certain amount of contraction takes 
place which allows the core to be removed easily 
from the core-box. On subsequent drying further 
shrinkage takes place. This shrinkage amounts to 
as much as 0-020 in. per inch when using the mixtures 
80 per cent. sand plus 20 per cent. fine-grade Molochite. 
If the fine-grade Molochite be replaced by 20 per cent. 
plaster of Paris this shrinkage is reduced to give an 
over-all shrinkage figure of 0-010 in. per inch. This 
contraction must be allowed for, together with the metal 
shrinkage, when the core-box is being made. It was 
found during efforts to produce a core with greater 
dry strength, that fireclay had the opposite effect to 
plaster of Paris and considerably increased the degree 
of shrinkage. 

The venting of cores is an aie which requires 
the utmost consideration, for large volumes of air or 
gas have to be released very quickly. If there be no 
quick release the gases or air are likely to try to obtain 
an outlet through the metal, resulting in a blown cast- 
The methods employed in this cast-core process 
are (a) gallery vents and (6) hollow core vents. In the 
first method the vent wires are placed in the core-box 
prior to the pouring operation and are withdrawn 
through the core-box after the core has set, but before 
the stripping Ae epee is carried out. In the second 
method, specially-shaped formers are placed inside the 
core-box, leaving a space between the former and the 
walls of the core-box of #in. to lin. After the core has 
set, the former is withdrawn and the hollow core can 
then be removed from the box. 

The core-boxes, as well as accommodating vent wires 





and formers, should be made in such a manner as to 
facilitate the easy withdrawal of the cores. This 
may mean that the box is divided into a greater number 
of sections than would be normally considered necessary, 
but as no rapping is possible, every other artifice must 
be used for extracting the core. One help is the incly. 
sion of ejector pins in all boxes so as to ease the core 
out on to the carrier plate. 

The main advantages of the process are that no 
objectionable fumes or gases are liberated on drying 
or casting. Little wear and tear on core-boxes takes 
place; therefore fewer replacements are required, 
Greater accuracy and detail are possible. It is possible 
to re-use the core sand after remilling and further 
addition of the accelerator. The disadvantages of 
the process are that the method is expensive. It is 
difficult to arrange vents in intricately-shaped cores, 
The inclusion of core wires is not are en as they 
restrict the shrinkage characteristics and cause the 
cores to rupture. 

The production of cores by this process is more costly 
than those produced by normal methods using a stan- 
dard core binder. The ratio of solution to refracto; 
is approximately 250 ml. perpound. ‘Thus, the cost of 
treating 28 lb. of sand with ethyl-silicate solution is 
approximately 14s., while 3 p< cent. dextrin-oil 
binder is approximately 7d. though it is possible 
to make a substantial recovery of the core sand after 
use, this saving is small in relation to the overall cost, 
Thus, on a cost basis, the evidence is overwhelmingly 
in favour of the more conventional type of binder, 
but there are certain technical advantages to be gained 
from using ethyl silicate which may warrant its use on 
specialised occasions. 

In ethyl silicate, the foundryman has a material 
which lends itself to a number of applications. By 
carefully following a set procedure it is possible to make 
and use the solutions detailed in this paper with little 
chemical skill. The only point which must be made is 
that ethyl silicate is expensive and its applications are 
therefore limited to specialised problems. The author 
is indebted to the Bristol Aeroplane Company for 
permission to publish this paper. 

APPENDIX. 

The three solutions used in the various procedures 
outlined in this paper are :—(1) Water solution “ A”; 
(2) spirit solution ‘‘ B”; and (3) spirit solution “‘ C.” 

Water Solution ‘“‘ A.”—To 500 ml. of ethy] silicate is 
added 100 ml. of 0-5 cent. HCl. The small amount 
of acid acts as a catalyst, or accelerates the hydrolysis. 
The mixture is shaken or through an emulsifying 
machine when, after a period of 15 to 30 minutes, heatis 
gradually generated until the solution reaches a tem- 
perature of approximately 50 deg. C. and becomes 
homogeneous, and also opaque. As soon as this stage 
has been reached, the remainder of the water (1,400 ml.) 
is added and the whole is thoroughly mixed. The 
solution is cooled to room temperature and is then 
ready for use. 

Spirit Solution “ B.”—To 500 ml. ethyl silicate is 
added 100 ml. 0-5 per cent. HCl and 400 ml. alcohol 
(methylated spirits). This mixture is shaken or passed 
through an emulsifying machine usually for a shorter 
period than that required for the water solution. When 
hydrolysis has occurred, a further addition of one litre 
of alcohol is made, the solution being then ready for 


use. 
Spirit Solution “ C.”—A third solution which finds 


applications and here is called a “ 
actually a mixture of equal of ethyl silicate, 
alcohol, and water. To 750 ml. ethyl silicate is added 
250 ml. alcohol and 75 ml. 5 per cent. HCl. Initial 
hydrolysis is carried out as previously, followed by 
the addition of 500 ml. alcohol and 675 ml. water to 
complete the dilution. The solution is allowed to cool 
to room temperature before use. 


spirit solution,” is 





POLYTHENE PIPING FOR CANADA.—To replace the 
existing iron inlet and discharge piping of a vacuum- 
pump installation, a Canadian factory has purchased an 
assembly of 12-in. diameter extruded polythene piping, 
superior in resisting chemical attack. This assembly, 
the largest of its kind in the world, has been fabricated 
by Messrs. Tenaplas Limited, Upper Basildon, Berkshire, 
and is to cross the Atlantic on the Empress of Canada. 


EASIFORM PERMANENT HoOvusES.—Messrs. John Laing 
and Son, Limited, building and engineering contractors, 
London, N.W.7, have issued an illustrated brochure to 
commemorate the completion of 10,000 Easiform per- 
manent houses during the years 1945 tc 1949. The 
Easiform system, which was originated in 1919 by Messrs. 
Laing, is a form of concrete-house construction, pro- 
viding dwellings in which the external and party walls 
areof the cavity type. A brief outline of the methods 
used is given in the brochure, together with views of 
houses in all stages of completion and of typical dwell- 
ings on estates in Bristol, Salford, Portsmouth, Hendon, 
Reading, Woolwich, Grimsby, Plymouth, Cirencester, 
and Gosport. 
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HIGH-SPEED CAPSTAN LATHE. 


MESSRS. ALFRED HERBERT, LIMITED, COVENTRY. 


ELECTRICAL ACCIDENTS IN THE 
HOME. 
ALTHOUGH accidents on domestic premises naturally 


do not come within the purview of the Factory Depart- 
ment of the Ministry of Labour, and therefore are not 

















HIGH-SPEED CAPSTAN LATHE. 


THe accompanying illustration shows the Herbert 
“ Flasheap ” capstan lathe, which has been introduced 
by Messrs. Alfred Herbert, Limited, Coventry, for the 
rapid production of brass components having internal 
or external threads, necessitating frequent reversals 
of the spindle at high speeds. The machine is driven 
by a 3-h.p. motor, running at 1,430 r.p.m., which is 
cooled by a motor-driven blower. A safety device is 
incorporated to ensure that the main motor cannot be 
started until the blower motor is switched on. As 
many as 30 reversals per minute can be made with the 
lathe spindle running at its maximum speed of 1,240 
r.p.m., and fitted with a 6-in. air-operated chuck. 
Heavier chucks reduce the maximum number of rever- 
sals per minute. The motor-control gear provides for 
instantaneous starting, stopping and reversing by a 
fluted handwheel and knob on the front of the head- 
stock, and, in addition, automatic changes from 
forward to reverse, or vice versa, can be effected as a 
result of the movement of the capstan slide. The latter 
feature is a great advantage when tapping blind holes. 

The automatic changes in direction of rotation are 
effected by push rods, mounted on top of the capstan, 
which actuate a spring-loaded plunger in the head- 
stock to operate the motor switch. The push rods can 
be set for an instantaneous change of direction at any 
desired point in the capstan-slide travel. Instantaneous 
stopping is obtained by a plugging relay on the motor. 
A range of six spindle speeds is available by means of 
pick-off gears, a single speed being used for any one 
set-up. The gears are held on their shafts by quick- 
release collars, so that changes can be made in a few 
seconds. They are housed in a box on the left-hand 
cabinet leg of the machine, and access is gained 
through a sliding cover which, when opened, auto- 
matically renders the machine inoperative, so that the 
gears may be changed in complete safety. 

The standard machine, in its basic form, is supplied 
with a hand-operated capstan slide and without a 
saddle. A six-hole capstan is fitted, but a two-hole 
capstan can be supplied as an alternative, both types 
having automatic indexing. The capstan slide-ways 
and the mating surfaces of the capstan and top slide 
are hardened by the Flamard process. To meet the 
requirements of various classes of work, additional 
components can be supplied. A feed box can be 
fitted to provide three rates of automatic feed to the 
capstan slide—80, 160 and 320 cuts per inch. Changes 
are made through sliding gears of heat-treated nickel- 
chrome steel, and all shafts in the box are mounted 
on ball bearings. Three different types of saddles are 
available: (1) a hand-traversing saddle with screw- 
operated cross-slide; (2) a saddle which is clamped 
to the bed and is fitted with a screw-operated cross- 
slide ; and (3) a saddle similar to (2) but provided with 
a lever-operated cross-slide. Six longitudinal stops are 
fitted to saddle (1), the stop bar being indexed by a 
handwheel. The clamped type of saddle can be 








fixed in any position on the bed and is readily removed. 
Saddles (1) and (2) can be fitted with either a plain or 
duo-rate cross-slide. The former has a 7-in. diameter 
dial with graduations of 0-001 in., and two adjustable 





stops control the extent of the traverse. The duo-rate 
cross-slide provides a fast and slow traverse, the 
change being effected instantaneously by a lever. All 
types of cross-slides are fitted with a single tool-post at 
the front and rear. 

Various chucking arrangements can be supplied for 
use with stampings, pressings, castings or pieces sawn 
from a bar. These comprise a Herbert 6-in. two- or 
three-jaw air-operated chuck, and an air-operated 
collet chuck of the dead-length type, with master 
collet and a set of liner blanks of 3-in. outside dia- 
meter and {-in. width. The patent monobloc air 
control which is supplied with each type of chuck 
incorporates an air filter, reducing valve, pressure 
gauge and cylinder lubricator. The control valve is 
mounted on the headstock, and the reducing valve 
enables the pressure on the chuck jaws to be adjusted 
to avoid distortion of the work. 

The various capacities of the machine are: swing 
over bed, 13 in.; swing over cross-slide, 53 in. ; 
maximum distance, spindle to capstan face, 18} in. ; 
and the working stroke of the capstan, 6 in. A typical 
example of high-speed production which can be carried 
out on the Flashcap lathe is afforded by the machining 
of a fairly complex brass pressing, which has three 
different external threads, one internal thread, and 
requires several boring, facing, chamfering, drilling, 
and undercutting cuts. The total machining time is 
35 seconds—I5 seconds for the machining on one side 
and 25 seconds for the other side. 





FrxM ON BOILER COMBUSTION EFFICIENCY.—A film 
entitled “‘CO, and Draught,” has been produced for the 
Ministry of Fuel and Power by the Central Office of 
Information, and 16-mm. copies are available on free 
loan from the Central Film Library, Imperial Institute, 
London, S.W.7. The film, which runs for 20 minutes, is 
intended to instruct boilermen and firemen in some 
aspects o* firing and maintenance of boilers, so that the 
efficiensy can be raised and fuel consumption lowered. 





Gas-TURBINE LOCOMOTIVE TRIALS IN THE UNITED 
STaTEs.—It is stated in the current issue of Mechanical 
Engineering that the first gas-turbine locomotive to be 
built and operated in the United States has completed its 
preliminary trials and will shortly be placed in service 
on the Union Pacific Railroad. The locomotive is a 
4,500-h.p. unit and was constructed by the General 
Electric Company and the American Locomotive Com- 
pany at Erie, Pennsylvania. The compressor, combus- 
tion chambers and turbine are arranged “in line.” The 
turbine drives through gearing four generators, from 
which eight motors, one on each axle, are supplied. 
During the trials a continuous tractive effort of 68,500 Ib. 
at 20-5 m.p.h. was developed. 








d d in the annual reports of that department, 
records are kept for the information of an Inter- 
departmental Committee of the Home Office and include 
particulars, compiled by an Electrical Sub-Committee, 
of mishaps resulting from the use of electricity in the 
home. H.M. Electrical Inspector of Factories (Mr. 
H. W. Swann) has kindly sent us details of some of 
the fatal accidents due to this cause, which occurred 
during 1948, and a few typical examples are set out 
below. 

During the year under review, there were 68 such 
fatal accidents, of which 21 were due to electric fires, 
including 17 burns and three electrocutions, while 
only three were due to faulty wiring. Of the former 
class, a high proportion was caused by the ignition 
of clothing, leading either directly or indirectly to 
death. Among these fatalities, mention may be made of 
the case of a night porter who was found dead holding 
the suction pipe of a vacuum system in one hand and 
grasping a metal push-bar lampholder in the other. It 
appeared that the rubber insulation of the flex was 
cracked just inside the entry to the lampholder ; 
and it seems likely that the live conductor touched 
the latter. As the porter was well-earthed, he received 
ashock which proved fatal. Another fatality arose from 
the temptation to carry out amateur wiring, about 
which many warnings have been issued, almost in vain. 
In this case, a temporary light in a child’s bedroom 
was supplied through ordinary twin flex, controlled by 
a switch in the next room. It is believed that the flex 
caught alight as the result of faulty insulation, and, 
falling on to a cot, burnt a child who was asleep. 

Four fatal accidents were caused by faulty elec- 
trically-operated tools. In one of these a man was 
repairing a hair-drying machine, the heater of which 
was not functioning owing to a broken element. The 
controlling switch was in the neutral conductor, and, 
of course, stopped the motor when it was opened. The 
victim, no doubt, assumed that the apparatus was 
dead and safe to work on. The heating element was, 
however, “live ” up to the break ; and it was doubtless 
owing to this fault that a fatal shock was experienced. 
Another all too familiar occurrence was that of the 
man who rigged up a home-made portable lamp in 
his garage, using an extension lead from a plug in the 
adjoining house. The insulation of the bell wire 
employed for this purpose became damaged and while 
the hand lamp was being used in a damp inspection 
pit the man’s hand made contact with a bare section 
of the conductor and he received a fatal shock. In 
another similar case a portable lamp was supplied 
through a three-core flexible, the third core of which 
was left unconnected. The loose end touched the live 
terminal in the adaptor and made the handle of the 
portable lamp alive. 

Of the 26 deaths classed as miscellaneous, repre- 
senting 38-23 per cent. of the total, three were attri- 
buted to electric blankets, two to gas and electricity 
services being adjacent, and four to radio sets. The 
last four deaths were due to a single cause, and illus- 
trate the danger of switching off at the set itself instead 
of at the wall socket. It is presumed that a fault 
developed in a filter condenser and caused overheating, 
thus starting a fire in the night and resulting in the 
deaths of a woman and three children. Among the more 
uncommon kind of accident in this class was the case 
of the keen gardener who, wishing to prevent prowling 
cats from damaging his plants, fixed up a rough network 
of single-strand wire as a guard. He connected this at 
night to a lighting point on the 230-volt house circuit, 
but generally disconnected it in the morning because 
he “thought it might be harmful to children playing 
in the garden.” One day, however, he forgot to do so 
and returned home to find his wife lying dead. 

Another fatality from which a number of lessons 
may be learnt also involved a wireless set and concerns 
a boy 24 years old who was sitting on a brass coal box 
by the fire. He reached behind him and took hold of 
a bare copper aerial wire which apparently he pushed 
into the radio set. This wire was not fitted with a 
plug, so that it went through the aerial socket and 
touched a terminal transformer which was live. The 
coal box was in contact with the uninsulated earth 
wire of the set, and the boy therefore received a fatal 
shock. Another child was killed by touching “ live ” 
metal exposed by the breakage of the connector to a 
bed-warmer. 

These and other incidents of the same kind show 
however useful electricity may be for domestic pur- 
poses, its employment demands reasonable care both 
in installation and application. Education of the 

ublic in these matters is, therefore, highly desirable. 

is applies even though the number of accidents, 
compared with the present widespread use of electricity 





in the home, is very small. 
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PREFABRICATED CONSTRUCTION 
OF WELDED-STEEL BARGES. 


For the past three years, the Tees Side Bridge and 
Engineering Works, Limited, Middlesbrough, have 
been constructing all-welded steel dumb barges by 
prefabricating assemblies at their works and welding 
the assemblies together on a “ belt” system at a 
riverside site. The first barge produced by this method 
became waterborne on the incoming tide (conventional 
launching is eliminated) on April 2, 1946, and since 
then a steady output of various standard types and 
tonnages has been maintained. Approximately 450 

s have been constructed up to the present time, 
the peak monthly production having been 16. 

At the end of the war, the dumb-barge fleets of the 
Thames lighterage companies were seriously depleted, 
owing to war losses and building restrictions, and the | 
Tees Side Bridge and Engineering Works, Limited, | 
were requested by two of the largest barge users to 
assist in the provision of new craft. With the experi- 
ence and knowledge gained during the war in the 
building of more than 200 naval craft, the firm have 
applied the principle of welded prefabrication, and 
introduced the belt system for erection of the barges 
at the riverside. A site on the bank of the River Tees, 
known as the Linthorpe-Dinsdale site, and about two 
miles from the works, was laid out for barge building 
in 1945. Fig. 1, on this page, is a view of part of the 
site, showing the stages where initial erection and tack 
welding take place ; the shed for the main welding is 
also visible in this illustration. Fig. 2 is a view from 
the opposite side of the same end of the shed. The 
prefabricated assemblies, comprising the main part of 
the hull, are erected on a fixed level stage made of 
steel joists, etc., with its top 5 ft. 4 in. above ground 
level. The partly-erected barge with a lattice girder 
jig, shown on the left of Fig. 1, is resting on this stage, 
which is in three parts: a central part, 35 ft. by 18 ft., 
situated transversely between two parallel rails which 
run down to the river beyond the shed and are used 
for the “ belt ” system, and two smaller parts, 4 ft. 6 in. 
by 18 ft., which are outside the rails. The 18-ft. width 
of the stage is to suit the width of the barge. Trans- 
verse ‘oists forming the top of the stage are at 1-ft. 9-in. 
centres, so that the butt joints between the 7-ft. wide 
bottom plates of the barge rest on every fourth joist. 
Four 15-ton jacks with a lift of 6 in. are built into the 
stage, so that, when the preliminary tack welding is 
completed, the barge shell can be lifted; two two- 
wheeled carriages running on the rails are then placed 
under the shell, one at each end, the stage is lowered, 
and thereafter the barge is supported on the carriages 
throughout the whole of the building. 

The assembly line may be compared to a travelling 
overhead crane. The end carriages, running on rails 
as already explained, are spanned by the barge; there 
is, however, no permanent connection, the barge 
simply resting on the carriages by its own dead- 
weight. The top faces of the carriages are made 
of timber to ensure adequate friction. The “ gantry ” 
on which the barge and carriages travel is 477 ft. long 
from the head of the line to the water’s edge. The 
“ gantry ” girders, 42 ft. apart, are supported on short 
columns, with the rails 3 ft. 3} in. above ground level. 
This dimension, plus the depth of the carriages, gives 
a working clearance of 5 ft. 3 in. under the barge. 
The trailing wheel of each carriage is fitted with a 
72-tooth spur ring, which meshes with a 15-tooth 

inion. The latter can be rotated by a ratchet and 
ever arm 6 ft. long, and with one man at each lever 
arm, the barge can be readily propelled along the 
assembly line. To facilitate this operation, the main 
length of the line, 386 ft. 9 in. long, is set at a declivity 
of 1 in 252. 

A section at the river end of the line, 90 ft. 3 in. 
long, forms a ramp, falling 17 ft. 1 in. to the water’s 
edge. The fall is in four gradients, the first three 
getting progressively steeper, and the fourth being 
more or less level, so that when the barge is brought 
down to this point, it is floated off the carriages by the 
incoming tide. Figs. 9, 10 and 11, on page 108, show 
a barge on the first, second and last gradients, respec- 
tively. The barge is lowered down the ramp by 
means of two 15-ton winches, operated by 25-h.p. 
motors and connected through pulleys and snatch 
blocks to the two carriages. It is propelled by hand 
on to the first gradient of the ramp, where it is held 
by a stop on each rail. The winch cables are then 
coupled up, the stops released, and the barge lowered 
on to the end section of the ramp. When the incoming 
tide floats the barge, the carriages fall outwards off 
the rails and are subsequently recovered by a derrick, 
using lashings which have been attached previously 
to the carriages. It is possible also to launch a barge 
broadside at the flood tide, and if two are launched 
this way and one by flotation, three can become 
waterborne on one tide. Fig. 12, on page 108, shows 
a barge being launched in this way. 

There are four cranes on the site. A 7-ton electrically- 
operated Scotch derrick is situated at the head of the 
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Erection Enp or AssEMBLY LINE. 











Fig. 2. 


assembly line for lifting parts from a stock pile on to the | 
Lower down the line on both sides, | moulded breadth, 22 ft. 6 in. ; 


first (fixed) stage. 
at stages 3 and 4, there is a 3-ton derrick (these are 


partly visible in Fig. 1), and at the ramp end of the line | 
(Fig. 9), adjacent to a wharf, there is a 10-ton derrick | 
which is used for recovering the carriages from ‘the | 


water and for handling miscellaneous items on the 
barges moored to the wharf, such as hatch covers, etc. 
As all welding, with the exception of tack welding, has 
to be done under cover, a shed 146 ft. long with a span 
of 100 ft. was erected. Three overhead runways are 
slung from the roof, each carrying a 14-ton lifting block. 
The shed covers five berths, namely, the main welding 
berths and the testing and painting berths. 

Several different types and sizes of barges are con- 
structed, to suit the requirements of the lighterage 
companies. The capacities range from about 100 to 
300 tons. The design of a type of barge, known as a 
modified ““ Way ” type, which is constructed for Messrs. 
Wm. Cory and Son, Limited, Cory Buildings, Fen- 
church-street, London, E.C.3, is illustrated in Figs. 3, 
4 and 5, opposite, which show, respectively, a sec- 
tional elevation on the longitudinal centre-line, half 
plans on the deck and on the bottom, and half 
cross-sections, looking forward, at the forward bulkhead 
and amidships. The principal particulars are: capa- 
city at 7 ft. 6 in. draught, 235 tons; net registered 











WELDING StaGes on ASSEMBLY LINE. 


tonnage, 119-75; moulded length, 87 ft. 6 in.; 
freeboard, 12 in. ; 
frame spacing, generally 1 ft. 9 in. centres; and light 
draught, 1 ft. 7 in. Other dimensions are shown in 
Figs. 3, 4 and 5, and a photograph of a barge of this 
type is reproduced in Fig. 8, on page 108. 

The bottom of the barge consists of j-in. bottom 
plates and j-in. ceiling plates, separated by transverse 
angles which are set on edge on the bottom plates, as 
shown in Fig. 3. The butt joints between plates are 
welded, and the angles are continuously welded to the 
plates. The sides consist of a single layer of plate stiff- 
ened by angles which are welded edge on. The deck 
plating is } in. thick, except at shoulders and towpost 
seatings, where §-in. plate is used. The decks alongside 
the hold are pressed in one piece with the coamings. 
The arrangement of the brackets between these decks 
and the sides, also the arrangement of the gunwale, 
the chine and the limber plates, are shown in detail in 
Figs. 6 and 7, opposite. The bulkheads, of }-in. plate, are 
stiffened by 3-in. by }-in. flats vertically and by 34-in. 
by 3}-in. angles horizontally. The swims (the parts of 
the barge fore and aft of the bulkheads) are each 
fitted with two 6-in. by 3-in. T-keelsons. The keel- 
sons form a foundation for the swim bracing system, 
which is fabricated from 3-in. angles. The budget, 
indicated in Fig. 3, of 4-in. plate, is finished, along the 
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co os EL abataaiat MAGNETIC MATERIALS. 
he eas erat | An electronic instrument which automatically 
6°Camber © ie + cote | measures and records the mechanical torque exerted 
sence Pohewalel b on a circular disc of sheet iron or steel by a uniform 
Lae ares .f magnetic field and thus enables its magnetic properties 
1) SOeprathitss to be determined, has been developed by the United 
ZY oy hat States Steel Corporation in their research laboratory at 
ol Wheat eee Delaware, Kearney, N.J. According to a description 
es AP ae Se given in the June issue of Mechanical Engineering, the 
; ss | | Y Plate | 4° eS. Ie disc is rotated about an axis perpendicular to its plane 
4 9 ae —2 by a synchronous motor through reduction gearing ; 
— 7 ee and the torque it exerts is converted by a resistance 
10, 26 \260 | ese strain gauge to direct current, which is applied to the 
a a nt measuring circuit of a recording voltmeter. The chart 
(ose3 0) ---9.9- " of this voltmeter is also driven by a synchronous motor, 


bottom edge, with a 4-in. tube split longitudinally and 
slipped over the edge of the plate, and along the 
vertical edge with two solid half-round sections. It is 
stayed by 4-in. tubes and is provided with three wash 
holes. Scuttles are incorporated in the fore and aft 
swims. A ladder on each bulkhead, serving both the 
hold and the swim, is conveniently provided by a series 
of pressed-steel pockets which have bar rungs on both 
sides—an arrangement which does not interfere with 
storage in the hold. The pockets are visible in Fig. 1. 
The swim nose faces, known as the huff and huddice for 
the fore and aft faces, respectively, must be capable of 
withstanding violent shocks, and are therefore stiffened 
by a honeycomb construction with radial members. 
Some nose-piece assemblies and deck plates are shown in 
the foreground of Fig. 2. Drop forgings are used for the 
fairleads and fabricated construction for the bollards. 
The chines and gunwales are finished with angles. 

The tctal weight of finished steelwork in the modified 
Way type of barge is 55 tons. There are 43 major 
ae abricated assemblies, of which the largest is a 

ulkhead weighing 32 cwt. The accuracy of manufac- 
ture required for the prefabricated type of construction 
is obtained by poet po ernen and tooling in the works, 
and ease of prefabrication, transport, and assembly, is 
provided for in the design of the barge. The lighterage 
company agreed to the use of a limited number of 
locating holes which, although not piercing the barge 
shell, are useful for jigging purposes. In Figs. 3, 4 
and 5, a indicates joints welded on the assembly line, 
and 6 indicates shop-welded joints. 

The constructional work carried out on the assem- 
bly line consists solely of erecting and welding. Nine 
bottom plates are first laid on the fixed stage. Two 
lattice girders, to act as temporary jigs, are then erected; 
one is visible in Fig. 1. They are made in several sec- 
tions, which are bolted together, in order to facilitate 
their removal at a later stage. The girders are clipped 
to the floor angles on the bottom plates, and beams are 
fixed across the top booms to support the barge sides ; 
these are then erected, followed by the two bulkheads, 





to which the lattice girders are temporarily connected. 
The deck and coaming are then added, and when the 
tack welding is finished, the barge and stage are lifted 
by the four jacks, the end carriages are placed in 
position, and the barge seated on them. 

At the second stage, more erection jigs are placed in 
position for the tack welding of the swim steelwork. At 
the next stage the swim nose pieces and the budget are 
added. The barge is then moved into the shed, where 
full welding commenees, and scuttles, bollards, tow- 
posts, limber plates, etc., are erected. After the bottom, 
side and deck joints have been welded, the erection 
jigs are dismantled. Full welding is completed at the 
next stage, and subsequently all welds are tested with 
a water hose. The steelwork is then dried and cleaned 
for the application of Bitumastic solution on the inside 
bottom plating and floor angles, and for painting the 
remaining surfaces of the barge. Finally, the ceiling 
plates are laid on the floor angles and spot welded to 
them. The method of “launching” the barge has 
already been described. After launching, the barge is 
moored to an adjacent wharf, special painting and 
lettering is done, and port and starboard light screens 
and overtaking lights are installed. Fig. 13, on 
108, shows a barge being hauled alongside the wharf. 
In some cases, particularly when the barges leave the 
Tees carrying coal as ballast, hatch covers are fitted. 

The advantages claimed for this method of building 
are: (1) High-class workmanship and accuracy are 
obtained by the jig construction methods used for 
prefabrication and final assembly. (2) High speed 
of building—up to 16 a month. (3) A saving of 11-8 
per cent. in the weight of steel, due to welding instead 
of riveting (the figures on which this estimate is based 
are given in the T'ransactions of the Institute of Welding, 
vol. 12, page 7 (February, 1949) ). A saving in cost 
and an increase in carrying capacity are also obtained. 
(4) The flotation method is preferred to normal launch- 
ing, and is not dependent on the tide. (5) Savings in 
maintenance of the barges and reduction in the cost 
of repairs, as compared with riveted construction. 


so that there is a definite relationship between its 
movement and the angular rotation of the disc. As 
the disc rotates the torque varies ; and by the use of a 
suitable conversion factor the voltage recorded becomes 
a measure of this variation in relation to the angle of 
orientation of the disc in the magnetic field, the rolling 
direction being used as a reference. A recorded reading 
takes six minutes to make. 

The equipment consists of an electromagnet, torsion 
gauge and a platform carrying the specimen, below 
which the motor is placed. The recorder and controls 
for operating the instrument are mounted separately, 
and arrangements are provided for varying the sensi- 
tivity of the gauge. The conversion factor can there- 
fore be adjusted so that the scale of torque on the chart 
is varied for} different types of material and compen- 
sation is made for different thicknesses. Other controls 
allow the current through the magnet, and thus the 
strength of the magnetic field, to be regulated. 

The etometers of this type, which are now 
available, are suitable for specimens 1 in. in diameter 
and of thicknesses varying from 0-01 to 0-1 in., but 
it should be possible to employ other sizes by appropri- 
ately altering the design. As the total torque on a 
specimen is proportional to its volume, it is desirable, 
in some cases, to increase the diameter in order to 
improve the sensitivity of the instrument. This is 
particularly advantageous in the case of materials, such 
as tinplate, which are thin and have a low torque per 
unit volume. 





DISCONTINUANCE OF EXCAVATOR ALLOCATION SCHEME. 
—It is announced by the Ministry of Supply that the 
allocation scheme for Government surplus crawler 
excavators has been discontinued. These machines 
can now be sold free of restrictions on re-sale in the United 
Kingdom and all war-time controls on their distribution 
in this country have also been removed. Surplus 
excavators can be obtained from the Director of Disposals 





(R.E.9), Ministry of Supply, Great Westminster House, 
London, S.W.1. 
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CONTRACTS. 


Messrs. THE BRUSH ELECTRICAL ENGINEERING 
CoMPANY, LiMiTED, Duke’s Court, 32, Duke-street, 
St. James’s, London, S.W.1, have received from their 
agents in Australia, Messrs. BARLOW AND RETALLACK, 
orders for transformers to the value of approximately 
225,0001. These include: for the Hydro-Electric 
Commission, Tasmania, nine 10,000-KVA single-phase 
transformers to form three 30-MVA three-phase 50-cycles, 
110,000 /11,000 volt Star/Delta banks with H.V. tappings 
controlled by an “ off-circuit ’ tapping switch, and two 
5,000-KVA transformers, three-phase, 50-cycles, 110,000- 
88,000 /22,000-11,000 volt Star-Star connected with 
Delta tertiary winding with H.V. tappings controlled 
by an “ off-circuit” tapping switch; for the New 
South Wales Government Railways, four 10,000-kVA 
transformers, three-phase, 50-cycles, 66,000/11,000 volt 
Delta/Star connected with H.V. tappings controlled by 
fully automatic “‘ on-load ” tap-changing equipment ; and 
for the State Electricity Commission of Victoria, two 
hundred 25-kVA to 300-KVA transformers. Acting as 
sub-contractors to MESSRS. VICKERS-ARMSTRONGS 
LIMITED, the BRusH CoMPANY have also received an 
order, to the value of over 350,0001., for the main power 
station and all electrical equipment, including the main 
kiln motors, for the United Provinces Government’s new 
cement factory to be erected at Robertsganj, near Mirza- 
pur, India. The plant for the power station will include 
three Brush-Ljungstrém turbo-alternators of 2,400 kW, 
M.C.R., at 3,300 volts. They will operate on steam 
conditions of 325 Ib. per square inch, and 725 deg. F., 
and will each be arranged on the unit principle with a 
30,000 Ib. per hour JoHN THOMPSON water-tube boiler. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “* BJORN STANGE.”—Single-screw oil tanker, built 
by Sir James Laing and Sons, Limited, Sunderland, for 
Skibs A/S Arnstein (Harald Stange & Co. A/S), Oslo, 
Norway. First vessel, of an order for two, to go on trial. 
Main dimensions: 475 ft. (between perpendiculars) by 
67 ft. 44 in. by 37 ft. 4 in.; deadweight capacity, about 
15,400 tons on a summer draught of 28 ft. 11}in. Four- 
cylinder oil engine supplied by Messrs. William Doxford 
and Sons, Limited, Sunderland. Speed on trial, 13} 
knots. Trial trip, July 12. 


M.S. “‘ Locnwoop.”—Single-screw general cargo vessel, 
carrying 12 passengers, built by The Burntisland Ship- 
building Company, Limited, Burntisland, Fifeshire, for 
Messrs. Wood Lines, Limited, an associated company of 
the Joseph Constantine Steamship Line, Limited, Mid- 
dlesbrough. Main dimensions: 276 ft. (between per- 
pendiculars) by 41 ft. 9 in. by 26 ft. 9 in. to shelter deck ; 
deadweight capacity, about 2,350 tons on a loaded 
draugiit of 17 ft. 9 in. Eight-cylinder British Polar 
Diesel engine, of 1,200 b.h.p., constructed by Messrs. 
British Polar Engines, Limited, Glasgow. Launch, 
July 13. 

S.S. “ SrRaTIDORE.”’—Single-screw cargo vessel, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. Maritime Shipping 
and Trading Company, Limited, London, E.C.2. Main 
dimensions: 431 ft. 6 in. by 56 ft. 2} in. by 36 ft. 44 in. 
to shelter deck; deadweight capacity, 8,920 tons on a 
draught of 25 ft. Triple-expansion engines and two oil- 
fired boilers. Speed on trial exceeded 11 knots. Trial 
trip, July 13. 

M.S. “ BririsH LoyaLtTy.”—Single-screw oil tanker, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the British Tanker Company, 
Limited, London, E:C.2. Third vessel of an order for 
seven. Main dimensions: 490 ft. by 61 ft. 9 in. by 
34 ft. 1 in.; deadweight capacity, 12,250 tons on a 
draught of 27 ft. 74in. Four-cylinder Doxford opposed- 
piston oil engine developing 3,300 b.h.p. and giving a 
speed of 114 knots in service. Trial trip, July 15. 

S.S. “ ELISABETH NIELSEN.”—Single-screw cargo 
vessel, built by Messrs. S. P. Austin and Son, Limited, 
Sunderland, for A/S Dampskibsselskabet Progress 
(Messrs. Marius Nielsen & Sén), Copenhagen, Denmark. 
Main dimensions: 307 ft. (between perpendiculars) by 
45 ft. by 20 ft. 3 in. to main deck ; deadweight capacity, 
3,400 tons on a draught of 19 ft. 1 in. Direct-acting 
triple-expansion engine of reheat design and two oil- 
burrling boilers, constructed and installed by the North 
Eastern Marine Engineering Company (1938), Limited, 
Sunderland. Service speed, 12 knots. Trial trip, 
July 17. 





INTERNATIONAL HIGH-TENSION CONFERENCE.—The 
thirteenth meeting of the Conference Internationale des- 
Grands Réseaux Electriques will be held at the Fondation 
Berthelot, 28, Rue Saint Dominique, Paris, from Thurs- 
day, June 29, to Saturday, July 8, 1950. Detailed 
programmes will be issued later and further particulars 
can be obtained from the Secretary, British National 
Committee, Thorncroft Manor, Dorking-road, Leather- 
head, Surrey. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Ignition Cables f-r Aircraft Engines.—A new speci- 
fication in the series, British Standards for Aircraft 
Materials and Components, has been issued. It is 
designated B.S. No. E.20 and covers two types of high- 
tension ignition cables for aircraft engines, namely (a) 
cotton-braided lacquered ozone-resisting cable and (b) 
metal-braided cable. Details of the construction of the 
cables are given and descriptions of the methods of 
testing for flexibility, adhesion and the effects of oil, 
petrol and ozone are furnished, while instructions for 

out capacitance and the high-voltage tests 
are included. [Price ls., postage included.] 

Waterproof Building Papers.—Waterproof papers as 
used for various p , other than for damp-proof 
courses, in building and civil-engineering on are 
dealt with in a new specification, B.S. No. 1521. 
specification covers two main of papers, namely 
C A papers for the prevention of draughts or the 
penetration of moisture in wall or roof structures, and 
Class B papers for temporary purposes, such as for 
the protection of concrete during curing, or as an 
underlay to concrete to prevent moisture from being 
absorbed by the sub-base. The requirements stipu- 
lated for Class A include tests for tensile strength, both 
wet and dry, and resistance to water penetration. For 
Class B, tests for bursting strength and for resistance to 
water penetration are specified. The compilers of the 
specification state that, owing to the wide range of 
building papers available, they consider it undesirable 
to specify the constituent materials. The object of the 
pellivetion is to specify minimum requirements to 
which the finished products must conform. 
postage included.] 

Condenser-Tube Plates.—Rolled brass and naval- 
brass condenser-tube plates are dealt with in B.S. 
No. 1541. This, a new specification, gives the chemical 
compositions for both brasses, which are of the 60 : 40 
type, and also the dimensions and weights of the plates. 
Guidance is given also on the provision of test samples 
and on the method of making tensile and bend tests, 
[Price 2s., postage included. ] 


The 


[Price 2s., 





BOOKS RECEIVED. 


The Practical Application of Acoustic Principles. By 
D. J. W. Cuttum. E. and F. N. Spon, Limited, 57, 
Haymarket, London, S.W.1. [Price 16s. net.] 

The Mechanics of Engineering Soils. By P. LEONARD 
CAPPER and PROFESSOR W. FISHER CassIE. E. and 
F. N. Spon, Limited, 57, Haymarket, London, S.W.1. 
[Price 21s. net.) 

The Middle Silurian Rocks of North Wales. By PROFEs- 
sor P.G.H. BoswELL. Edward Arnold and Company, 
41, Maddox-street, London, W.1. [Price 80s. net.] 

Report on the Progress and Condition of the United States 
National Museum for the Year Ended June 30, 1948. 
Smithsonian Institution, Washington 25, D.C., U.S.A. 
{Strictly limited edition of free copies.] Superinten- 
dent of Documents, U.S. Government Printing Office, 
Washington 25, D.C., U.S.A. [Price 30 cents.) 

Report of the Astronomer Royal to the Board of Visitors of 
the Royal Greenwich Observatory, from May 1, 1948, to 
April 30, 1949. The Astronomer Royal, Royal 
Greenwich Observatory, Herstmonceux. 

The Ohio State University. The Engineering Experiment 
Station. Bulletin No. 136. Proceedings of the Ohio 
Highway Engineering Conference, 1949. The Director, 
The Engineering Experiment Station, The Ohio State 
University, Columbus 10, Ohio, U.S.A. [Price 2 dols.] 

El ts of Mechanical Vibration. By C. R. FREBERG 
and PrRoressor E. N. KEMLER. Second edition. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 3-75 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. Price 22s, 6d. net.] 

Elementary Structural Problems in Steel and Timber. By 
Dr. C. R. YounG and Proressor C. F. MorRIson. 
Third edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
4-50 dols.] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 27s. net.] 

A Textbook on Heat. By J. H. AWBERY. Longmans, 
Green and Company, Limited, 6 and 7, Clifford- 
street, London, W.1. [Price 15s. net.] 

Le Fraisage. By J. HANEN. Fifth edition, revised by 
L. RAMEL. Dunod, 92, Rue Bonaparte, Paris (6e). 
[Price 580 francs.] 

Factory Well-Being. By C. CONWAY PLUMBE. Seven 

Oaks Press Limited, 165, Victoria-street, London, 








8.W.1. [Price 12s. 6d. net.] 


PERSONAL. 


Viscount RIDLEY, C.B.E., has been elected to the 
board of directors of Messrs. R. and W. Hawthorm, 
Leslie and Company, Limited, St. Peter’s Works, 
Newcastle-upon-Tyne, 6. 


COLONEL R. B. EMERSON, C.I.E., O.B.E., M.Inst.T., 
and Mr. G. H. Gunson, C.A., have been appointed 
directors of Messrs. Dowsett Holdings Limited, Lion 
House, Red Lion-street, Richmond, Surrey, with effect 
from July 8. The operating companies in the Dowsett 
group are Messrs. Dowsett Engineering Construction , 
Limited, Messrs. Dow-Mac (Construction) Limited, 
Messrs. Dow-Mac (Plant and Transport) Limited, Messrs. 
Dow-Mac (Quarries) Limited, Messrs. Dow-Mac (Pro- 
ducts) Limited, and Messrs. Brooke Marine Limited. 


Mr. HAROLD P. MARTIN, general sales manager, and 
Mr. W. D. Horsey, M.1.E.E., chief electrical engineer, 
to Messrs. C. A. Parsons and Company, Limited, Heaton 
Works, Newcastle-upon-Tyne, have been appointed 
directors of the company, as from July 20. Mr. Martin 
and Mr. Horsley both served their apprenticeships with 
Messrs. Parsons, and have been in the service of the 
company for 25 and 36 years, respectively. 


Mr. Eric BROTHERTON has been appointed joint 
managing director of the Hercules Cycle and Motor 
Company, Limited, Aston Cross, Birmingham, a sub- 
sidiary of Messrs. Tube Investments Limited. 


MEssRS. FOLLSAIN-WYCLIFFE FOUNDRIES LIMITED, 
Lutterworth, near Rugby, announce the appointment of 
sales representatives, as follow: Mr. H. Sopey, “ San- 
dall,” Fentham-road, Hampton-in-Arden, for Warwick- 
shire, Worcestershire, and South Staffordshire ; Mr. A. 
WILLIAMS-GARDNER, 3, Winton-square, Stoke-on-Trent, 
for Shropshire, North Wales, and North Staffordshire ; 
Mr. P. R. Harris, Brook House, Stowmarket, Suffolk, for 
Norfolk, Suffolk, Cambridgeshire, Huntingdonshire, 
Northamptonshire, and North Bedfordshire; and Mr. 
H. A. WINTERBOTTOM for Yorkshire. Mr. W. CLIFFORD 
Hand has moved to the Crown Inn, Rumwel, near 
Taunton, and, in future, will cover Devon, Cornwall, 
Somerset, Dorset and Wiltshire. 


Mr. R. W. K. HONEYCOMBE, who graduated B.Sc. 
(Melbourne) in 1941, and M.Sc. in 1943, and is now at 
the Cavendish Laboratory, Cambridge, has been appointed 
to the Armougers’ and Brasiers’ Research Fellowship for 
two years October 1, 1949, by a joint committee 
of the Royal Society and the Armourers’ and Brasiers’ 
Company. Mr. Honeycombe will work on the inhomo- 
geneity of plastic deformation in metals, and the influence 
of these inhomogeneities on recrystallisation and 
recovery. 


Mr. Joun Lams, O.B.E., M.I.Mar.E., has been granted 
the Herbert Akroyd Stuart Award of the Institute of 
Marine Engineers for his paper entitled ‘‘ Burning of 
Boiler Fuel in Diesel Engines,” which was published in 
the Institute’s Transactions of February, 1948. The 
award, valued 501., is offered biennially by the Institute 
for a paper on the development of the heavy oil engine. 


THE INSTITUTE OF MARINE ENGINEERS, 85, Minories, 
London, E.C.3, announce that their telephone number 
has been changed to ROYal 8493. 


The Import LICENSING DEPARTMENT of the BOARD OF 
TRADE, which deals with applications for licences to 
import machinery, was transferred to new premises on 
July 25. All applications and inquiries concerning such 
licences should be addressed, in future, to the Controller, 
Import Licensing Department, Board of Trade, Machinery 
Section, 91, Victoria-street, London,S.W.1. (Telephone : 
ABBey 7898.) 


Messrs. EaSTwoops LIMITED, and their associated 
companies have removed their head offices to Eastwood 
House, 158/160, City-road, London, E.C.1 (Telephone : 
CLErkenwell 4333), with effect from July 18. All facili- 
ties, with the exception of depot services, have been 
transferred to the new address. For the convenience of 
local customers at their former address, a sales depot has 
been opened at 127, Lower Marsh, London, S8.E.1. 
Messrs. Eastwoods have been obliged to vacate their 
riverside wharf and office premises at 47, Belvedere-road, 
London, S.E.1, which have been in their occupation for 
over 100 years, as the site forms part of that required for 
the 1951 Exhibition. 


MESSRS. MACKENZIE ENGINEERING COMPANY, LIMITED, 
announce that the title of the company will be changed 
to MACKENZIE ENGINEERING LIMITED, and that their 
main office will be transferred from Duke-street to 33, 
Cork-street, London, W.1. (Telephone: REGent 0588.) 
These changes will take effect from August 1. 


The small tools divisions of Messrs. B.S.A. TOoIs 
LIMITED and of the distributing organisation, MESSRS. 
BURTON, GRIFFITHS AND COMPANY LIMITED, both of 
Montgonery-street, Sparkbrook, Birmingham, 11, inform 
us that their telepbone numbers have been changed to 
Victoria 2351/9. Their telegraphic addresses remain 





unchanged. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Since the principal steel works closed 
down on the 15th for the summer holidays, repair 
squads have been actively engaged on overhauls of plant 
and machinery and the rebuilding of furnace linings. 
One of the biggest tasks is a major overhaul of Colville’s 
No. 4 bar mill, incorporating some new features. Fairly 
satisfactory progress has been made with the repair 
programme, but the resumption is not likely to be 
general until Monday next (August 1). Nothing has 
happened during the recess materially to change the 
restrained optimism of makers regarding prospects for 
the second part of the year. The outlook is naturally 
clouded by the serious economic position of the United 
Kingdom regarding imports from the United States, but 
apart from this, there are still indications which do not 
justify a pessimistic view. Order books generally 
are in a healthy state. Sufficient firm orders are held 
to keep the least busy section working at full capacity 
for four to six weeks. The re-rollers are included in this 
category, but they have reasonable assurance of the 
usual orders accruing later on. Sheetmakers remain 
the busiest section, December being indicated for the 
delivery of light-gauge black and galvanised sheets. 
Platemakers are also heavily committed for the next few 
months, while sections are only relatively easier. 

Scottish Coal.—Last week, the Lothians was the only 
one of the five areas working fully, but, in addition, pits 
on the Kilmarnock side of Ayrshire, Kirkconnel, and 
Clackmannanshire continued to operate, these not being 
due to close down until next month. The restricted 
output, nevertheless, is proving adequate for current 
requirements until collieries in Fife and Lanarkshire 
are in full operation again. The temporary arrange- 
ments to enable public-utility undertakings, coke-ovens, 
and general continuous process users to tide over the 
holidays appear to be working out satisfactorily, but a 
few more days must still elapse before fresh coal supplies 
reach these establishments. The protracted spell of 
good weather helped the stock position appreciably, and 
all categories have better reserves than were anticipated 
some time ago. This may prove to be fortunate, as the 
level of production has not come up to expectations. 
The total output this year, up to the close down of the 
principal areas for the summer holidays, aggregated 
12,954,000 tons, as compared with 13,046,000 tons in the 
corresponding period of 1948. Bunker shipments 
(foreign, Admiralty, and trawler) from Scottish ports 
during June were 77,970 tons, compared with 67,871 
tons in May and 83,856 tons in June last year. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—The South Wales anthracite 
trade with Canada should show a substantial increase 
this year, according to Mr. A. R. Bruce, United Kingdom 
Trade Commissioner in Ottawa, who has been paying 
a visit to industrial areas in Wales. He said that anthra- 
cite shipments to Canada in 1947 were about 100,000 tons 
and were practically doubled in 1948. This year, he 
said, they were hoping to do a great deal better. Canada 
has always been an important outlet for Welsh anthracites 
and in pre-war years was a rapidly growing market in 
spite of keen competition from the United States. The 
supply position was extremely difficult on the Welsh 
steam-coal market throughout the past week. Inquiry 
has come forward on a good scale for all but some of the 
very poorest classes. The current reduced productions, 
however, were barely sufficient to cover existing commit- 
ments, and until productions return to normal, which is 
not likely until the miners’ holidays conclude at the end 
of August, operations will remain on a strictly limited 
scale. There has been a keen request from the railways, 
while gas and electricity works, and the iron and steel 
industry are making very heavy demands. Consequently, 
the amount of coal available for export has been curtailed, 
and although a steady rate of shipment has been main- 
tained for France, Italy, Portugal and South America, 
there has been hardly any coal to spare for other con- 
sumers. There has been a sustained demand for bunker 
descriptions, but supplies have been very scarce. Patent 
fuel has been in keen demand from foreign users anxious 
to supplement their coal supplies and productions were 
well sold ahead. Foundry coke has been in rather better 
supply owing to improved outputs, and sales abroad have 
increased. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, there was a falling-off in the volume of business 
in tin-plate transacted with home consumers. The im- 
provement in the export market was maintained, how: | 
ever, and numerous orders were booked. Steel sheets 
continue to be sought after and new business remains 
difficult to place. The urgent demand for all grades of 
scrap iron and steel shows no signs of diminishing, as all 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—A firm tone continues in the 
Cleveland iron and steel market and buyers are still 
prepared to place good orders, but holidays are inter- 
fering with operations at many works and consumption, 
as well as production, is expected to be on a reduced scale 
over the next few weeks. Makers of all commodities 
have substantial bookings and are not in a position to 
accept much new business for supply during the present 
tonnage-allocation period. Most descriptions of raw 
material are obtainable in fairly satisfactory quantities. 
The output of Cleveland ironstone is still on a disappoint- 
ing scale but the yield of the mines is now steadily 
improving, while the imports of foreign ore have reached a 
high level and are likely to increase. Very large quan- 
tities of iron and steel scrap, both from home sources and 
from overseas, are coming forward, but users’ require- 
ments are heavy and distributable parcels are readily 
taken up. Recent imports from Germany have been of 
impressive dimensions. Stocks of blast-furnace products 
are inconveniently low and prospects of an appreciable 
increase in deliveries are not bright. Plants turning 
out most semi-finished and finished iron and steel com- 
modities are actively engaged on running contracts, and 
customers’ prospective requirements promise to keep the 
works busily employed for a considerable time. 

Foundry and Basic Iron.—The position in regard to 
ordinary foundry pig iron has changed but little. 
Shortage is still hampering operations at consuming 
plants and is necessitating extensive use of good cast-iron 
scrap, the supply of which, fortunately, is plentiful. The 
output of basic-ircn is being absorbed by the needs of 
the makers’ own consuming departments. 


Hematite, Low-Phosphorus and Refined Iron.—Steady 
deliveries of East-Coast hematite are dealing fairly well 
with the urgent needs of regular customers, but larger 
supplies would be acceptable. Makers of low- and 
medium-phosphorus grades of iron report a ready sale 
for their outputs. Refined-iron manufacturers are able 
to cover the buyers’ actual needs. 


Manufactured Iron and Steel.—Orders in hand for 
semi-finished and finished iron are keeping the plants well 
occupied and the inquiries circulating are expected to 
ensure good sales in the near future. In all branches of 
the steel industry, producers have heavy delivery obliza- 
tions. Re-rollers would welcome more small billets 
than are coming to hand, but deliveries of other types of 
semi-finished steel are satisfactory. Finished products 
continue in strong request. The demand is greatest 
for sheets, shipbuilding material and railway equipment. 





British Cast IRON RESEARCH ASSOCIATION.—Hitherto 
confidential to members only, the Journal of Research and 
Development of the British Cast Iron Research Association, 
from next month will be available to non-members at 
an annual subscription of 21. or 8 dols., post free. The 
Journal of Research and Development is published in 
alternate months and the first number of Volume 3 will 
appear in August. Subscriptions should be placed 
through booksellers or with the British Cast Iron Research 
Association, Alvechurch, Birmingham. It is not possible 
to supply back numbers to non-members of the Associa- 
tion, but reprints of a few papers are available. Published 
in the journal are reports of investigations by the 
Association’s research and development staffs, and papers 
presented at theAssociation’s Conference. 





THE INSTITUTION OF ELECTRICAL ENGINEERS.—The 
Council of the Institution of Electrical Engineers have 
awarded a number of premiums in respect of papers 
read, or accepted for publication, during the 1948/49 
session. These include the Kelvin Premium to Messrs. 
Cc. W. Earp and R. M. Godfrey; the John Hopkinson 
Premium to Mr. G. F. Shotter; the Llewellyn B. 
Atkinson Premium to Mr. A. Hamilton and Dr. R. W. 
Sillars; the Silvanus Thompson Premium to Professor 
F. C. Williams and Mr. T. Kilburn ; the Mather Premium 
to Mr. G. T. Winch; the Duddell Premium to Mr. G. 
Millington ; the Ambrose Fleming Premium to Dr. G. F. 
Gainsborough; the Sebastian de Ferranti Premium to 
Mr. H. M. Lacey; the John Snell Premium to Mr. H. 
Headland; the Crompton Premium to Messrs. B. 
Adkins and W. J. Gibbs ; the Swan Premium to Mr. T. P. 
Wakeford; the Fahie Premium to Mr. W. H. Grinsted ; 
the Paris Exhibition (1881) Premium to Mr. H. W. 
Grimmitt ; and the Webber Premium to Messrs. C. 
Crampton, W. Struszynski, S. de Walden, and P. G. 
Redgment. In addition, extra premiums have been 
awarded to Dr. J. H. Walker, Messrs. H. M. Gale, P. D. 
Atkinson, H. de B. Knight, Drs. W. A. and N. Wooster, 
Messrs. J. L. Rycroft, L. A. Thomas, Drs. D. G. Tucker, 
B. G. Pressey and H. G. Hopkins, Messrs. F. Horner, 
C. F. Floyd, R. L. Corke, C. F. Booth, J. P. Johns, H. T. 
Mitchell, T. Kilvington, F. E. Williams, C. H. Flurscheim 





users are in need of additional supplies. 


and E. L. L’Estrange. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-East London Branch : Tuesday, August 2, 8 p.m., 
Castle Hotel, Eltham High-street, Woolwich, 8.E.9. 
Discussion on “ Ball and Roller Bearings.” North 
London Branch: Wednesday, August 3, 8.15 p.m., St. 
John’s Hall, Hoppers-road, Palmers Green, N.21. ‘“‘ The 
Association of Supervising Electrical Engineers,’ by 
Mr. R. F. Twentyman. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—Supplies of raw materials are sufficient 
for all immediate requirements. The production of steel 
has eased off owing to the August Bank Holiday break, 
during which extensive overhaul and repairs will be 
undertaken. The United Steel Companies have announced 
the production of 2,042,056 tons of steel ingots in their 
financial year ended June 30, being 146,000 tons more 
than the record achieved in the previous year. It was 
stated that no other British steel firm has made so much 
steel in one year. Lord Riverdale predicts a world over- 
production of crude steel and believes it is advisable to 
shelve, at least temporarily, ambitious plans for recon- 
struction and modernisation of existing plants, as well 
as the building of new plants in Western Europe. At 
the works of Samuel Fox and Company, Limited, Stocks- 
bridge, part of the United Steel organisation, automatic 
cooling plant is being installed with the object of enabling 
some of the cold-rolling mills to work at double their 
present speed. It is believed that production of high- 
carbon steel strip and stainless-steel strip will be sub- 
stantially increased without any addition to rolling-mill 
capacity. The new development will help to solve the 
problem of heat generation during the cold-rolling 
process, hitherto an obstacle when higher speeds have 
been attempted in the rolling of high-grade steels. Strip 
for razor blades and for precision springs for clocks, 
watches, and other instruments are among the products 
of the cold-rolling department. 

South Yorkshire Coal Trade.—Supplies of coal during 
the Bank Holiday period at the pits will be ample for 
all needs, thanks to the increased production at several 
pits before the holiday break. Annual holidays with 
pay, however, will keep production down during August. 
The demand is strong, except in Lousehold qualities ; 
stocks of off-the-ration fuel are heavy. Sufficient coking 
coal has reached coke-works to keep them operating 
continuously. There is a strong call for best steams 
for export, and some coke is being spared for shipment 
abroad. : 





INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—A copy of the revised syllabus and rules for 
examinations for membership of the Institution of Heat- 
ing and Ventilating Engineers has been received. The 
pamphlet, which contains 15 pages, is divided into three 
sections dealing, respectively, with regulations gov- 
erning admission to membership, general rules for 
examinations, and syllabuses and other details of exami- 
nations. Copies of the publication, which is to become 
effective as from January 1, 1951, are obtainable on 
application to the Institution, 75, Eaton-place, London, 
S8.W.1. 





SaFETYy GLAss FoR SHOP WINDOWS.—A demonstration 
of laminated safety glass was given recently at the Willes- 
den factory of the Triplex Safety Glass Company, 
Limited, 1, Albemarle-street, Piccadilly, W.1. This 
glass, intended for the protection of shop windows 
against “smash and grab” raiders, embodies an inter- 
layer of polyvinyl butyral three times thicker than that 
used in the motor-car industry. The maximum size of 
pane is 5-0 ft. x 2 ft. 6 in., and such a sheet proved 
capable of withstanding three or four successive blows 
from a 54-lb. brick hurled against it; the glass should, 
therefore, give adequate protection. 





ELECTRICITY SUPPLY IN THE SCOTTISH HIGHLANDS.— 
An electricity supply to Tomintoul, Banffshire, the 
highest village in the Scottish Highlands, was formally 
inaugurated on Wednesday, July 20. Nearly 210 of the 
village’s 457 inhabitants will receive a supply immedi- 
ately through an extension from the 11-kV Ballindalloeh- 
Minmore line. This extension is about 8} miles long and 
is erected over moor, rock and peat at an average height 
of 1,250 ft. The poles are fitted with additional side 
stays to withstand the severe weather conditions and 
many of them are also provided with bog shoes. Local 
distribution is at 415/240 volts. 
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PREFABRICATED CONSTRUCTION OF WELDED-STEEL BARGES. 


TEES SIDE BRIDGE AND ENGINEERING WORKS, LIMITED, MIDDLESBROUGH. 
(For Description, see Page 104.) 























Fie. 8. Moprrrep “ Way” Type Barge. 
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Fie. 10. Lowermve Barge TO WarTer’s EDGE. Fie. 11. Baroe at Water’s Epes, WarTInG ror TIDE. 


























Fie. 12. Sms Launcuinea a Barae. Fie. 13. Barag BEING Moorep To WHARF. 
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vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
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or under, and 2s. per line up to one inch. The 
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If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
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at the following rates :—5 per cent. for six; 12} per 
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Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
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“Copy” instructions and alterations to standing 
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received at least 10 days previous to the date of pub- 
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THE DOCK STRIKE IN 
RETROSPECT. 


Tue strike of dockers which has virtually para- 
lysed the seaborne trade of the port of London for 
several weeks came to an end on Monday, July 25, 
when the men resumed work; and the “ State of 
Emergency ” which had been proclaimed by the 
King a fortnight earlier was declared by the Prime 
Minister, reading a message from the King to the 
House of Commons, to have ceased to exist. Thus 
ended, in a somewhat dubious fashion, an episode 
which has reflected no great credit on anyone con- 
cerned and, quite definitely, has done no one, 
whether directly concerned or not, an atom of good. 
The dispute began in Canada, where certain points 
of difference had arisen between the two rival unions 
which compete for the interest and allegiance of 
Canadian seamen. The details of it are immaterial ; 
they were immaterial at the time that the London 
strike began and, although particulars were given 
in the national newspapers, it is probable that few 
of the dockers themselves were aware of much more 
than the fact that there was a dispute when, in 
response to appeals which were not made or backed 
by their own union, they decided on June 27 to 
strike in sympathy with the recalcitrant crews of 
the Canadian ships Beaverbrae and Argomont, lying 
in the London docks. 

The trouble on this side of the Atlantic did not 
begin in London; it has been in active existence 
since May 1 at Bristol and Avonmouth, and occurred 
in the Mersey also. It originated in this country on 
Apri] 1, on board a cargo vessel, the Gulfside, 
manned by a crew who belonged to the Canadian 
Seamen’s Union; they went on strike on instruc- 
tions from their union, which was at variance with 
the Seamen’s International Union over a question of 





pay scales. After three weeks interval and some 


obtained an injunction against the strikers, who left 
theship. About a week later, a replace crew arrived , 
this time composed of members of the Seamen’s 
International Union, and proceeded to prepare the 
vessel for sea ; but the local tugmen and dock gate- 
men refused to take her in tow or to operate the 
gates to allow her to leave, so she did not sail. 
Avonmouth dockers who were allocated to discharge 
the cargo of another Canadian vessel, the Montreal 
City, also manned by men of the Seamen’s Inter- 
national Union, joined in the strike in the sacred 
name of “‘solidarity,’’ but were informed by the 
Port of Bristol Employers’ Association that no more 
men would be called to work the cargo of other ships 
until that of the Montreal City was discharged. 
This caured the unrest to spread to the Bristol 
docks. Meanwhile, soldiers had been sent to dis- 
charge the cargo and eventually the dockers called 
off the strike. The fact that the inter-union quarrel 
in Canada showed indications of settlement no doubt 
had some influence on this decision. 

Unfortunately, these hopes of a Canadian settle- 
ment were not fulfilied and trouble broke out again, 
this time in London, where the crews of the Beaver- 
brae and the Argomont resumed their strike. At 
first, the London dockers were lukewarm about sup- 
porting it and nine-tenths of those who attended a 


9 meeting held to call an unofficial sympathetic strike 


refrained from voting. As a result, only about 
1,500 men came out, the rest—including some who 
were discharging the Beaverbrae’s cargo—remaining 
at work. Others were won over, however, until 
another thousand were out, immobilising about a 
score of ships. The strike continued to spread, 
though not recognised by the men’s union, until, 
when the State of Emergency was declared, 112 ships 
were held up in London. At the height of the dis- 
pute, three times that number were affected. Under 
the regulations made to deal with it, an emergency 
committee of five, with Sir Arexander Maxwell as 
chairman, were appointed to take charge of the 
situation; but no clear indication was given of 
their powers in relation to those already vested in 
the National Dock Labour Board, the chairman of 
which was, and is, Lord Ammon. Troops were 
ordered to the docks to deal, in the first place, with 
the large amount of perishable cargo, mainly food- 
stuffs, urgently required to maintain normal supplies 
to the public, and no attempt seems to have been 
made by the dockers to interfere with them ; but, 
as the position was still grave, the Dock Labour 
Board issued an ultimatum to the strikers to return 
to work, intimating that refusal to do so would 
** jeopardise the very existence of the scheme which 
former dock workers and many present dock workers 
have struggled to achieve,” namely, the decasualisa- 
tion of dock labour and the guaranteed weekly wage, 
whether the men were employed or not. It may 
be observed that, in the House of Commons, on 
July 4, the Minister of Labour (the Rt. Hon. George 
Isaacs, M.P.), in a statement on the dock strike, 
said that ‘“‘the men must realise that, by their 
present conduct, they may be imperilling the future 
of the Dock Labour Scheme.” 

The ultimatum by the Dock Labour Board 
produced results which almost eclipsed in popular 
interest the strike which inspired it ; for the Govern- 
ment promptly repudiated it, maintaining that the 
Board were subject to the authority of the Emer- 
gency Committee, and had acted wrongly in taking 
this independent action. As a measure of the 
Governmental disapproval, the Prime Minister 
removed Lord Ammon from his position of Chief 
Whip in the House of Lords. This aroused con- 
siderable feeling, and much general sympathy with 
Lord Ammon, whose patent integrity throughout a 
long public life has won for him friends-in many 
and diverse fields.. By this time, however, the 
leaders of the strike had realised that they would 
be judicious to bring it to an end—possibly sensing 
also a growing reversion of feeling among the 
dockers in general—and they did so; in circum- 
stances, however, which afford little security against 
another outbreak whenever the moment may seem 
propitious. The arrival on the scene of known 
agitators from foreign ports, and their prompt 





interception and deportation by the authorities, 
advertised at once the influences at work to maintain 
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the strike and the Government’s intention (some- 
what tardy, but evidently genuine) to take a firm 
stand at last. The debate in the House of Commons 
on July 26, when Sir John Anderson, who is chairman 
of the Port of London Authority, gave an admirable 
resumé of the course of events, and Lord Ammon’s 
personal statement on the following day in the 
House of Lords, may be regarded as the conclusion 
of the episode. 

There have been dock strikes before and, no 
doubt, there will be dock strikes again, but this 
particular dispute appears to have features of an 
importance which may make it something of a 
landmark in industrial history as well as a rather 
disturbing signpost to the possible course of future 
events. That it should have exposed one of the 
great weaknesses of central regulation of day-to-day 
industrial activity—the difficulty of securing 
co-ordination between the various regulating autho- 
rities, and the lack of personal contact with the 
rank and file, is no cause for surprise, for this is a 
matter of common observation. Those who foment 
industrial disputes do so almost solely by personal 
contact, taking ‘“‘ votes”’ in circumstances which 
operate strongly to deter the more sober elements 
from exercising any effective retarding influence. 
Intimidation does not need to take the form of 
specific threats when it is realised that those who 
are causing the trouble are supported by others 
who will not hesitate to resort to personal violence 
if they cannot achieve their ends by other means ; 
and there are other methods of victimisation hardly 
less to be feared than personal violence. 

The fact is that the means of acquiring and exert- 
ing power which are inherent in the conception and 
Operation of centralised controls can be applied 
equally to the acquisition of power for less commend- 
able purposes. This was realised long ago in the 
conduct of political elections and the result was the 
Ballot Act, designed to ensure that any voter should 
be able to vote according to his personal judgment 
without fear of consequences. If the compulsory 
secrecy of the ballot could be extended to all 
circumstances in which an issue has to be decided 
according to the integrated wishes of a majority, 
the greater part of the disputes which periodically 
disrupt the industrial life of the nation would never 
take place. It is easy to say that a cure is to be 
found in a higher standard of general education, to 
ensure that a greater proportion of the individuals 
concerned were able to make their separate assess- 
ments of situations as they arise. In practice, this 
is not so, and it will not be so unless and until each 
individual can ‘be certain that the expression of 
Opinions contrary to those of the few in power is 
not going to expose him to reprisals of unknown 
severity. In any large organisation, whether indus- 
trial, commercial or professional, power must 
be concentrated in comparatively few hands if any 
sort of central control is to be maintained. Ideally, 
those who wield the power should dedicate them- 
selves to the dorrect interpretation of the wishes of 
those whom they purport to represent and who, in 
most cases, have placed them in office for that 
purpose only; but that is an ideal which is too 
seldom realised in practice. 

This idea is not likely to be popular with those 
who regard the ‘“‘ card vote’ as democracy’s ideal 
method of expression ; it is not likely to be quicker 
in action than the present process of ascertaining 
and proclaiming “solidarity,” and certainly would 
be more expensive and laborious to operate—a 
characteristic which, however, should ensure that 
it is not employed unnecessarily. Its use would 
mean that those in authority would have to regard 
themselves much more as spokesmen and servitors, 
and much less as leaders and evangelists, than they 
are inclined to do at present. Moreover, they would 
have to be much more careful in framing and pub- 
lishing the policies which they desire their electorates 
to follow. The essential thing is that every possibly 
controversial question needing the mass decision of 
an organised body, of whatever kind, should be 
required by law to be decided by ballot, under such 
conditions as to ensure secrecy. Only thus can the 
public (which includes the voters) be guarded 
against abuse of that so-called “solidarity ” which 
too often appears rather to be solidity—from the 
teeth up. 





ELECTRICITY SUPPLY IN 
THE NORTH OF SCOTLAND. 


THe year 1948 marked a definite stage in the 
history of the North of Scotland Hydro-Electric 
Board, as, in December, the first two of their new 
water-power installations went into operation. These 
are situated at, Mofarin Inverness-shire and Lochalsh 
in Ross-shire. They are both small, the former 
having an installed capacity of 360 kW, and the 
latter one of 625 kW ; further sets, however, are on 
order for both stations. These installations, situated 
on the west coast, in the neighbourhood of the Isle 
of Skye, both supply isolated areas and the latest 
report* of the Board does not indicate that they 
are likely to be connected to any general distribution 
network. The area served by the Board, which 
comprises the whole of Scotland north of a line 
roughly joining the north bank of the River Tay 
with the upper reaches of the Firth of Clyde, is 
much cut up by mountains and contains many 
sparseley-popuilated districts with restricted means 
of access. For this reason, the total area has been 
divided into 14 sections, each having a large measure 
of local control. This procedure is natural and 
convenient and, no doubt, as the report claims, it 
has resulted in the creation of ‘‘ economical adminis- 
trative units.”” This felicitous effect might raise a 
doubt about the value of a central overriding 
authority ; and might suggest that if local bodies 
can manage local affairs in the most economical 
way they should be left alone to do so. 

Any reaction of this kind, which would be natural 
at a time when administrative opinion appears to 
favour the nation-wide control of everything, would 
not be fair to the North of Scotland Hydro-Electric 
Board. They have been charged not only with 
the development of the water-power resources of 
northern Scotland, but with their utilisation and 
application in such a way as to encourage and facili- 
tate industrial progress in an area which has been 
neglected in the past, has exhibited the phenomenon 
of a declining population and has suffered from the 
lack of the various public services on which material 
progress is so greatly dependent. It is hoped 
that power supplies will result in the establish- 
ment of new industries and the development of those 
already in existence ; and evidence of the fulfilment 
of this hope is furnished by the fact that, during the 
year, 29 small industrial concerns were given a 
supply of electricity for the first time. Although 
suitable industrial development will help towards 
the establishment of a sound over-all economy, the 
prosperity of the north of Scotland must be largely 
based on agricultural activities. These may be 
fostered by the provision of power supplies and the 
Board, in conjunction with the British Electrical 
Research Association, are occupied in investigating 
the problem of the electrification of Highland 
agriculture. The avidity with which an electricity 
supply is welcomed in isolated districts is shown by 
the fact that in the Lochalsh area, 90 per cent. 
of the possible consumers have been-connected ; the 
figure for the Morar area is 85 per cent. No doubt 
the majority of these consumers are utilising the 
supply for household purposes, but amenities 
furnished in that way are of almost direct benefit to 
agricultural activity by improving the living con- 
ditions of the employees and doing something 
towards checking the drift from the land. 

One obvious advantage of a central authority 
for the whole of Northern Scotland is that its 
financial status enables it to obtain capital for the 
development of supplies in isolated areas. A purely 
local body might have difficulty in raising funds. 
The report does not give detailed particulars about 
the finances of the small Lochalsh and Morar 
schemes, but that the Board’s general activities are 
financially sound is shown by the fact that the year 
1948 was completed with a debit balance of only 
35,6351. This is a small sum for an authority which is 
still so largely engaged in construction rather than 
operation; and is carrying out power-station 
work and the laying of transmission and distribution 
lines at a total cost of nearly 1001. million. There 





* North of Scotland Hydro-Electric Board, Annual 
Report, 1948. Offices of the Board, 16, Rothesay- 
terrace,Edinburgh. [Price 2s. 6d.] 
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has been much loose talk about the introduction of 
uniform charges for electricity supply throughout 
Great Britain, and it is satisfactory to find that the 
Scottish Board have a sense of financial responsi- 
bility ; 12 per cent. of consumers pay “a slightly 
higher uniform charge because of the high cost of 
generating electricity by Diesel engines and distribut- 
ing it in remote and sparsely populated areas.” Asa 
result of the Electricity Act of 1947, the supply 
systems of Aberdeen and Dundee passed into the 
possession of the Board; and further evidence of 
financial rectitude and of the unwillingness of the 
Board to operate at a loss (of public money) is 
shown by the fact that the charges in both these 
cities have been increased by 224 per cent. 

Although, as suggested above, the starting up 
of the first two new hydro-electric stations in 1948 
represented a milestone in the progress of the 
Board, much the most important incident of that 
year was the passing, on April 1, of all electricity 
supply businesses in northern Scotland into their 
possession. The Board are now responsible for 
generation, transmission and distribution in an area 
of 21,600 sq. miles, and own and operate the 
systems in Perth, Inverness and Oban, that of the 
Grampian Electricity Supply Company, and those 
of a number of other power and supply companies, in 
addition to those of Aberdeen and Dundee. These 
transfers have greatly increased the magnitude of 
the Board’s operations, and by far the major part 
of their supplies are now delivered from stations 
which they have acquired, not constructed. The 
total plant capacity of the stations in operation in 
December, 1948, was 242,513 kW, and of this 
206,125 kW was installed in four stations out of a 
total of 38. These four were those at Aberdeen, 
Dundee, Rannoch and Tummel Bridge, the two 
former being steam and the two latter water power. 

Of the total plant capacity of 242,513 kW, hydro- 
electric stations were responsible for 85,920 kW, 
steam stations for 137,395 kW, and Diesel stations 
for 19,198 kW. The heavy bias in favour of steam 
is due entirely to the nationalisation of electricity 
supply. It must have altered to some extent the 
outlook of the Board, who were originally appointed 
to develop the potential water power for the 
benefit of the local populations. It may be 
that in due course hydro-electric development 
which, as indicated by its name, is the proper 
business of the Board, will again become the main 
activity. At the present time, the total capacity 
of hydro-electric plant on order or required for 
schemes authorised and published is 634,850 kW, 
nearly three times the present total of steam, 
Diesel and water-power plant. The largest single 
item in this impressive figure is 130,450 kW, repre- 
senting the future capacity of the Sloy generating 
station. The largest plant now owned by the Board 
is the 69,625-kW steam station at Dundee. The 
Sloy scheme, which was the first to be promoted 
by the Board, is in an advanced stage of con- 
struction. Some particulars of the present state of 
the work and of that on the Tummel-Garry and 
other schemes were given in the account of the 
Summer Meeting of the Institution of Electrical 
Engineers, on page 545 of our 167th volume 
(1949). 

As the Board are now the sole electricity authority 
for northern Scotland, their business naturally 
includes the linking-up of the main generating centres 
and the construction of a Highland grid. This, when 
completed, will connect to the British Electricity 
Authority’s grid at Windyhill, Glasgow, and Bonny- 
bridge in Stirlingshire. At the end of the year, 
440 circuit miles of 132-kV line were under con- 
struction connecting Sloy and Glasgow ; Tummel- 
Garry and Bonnybridge; Keith and Aberdeen ; 
and Fannich and Boat of Garten. Keith, which is 
midway between Aberdeen and Inverness, will later 
be connected to Boat of Garten by @ 132-kV line, 
which will join the grid line from the 24,000-kW 
water-power station at Fannich. The Board’s distri- 
bution system extends to 5,041 route miles of high- 
and low-voltage line and supplies 203,425 customers. 
An important p e of extensions, was 
approved during the year. The Board are also 
exhibiting some technical enterprise ; a 15,000-kW 
gas turbine is under construction for Dundee, and 
a wind-power generator is to be erected in Orkney. 
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THE NuFFIELD FounpDaATION. 

Tue Nuffield Foundation, as its title indicates, 
was established by the munificence of Lord Nuffield, 
who endowed it with a trust fund of 10,000,0001. for 
the primary purposes of “‘ the advancement of health 
and the prevention and relief of sickness . . . the 
advancement of social well-being . . . and the care 
and comfort of the aged poor.’”” The methods by 
which these objects are sought are, firstly, by assist- 
ing the discovery of new knowledge in medicine, 
science and social studies, and, secondly, by en- 
couraging the application of existing knowledge to 
everyday problems. The fourth report on the work 
of the Foundation, issued yesterday, marks the 
end of the first planned period (six years) of its 
activities, during which grants totalling 2,124,1751. 
have been made. Many of these, being for purely 
medical or social purposes, are outside the field 
normally covered by ENGINEERING, but the support 
given to studies coming under the general heading 
of ‘“‘ Natural Sciences,” to which 289,7501. was allo- 
cated, does come within our purview, and may be 
briefly suramarised. To promote physical research, 
the Foundation offered to five universities grants 
totalling 193,0001 ‘“‘for the early rebuilding of 
vigorous research teams backed by skilled technical 
services.” The department of physics at the 
University of Birmingham accepted 25,000I., to be 
spread over five years, for work on nuclear physics 
under the direction of Professor M. L. Oliphant, 
F.R.S.; with this aid, a new type of accelerator has 
been developed for the production of high-energy 
protons, and the necessary apparatus and technique 
have been devised to observe their scattering with 
accuracy. The report makes sympathetic refer- 
ence to the accidental death, in the course of these 
researches, of Mr. G. Fertel, B.Sc., A.R.C.S. To the 
Uniyersity of Glasgow the Foundation offered 
60,0001., over six years, to enable Professor P. I. 
Dee, C.B.E., F.R.S., to develop a school of active 
research in the department of natural philosophy. 
A 300-million electron-volt Cyclotron is under con- 
struction and, meanwhile, a 30-million electron-volt 
Synchrotron has been installed for the production of 
high-energy gamma rays, and also a million-volt 
direct-current generator for the acceleration of pro- 
tons and deuterons. Proportional-counter technique 
for the detection and measurement of low-energy 
quanta has been much improved and has been applied 
tothe study of the emissions from several natural and 
artificial radioactive elements, including tritium. 
The biomolecular research laboratory of Birkbeck 
College, under Professor J. D. Bernal, F.R.S., 
received a grant of 25,000/., to be spread over five 
years, to which a further 1,750]. was added later. 
The work covered included a study of the optical 
focusing of X-rays and the design of a new type of 
electron-computing machine. A grant of 4,0001. a 
year for five years was made to the department of 
physics at the University of Manchester, which is 
under the direction of Professor P. M. S. Blackett, 
F.R.S., for cosmic-ray research; it is hoped that 
the investigations of penetrating showers, of meson 
decay, and of extensive showers will lead eventually 
to increased knowledge of the ultimate structure of 
matter. To the Clarendon Laboratory, at the 
University of Oxford, the Foundation made a grant 
of 64,0001., over eight years. This is being applied, 
under Lord Cherwell, F.R.S., the professor of 
experimental philosophy, to the study of tke pro- 
perties of matter at the low temperatures attainabie 
by the use of liquid helium, and of nuclear physics. 
Researches in progress. include investigations into 
the thermal conductivity of glass in the temperature 
range from that of liquid helium to room tempera- 
ture, and the electrical conductivity at low tem- 
peratures of alkali metals and of the alkaline-earth 
metals ; and a mass spectrometer of high sensitivity 
and high resolution has been constructed to study 
atmospheric helium. The Cavendish Laboratory, 
University of Cambridge, under Sir Lawrence 
Bragg, F.R.S., received 7,500. for a five-year re- 
search by Dr. E. Orowan, F.R.S., on metallurgical 
problems ; and Cambridge University is also inves- 
tigating water-flow in soil, and the mechanics of soil 
disturbance by ploughing, etc., with the aid of a 
grant of 10,000/. for five years. The University of 


Bristol was granted 18,00C/., over five years, for the 
improvement and development of the reflecting 
microscope constructed by Dr. C. R. Burch, F.R.S., 
of the H. H. Wills Physical Laboratory. Metal- 
lugical research (which should benefit greatly by the 
application of this microscope) is being assisted also 
by the support given to the scheme for travelling 
fellowships and scholarships, operated in conjunc- 
tion with the Institution of Mining and Metallurgy. 


Execrriciry Supply ResEaRcH COUNCIL. 


The British Electricity Authority have set up a 
Research Council to advise themselves and the 
Area Boards on specific problems relating to elec- 
tricity supply; to keep under review matters 
affecting the supply of electricity and to give advice 
on programmes and planning of research carried 
out over the whole field; and to make recom- 
mendations to the Central Authority on research, 
which the Council consider it desirable to initiate. 
The chairman of the new Council is Sir Harold 
Hartley, a former chairman of the Fuel Research 
Board ; while the members are Sir Edward Apple- 
ton, principal and vice-chancellor, Edinburgh Uni- 
versity ; Professor E. Simon, professor of thermo- 
dynamics, Oxford University; Sir David Brunt, 
professor of meteorology, Imperial College, London ; 
Professor H. W. Melville, professor of chemistry, 
Birmingham University; Sir Geoffrey Taylor, 
Yarrow research professor of the Royal Society ; 
Mr. V. A. Pask, chief engineer, British Electricity 
Authority ; and Mr. C. W. Marshall, deputy chief 
engineer (research), British Electricity Authority. 
We understand that the establishment of such a 
Research Council has been under consideration by 
the Authority for some time, and that the decision 
now reached is the resul’S of consultations with the 
Area Electricity Boards and of a review of the 
scope of the research activities which the Authority 
are called upon to undertake under Section 2 of 
the Electricity Act, 1947. The composition of the 
Council indicates the importance which the 
Authority attach to securing a body of scientific 
advisers of wide experience and knowledge to assist 
them in solving the multifarious problems of elec- 
tricity supply and to focus general scientific research 
and development on the work in that particular field. 
The activities of the new Council will, of course, be 
complementary to those entrusted to various 
Government-appointed bodies. 


LonDON TRANSPORT DEVELOPMENTS. 


Work on the extension of the Bakerloo tube line 
from Elephant and Castle to Camberwell is to start 
next January. In making this and several other an- 
nouncements, on Wednesday, July 27, Lord Latham, 
chairman of the London Transport Executive, said 
that, while the Government were considering the 
report of the London Plan Working Party (see 
page 37, ante), the Executive were pressing ahead 
with works that have already been planned. Five 
working shafts will be sunk along the route of the 
new twin tubes, at about 14-mile intervals, and the 
tunnelling work for the tubes, stations and cross- 
overs will be commenced in February or March. 
It will take two years to complete the tunnelling, 
and it is hoped that the line will be opened to traffic 
about 15 months after that, namely, early in 1953. 
More than 150,000 tons of earth will be excavated, 
and the underground terminus at Camberwell will 
have three platforms. The ground through which 
the tubes will be constructed is water-bearing, and 
all tunnelling will therefore be done with compressed 
air. By extending the Bakerloo line southwards it 
will also be possible to increase the frequency of 
traffic throughout the line by 25 per cent., owing 
to the provision of improved facilities for reversing 
trains at Camberwell. With regard to the South 
London tramcars, Lord Latham said that the con- 
version of tramway depots to omnibus garages was 
already in hand, and the changeover to omnibuses 
was expected to commence in October, 1950, although 
it would be some time after that before the last 
tramcar was taken out of traffic. The reconstruction 
of existing depots and the building of two new 
garages, for the omnibuses which will replace tram- 
cars, will cost 2,800,0007. A start has also been 
made on a programme of building and reconstructing 








seven new and existing *bus garages for the normal 





fleet of "buses, at a cost of 1,800,0001. In order 
to reduce delays caused by breakdowns on the 
Underground, a mobile radio system, which was 
briefly described on page 159 of our 166th volume 
(1948), will come into use in the autumn. A fleet of 
ten breakdown vans will be linked by radio-tele- 
phone with a control centre at Earl’s Court, and 
there will be a 100-watt transmitting station at 
Broadway, Westminster. 
THE WoRLpD’s SHIPBUILDING. 

At June 30, according to the quarterly shipbuild- 
ing returns issued by Lloyd’s Register of Shipping, 
the steam and motor merchant ships under con- 
struction in Great Britain and Northern Ireland 
totalled 2,043,008 tons gross, which was 200,695 tons 
less than the tonnage in hand at the corresponding 
date in 1948. Of this total, the amount under 
construction ‘‘ for registration abroad or for sale,” 
was 756,854 tons, which shows a slight increase on 
the figure for the previdus quarter, and represents 
37 per cent. of the tonnage being built in this 
country ; 317,202 tons are on order for Norway 
and 111,589 tons for Argentina. The total of steam 
and motor mercantile shipping under construction 
abroad at June 30 was 2,403,062 tons gross. This 
is 123,467 tons more than at the end of the previous 
quarter, but again does not include figures for 
Germany or Russia and is stated to be incomplete 
as regards Japan. The principal contributors to 
the total of tonnage building abroad are the United 
States, 594,714 tons; France, 398,474 tons ; 
Holland, 286,262 tons; Sweden, 227,135 tons ; 
Italy, 217,380 tons; and Denmark, 119,870 tons. 
Of the tonnage building abroad, 35 per cent. (840,874 
tons) is intended for registration in some other 
country than that of the builders. Sweden is 
building the largest amount of this ‘export ” 
tonnage, the figure being 189,405 tons, the United 
States coming second with 186,894 tons and Holland 
third, with 181,405 tons. The countries which will 
receive the biggest accessions of ships built elsewhere 
than in their own yards are Norway (274,655 tons), 
Panama (140,100 tons), and Argentina (136,500 
tons). It is to be noted, however, that, of the 
tonnage being built abroad, work has been suspended 
on 23 vessels, totalling 42,429 tons; whereas the 
work in suspense in the shipyards of Great Britain 
and Northern Ireland amounts only to 1,180 tons. 
Summarising the above totals, it will be seen that 
the total tonnage of steamers and motorships 
building in the world at June 30 was 4,446,070 tons 
gross, of which 46 per cent. was under construction 
in the United Kingdom. During the past quarter, 
British yards have completed 339,012 tons, launched 
357,745 tons, and laid down 287,850 tons of merchant 
ships; the corresponding figures for foreign yards 
were 405,674 tons, 520,369 tons and 560,062 tons. 
Of the total under construction in the United King- 
dom at June 30, 828,796 tons were steamers and 
1,214,212 tons were motorships. Foreign yards 
had in hand 990,659 tons of steamers and 1,412,403 
tons of motorships. Taking world shipbuilding as 
a whole, there were under construction 23 steamers 
and 54 motorships of between 6,000 and 8,000 tons 
each; 17 steamers and 54 motorships of between 
8,000 and 10,000 tons ; 23 steamers and 62 motor- 
ships of between 10,000 and 15,000 tons; 36 
steamers and 11 motorships of between 15,000 and 
20,000 tons ; and six steamers and three motorships 
of between 20,000 and 30,000 tons each. Tanker 
tonnage under construction in the world amounts to 
154 vessels, totalling 1,667,000 tons, or 37-5 per 
cent. of the aggregate world, tonnage building. 
Forty-five were steamers, totalling 652,121 tons, 
and 109 were motorships, of 1,014,879 tons. The 
United Kingdom, the United States and Sweden 
had the most tanker tonnage in hand, the respective 
figures being 73 vessels, of 733,364 total tonnage ; 
32 vessels (530,705 tons); and 16 vessels (122,600 
tons). It will be recalled that Lloyd’s Register 
and the British Corporation Register were amalga- 
mated on March 25, 1949. The total of world 
shipbuilding being constructed under their inspection 
at June 30 was 3,015,149 tons, or 67-8 per cent. of 
the grand total; and the total building under their 
survey in the shipyards of Great Britain and 
Northern Ireland was 94-7 per cent. of the work in 
hand. The corresponding percentage of work in 





hand in foreign yards was 45 per cent. 
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LETTERS TO THE EDITOR. 


TECHNICAL DICTIONARIES. 
To THE Eprror oF ENGINEERING. 


Simr,—Any discussion on technical dictionaries 
should be prefaced by the postulates that a trans- 
lator must have good literary knowledge of both the 
languages with which he is dealing and adequate 
technical knowledge of the subject matter. For 
an engineer to try to translate an article on 
““Saprophytic Liverwort”; or for a botanist to 
attempt a similar feat with an article on “‘ Influence 
Lines for Pin-Jointed Redundant Trusses,” must 
inevitably lead to confusion, which will not be 
dispelled even by high linguistic abilities. 

Given, further, that no one desires to, or is, indeed, 
capable of, translating from more than one language 
simultaneously, it follows that bilingual dictionaries 
are more useful than multilingual, besides being 
more portable and less expensive. I think I am 
in agreement with Mr. Erikson on this point, but 
T am not so sure about Mr. Sewell. 

I do not, however, support Mr. Erikson in the 
matter of illustrations. Even if they are small they 
occupy @ great deal of space ; and, if they are small, 
they do not illustrate much. I have never found 
that they gave me much assistance and on the whole 
they must cost more than they are worth. 

I am in full agreement with Mr. Erikson about 
the methods by which dictionaries should be 
prepared and about the conditions which they 
should fulfil. In particular, I agree that abbrevia- 
tions should be translated and explained. On the 
other hand, if my postulates are accepted, the 
translation of phrases and idioms can be overdone ; 
and I consider, in opposition to Mr. Sewell, that it is 
sufficient to give the meanings of isolated words. 
It is, of course, assumed that the compiler of the 
dictionary has included all the meanings and that 
the translator is sufficiently skilled in the art to 
select the right one. 

Mr. Erikson is to be congratulated on having 
brought this subject forward, for, as Mr. Lassally 
says, correct and up-to-date technical dictionaries 
are few and far between. If, however, some of 
Mr. Erikson’s suggestions are adopted this position 
should be improved. 

Yours faithfully, 
F. H. Masters. 
Elmwood, 
Welwyn Garden City, 
July 25, 1949. 





* BASIC NAVAL ARCHITECTURE.”’ 


To THE EpiTor oF ENGINEERING. 

Sm,—Perhaps I may be permitted to deal with 
just one point raised in your review, on page 50, 
ante, of my book, Basic Naval Architecture, as it 
seems specially important ; namely, the continued 
use of the Froude frictional constants. You state 
that the ‘‘ Froude frictional constants have been 
formally discarded by the International Conference 
of Tank Superintendents.” Having been present as 
@ delegate at the last such conference, I can assure 
you that this statement is incorrect. As far as I 
am aware, the official report has not yet been 
published, so it is only permissible to give the 
broad decision on this point. This decision, as 
already reported in the Press, allows the use of 
either Froude’s constants or the Schoenherr line 
until the next conference in 1951, when the question 
will again be reviewed. It is quite possible that the 
famous constants will then be jettisoned. It will 
be necessary, however, to secure universal accept- 
ance of a basis ‘‘smooth turbulent ” line and also 
of agreed roughness coefficients. The latter are 
needed, of course, to bring the resistance of the 
ideal or “hydraulically smooth” surface up to 
that of the very different surface of an actual ship. 

We know that the Froude values are not scien- 
tifically accurate and that they must contain an 
undisclosed amount of roughness correction. At 
the same time, we also know that they cannot be 





very wide of the mark, or our many tank estimates 
for power would not have proved so reliable in 
practice. In actual fact, the Froude figures may 
give better estimates than the Schoenherr values, 
if the latter are coupled to a wrong roughness 
correction. Hence, until we can agree on a Schoen- 
herr, a Prandtl-Schlichting, a Lackenby or some 
other basis line, the replotting of the Froude con- 
stants on a basis of Reynolds number is not such a 
pointless proceeding as your reviewer considers. It 
enables us to compare the constants with the values 
given by more modern formulations. This was the 
main purpose of the replotting and it was never 
intended or suggested that this would make Froude 
constants any more suitable or reliable. 

In conclusion, Dr. E. V. Telfer now tells us (at 
the Edinburgh I.N.A. meeting held last month) 
that all the above-mentioned friction lines are 
incorrect, and that even our present Froude method 
for separating frictional and residual resistance also 
requires revision. It is evident, therefore, that we 
ought to be quite clear about the next step before 
the still standard Froude constants are “‘ formally 
discarded.” 

Yours truly, 
K. C. BARNSLEY. 

July 22, 1949. 





ACADEMIC HONOURS FOR 
PRACTICAL ENGINEERS. 


To THe Eprror OF ENGINEERING. 


Stmr,—There must be many engineers who, like 
myself, had no opportunity to take a university 
degree in their youth, and who now, in the prime 
of life, find this a serious handicap. In most such 
cases, it is out of the question for the engineer to 
take time off to sit for an external degree owing 
to multiple responsibilities and to the natural 
difficulties which a man of more mature years finds 
in getting down to serious and prolonged ‘“‘swot- 
ting ” for examinations. Nevertheless, such an 
engineer may have more knowledge, experience and 
ability to tackle engineering problems of a scientific 
or technical nature than many youths who qualify 
for Bachelor or Doctor degrees. 

Would it not be possible for the technical institu- 
tions and the learned societies, in collaboration with 
the universities and the Ministry of Education, to 
institute some form of Doctorate degree, accessible 
to experienced engineers regardless of age, say on 
the basis of a thesis on a scientific or technical 
subject, without the necessity for prolonged 
academic study? If a limited number of such 
degrees could be competed for annually, this would 
enable many competent and possibly brilliant 
engineers of experience to obtain a seal or “‘ guinea 
stamp” by which they could, without undignified 
self-praise, qualify for posts which at present are 
open only to those who, although often less qualified 
in the true sense, have had the opportunity to obtain 
academic distinctions. ' 

This suggestion is not intended in any way to 
minimise the value of memberships of technical 
institutions, but it is an inescapable fact that such 
memberships carry little weight in comparison with 
university degrees in the selection of candidates 
for many important posts. 

Yours faithfully, 
STRUCTURAL. 
July 25, 1949. 





Smmmonpds SELF-LOCKING Nut.—Messrs. Simmonds 
Aerocessories, Limited, Treforest, Glamorgan, have 
introduced a self-locking nut which is similar to the 
Simmonds elastic stop nut, but has an insert made of 
Nylon instead of elastic fibre. The insert is in the form 
of a ring or collar which fits into an annular recess at the 
top of the nut and bears on the thread of the bolt. The 
Nylon is stated to possess greater endurance than the 
fibre, and it readily adjusts itself to thread irregularities. 
It has good dimensional stability under varying conditions 
of temperature and humidity, and is not affected by 
oils or boiling water. The nuts have been approved 
for use in aircraft construction, and are also supplied 
with a combined Nylon insert and cap, forming a leak- 
proof seal which is useful for pressure chambers, fuel 
tanks, etc. 


THE ROYAL AGRICULTURAL 
SHOW AT SHREWSBURY, 


(Concluded from page 79.) 


At the conclusion of last week’s article on the 
exhibits in the implement section of the Royal 
Agricultural Society’s annual show, reference was 
made to two new track-laying tractors, both of 
which were fitted with Diesel engines. It shoulq 
not be assumed, however, that all new machines of 
this class were fitted with Diesel engines, as Messrs, 
David Brown Tractors, Limited, were showing 
a new track-laying tractor, namely, the Track. 
master, fitted with a petrol engine; this machine 
is illustrated in Fig. 15, opposite. Messrs. David 
Brown Tractors, Limited, however, are not new. 
comers to this field, as during the second World 
War they made tracked vehicles of the DB4 type* 
which saw considerable service. The new Track. 
master, nevertheless, is an entirely new machine, 
as the DB4 was fitted with a proprietary engine 
and conventional steering whereas the Track. 
master has a power unit made by Messrs. David 
Brown and power-controlled steering. The engine, 
basically, is similar in design to that fitted to 
the Cropmaster and industrial type tractors. The 
cylinder bore, however, has been increased from 
34 in. to 3} in. and the governed speed from 1,300 
r.p.m. to 1,600 r.p.m.; this has raised the output 
from 25 h.p. to 30 h.p. The carburation system 
also has been modified to suit the higher speed, with 
the result that, although the engine uses slightly 
more fuel than that fitted to the Cropmaster, the 
specific fuel consumption is lower. The external 
air filter has been dispensed with, this component 
now being built into the tractor frame while other 
modifications include an intermittent oil feed to the 
rocker shaft to avoid flooding and a belt drive to 
the dynamo in order to isolate it from crankshaft 
and timing-gear vibration. In other respects, the 
engine is similar to the standard David Brown unit, 
and, in accordance with their usual practice, can be 
supplied either as a petrol or a petrol-paraffin engine. 

The transmission comprises a Borg and Beck 
single dry-plate clutch, a three-speed gearbox with 
high and low ratios, giving a total of six forward 
and two reverse speeds, the usual form of spiral- 
bevel drive to the rear cross-shaft and a final reduc- 
tion through spur gears. Two transfer gears, 
however, are fitted immediately behind the clutch ; 
these can be changed and the standard ratios 
increased or decreased by 10 per cent., thereby 
enabling the farmer to choose the ratios most likely 
to suit the local terrain. As previously indicated, 
power-controlled or controlled-differential steering 
is employed, epicylic gearing and a spur-type 
differential being arranged so that a definite turning 
radius is obtained when either of the steering brakes 
is applied. With this system, it is impossible to 
lock one track, both tracks continuing to move 
throughout the turn. Various track widths are 
available, namely, 40 in., 48 in., 56 in. and 64 in., 
the 40 in. and 48 in. models being convertible one 
from the other, as:are the 56 in. and 64 in. models. 
Two different widths of track plate are available, 
namely, 10 in. and 13 in., but the wider plates 
cannot be fitted to the 40-in. model. Track tension 
is maintained by a coiled spring, which permits 
lateral movement of the idler in the usual manner. 
A stabiliser bar, pivoted at its centre, carries the 
front ends of the track frames on vertical com- 
pression springs, so that when one track strikes an 
obstacle the shock is taken on both springs. 

The dimensions and weight vary, of course, accord- 
ing to the track width. When fitted with 40-in. 
tracks, for example, the machine has an overall 
width of 55 in. whereas with 64-in. tracks, the over- 
all width is 79 in., the overall length remaining 
constant at 111 in. The total weight with 40-in. 
tracks is 7,170 Ib. and with 64-in. tracks, 7,300 Ib., 
while the ground pressure for 10-in. plates is 5-75 lb. 
| per square inch and for 13-in. plates, 4-45 lb. per 
| square inch. The speed in bottom-low gear, which 
gives an overall ratio of 101 to 1-0, is 1-18 miles 
per hour, and in top-high gear, 6-36 miles per hour, 
the overall ratio in this case being 18-7 to 1-0; 
both figures refer to an engine speed of 1,600 r.p.m. 
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The calculated maximum drawbar pull, when fitted 
with the petrol-paraffin engine, is 7,500 Ib. in bottom 
low gear and 1,500 Ib. in top high gear, these figures 
assuming an overall transmission efficiency of 85 per 
cent. and a coefficient of adhesion between tracks 
and road of 1-0. During tests carried out by the 
National Institute of Agricultural Engineering, how- 
ever, a drawbar pull of 7,550 lb. was obtained in 
bottom low gear on grassland and a pull of 7,400 Ib. 
in the same gear on stubble. 

Reference has been made already to the need for 
removing the drudgery from agriculture and a good 
example of the way in which manufacturers are 
developing the necessary equipment for this purpose 
is seen in the simple mechanical planter exhibited by 
Messrs. A. M. Russell, Limited, 213-221, Balgreen- 
road, Gorgie, Edinburgh, 11. The Multiplanter, as it 
is called, allows seedlings to be planted at a consider- 
ably greater rate than by hand and with less labour. 
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CRAWLER Tractor; Mgssrs. Davip Brown Tractors, LIMITED. 
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‘“‘Rircnte”’ Easy-Feep Pranter; Mgssrs. A. M. RussEect, LiMirep. 


Its operative parts are a knife coulter to clear away 
rubbish, an opener to form a trench and remove 
the dry topsoil and two press wheels, set at twelve 
degrees to the vertical, for closing the trench around 
the roots of the plants which are inserted by hand. 
The wheels are mounted on a frame and weighted 
by the operator who sits on a canvas seat behind 
them, while a clicking gear facilitates even spacing 
ofthe plants. The planter may be attached directly 
to the toolbar of a tractor or used as a trailed 
implement ; it is claimed to permit 1,000 seedlings 
to be planted every hour for each person employed 
and at the same time to give better results than can 
be obtained with the old method of hand dibbling. 
The soil, for example, is compressed at the correct 
place, namely, at the roots of the plants, while dry 
topsoil cannot fall into the trench. The roots are 
left, therefore, firmly surrounded by moist soil, 
supplementary watering is not required and the 


increase in the speed and accuracy of planting can 
be achieved by the use of the Ritchie easy feed, 
which has been designed for fitting to the Multi- 
planter. This is illustrated in Figs. 16 and 17, 
on this page, and consists of two rubber discs 
driven from one of the press wheels and revolving 
between them. The discs are pressed together 
at the front by four rollers and kept apart at the 
back by two rollers, as shown in Figs. 16 and 17, 
respectively. The plants are placed root upwards 
between the discs, which carry them down and leave 
them upright in the trench. Use of this mechanical 
feed simplifies the work of the operator and is claimed 
to double the planting speed otherwise obtainable. 

Several types of mobile green-crop driers were 
being exhibited; Messrs. Weldall and Assembly, 
Limited, Old Wharf-road, Stourbridge, Worcester, 
for example, were showing their Farmac DH.101 
drier. This consists of three main units, namely, 
the furnace, drum and fan assembly, a feed mechan- 
ism and a cyclone chamber for separating the dried 
products. The machine is arranged so that the 
fresh material is fed into a stream of hot gases which 
pass through a slowly-revolving drum. The light 
materials are dried almost immediately and pass 
out of the drum, while the heavier and wetter 
materials remain in the drum until dried sufficiently 
to become airborne and, in turn, are carried out 
of the drum into the cyclone, where the dried 
products are separated from the moisture-laden 
exhaust gases. This arrangement ensures a uniform 
moisture content of the dried material, which 
can be predetermined by setting a control on the 
machine. The drier is ready to receive material 
for drying ten minutes after lighting the furnace, 
the dried products being discharged at once. The 
moving parts of the machine can be driven from 
the belt power take-off of an average farm tractor, 
such as the Ferguson, and only two men are required 
to operate it, one for feeding the fresh material and 
the other for dealing with the dried products. 

A mobile drier of a somewhat different type to 
that just described was being exhibited by the 
Aldersley Engineering Company, Limited, Tetten- 
hall, Wolverhampton. This unit, which is known 
as the Aldersley all-crop dryer, consists of an oil- 
fired furnace, a fan, ducting, and a 100-gallon oil 
tank, all of which are mounted on a trailer. The 
rear of the trailer is provided with an anchor plate 
which is forced into the ground so as to keep the 
plant steady when in use, while the front of the 
trailer is fitted with a screw-jack for levelling on 
uneven ground. The green crop is loaded into 
trailers which are used both for collecting the 
material and as drying trays, each trailer having a 
sheet-steel base and a wedge-wire false floor, on 
which the crop is placed. The trailer is backed up 
to the furnace and connected to the hot-air supply 
ducts by flexible connections, one of which can be 
seen in Fig. 18, on page 114. Heated air from the 
furnace is then delivered into the space formed 
between the bottom and false floer of the trailer, 
from which it escapes to atmosphere through the 
material being dried. Two flexible connections 
are provided, so that when one trailer load is dried, 
the air can be delivered to a second loaded trailer 
and cold air drawn through the first trailer until the 
material is cooled, the warm air obtained by this 
means being returned to the furnace for re-circula- 
tion. Obviously, any number of trailers can be used 
with one furnace, the limiting factors being the haul- 
age distance, the transport available, and the labour 
force. The fan for circulating the air through the 
furnace and the trailers is driven from the belt 
power take-off of a standard tractor. The trailers 
are designed so that they can be fitted with a solid 
floor and used for general farm work, being capable 
of carrying 34 tons. If required, drying trays can 
be supplied as an alternative to the trailers. 

There has been for some time an increasing 
demand on the part of both British and foreign 
buyers for stationary industrial-type engines to act 
as prime movers for pumps, generating plant and 
similar stationary equipment used in districts 
remote from the main sources of power supply. 
This is particularly true of those engaged in farm 
work and it would seem appropriate, therefore, to 
include in our description of agricultural exhibits, 
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details of a new twin cylinder version of the Petter- 
Fielding horizontal Diesel engine, the F.H.2, manu- 
factured by Messrs. J. H. McLaren, Limited, Leeds, 
and displayed by Associated British Oil Engines, 
Limited. The F.H.2, like its single-cylinder counter- 
part, the F.H., is of exceptionally robust con- 
struction, having been designed for stationary use ; 
it is illustrated in Fig. 19, on this page. It is a 
four-cycle, single-acting engine, having a bore and 
stroke of 216 mm. and 349 mm., respectively, and 
producing between 64 and 80 brake horse-power at 
400 r.p.m. to 500 r.p.m. The crankcase is a single 
iron casting of box section, which is closed at the 
top by a removable cover. The main bearings; 
which are of white metal backed with gunmetal, 
are secured in the crankcase by deep section bearing 
caps and may be removed without difficulty. 
Individual cylinder jackets are used and each is 
fitted with a wet-type cast-iron liner. The liners 
are located by flanges, the seals being formed by 
copper rings inserted between the flange and the 
cylinder block at the heads and by rubber rings 
at the bases. The cast-iron cylinder heads are 
detachable and the valve seats, which are made 
of a cast-iron alloy, are of the replaceable type. 
The overhead valves are operated from the cam- 
shaft through push rods and rocking levers in the 
usual manner, the inlet valves being larger than 
the exhaust valves. The pistons are of aluminium 
alloy, each being fitted with three compression and 
two scraper rings. They are secured by fully 
floating gudgeon pins to the connecting rods, which 
are machined from H-section steel stampings. Both 
the connecting rods and pistons may be removed 
with the cylinder heads in position. The crankshaft, 
which is an iron casting, is fitted with balance 
weights secured to the crank webs by high-tensile 
steel studs and nuts. The flywheel is bolted to a 
flanged coupling machined integrally with the crank- 
shaft, a steel extension shaft and cast-iron coupling 
being provided for the driving pulley. 

The twin fuel pump is operated through levers 
and tappets from the camshaft, which is located 
near the top of the crankcase. The camshaft also 
is fitted with the governor; this is of the spring- 
loaded type and may be adjusted within limits, 
while the engine is running. The fuel is delivered 
to muiti-hole atomisers, which, like the fuel pumps, 
are made by Messrs. Bryce Fuel Injection, Limited, 
The Causeway, Staines, Middlesex. A gear pump, 
driven by the main chain drive to the camshaft, 
delivers lubricating oil through a filter to the main 
and big-end bearings, the governor sleeve and the 
camshaft. The standard engine is equipped for 
belt drive, an extension shaft and outer bearing 
being provided. Two types of flywheel are available; 
one for standard application and the other for use 
when the engine is to drive an electric generator. 
The engine is cooled on the thermo-syphon system 
in conjunction with cooling tanks, but the makers 
recommend the use of a water pump if the tanks 
have to be installed at a distance from the engine. 
Starting is by compressed air and the air receiver 
supplied with the engine may be charged to a 
pressure of 350 Ib. per square inch either directly 
from the engine or from a separate compressor. The 
output of the engine rises linearly with speed from 
64 brake horse-power at 400 r.p.m. to 80 brake 
horse-power at 500 r.p.m., the maximum governed 
speed. At full load, the brake mean effective pres- 
sure is 87 Ib. per square inch, and the fuel consump- 
tion 0-39 lb. per brake horse-power per hour. The 
maximum piston speed is 1,150 ft. per second. 

Lack of space prevents us from describing further 
machines exhibited at this year’s show. Those 
described have been selected, not because they 
were considered better than their contemporaries, 
but mainly to illustrate trends in design. As pre- 
viously mentioned, the number of stands in this 
year’s show probably reached a high record and the 
criticism has been made that the size tends to make 
the show unwieldy. This may be so, but the Society 
is faced with a difficult problem, as to limit the 
number of stands would probably exclude new- 
comers to the industry. A step in this direction 
could be taken, perhaps, by excluding those manu- 
facturers not primarily concerned with agriculture 
or limiting the products displayed to those that 
apply to agriculture alone; this course, however, 
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* Att-Crop”’ DRYER; ALDERSLEY ENGINEERING CoMPANY, LIMITED. 
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would be far from easy, and in some cases, the 
decisions would be exceptionally difficult to make. 
Despite its size, however, the show, like its pre- 
decessors, was extremely well organised, particu- 
larly as the shape of the site made it difficult to 
fit the stands into an ordered pattern. So far as 
the implement section was concerned, a clearer 
method of lettering the avenues and numbering the 
stands might have helped the visitors. Further- 
more, it is to be hoped that a better method of 
laying down temporary roads will be found, as 
that used, namely, old railway sleepers laid edge to 
edge, is not the best on which to walk; temporary 
runways of the type used by the Royal Air Force 
during the recent war may be the solution to this 
problem. These are but minor criticisms, however, 
and the Society are to be congratulated once more 
on the arrangements made. 





AssociaTED British Ow Enoines, LiMrrep. 


ELECTRICAL-ENGINEERING SCHOLARSHIPS.—Mr. G. M. 
Bayley, an engineering student apprentice of the Brush 
Electrical Engineering Company, Limited, has been 
awarded the firm’s scholarship for this year, tenable at 
Nottingham University in the Faculty of Engineering. 
In view of the high standard of this year’s candidates, 
@ special scholarship has al&p been awarded to Mr. John 
R. French. 


TELEVISION IN AUSTRALIA.—The Federal Cabinet has 
decided that television in Australia is to be a national 
service. Initially, transmitters will be erected in each 
of the six capital cities at a cost of between 2/. and 3l. 
million, and 60 per cent. of the potential listeners 
will be served. Regional transmitters will be provided 
later. Transmission will be on the 5-metre band. The 
625-line system is to be adopted, compared with 525 lines 
in the United States and 450 lines in the United King- 
dom. This will probably mean that the receiving sets will 
have to be produced in Australia. 
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A PHILOSOPHY OF TRANSPORT.* 
By Raymonp W. Bracu, M.I.Mech.E., M.Inst.T. 


Many of the people who philosophise on transport 
have the doubtful advantage of being able to approach 
their studies quite free from the bias attaching to 
anyone who has himself been responsible for prac- 
tising the object of study and making it work. Plato 
defined a philosopher as one who appreciated the 
essence or reality of things, in opposition to the man 
who dwelt on appearances and the shows of sense. 
That definition applies not only to those profound 
searchers after ultimate truth and reality who have 
sought to solve the riddle of the universe, but to those 
practising philosophy in its original and widest meaning, 
that is, “ the love, study and pursuit of wisdom or of 
knowledge of things and their causes, whether theoreti- 
cal or practical, including the study of general principles 
of some particular branch of knowledge, experience, or 
activity.” Unfortunately, it is usual for too little 
attention to be paid to reality in transport, and too 
much to appearances, which appeal irresistibly to the 
politically-minded amateur unable to see beneath the 
surface. 

It is not surprising that transport should suffer from 
the attention of the amateur, because it does all its 
work in public, particularly in its carriage of passen- 
gers; no public service was, or is, so public as that of 
transport, with the result that politicians, pedagogues 
and the public at large all think that they see what 
it is doing and how it works. It follows that, without 
the slightest knowledge of the back-stage activities of 
administration and organisation, everyone thinks him- 
self a transport expert. The absurdity of this popular 
delusion is apparent. The Institute of Transport serves 
the cause of learning and of thought in the manner of 
a transport university, by promoting discussion and 
interchange of ideas between people who would other- 
wise know considerably less of one another’s problems 
and the solutions to them; but, as in a university, 
few can be ex to have more than a working 
knowledge of subjects outside their own normal fields 
of study and experience. 

Everyone has a right to opinions on a subject out- 
side his actual knowledge, but mere opinions, if unsup- 
ported by those knowledgeable in that subject, provide 
no right to take a course of action profoundly inter- 
fering with the knowledgeable or their subject. The 
world to-day is suffering from a bad overdose of 
State-ideology—the idea that the State should interfere 
in and run everybody's lives and business for the 
benefit of everybody else, as all are too incompetent 
to run themselves. The truth is, of course, that in 
the end it would not be the “‘ State,” as we know it, 
which would run the people’s lives, but a State- 
ideologist party (whatever “-ist”” it may be) which 
eventually would secure such a stranglehold on every- 
body’s life, by becoming the only important employer, 
as itself to become the State. It is this threat to the 
liberty of the persons engaged in transport and of 
those using it (which means all the State’s citizens) 
that seems logically the most important matter for 
discussion in considering the application of philosophy 
to transport, and no apology is made for dealing with 
it first. Philosophy is itself 8 highly personal matter, 
transport is a highly personal service, therefore the 
philosophy and consequently the happiness of the 
persons engaged in it are of high importance. 

Ideologies are often claimed by their exponents to 
be systems of philosophy, but they are not philosophies 
in any sense of the word. The essence of philosophy is 
a spirit of inquiry, a desire for truth and the rejection 
of prejudice; through philosophy one may attain a 
greater serenity of mind, satisfaction, and, indeed, 
happiness, in the consciousness of having come to 
terms with the infinite. How can that serenity be 
attained when the State-ideologists do their utmost to 
tear up by the roots those deeply-grounded loyalties 
which all good workmen feel towards the undertakings 
for which they work ? The term “ workmen” is here 
used in the widest literal sense, to include all who 
work for their living, because many of us rightly 
resent the stealing of the words “ work " and “‘ labour ” 
by a political faction to mark a difference between 
hand-labour and brain-labour, between hand-craftsmen 
and thought-craftsmen. 

The ideological policy of nationalisation, or socialisa- 
tion, of an industry is not positive but negative; 
whatever high-sounding claims may be made in its 
favour, it springs not from a desire to run the industry 
in the truly best way, but from a mania to seize 
possession of it from the persons who are already 
running it. The hand-workers have been encouraged in 
the past to believe that nationalisation, or socialisation, 
would give them control of their industry, and it is 
not surprising that many of them now feel that they 
have been cheated. A Gallup poll by the Railway 





* Paper presented at the Buxton Congress of the 
Institute of Transport on Thursday, June 23, 1949. 
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Review showed nearly 50 per cent. of the railway workers 
as feeling more frustrated than under private enterprise, 
and most of the remainder felt ‘‘ about the same as 
before,” while only a very small proportion (either 
lucky or fanatical) said, with or without truth, that they 
felt better. 

The root difficulty is the out-of-date Nineteenth- 
Century origin of the present drive to socialisation. 
Marx was a materialist philosopher whose searches 
after truth seem to have been warped by a lack of soul 
and an embittered mind. He was obsessed with the 
idea of the redistribution of wealth by destruction of 
the influence of those with saved and accumulated 
wealth, the so-called “ capitalists,” but he did not 
succeed in devising incentives to good work to replace 
the profit motive, the loss fear, and the thrift urge. 
He would be surprised to-day to find that large numbers 
of his so-called “‘ workers ” had become “ capitalists,” 
and that the old “ capitalists ” had almost disappeared 
as a class, but that from the remnants of it were largely 
recruited to-day’s officers of industry—the leaders, 
administrators and deciders. These highly-trained 
officers, who have the “ know-how,” are now the object 
of envy by those who have not (or who have a “ have- 
not ”’ complex), and they are systematically penalised 
by every trick of taxation as well as by the threat 
of “ socialisation,” and even dispossession, of their 
jobs. 

In all human society, some must lead and others 
follow, and it is accordingly of great importance that 
the leaders shall be well chosen and fit for their position. 
Broad-minded trade unionists realise that industry can 
only be administered and led by those with the intelli- 
gence and the energy to train themselves for the task, 
and that, if “ hand-workers ” wish to rise in rank to 
“ thought-workers,” they must be ready to undergo 
the preparatory stages of study and self-discipline. 
Many think, however, that the only training necessary 
is technical, and overlook the vital complements, 
namely, an education of character and acquisition of 
the difficult art of savoir faire. Engineers parti- 
cularly appreciate the difficulty of making a thought- 
craftsman out of a hand-craftsman, but the same 
trouble arises on the traffic side of transport, where, for 
instance, it is often hard to get road staff to understand 
why they should be asked to work duties or routes in a 

icular way. 

Without a thorough mind training, starting with a 
sound school education and lasting for many years, it 
is unreasonable to expect a young man to be a su 
administrator or executive. His background at home 
is as important as his training outside, and it follows 
that many of the present administrators of transport 
are the sons of transport men. Whether the father 
has followed the same calling or not, however, there 
is obviously much to be said for recruiting future 
officers from families in the officer class of industry, 
which is apne another way of stressing the advantage 
of a public or grammar-school education. There is far 
too much easy nonsense talked against the “ old school 
tie.” Fomentors of the “class war” may dislike the 
idea, because it is inconvenient to their arguments, 
but the fact remains that family life and tradition play 
a large part in world civilisation, and that leaders 
beget leaders. Without digressing into eugenics, it is 
clear that there is great gain in superimposing intensive 
training for leadership upon a mind already accustomed 
at an early age, by paternal example and family 
conversation, to the idea of such training. The 
opportunity of public and grammar-school education 
(as of university education) is rightly being progres- 
sively extended to those sons of hand-workers who have 
the capacity and desire to be thought-workers and 
administrators, but in many cases it will not be the 
sons, but the son’s sons, who will reap the greatest 
advantage and become the best officers. 

Seen against this background, the agitation for 
greater representation by the hand-workers on the 
governing bodies of the socialised railways and other 
industries, and the misguided attack by certain trade 
unionists on the railway apprentice system, appear for 
what they are—symptoms of old-fashioned envy, 
largely due to lack of experience or appreciation of the 
managerial function; equal opportunity of power to 
those with unequal capacity is hardly a sensible 
equality of opportunity, whatever political idealists 
may pretend. The same strain of ill-ju envy is 
responsible for reducing incentive to train for adminis- 
trative posts, by over-taxation of the so-called 

rofessional class, or ‘ thought-craftsmen,” and by 
limiting the scales of salary (as witness the resolution 
at the Co-operative Congress that no salary in a 
nationalised undertaking should be higher than in the 
Co-operative Movement—hardly a suitable yardstick). 
Thus neither will the thought-craftsmen be able to 
afford the training for their sons, nor will their sons be 
so inclined to undertake the training; the socialisation 
of an industry, with its inevitable approximation to 
Civil Service routine, ‘will still further disco the 


best type of would-be cadets—those with the spirit 





of adventure—and thus will the standard of new 


entrants to the officer class of industry, and particularly 
socialised industry, degenerate. 

That is not all the evil. We may hear now of a 
feeling of frustration among railway workers, but 
after a while we shall hear no more about it ; they will 
become slaves to the system. They will have eaten 
the “‘ dragon’s food’ that the Slacker offered to the 
children in “‘ Where the Rainbow Ends,” which will 
bind them for ever to be creatures of a tyrant, the 
State, and, because they will have lost their ideals 
and their incentives to do the job better, they will 
stop trying; the pace of work will be that of the 
slowest and the cost of transport will rise. The over- 
large socialised organisation will evolve an ever more 
complicated, impersonal and rule-of-thumb system of 
remuneration, discipline and promotion, to resist 
which will lead to loss of pecuniary and social advan- 
tages, and even of livelihood itself (if recent utterances 
by certain trade unionists are to be believed), so that 
all grades will gradually come to support it. Here, of 
course, is the kernel of the State-ideologist policy, 
which would destroy all wealth and all income not 
derived by the individual from the State, so making 
him wholly dependent on the State, which would 
eventually become indistinguishable from the State- 
ideologist party. State pensions and other benefit 
schemes, coupled with heavy taxation of personal 
savings, are all directed to the same end. 

John Stuart Mill foresaw this danger ninety years 
ago and stated it in his classic essay, “ On Liberty.” 
The most telling passage is as follows :—‘‘ Every 
function super-added to those already exercised by the 
government causes its influence over hopes and fears 
to be more widely diffused, and converts, more and 
more, the active and ambitious part of the public into 
hangers-on of the government, or of some party which 
aims at becoming the government. If the roads, the 
railways, the banks, the insurance offices, the great 
joint-stock companies, the universities, and the public 
charities were all of them branches of the government ; 
if, in addition, the municipal corporations and local 
boards, with all that now devolves on them, became 
departments of the central administration ; if the em- 
ployés of all these different enterprises were appointed 
and paid by the government, and looked to the 
government for every rise in life; not all the freedom 
of the Press and popular constitution of the legislature 
would make this or any other country free otherwise 
thanin name. And the evil would be greater, the more 


ccessful | efficiently and scientifically the administrative machi- 


nery was constructed—the more skilful the arrange- 
ments for obtaining the best qualified hands and heads 
with which to work it.” 

Transport is not really an industry but a function of 
all industries, a function working in all the available 
media, land, water and air. It is part of the human 
artificial communication system, which consists of 
movement of ideas (such as by post, telephone, wireless, 
literature, plays, films) and of things, including men 
(by physical transportation). Unlike an industry, it 
produces no commodity, but provides a service to all 
industries, without which they could not produce—a 
service which cannot be stored, so that if any part be 
unused itis lost forever. Itis the catalyst of commerce. 

The generally-accepted modern conception of trans- 
port as being a whole is probably wrong, as it has 
several distinct manifestations, varying considerably in 
their organisation and effect. The universal similarities 
are due to transport’s functional nature as part of the 
nervous system of the human world. It is servant to 
all men; it works at no set hours, but at all times— 
a fundamental which is often overlooked by trade- 
union officials when comparing it with industry 
generally. It has always intimate contact with the 
public whom it serves, so that its operating rank and 
file are constantly in touch with its customers and are, 
in effect, part of its sales and public relations staff. 
Its operations are widespread and its staff scattered 
and not easily supervised, so that a high sense of 
loyalty to the service is more important than in most 
human enterprises. Consequently, a strong personal 
feeling for the ideal of service to the public is character- 
istic of good transport men of whatever grade. 

Many ple do not appreciate that the railways, 
road ae , and passenger road transport are three 
very different services whose national structures are 
totally dissimilar. It is a sad commentary on the 
perspicacity of the perpetrators of the Transport Act, 
1947, that this dissimilarity was ignored when road 
haulage and passenger road transport were lumped 
together in the idea of a Road Transport Executive— 
presumably, for no better reason than that the railways 
cater in one organisation for both goods and ngers. 
This is reminiscent of an old railway outlook, that road 
transport should have no independent existence, but 
should act solely as feeder to railhead, and that full 
trains are more important than the convenience of 

and of industry’s movement of goods. 
t is an out-of-date outlook, as out of date as nationalisa- 
tion itself. Nationalisation has an undoubted simi- 





larity to the old Crown monopolies which enabled the 
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monarch to raise revenue by charging more for com- 

modities or services than they were worth. In the 

Seventeenth Century, the State actually held a 

monopoly of communications, through the posting- 

system. This system broke down badly because it 

failed to move with the times, ean thereby a 
ing to the State monopolies of this century. 

Nationalisation of railways was first mooted over a 
century ago, when they were still a novelty; the 
Railways Act, 1844, provided for eventual State 
acquisition of railways built thereafter, and, although 
railways outlived that threat, the talk of nationalising 
them was very fashionable 40 years ago. It is difficult 
to imagine why nationalisation of industry should be 
regarded by its protagonists as something so very 
up to date. The pm is not merely old ; it is medieval, 
and is but a return to the feudal system, by which 
great lords (now National Boards or Commissions) held 
their extensive possessions in feu to the Crown with 
its Divine Right (now the State, idolised as Infallible) 
and exacted unquestioning obedience from their re- 
tainers and villeins, who were bound to work only 
within their lords’ possessions, there being no other 
employers. The Transport Act, 1947, even provides 
an example of a presumed Divine Intelligence on the 
part of a modern lord, the British Transport Commis- 
sion, which the authors of the Act regarded in advance 
as so providentially inspired as to justify its exemption 
from the common folks’ obedience to the licensing 
provisions of the Road Traffic Act, 1930. 

In the Middle Ages, agriculture was the only sizeable 
industry and the lords of the: land were persona 
beings, owing their possessions to accidents of birth, 
to personal favour from the Crown, and to their capa- 
city to hold their own against competition. To-day, 
over a wide range of industries, the lords present and 
proposed are impersonal committees, owing their 
possessions to the accident of such having been allegedly 
“ripe ’ for nationalisation, to the favour of the State, 
and to the State’s abhorrence of the competitive idea. 
The use of the word “ripe” by nationalisers is inter- 
esting as exposing their mental processes. We have 
not yet, for instance, heard that any industry is “ over- 
ripe,” which presumably would mean that it was too 
far gone to be nationalised ; and yet the word “ripe” 
(now enshrined in our commercial vocabulary by the 
over-ambitious and hopelessly obscure Town and 
Country Planning Act) indicates some idea of move- 
ment. At some previous time a “ripe” industry was 
presumably unripe, and had gone through the bud 
and blossom process before becoming the fruit of its 
originators’ toil. The idea of a comfortably static 
industry, which can be conveniently taken over by 
the State at a certain stage, is based on the assumption 
that circumstances will remain as they are ; the history 
of world civilisation and industrial development is all 
against that. 

Yesterday was the age of iron, timber, silk, beef, 
steamers and railways; to-day is the age of alu- 
minium, plastics, nylon, fish, aircraft and road trans- 
port ; to-morrow, the age of atomic energy may bring 
anything. The history of human life on this earth 
has been reckoned at a million years, and that of 
human civilisation at not more than 5,000; the 
machine age began something over a century ago and 
already the wonder of this morning is the common- 
place of to-night. The pace is ever accelerating and we 
are as yet only on the threshold of human knowledge. 

The concept of conveniently “ ripe ” State industries 
could only be held by the narrow-minded, but, unfor- 
tunate'y, such are the masters of the moment. How 
much better for the State to have continued its old- 
established réle of referee and to have been content 
with seeing fair play (or a square deal) for the con- 
testants! As it is, the State may well have acquired 
some “ over-ripe ” industries and—at the risk of grave 
offence to my many railway friends—it is possible that 
theirs is one. If, in the ensuing passages, I appear to 
leave the realms of commonsense, I would quote 
Dr. E. G. Bailey’s lecture on “ Invention” to the 
Institution of Mechanical Engineers last April.* As 
part of his Specific Procedure for Invention, he gave 
the injunction to “ give rein to intuitive, imaginative 
and even crazy thinking. It may help to get out of 
a rut.” 

(To be continued.) 





PHOTO-CELL CONTROL FOR LIGHTS ON TRANSMISSION 
Towers.—The 272-ft. towers, which carry 132-kV 
transmission lines across the River Orwell at Ipswich, 
have recently been fitted with aircraft-warning lights. 
These lights are switched on and off by photo-cells, 
supplied by the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, in accordance 
with the prevailing daylight. Each tower has a set of 
lights at the top and two other sets 150 ft. from the 
ground. The combined photo-cell, amplifier and day 
units are mounted on a 25-ft. pole, arranged so that 
shadows from the towers will not fall across them. 





* See ENGINEERING, vol. 167, page 445 (1949). 





LABOUR NOTES. 


Tue four-weeks old London dock strike, the third 
serious dock strike within a very short period, came 
to an end on Monday, when normal working was re- 
sumed, without incident, in accordance with the men’s 
vote at their mass meeting on Friday, July 22. Onthe 
following day, arrangements for the resumption of 
work were settled at a meeting between representatives 
of the Port of London employers and officials of the 
three dock unions concerned. Full agreement was 
reached that work should be re-started on the basis of 
existing national and local agreements. Service 
personnel commenced their withdrawal at noon on 
Saturday, having handled some 107,643 tons of cargo 
during their stay at the docks of just over a fortnight. 
Cargo moved amounted to 308 tons on their first day, 
July 7, and increased to nearly 20,000 tons daily on 
the last Wednesday, Thursday and Friday. When 
the strike ended, Service personnel numbered 11,452 
and they were working 130 ships. 


Although the number of strikers persistently in- 
creased throughout the course of the dispute, to a total 
of 15,656 on Friday, July 22, there remained a hard 
core of dockers, at no time fewer than 7,600 in number, 
who remained at work. The existence of these men, 
together with the effectiveness of the Service labour, 
which was able to deal with an increasing number of 
vessels, probably influenced considerably the decision 


]| of the strikers to return. Other contributing factors 


were undoubtedly the failure of dockers at Southampton 
and Live 1 to take strike action and the lack of 
support which the dispute received from allied trades. 
A joint meeting of the Canadian seamen’s strike 
committee and the unofficial dockers’ “ lock-out ” 
committee that the Canadian Seamen’s Union 
should abandon their strike so far as ships in London 
were concerned. The men who attended the mass 
meeting on Friday, however, were by no means 
defeated or repentant, and there were many who 
declared their determination to strike again if their 
conditions for returning were not accepted. The men’s 
mood gave additional point to the remark made by 
Sir John Anderson in the House of Commons on Tues- 
day, when he said that there might be “ another before 
very long.” Sir John is chairman of the Port of 
London Authority. 


The London Dock Labour Board have decided that 
the London dockers who took part in the recent 
unofficial strike shall not lose their week’s holiday with 
pay. The cash value of this concession amounts to 
51. 48. 6d. and is one of the benefits of the national 
dock labour scheme. One of the conditions on which 
it is granted is that the men concerned shall have given 
satisfactory service. The Board are understood to 
have taken the view that, although the unofficial strike 
could not be condoned, there were circumstances which 
did not justify the holiday pay being withheld. 


The General Federation of Trade Unions, having 
been formed by the Trades Union Congress in London 
early in 1899, to undertake the responsibility of financing 
trade-union mutual aid services for the industrial, 
economic and social well-being of the working class, 
celebrate their jubilee this year. To commemorate 
the event, the Federation have issued a well-written 
illustrated souvenir brochure, in which is recorded 
the principal achievements of the Federation during 
their 50 years’ service to the trade-union cause. 
Details are given of the services of each of the present 
members of the management committee and it is 
recorded that Mr. George Bell, the Federation’s 
general secretary, entered the Ironfounders’ Society 
in 1898 and became secretary of the Federation in 1939, 
after serving the Federation as organiser for 17 years. 
The first general council meeting of the Federation was 
held at the Westminster Palace Hotel, London, on 
July 19, 1899, and their first rules provided that the 
Federation should promote industrial peace and “ by 
all amicable means” “ prevent strikes or lock-outs 
between employers and workmen, or disputes between 
trades or organisations.” 


The full extent of the very considerable sums of 
money which pass through the hands of trade-union 
executives and the responsibilities which these officials 
bear for the safety, investment and disposal of these 
funds are not always realised, even by trade unionists. 
The Federation record in their brochure that, to 
March 31, 1949, contributions received from affiliated 
societies amounted to 1,900,2531. 14s. 5d., cash benefits 
distributed to 1,512,0481. 7s. 2d., and the minimum 
reserve fund to 420,7761. 7s. 2d. The Federation draw 
attention to the fact that the last two amounts exceeded 
the first-mentioned sum, and comment that it will thus 
be seen that the contributions of the affiliated societies 
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did not provide a penny towards administration expen. 
ses, or for the many services, such as arbitrations, nego- 
tiations, assistance on legal questions, financial matters 
and accountancy et ah study classes, summer 
schools, and deputations to Government Departments, 
which the Federation provide. 


Some impressions of the annual delegate meeti 
of the Amalgamated Union of Foundry Workers, 
which was held at Llandudno recently, are given by 
Mr. J. Gardner, the general secretary of the Union, in 
the July issue of the Union’s Journal and Report, 
He records that the Llandudno meeting was outsta nding 
for the practical application of the democratic principles 
of the Union. The preparation of the new rule book 
will take time, but it is hoped, he states, that copies 
will be circulated to all members before its coming 
into operation on September 26 next. 


Since the delegate meeting, the April employment 
figures for the ironfoundry industry have been made 
available and Mr. Gardner points out that it is signifi. 
cant that, during the period from March to April, the 
labour force in the industry declined by 1,288. Adding 
to this figure the reduction in the industry’s man-power 
between January and March, there was a total decrease 
of 2,126 since the beginning of the year. The member. 
ship figures of the Union reflect this decline in iron. 
foundry employment and emphasise the overall decline 
in industry, to which reference was made in the report 
of the national executive council to the delegate meet- 
ing. Mr. Gardner considers that it will be necessary to 
make a much more detailed examination of employment 
trends in the foundry industry. 


Slump in the United States is causing uneasiness, 
Mr. Gardner states, because of its possible repercussions 
in Europe and Britain, thereby giving rise to speculation 
on the devaluation of the pound sterling and of recession 
in our exports to dollar markets, with grave conse- 
quences to our gold and dollar reserves. He concludes 
by saying: “ It is still too early to assess the effects of 
the deepening economic crisis, but we should be 
extremely foolish not to take note of these facts, and it is 
to the credit of our annual delegate meeting delegates 
that they faced up to the situation with proper apprecia- 
tion of possible declining employment in the foundry.” 


The special delegate conference of the National 
Union of Railwaymen, which opened in London on 
Monday to consider the setting up of the railway 
board of conciliation, expressed dissatisfaction with the 
board’s revised terms of reference. The original terms, 
which covered all grades of railway employees, were 
approved by the Railway Executive, the Associated 
Society of Locomotive Engineers and Firemen, the 
Railway Clerks’ Association and the National Union 
of Railwaymen, but the Confederation of Shipbuilding 
and Engineering Unions, who represent 35,000 railway 
shopmen, felt themselves unable to agree, on the 
grounds that they had presented no wage claim to 
the Executive and that, should the Executive's offer 
of small increases for lower-paid grades be accepted, 
the differentials between the rates for craftsmen and 
labourers would be seriously upset. The Minister of 
Labour, Mr. George Isaacs, thereupon, altered the 
terms to exclude all railway shopmen. 


This alteration to the terms of reference left 95,000 
members of the N.U.R. employed in railway workshops 
outside the negotiations to be conducted by the board 
of conciliation. Discussions between officials of the 
N.U.R., Mr. Isaacs, and Sir Robert Gould, the Minis- 
try’s chief industrial commissioner, took place on 
Tuesday, and it was hoped that the formula reached 
in these discussions would prove acceptable to the 
Union’s special delegate conference. There is a threat 
of a work-to-rule movement on a nation-wide scale if 
the demands of the N.U.R. are not satisfied. 


The Colliery Winders’ Federation of Great Britain, 
which represents some 1,500 pit winding enginemen, 
have given 21 days’ notice of strike action to the 
Ministry of Labour and the National Coal Board. The 
notice expires on Monday, August 15, and follows the 
failure of the Board and the Federation to agree on 
the claim of the latter to payment of 35s. a shift to 
enginemen, in place of the existing rate of 21s. 10d. 
Prior to the war, the enginemen were paid at a level 
similar to that of pit deputies. They now receive 
12s. a day less than deputies and about 8s. a day 
below the average for all mine employees. The Board 
have refused to recognise the Federation as the nego- 
tiating body for the enginemen. The National Union 
of Mineworkers, to whom the remaining enginemen, 
some 2,500 in number, belong, claim to represent the 
trade. 
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GERMAN AND JAPANESE 
BATTLESHIPS.* 


By Oscar Parkes, O0.B.E. 


Tue following short description of the last and 
largest battleships to be built for the German and 
Japanese navies is based upon information obtained 
from various British and American sources, with 
additional details supplied by correspondents in 
Germany. The plans were prepared from drawings, 
but in the case of the Yamato most of the upper works 
and anti-aircraft guns were omitted, so that the 
amidships section in both elevation and plan have 
had to be drawn from photographs. As the secondary 
and anti-aircraft armaments were considerably modified 
during service, an outline showing the original gun 
equipment has been inserted for comparison. In the 
Yamato and Musashi, Japanese constructors produced 
the largest and most heavily armed and protected gun- 
carrying ships ever built and now likely to be built. 
With a trial ¢ displacement one and a half times the 
standard tonnage of the King George V, the Tirpitz 
and Bismarck rank as the most powerful European 
warships in commission during the war, although some 
500 tons smaller than the Vanguard. 

With the sinking of the Hood in 1941, the kudos of 
possessing the largest fighting ships afloat was shared 
by the navies of Britain (King George V), Italy (Vittorio 
Veneto), France (Richelieu), Germany (Tirpitz) and the 
United States (Washington); all these classes had a 
nominal standard displacement of 35,000 tons. When 
the Washington Treaty expired in 1936, international 
control on warship construction came to an end ; but, 
to put some limitation to the size of battleships, a further 
agreement was arrived at between France, the United 
States, and Great Britain, by which a standard displace- 
ment of 35,000 tons should not be exceeded, with an 
armament not larger than 14-in. calibre. As Japan 
declined this agreement, the United States specified 
that if, by the end of 1936, Japan still refused to come 
into line, it would be necessary to consider adopting 
16 in. as the limiting calibre. In the meantime, 
Britain had proceeded with the plans for 14-in. gunned 
ships, and guns and mountings had to be ordered in 
1936 to get the first two of a class of six completed before 
the end of 1940. When the United States announced 
that the two ships to be laid down in 1937 would have 
16-in. guns, it was too late for Great Britain to consider 
a 16-in. design, which would have meant a delay of 
twelve months. Italy had already laid down two 15-in. 
ships in 1934, and Germany (not a signatory to the 
Treaty) had commenced the Tirpitz in 1936, also with 





* Paper read at the Summer Meeting of the Institution 
of Naval Architects, held in Edinburgh on June 28-30, 
1949. Abridged. 


GERMAN BATTLESHIP 





—] ENGINE 








Swe Oa 


ENGINE| BOILER 


BOILER 


Feetso o 100 Feet 


50 


BOILER 





BOILER 


BOILER 


15-in. guns; but the Admiralty decided that a better 


balanced design with 14-in. could be 
displacement than with the 15-in. cali 

As it turned out, neither Italy nor Germany regarded 
the 35,000 tons as anything more than a “ publicity ” 
displacement. The Veneto proved to be 41,167 tons 
standard and 45,752 tons full load, while the Tirpitz 
reached 51,000 tons in the deep condition. Japan, 
although credited with having laid down 16-in. ships, 
went much farther and revived the 18-in. gun, which 
would have been mounted in ships projected both in 
Britain and Japan, but discarded under the Treaty. 

So it came about that the British, with the longest 
naval history, ended the war with battleships smaller 
than those which had steamed under the German, 
Italian or Japanese ensigns, while Japan—the youngest 
aspirant to sea power—closed her naval history having 

by far the largest and most powerful fighting 
ships ever built. From first to last, never the least 
inkling of their real size and strength percolated 
through to the Western world, although the Americans 
were taking no chances, having raised the standard 
displacement of their 1940 and 1941 battleships to 
45,000 tons and got two of the five ready in two and 
three-quarter years. 

During the 1914-18 war, the Germans completed two 
28,000-ton battleships, Bayern and Baden, mounting 
eight 15-in. guns and steaming at 21 knots—which, 
by the Peace Treaty restrictions, should have been 
their last outsize capital ships. Twenty-five years 
later, during the 1939-45 war, history was repeated 
to the extent that the Reich passed into service two 
monster vessels, Tirpitz and Bismarck, also mounting 
eight 15-in. guns, but with a speed of over 30 knots 
and displacing 51,000 tons at full load. Again, we 
expect them to be the last German capital ships. The 
Bismarck was laid down at the Blohm and Voss yard 
in July, 1936, launched on February 14, 1939, and 
completed in August, 1940; the Tirpitz was begun in 
October, 1936, took the water on April 1, 1940, and 
was commissioned in February, 1941. 

In general, both ships represent a heavy battleship 
edition of the Scharnhorst class, but with four twin 
instead of three triple turrets, their noteworthy feature 
being the reversion to twin mountings. After a marked 
partiality for the triple grouping, as shown in their 
“K ”-class cruisers, the Deutschlands and the Scharn- 
horsts, the Germans reverted to twin turrets in the 
8-in. gun cruisers of the Hipper class (1935), and main- 
tained this preference in the Tirpitz. At a time when 
Great Britain and France were installing quadruple 
mountings, while the Americans, Italians and Japanese 
were favouring triples, such a reversion was remarkable. 

As constructional advantages, multiple mounts allow 


cae on the 
re. 











‘“« TIRPITZ.” 


UPPER 


MAIN 
MIDDLE 



















“ENGINEERING” 


together with their horizontal protection, and side 
armour generally. Their chief objection is the liability 
to more gun loss due to turret damage, and certain 
firing stresses, which, however, can be met by changes 
in salvo grouping. 

m inquiries in Germany before the war (which 
were confirmed recently), it was understood that there 
were no technical reasons for the c to twins, which 
was due to naval prejudice. Until 1934, technical 
advice was predominant in deciding certain features of 
German ships, including the disposition of armament. 
To install the heaviest armament in vessels of restricted 
tonnage, triple mountings were adopted in armoured 
ships and cruisers between 1926 and 1934. High- 
ranking officers were grimly opposed to this change in 
tradition and the traditional firing system with twin 
guns, and, despite the alleged favourable results with 
triples, they pressed for a reversion to the time-honoured 
twins. Seemingly, they would never have had their 
way but for Hitler’s rise to power. In his eyes, the 
opinion of his naval advisers ranged higher than that 
of the technicians. There is reason to believe that 
German triple mounts had to go through a lengthy 
period of teething troubles, so that naval opinion 
pressed for a heavier and thoroughly reliable twin 
mount. 

As each nation was building its warships under 
conditions of secrecy, there could be no check upon the 
dimensions of the battleships alleged to be of 35,000 
tons ; but a comparison of these figures, in the accom- 
panying table, shows how wide was the divergence 

















* Overall. | Beam. | Draught. | ”SEne™ 
Tirpitz .. semy | 1184 51/000 
Richelieu 804 | =s(108} os 38°50 
Italia... 774 | 106 4 45752. 
Washington 728} | 1073 att seoo 
King George V | 744} | 103 27¢ | 1500" 





* According to Italian naval sources the standard displacement 


is 41,167 tons. 
+t 35,000 tons is the d ed standard displacement ; the deep 
displacement includes additional protection, anti-aircraft arma- 


ment, etc., fitted during the war. 


from those of the British and American designs, 
neither of which exceeded the agreed standard tonnage. 

The weather deck of the Bismarck and Tirpitz ran 
flush from stem to stern with a sheer fore and aft, the 


for a heavier armament in fewer turrets, with saving of | bow freeboard being 27 ft., with 15 ft. amidships and 
weight and deck space, magazine and shell rooms, ; 





194 ft. right aft. There was a considerable overhang 
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to the stem, with a bulb-shaped foot and no cutaway ; 
the curved stern followed conventional German lines, 
with a marked deadwood cutaway and twin rudders 
abreast in Dreadnought fashion. The absence of 
scuttles, except at the extreme bow and stern, marked 
the presence of main deck armour and the need for an 
extensive system of artificial ventilation (Fig. 1, page 
117). As shown in Figs. 2 and 3, on the same page, the 
maximum beam was right amidships, with immediate 
fining towards the entry and run—in marked contrast 
to the long parallel topsides of the Yamato. It was 
found from examination of the Tirpitz wreck and 
drawings that the watertight subdivision was generally 
similar to Admiralty practice; but every transverse 
watertight bulkhead in the ship was pierced by water- 
tight doors on the first and second platform decks. 

The eight 15-in. were carried on two levels only 
— 28} ft. above the draught water-line for ‘“‘ A” and 
“D” turrets and 37} ft. for “B” and “C,” thus 
——. control by the range-finder directors at 
the mast-head and on the after superstructure. No 
ballistics are available for these guns, but at the full 
elevation of 45 deg. their maximum range was 41,200 

. The ammunition supply was 108 shells per 
gun. For their displacement, the turret armour was 
Jess than would have been expected, and well below 
British and American standards in pre-war battleships. 
By sloping the upper third of the sides, face and rear 
at 45 deg., a considerable saving in weight was gained 
and the armour could be thinned without much loss 
in protection. Thus, the faces were 14 in. with a 7-in. 
slope, sides 8-6 in. to 5-9 in., rear 12-5 in. to 7 in., and 
crown 5 in. only. Barbette armour was on the same 
scale and less than usual standards, with 13-5 in. 
above the weather deck and 8-6 in. below it and behind 
the citadel armour. 

The secondary armament of twelve 5-9-in. guns was 
disposed in three small turrets on each side, made of 
1-6-in. plating. By placing the foremost turrets 
well inboard, the second pair could be trained dead 
ahead, allowing a aaa dian concentration ; 
the third pair trained astern. These were not dual- 
purpose weapons, but had 45-deg. elevation only and 
a range of 27,000 yards. Control was by two range- 
finder directors. The ammunition supply was 105 
shells per gun. As in H.M. ships, the air-defence 
armament was progressively increased during the war. 
Both ships carried sixteen 4-1l-in. guns in pairs along 
the superstructure deck, ranging up to 17,000 yards 
with 70-deg. elevation. In addition, the Bismarck 
had 16 2-cm. guns in quadruple mounts—12 in pairs 
and eight as singles; but, during her longer life, the 

irpitz had this battery increased to 44 2-cm. in quad- 

es, 16 in pairs, and ten on single mounts, making 
70 in all. In addition to these, two quadruples were 
placed on the quarterdeck when in harbour, as shown 
in Fig. 2. A set of quadruple 21l-in. torpedo tubes 
on each beam was carried just abaft the catapult in the 
Tirpitz only, as an addition to her original armament. 

Four aircraft coald be stowed in the h amid- 
= and it was originally intended that the house 
with the sloping roof, abaft the second turret, should 
be a hangar, with a catapult on the turret roof This 
plan was subsequently abandoned and the house 
suppressed, but some months later it was ordered to 
be installed again. When it had been built in, there 
was again a change of mind, and the builders were 
ordered to remove it; but this time Messrs. Blohm and 
Voss said “No” to any more chopping and changing, 
and fitted the structure as staff quarters. is house 
can be seen in Fig. 4, which shows the Bismarck at 
sea, and is more clearly visible in the illustration of 
the Tirpitz (Fig. 5). The latter photograph was taken 
before the full anti-aircraft armament was mounted. 

In the past, the outstanding feature in the protection 
of German battleships had been their heavier plating 
compared with contemporary British a and the 
more extensive subdivision made possible by their 
greater beam. As the Bismarck was able to sustain 
such heavy attack from gunfire and torpedo between 
May 24 and 29, 1941, before being sunk, particulars 
of her protection may be of interest. She remained 
afloat after having suffered three hits by 15-in. shells, 
two by aircraft torpedoes, two by destroyer torpedoes, 
and one from a 24}-in. torpedo from H.M.S. Rodney, 
with subsequent heavy pounding by until a 
further torpedo on each side from the Dorsetshire put 
her under. It will be seen that her plating was not on 
the heavy side as in the Yamato, nor was the system 
of subdivision anything out of the ordinary, so that her 
stubborn resistance must be credited to high-grade 
armour plus an exceptional beam which allowed the 
torpedo bulkheads to be placed 17} ft. from the sides 
and secured a well subdivided hull in which big spaces 
were avoided. Fig. 6, herewith, which is a section 
beneath the tower mast, shows the horizontal armour 
and the subdivision external to the torpedo bulkhead. 

The system of armour protection was on conventional 
lines for 8 ft. above and below the load water-line : 
above this, the main deck side was 5} in., in contrast 
to the King George V, Washington and Richelieu, in 
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which it is left bare under the “ all-or-nothing ” system. 
Horizontal protection lay in the flat upper deck of 
2-in. to 3}-in. plating and the main deck rising from the 
lower edge of the belt, which afforded 3} in. on the 
flat and 4} in. on the slopes over the machinery spaces, 
and 4 in. and 43 in., respectively, over the magazines, 
giving a maximum of 8} in. including the intermediate 
lating. A 4-3-in. deck covered the steering gear. 
e conning tower was a shallow structure of 13-9 in. 
NiCr steel placed in the forward superstructure, with 
a narrow communication tube leading down to the main 
protective deck. A double layer of tanks, 17} ft. 
across, separated the 1-9-in. torpedo bulkhead from 
the ship’s side. The compartments placed between 
the engine rooms and boiler rooms should be noted 
(Fig. 1). The total weight of armour was 17,510 metric 
tons. 
With the comparatively low freeboard, ~ beam, 
and full under-water form, it was only to be expected 
that the GM would be on the high side. According 
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to German sources, it was no less than 4 m. (13-12 ft.), 
which, so far as is known, stands as the highest recorded 
with the exception of the United States monitors of the 
Miantonomoh class (1863), which worked out at 15 ft. 
No account of behaviour at sea is available. According 
to German sources, the Tirpitz and Bismarck were the 
first German ships designed to have turbo-electric drive, 
with three Brown-Boveri turbines (three 
screws) and twelve Wagner boilers. With 150,000 h.p., 
the designed speed was 29 knots, realising a maximum 
of 30-9 knots at 50,000 tons when developing 163,000 
h.p.- Being intended for raiding, they were given excep- 
tional endurance, the fi known in this country 
being 10,000 miles at 23 knots with 45,000 h.p. when 
loaded with 5,000 tons plus 1,000 tons of emergency oil 
fuel. The German figures are 10,000 miles at 19 knots 
with 7,654 metric tons. The peace-time complement 
would have been 1,988; during the war, the ships 
carried 2,200 officers and men. 
(To be continued.) 
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GRINDING ATTACHMENT 


FOR CENTRE LATHES. 


MESSRS. 8. WOLF AND COMPANY, LIMITED, LONDON. 














GRINDING ATTACHMENT FOR 
CENTRE LATHES. 


THE accompanying illustration is of the type GL3 
grinding attachment, made by Messrs. S. Wolf and 
Company, Limited, Hanger-lane, London, W.5, and 
is intended for use on 6-in. and 8-in. centre lathes, 
although it can also be used on planers and shapers. It 
has been designed for external and internal grinding, 
and is particularly suitable for grinding lathe centres, 
hardened spindles, etc., and for the internal grinding of 
chuck jaws, hardened bushes, collets, etc. The grinding 
wheel is driven by a }-h.p. universal motor which 
takes 450 watts on full load and 230 volts when run- 
ning light. The motor shaft is fitted with two belt 
pulleys: a l-in. diameter pulley for external grinding, 
and a 2}-in. pulley for internal grinding. The corre- 
sponding grinding-wheel speeds are 8,000 r.p.m. and 
20,000 r.p.m. The grinding-wheel spindle carries a 
lj-in. diameter pulley, and runs in four adjustable 
ball bearings. he motor and spindle housing are 
mounted on a cast-iron bedplate, the position of the 
motor being variable to allow for adjusting the belt 
tension. The bedplate is normally fixed to the tool 
slide of the lathe by a bolt or clamp, as shown in 
the illustration. Guards, which conform with Home 
Office regulations, are fitted over the grinding wheel 
and belt, and the wheel guard incorporates a boss 
for fixing a micrometer clock or cutter-grinding finger. 
The attachment is supplied with an aluminous-oxide 
grinding wheel suitable for grinding materials of high 
tensile strength. A silicon-carbide wheel is used for 
materials of lower tensile strength. The net weight of 
the attachment is 21 Ib. 





“COCHRAN BOILERS: Firry YEARS AT ANNAN.”— 
The firm of Cochran and Company, originally founded in 
Birkenhead in 1878 by Edward Crompton and John 
Taylor Cochran, removed to new works at Annan, 
Dumfriesshire in 1898, the name of the company being 
then changed to its present form of Cochran and Company, 
Annan, Limited. To mark the completion of 50 years 
on the “‘ new ” site, a commemorative booklet has been 
issued, under the above title. Among the many interest- 
ing illustrations is a reproduction of Edward Crompton’s 
original sketch of the Cochran boiler, and a group photo- 
graph, taken in 1919, in which appears the late Mr. 
Thomas Walley, who, for the last 22 years of his life, 
was a valued member of the editorial staff of ENGINEER- 
ING. Originally, the works at Annan included building 
slips for ships, but the shipyard was closed in 1901 and 
the works, now considerably extended and modernised, 
has since concentrated on the construction of boilers 
and other pressure vessels, both riveted and welded. 











NOTES ON NEW BOOKS. 


Directory of British Rubber Manufacturers and Products. 
1949 edition. (Printed throughout in English, 
French and Spanish.) Federation of British Rubber 
Manufacturers’ Associations, 43, Bedford-square, 
London, W.C.1. [Free of charge to approved appli- 
cants.] 


Tue Federation of British Rubber Manufacturers 
comprises twenty-three rubber trade associations 
covering all varieties of industrial, surgical, sports, 
and domestic rubber products. This directory, the 
first to be issued by the Federation, forms a compre- 
hensive guide for home and overseas buyers of rubber 
products. The book, which is cloth-bound and attrac- 
tively laid out on art paper, contains a list of members 
of the Federation, an alphabetical list of names and 
addresses of manufacturers and their overseas agents ; 
a detailed index of products ; a a mg advertisements 
section covering 140 pages, including an advertisers’ 
index ; asection devoted to the tyre industry, consisting 
of a note on the Tyre Manufacturers’ Convention and a 
list of members; and an index of trade marks and 
trade names. The English version of the index of 
products, which covers 50 pages, is divided into 20 
broad subject headings (not in alphabetical order), 
each of which is further divided into an alphabetical 
list of products and their manufacturers. While this 
arrangement under subject headings, as opposed to a 
purely alphabetical arrangement, has its disadvantages, 
the reason for its adoption becomes obvious when it 
is seen that, by a simple but ingenious cross-reference 
system, the French and Spanish products indexes 
occupy no more than three each. The trade- 
names index would be still more useful if some brief 
indication could be given of the nature of the pro- 
ducts listed: for instance, the trade name “ Bulldog ” 
is used by two different firms, and it is not obvious 
from this index which firm makes the particular “ Bull- 
dog ” product that the engineer is trying to identify. 





Introduction to Highway Engineering : A Textbook for 
Students of Civil Engineering. By Prorsssor JoHN 
H. Bateman. Fifth edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5-50 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
33s. net.] 


In the preface to this latest edition of his book, first 
published in 1928 and last revised in 1942, the author 
admits that “The field of highway engineering has 
undergone many developments since the fourth edition 
of this text-book,” but, unfortunately, he gives no 








explicit indication of the nature of these developments. 
During this interval, British highway engineers have 
gained greatly in experience of the problem of airfield- 
runway construction, which is technically the identical 
problem of the highway, but Professor Bateman appears 
to be inhibited by the administrative and organisational 
distinction which separates the highway from the 
runway. The fact that he also ignores the special 
problems of military transport, and makes no mention 
of the applications of pre-stressed concrete, might 
suggest that developments in highway engineering, 
during the past decade, have not been running on 
parallel lines on both sides of the Atlantic. This fifth 
edition, therefore, will have little to interest practising 
engineers that the fourth did not possess, though it 
remains an excellent text-book for students, covering a 
broad field which includes the economics and finance of 
highways administration and planning as well as the 
technical details of road construction ; moreover, every 
chapter is supported by an excellent bibliography. 
For students in British universities and colleges which 
continue to enrol a significant proportion from overseas, 
the differences in terminology and nomenclature 
between American and British practice (as, for example, 
vement and carriageway) may cause some confusion, 
if not difficulty. American text-books are still easily 
read by English students, but the need for interpreta- 
tion becomes more marked as the subject develops from 
pure science and mathematics to the type of practical 
engineering discussed in this treatise, and its value as 
an international text-book might be enhanced by the 
inclusion of a short American-English glossary. 





Building for Daylight. By RicHarp SHEPPARD, 
F.R.1L.B.A., and Hirton Wricut, A.R.I.B.A. George 
Allen and Unwin, Limited, Ruskin House, 40, 
Museum-street, London, W.C.1. [Price 21s. net.] 


“‘ THE purpose of this book,” the authors state, “is to 
illustrate the relationship of architectural design to 
daylight by showing the development of various sites 
and areas now and in former centuries, and to discuss 
in detail the glazing needs of a variety of buildings.” 
The development of the window in former centuries is 
covered mainly in a historical introduction by Mr. John 
Gloag, the authors’ own consideration of this part of 
their subject being confined to a short survey of 
domestic planning in the Eighteenth and early Nine- 
teenth Centuries. They then give a concise summary of 
the principles of natural illumination, with the methods 
of ascertaining its distribution and relative intensity 
within various types of buildings, and conclude with a 
series of axonometric drawings of structures of various 
kinds—schools, a — a block of flats, railway 
stations, etc. Each of these drawings occupies a full 
page, the facing page being devoted to a commentary 
which is, in effect, an outline specification. As an 
introduction to a branch of the architect’s work which 
has been receiving increasing attention in recent years, 
the book should be of wide utility; but it would be 
improved if a bibliography had been included in the 
modern section, comparable with that provided by 
Mr. Gloag in his historical review. 





Pre-Stressed Concrete. The Institution of Civil Engi- 
neers, Great George-street, Westminster, London, 
8.W.1. [Price 7s. 6d., post free.] 


Tuts 132-page pamphlet contains the i of 
a Conference held, under the auspices of the Institution 
of Civil Engineers, on February 16, 1949, by the Joint 
Committee on Materials and their Testing. On this 
Joint Committee, which was set up in 1937, are repre- 
sented 25 technical and professional institutions and 
societies. Only one paper was presented for discussion 
at the Conference—‘‘ Pre-Stressed Concrete,” by Dr. 
Frederick George Thomas, Ph.D., B.Sc., M.I.C.E., 
M.1.Struct.E. There is a growing general interest 
among practising engineers in pre-stressed concrete 
construction, and Dr. Thomas has written his paper 
for the ordinary practising engineer rather than for the 
pre-stressed concrete specialist. He has presented a 
very comprehensive illustrated review of the basic 
features of pre-stressed concrete construction. After 
an introductory section on the historical development 
of pre-stressed concrete, there follow sections on 
materials, fundamentals of design, systems of pre- 
stressing, experimental work, and constructional work 
—this last section covering a wide range of practical 
applications of pre-stressed concrete construction—in 
bridges, tanks, reservoirs and pipes, buildings, and 
numerous other examples. The two Appendices 
contain, respectively, a list of British patents on 
pre-stressed concrete, and a bibliography giving 
289 references. In the discussion which follows the 
paper appear further contributions on theory, design, 
and practical examples of pre-stressed concrete con- 
struction. This should be a most useful reference 





work for constructional engineers. 
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CREEP STRENGTH OF SOME 
MAGNESIUM ALLOYS.* 


By G. A. Metior, M.Sc., F.I.M., and R. W. 
Ripiey, B.Sc. 


Tuts paper describes the first stage of an investiga- 
tion of the factors underlying the superior creep resist- 
ance at elevated temperatures of magnesium alloys 
containing cerium. The fact that alloys containing 
mixtures of rare-earth metals (cerium, lanthanum, etc.) 
have valuable properties at elevated temperatures has 
been known for many years. In the present work most 
of the alloys were made with additions of cerium rather 
than of mixtures of rare-earth metals. Creep tests 
were carried out at 200 deg. C. under a stress of 2 tons 
per square inch (3-15 kg. per square millimetre), and the 
materials were compared in terms-of the total strain 
after 120 hours and the rate of creep at 120 hours. The 
temperature of 200 deg. C. is one which magnesium 
alloys may reach in some practical uses, and the stress 
of 2 tons per square inch is one which certain existing 
magnesium alloys, such as AM6, are able to carry at 
200 deg. C. without undergoing more than a few tenths 
of one per cent. elongation in the course of a reasonable 
service life, and therefore is one which could be applied 
in practice. In most of the tests the load was main- 
tained for 150 hours and a few tests were continued 
for 1,000 hours. The test-pieces were 8} in. (21-6 cm.) 
long x 0-564 in. (1-43 cm.) diameter in the parallel 
portion, with a gauge length of 5 in. (12-7 cm.). Ina 
few cases it was necessary to use smaller test-pieces of 
0-357 in. (0-91 cm.) diameter in the parallel portion 
and with a gauge length of 2 in. (5-1 em.). 

The earlier experiments were made on cast alloys, 
but it was later found to be more convenient to work 
with bars rolled from chill-cast ingots with an inter- 
mediate press-forging operation. While the bulk of 
the alloys were made with cerium of 98 per cent. purity, 
for purposes of comparison a number of alloys were 
also made with commercial “ Mischmetall,”’ and in 
addition a number of alloys in which manganese was 
also present were examined. Magnesium of purity not 
less than 99-97 per cent. was used for all alloys. 

The behaviour of an alloy in creep tests is well known 
to be very sensitive to slight variations in its condition, 
and for this reason closely reproducible results are 
difficult to obtain. Two series of tests were used to 
assess the ucibility attained in the present work. 
In one of these, eight similar test bars of an alloy con- 
taining 1-7 per cent. cerium were cast in one moulding 
box, so that all the bars were fed at the same time and 
at the same rate from one crucible of metal. Six of the 
bars were subjected to creep tests as cast. In the 
second series of creep tests, four test-piece lengths were 
cut from a hot-pressed and rolled bar of an alloy con- 
taining 1-71 = cent. of cerium and 0-25 per cent. of 
manganese. e bars were given identical solution 
treatment by heating for 24 hours at 550 deg. C. and 
quenching in water. 

From the results obtained it was found that varia- 
tions of 2 or 3: 1 in single tests are not specially signi- 
ficant, and that considerable chance variation could 
occur in the mean results from duplicate tests. Most 
of the tests were carried out in duplicate and the mean 
results are discussed. 

Commercially, cerium is generally added to magne- 
sium alloys in the form of a temper alloy made up with 
Mischmetall. To confirm that cerium contributes 
materially to the improvement of creep resistance 
obtained, tests were made on two series of alloys, in 
one of which the addition alloy containing 25 per cent. 
cerium was made from cerium of 98 per cent. purity, 
while the addition alloy for the other series was made 
from Mischmetall and contained 25 per cent. rare-earth 
elements. The tests were made on sand-cast bars, 
cast horizontally in pairs and fed from one end. 
Melrasal fluxes Z and E were used for protection during 
melting and alloying, an allowance of 10 per cent. was 
made for loss of cerium in melting and casting, and the 
metal was poured at approximately 740 deg. C. Radio- 
graphic examination showed that the bars cast in this 
way were sound. 

Alloys with additions of cerium or of rare earths up 
to 6 per cent. were made and subjected to creep testing 
as cast. Certain industrially produced creep-resisting 
magnesium alloys tested under the same conditions 
showed strains of 80-600 millionths in 120 hours and 
creep rates of 0-4-4 millionths per hour at 120 hours. 
Under the conditions of testing, i.e., 2 tons per square 
inch (3-15 kg. per square millimetre) at 200 deg. C., 
the same order of resistance can be reached by 
the simple addition of as little as 1-3 per cent. cerium, 
and 6-0 per cent. cerium does not effect a great improve- 


* Communication from the National Physical Labora- 
tory, entitled ‘‘ The Creep Strength at 200° C., of some 
Magnesium Alloys containing Cerium,” presented to the 
Institute of Metals. Written discussion is invited by the 
Institute. Abridged. 


ment. This standard is not attained consistently, par- 
ticularly when the cerium content is below 3-0 per cent. 
The creep resistance is generally of the same order 
when Mischmetall is used instead of cerium, but the 
results with Mischmetall are more consistent and the 
alloys are rather stronger. 

The experiment will bear the interpretation that the 
creep resistance is due essentially to the influence of a 
rather low proportion of cerium (about 1-5 per cent.), 
but that the cerium is not always in a form which gives 
maximum creep resistance, and good creep resistance 
cannot be relied on unless the cerium content is some- 
what higher. The required form seems to be more fre- 
quently obtained in the less pure alloys made with 
Mischmetall. The results of a few experiments on the 
heat-treatment of castings show that annealing at 
350 deg. C. lowers the creep resistance of cast alloys, 
and that a solution treatment of 24 hours at 550 deg. C., 
followed by water quenching, does not effect any con- 
sistent improvement. 

Further experiments were carried out on wrought 
alloys made with 98 per cent. cerium, and in these the 
influence of heat-treatment was investigated. Alloys 
were cast into 2}-in. (5-7-cm.) square chill moulds, 
press forged from 500 deg. C. to 14-in. (3-8-cm.) diameter 
and rolled from 500 deg. C. to #$-in. (2-4-cm.) diameter. 
Blanks 8}-in. (21-6 cm.) long were heat-treated, and 
creep test-pieces were subsequently machined from 
them. The melting procedure and casting temperature 
were the same as for the cast alloys. In tests made on 
the bars as rolled, the creep rates were all high ; in 
general much higher than those of corresponding cast 
alloys and, although the strength was greater than that 
of pure magnesium, addition of further cerium beyond 
the first $ per cent. produced no consistent improve- 
ment. The figures suggested that the precise conditions 
of rolling might have more effect on the behaviour than 
the total cerium content. 

When the rolled alloys were quenched in water after 
being heated for 24 hours at 550 deg. or 580 deg. C., 
the creep resistance was much improved and became of 
the same order as, and on the whole rather better than, 
that of cast alloys of equal cerium content (see Table 
1). The alloys quenched from 550 deg. C. improved 
rapidly as the cerium content increased from 0 to about 


TABLE I. Rolled Magnesium-Cerium Alloys, Tested as 


Water Quenched from 550° or 580° C. 





Average Strain 


Average Cree 
at 120 hours, 
millionths. 


Rate at 120 hours, 
million’ 


Cerium Content, 
Per ths per hour. 


cent, 





(a) 24 hours at 550 deg. C., Water Quenched. 
Broke in less than 200 minutes. 
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2 per cent. and thereafter changed little. The creep 
strength of alloys quenched from 580 deg. C. was, on 
the whole, better than that of alloys quenched from 
550 deg. C., particularly in alloys of lower cerium con- 
tent. The most interesting result in this series is that 
on the 0-48 per cent. cerium alloy, which when water 
quenched from 580 deg. C., behaved almost as well as 
any of the alloys of greater cerium content. It was 
usual to maintain the test-pieces for 16 hours at the 
test temperature in order to attain uniform conditions 
before applying the load, so that the condition of the 
material when the load was applied might perhaps be 
better described as “ solution treated, water quenched, 
and aged 16 hours at 200 deg. C.,” than as “ water 
quenched.” Ageing for 16 hours at 150 deg. C. made 
little difference to the results, but ageing at tempera- 
tures above 200 deg. C. caused a loss in creep strength. 

The general effects of solution and ageing treatments 
suggest that the creep strength of these alloys is 
essentially due to the retention of cerium in solution 
with some form of precipitation before or during test 
at 200 deg. C. According to Haughton and Schofield, 
the solid solubility of cerium in magnesium falls from 
1-6 per cent. at the eutectic temperature of 590 deg. C. 
to less than 0-1 per cent. at 400 deg. C., and age-harden- 
ing phenomena are therefore possible. In some rolled 
magnesium-cerium alloys, which harden, but only 
to a slight extent, it was noticeable that the hardening 
first appeared at the cerium content at which useful 
creep strength began to be found (0-48 per cent.), 
and that the ageing temperature of 350 deg. C., at which 





the improvement of creep resistance was lost was also 





one at which little or no hardening occurred. he 
creep resistance appears to be associated with a s 

in the precipitation process rather than with the actual 
hardness of the alloy, since the 0-48 per cent cerium 
alloy, which had a diamond pyramid hardness of aboyt 
40, had much the same creep resistance as the 4-33 per 
cent cerium alloy, which was some 15 to 20 points 
harder. 

Since the creep resistance of the cerium alloys jg 
associated with an ageing phenomenon, the possibility 
exists that in course of time over-ageing will occur, 
and the creep resistance be lost. For this reason, 
several tests were continued on rolled alloys at 200 deg. 
C., 2 tons per square inch (3-15 kg. per square milli. 
metre) for 300 hours and some for 1,000 hours. Within 
these times, there was no indication of any deteriora. 
tion, the creep rates decreasing progressively as time 
went on. The indications, therefore, are that alloys 
of this kind would haye useful service lives, though 
only more extended tests would show how long these 
lives would be. 

The general effect of these experiments is to suggest 
that under the conditions of test employed, the increase 
in creep resistance brought about by additions of cerium 
is due principally to the first 0-5-1-5 per cent. of cerium 
that is taken into solid solution in the magnesium, and 
possibly precipitated in suitable form. In cast alloys, 
an excess of cerium ap to be desirable to ensure 
that about 1-5 per cent. is in solution throughout the 
alloy. The magnesium-cerium alloys, as is well known, 
have a low proof stress. For example, an alloy with 
1-71 per cent. cerium and 0-25 per cent. manganese 
in the creep-resistant condition, i.e., rolled and solution 
treated, has a 0-1 per cent. proof stress of about 5-7 tons 
per square inch (8-97 kg. per square millimetre) at 
room temperature, associated with an ultimate tensile 
stress of 12-4 tons per square inch (19-5 kg. per square 
millimetre) and an elongation on 44/area of 13 per 
cent. These properties are probably adequate for the 
stress that would be applied under conditions where 
creep strength is important, but if for any reason higher 
proof stress is required, it is probably better gained by 
other means than by addition of more cerium. The 
decrease in creep resistance found after ageing at 
250 deg. and 350 deg. C. indicates that binary magnes- 
jum-cerium alloys are not likely to maintain useful 
creep strength at temperatures higher than 250 deg. C. 
Additions of third elements may, however, modify the 
solution and precipitation phenomena at 250 deg. and 
350 deg. C., and extend the range of usefulness of the 
alloys. 





CATALOGUES. 


Thermionic Valves.—Three leafiets recently received 
from Marconi’s Wireless Telegraph Company, Limited, 
Chelmsford, deal with transmitting, receiving and power 
rectifying valves. 


Electrical-Measuring Instruments.—Details of the 
various patterns of electrical-measuring instruments made 
by them are given in a catalogue received from Taylor 
Electrical Instruments, Limited, 419, Montrose-avenue, 
Slough, Buckinghamshire. 

Fittings for Fluorescent Lamps.—Metropolitan-Vickers 
Electrical Company, Limited, St. Paul’s Corner, 1-3, 
St. Paul’s Churchyard, London, E.C.4, have sent us 4 
catalogue dealing with the various fittings made by them 
for use with fluorescent lamps. 

Electrical Equipment for Dairies.— Particulars of various 
patterns of electric sterilising chests and steam raisers 
for dairies are given in two pamphlets received from 
the General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. 

Aluminium Components for Building.—A_ well-illus- 
trated brochure issued by High Duty Alloys, Limited, 
Slough, Buckinghamshire, shows switch-boxes, rainwater 
goods, tubes and other building-trade components made 
from cast or wrought aluminium alloys. 

Brush Holders for Electrical Machinery.—Full details 
of the Morganite brush-holders manufactured by them 
for use on electrical machinery are contained in a cata- 
logue issued by the Morgan Crucible Company, Limited, 
Battersea Works, Battersea Church-road, London, 
8.W.11. 


Joint-Box Compounds.—A booklet received from British 
Insulated Callender’s Cables, Limited, Norfolk House, 
Norfolk-street, London, W.C.2, gives technical details 
of all the principal compounds manufactured by them for, 
filling electric cable joint-boxes and other accessories. 
Information regarding the handling of these compounds 
is included. 

High-Frequency Generator.—Messrs. Philips Electrical, 
Limited, Century House, Shaftesbury-avenve, Londone 
W.C.2, have sent us a catalogue containing particulars 
of a new high-frequency valve generator for use in con- 
nection with the heat treatment of small parts. The 
loading is 5 kVA at 0-85 power factor, and the generator 





is suitable for operation on 200 to 250 volt single-phase 
circuits. 
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SYSTEMS OF ORTHO- 
GRAPHIC PROJECTION. 
By Dr. W. Azzorr, 0.B.E., M.LMech.E. 


Tur traditional arrangement of the various views 
in orthographic projection current in the United 
Kingdom has been that connoted by “‘ First Angle,” 
in which the planes of projection are behind the 
object viewed. This system is also European prac- 
tice. It was given the authority of the British 
Standards Institution as long ago as 1927, and has 
been the recommended standard since that date. 
Recently, however, the British Standards Institution 
has been moved to accept, as an additional and 
permissive standard, views conforming to what is 
known as “Third Angle” projection, the” system 
operating in North America, in which the planes 
of projection come between the object and the 
observer. It may be profitable to review the merits 
of the two systems, not only with reference to 
engineering usage and drawing-office practice, but 
with regard also to the educational problem, par- 
ticularly as it affects a study of the basic subject 
of descriptive geometry. 

The method of projecting the outline of an object 
on to planes of reference which, when opened out, 
give a two-dimensional representation of a three- 
dimensional object, was propounded by Gaspard 
Monge in 1795. He was Professor of Descriptive 
Geometry at the Ecole Polytechnique and was 
honoured by Napoleon. His graphical methods 
simplified many current problems and calculations. 
Monge’s reference planes intersected at right angles 
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and gave four dihedral angles. Only the first and 
the third angles (Fig. 1) are convenient in practice, 
and Monge used the first. 

The system of first-angle projection is illustrated 
in Fig. 2, and the planes, when opened out, give the 
arrangement of views shown in Fig. 3. Clearly, 
the end view may have two positions, and both are 
shown, one dotted and one in full lines. A similar 
object has been used for the third-angle arrangement 
in Fig.4. Here the planes of projection are assumed 
to be transparent. The relative positions of the 
views, a8 opened out, are given in Fig. 5, and again 
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the alternative position for the end view is shown 
dotted. Auxiliary views projected on to inclined 
planes are illustrated in Figs. 6 and 7, page 122, for 
first-angle projection, and in Figs. 8 and 9, on the 
same page, forthird-angle projection. It needs only 
to besaid that the process of projecting a third view 
from two other views resolves itself into the location 
of a few key points on the outline by the automatic 
application of a fundamental principle. The method 
is indicated for one point in the diagrams. 

For simple projections, arguments as to which 
system, first-angle or third-angle, is preferable, are 
unprofitable. One is no more natural than the other, 
and both have disadvantages. Those people who 
prefer the transparent plane method would admit 
that, to mark the position of the furniture in a room, 
they would naturally use the floor as a plane of 
reference and not the ceiling. Similarly, those who 
prefer first-angle projection would admit the incon- 
venience of the system when an object is long and 
@ view might be very remote from the side it repre- 
sented. People who have to read drawings do not 
acquire the facility in any natural way, but require 
training in spatial concepts. Some}people do not 
respond to training and always have difficulty in 
creating a mental image of an object” represented 
by its projections ; but others acquire the facility 
with ease and, demonstrably, are equally at home 
with either system, although not, perhaps,with both. 
With two systems in current use there is always the 
danger that, where two views only are given, a first- 
angle interpretation* may mean one thing and a 
third-angle interpretation another, particularly when 
an object is ‘“‘handed.” This is illustrated in 
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Fig. 10, in which, to avoid confusion, the views 
should be labelled. 

It is in the application of projection to descriptive 
geometry that the issues between the two systems 
are less nicely balanced, and it is here that those 
concerned with education are confronted with a 
difficulty : if they teach the use of both systems in 
engineering drawing and machine design, should 
they ensure that both systems are used in practical 
geometry, or may they expect to adhere to one 
system in geometry and switch to the other in 
engineering ? A review of the merits of the two 
systems when applied to descriptive geometry may 
point to a reasonable conclusion. Descriptive 
geometry, which deals with the graphical solution of 
problems involving points, lines, planes and surfaces, 
is an essential tool subject for engineers. In its 
academic counterpart, analytical solid geometry, 
the universally accepted conventions for positive 
directions place real constructions in the first angle. 
Monge’s system continued this tradition. 

It is a@ sound teaching maxim to ensure that 
principles are grasped and that understanding 
follows, rather than to encourage the memorisation 
of methods and the blind application of rules. To 
this end, the teaching of descriptive geometry in this 
country has placed emphasis on the use of pictorial 
sketches for the better appreciation of spatial con- 
cepts. These sketches frequently indicate a solu- 
tion, or, at least, make a solution more obvious, 
and are almost an essential preliminary to the ortho- 
graphic solution—which may be less easily under- 





OF ORTHOGRAPHIC PROJECTION. 
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stood than constructed. It is suggested that it is 
in this respect that the use of third-angle projection 
shows to a disadvantage, as the following examples 
indicate. 

The first example deals with one of the easier 
fundamental problems: given a line AB by its 
projections a b, a, b,, to determine its true length L, 
inclinations @ and ¢, and traces H and V. A pic- 
torial view in first-angle projection (Fig. 11, opposite) 
indicates clearly what must be done to secure a solu- 


‘tion—by bringing the shaded figures into the planes 

































































of reference—and the orthographic drawing, Fig. 12, 
is the geometrical interpretation of this. No further 
explanation is necessary here. The alternative 
third-angle solution is given in Figs. 13 and 14. A 
comparison between Figs. 11 and 14 is informative, 
but it may not completely convince the reader that, 
in every case, the treatment given in Fig. 11 is pre- 
ferable to that in Fig. 14. 

The issue is clearer when the two systems are 
applied to a more advanced problem. That con- 
sidered here is: given a line and a point, (a) to 
obtain a plane which shall contain the point and 
be perpendicular to the line ; (6) to obtain the per- 
pendicular from the point to the line. The steps 
in the solutions are given pictorially and ortho- 
graphically, using both first-angle and third-angle 
systems, and the same lettering is applied to all the 
diagrams, Figs. 15, 16, 17 and 18,0n page 124. The 
line is A B, projections a b, a, 6, ; the point is P, pro- 
jections p, p,. The solution requires the use of a 
vertical plane x, y, parallel to the line, on which plane 
are projected a, 5, for the line and p, for the point. 
A perpendicular from p, to a, 6, intersects x, y, ina 
point H; HT is drawn perpendicular to ab and 
VT. perpendicular to a, 6,» The required plane is 
VTH. There are other solutions. The required 
perpendicular P C is evidently obtained from p,, ¢2; 
by projecting back, the projections being pc and 
71¢;- The actual constructional work is very 
simple, and there is nothing to choose between 
Figs. 16 and 18 so far as obtaining a solution is 
concerned, but the clarity of Fig. 15 is superior to 
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that of Fig. 17; the presence of the intervening 
planes of reference in Fig. 17 complicates the view 
and offers no compensating advantages. 

If more difficult problems are considered—for 
example, the shortest distance between two given 
non-parallel lines—the sketching of a pictorial view 
in third-angle projection makes confusion very con- 
founded. It is notable that American treatises on 
descriptive geometry which use third-angle projec- 
tion avoid the use of pictorial solutions ; a problem 
is often propounded by the aid of a pictorial view, 
but the solution is wholly orthographic. Indeed, a 
quite recent volume seems to advocate the applica- 
tion of rules and to deprecate visualisation. It 
states that the correctness of a solution will be 
obvious when it is finished, provided that the rules 
are applied. This procedure will give results, of 
course, but as a method of training it is open to 
criticism. 

It is essential that engineering drawings should be 
unambiguous, and the use of either first-angle or 
third-angle projection will satisfy that require- 
ment, provided that the drawings are labelled. In 
orthographic projection, one system seems to have 
no advantage over the other. In descriptive geo- 
metry, however, it is suggested that the advantage 
from the teaching point of view leans heavily 
towards the use of first-angle projection. There 
seems to be no valid reason why it should not be 
adhered to, at all eventg during the college courses. 











LITERATURE. 





Mechanics. By Proressor J. P. DEN Hartoc. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4-50 dols.]; and 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 278.] 

Tx number of text-books dealing with the principles 

of applied mechanics is so large that it is a matter of 

some difficulty to present the subject from a new 
angle in order that the treatment may give the 
learner a clearer insight into the theory than he 
can acquire. from existing texts. Too frequently, 
authors fall into the error of accumulating miscel- 
laneous facts concerning mechanics, some mathe- 
matical and some experimental, until a stage is 
reached where the student is in danger of being 
repelled by the subject as a chaos which is neither 
mathematics nor physics. The arrangement of the 
various topics involves a compromise, for two 
reasons. A straight attack at the main problem 
often leads to entanglement in the details, and to 
subsequent retracing of steps to deal with them ; 
but to settle all the details first also leaves something 
to be desired in the way of approach, in that the 
early steps are uninteresting and only remotely 
connected with the main problem. In his book, 

Profesor Den Hartog overcomes this dilemma by 

explaining the fundamental notions in a descriptive 

style, so that the reader may become familiar with 











them before he studies the mathematical relations 
between them. 

As the book covers the first two years of the regular 
four-year curriculum of engineering colleges in 
America, corresponding approximately to the 
intermediate degree standard in this country, the 
first half of it expounds the subject of statics, starting 
with chapters on discrete coplanar forces, conditions 
of equilibrium, disturbed forces, trusses and cables, 
and elementary notions of the beam theory. The 
author adopts a method which his experience as a 
teacher evidently encourages him to think useful, as 
is shown by the way in which friction is discussed in 
Chapter VI, before the reader’s attention is drawn 
to forces in space and to the method of work. 
Perusal of the book leaves the impression that the 
art of teaching consists very largely of piacing the 
right emphasis on the principal points, isolating 
the difficulties and obviating them one by one, 
without losing sight of the student’s interest in the 
subject. Thus in the second half of the work the 
reader is gradually introduced to dynamics, in a 
series of stages under the main headings of kinematics 
of a point, dynamics. of a particle, kinematics of 
piane motion, and moments of inertia. At appro- 
priate places in the text, reference is made to an 
instructive collection of problems with answers, 
334 in number, which have been placed at the end 
of the book, and these, together with numerous 








diagrams and illustrative examples, have enabled 
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Professor Den Hartog to cover a noteworthy range 
of topics. Novel applications not only broaden 
the field of view, but add interest to the various 
aspects of the matter discussed, which include 
questions relating to work and energy, impulse and 
momentum, and relative motion. Conciseness of 
expression and notation are other characteristics 
of the treatment, as is best shown, perhaps, in the 
final chapter, on the gyroscope, the theory of which 
is brought into relation with several practical appli- 
cations of particular value, as, for example, the 
artificial horizon for aircraft, precession of the 
equinoxes, and the gyroscopic compass for ships. 
For the class of reader mentioned above, the book 
can be recommended wholeheartedly. 


Air Conditioning. By HERBERT HERKIMER and HAROLD 
HEREMmER. Chemical Publishing Company, Incor- 
porated, Brooklyn 2, New York, U.S.A. [Price 
12 dols.}; and Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 40s. net.] 

In the preface, it is explained that the basis of this 

book is the mass of notes and formule accumulated 

by the senior author, who has been engaged in the 
air-conditioning industry since 1912. The’ work 

comprises 24 chapters, with 104 figures and 185 

tables, and includes data from the transactions of 

the American Society of Heating and Ventilating 

Engineers, the American Society of Refrigerating 





(For description, see Page 122). 
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Engineers, and other authorities, together with 
selections from technical trade literature. It con- 
stitutes partly a text-book and partly a compen- 
dium, ranging far beyond the subject indicated in its 
title, and covering a variety of ancillary matters 
such as the design of radiant heating systems, the 
elements of health and comfort, and the prevention 
of noise, all of which are important to engineers con- 
cerned with the conditions within buildings. 

The treatment is rather uneven. Some of the 
theory is developed from first principles, while other 
formulsz are quoted without derivation. In some 
cases, but by no means in all, problems and their 
solutions are given. The general treatment of the 
main theme is satisfactory. Air and vapour mix- 
tures are dealt with in detail, and the chapters on 
heating and cooling loads are excellent: the latter 
include some interesting approximations for deter- 
mining time lag in the penetration of heat through 
building structures. An outline of cooling methods 
and refrigeration is given, but a surprising omission 
is any reference to the reversed refrigeration cycle— 
the heat pump—of which considerable and extending 
use is made in America. The chapter on spray 
systems and cooling towers is particularly good. 
The concluding chapter of the book deals with 
estimates of costs, and gives useful information on 
the material and man-hours required for various 
components of an air-conditioning installation. 





The work was originally published in America in 
1947, and has recently been issued here in identical 
form. While much of the information is in the 
nature of fundamental physics, the climatic and 
teehnical data throughout the book have reference, 
of course, to American conditions and practice. 
The publishers might like to consider the advisability 
of producing a separate edition, based on British 
standards: such a volume would be useful alike to 
the student and the designer in this country. In 
any revision, however, the opportunity should be 
taken to eliminate some inconsistencies and minor 
errors. As examples, in Section 181 density is 
denoted by both d and w, and in Section 185 the 
word “minimum” should be “maximum.” In 
Section 235, the definition of borse-power is incom- 
plete, and few British engineers would recognise 
indirect heating systems in the terms given in Section 
255. There is frequent confusion between resisti- 
vity and resistance, and in Table 108 the item for 
evaporation appears twice. 

Tt is an excellent rule in any technical work to 
follow every formula with a numerical application. 
Such a course would have revealed, in Section 79, 


the superfluity of the term 5 in formula (2), and the 


absence of “* in formula (3). An errata sheet, 
dealing with a few misprints, is inserted in the book, 
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bui it may be remarked that the correction to 
Carpenter’s Rule, in Section 254, is equally applic- 
able to some other rules quoted in that Section. 
The list of symbols contained in the appendix could 
with advantage appear at the beginning of the book, 
and should be comprehensive and rigidly adhered 
to. These, however, are minor faults, not likely to 
mislead the intelligent reader; the authors have 
succeeded in producing a definite and practical con- 
tribution to the literature of an important branch of 
engineering. 





Atomic Energy. Being the Norman Wait Harris Lecture, 
delivered at Northwestern University. By Dr. Karu K. 
Darrow. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 2 dols.]; 
and Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 12s. net.] 


Dr. Darrow’s extensive grasp of essentials, his 
engaging felicity of expression and his exceptional 
clarity of exposition were first manifested in the 
admirable series of essays which he contributed to 
the Bell System Technical Journal under the general 
title, ‘‘ Some Contemporary Advances in Physics.” 
In the present course of lectures, delivered at 
Northwestern University in 1947, his audience 
consisted largely of those whose special fields of 
interest were other than physics. Only those who 
have tried to make the broad trend of recent 
developments in physics understandable to the 
layman, without implanting misleading ideas, can 
realise the difficulty of the task or fully appreciate 
how brilliantly Dr. Darrow has succeeded. He has 
neither attempted to cover too much ground nor 
to enter into elaborate detail ; on the contrary, he 
deliberately leaves aside matters that might obscure 
the main line of his argument, dismissing, for 
instance, the extra-nuclear electron distribution 
with a bare mention. He is content with the 
simplest illustrations, describing, for example, the 
Van der Graaf electrostatic generator in preference 
to the Cyclotron as a particle accelerator, and he 
does not hesitate to repeat a point likely to be 
unfamiliar in order to.drive it home. In his own 
words, “‘this is not a treatise on nuclear physics, 
but a narrative of the basic facts most pertinent 
to the transformation of energy of rest mass into 
energy of motion and energy of heat, which is 
what we mean when we speak of ‘ atomic energy ’.” 

Dr. Darrow, who was himself present when the 
same series of lectures was delivered in 1913 by 
Professor Ames, of Johns Hopkins University, 
starts by contrasting the position of physics then 
and now. Then, the number of known atoms 
was under 100; to-day, it is nearer 1,000. Then, 
the nuclear model of the atom was a novelty, and 
all that was known about the nucleus was that it 
carried a positive charge and occupied only a 
minute fraction of the volume of the atom. To-day, 
sufficient has been discovered concerning its struc- 
ture and properties to enable chain reactions to be 
initiated by the fission of certain heavy nuclei. 
The process is accompanied by a liberation of 
energy on a stupendous scale and this, though 
originally directed to purposes of mass destruction, 
may be harnessed, in the not too distant future, 
to more constructive ends. Though conforming to 
current usage, Dr. Darrow points out that the title 
of his lectures is a misnomer; that what has come 
to be called atomic energy is, in fact, nuclear 
energy, and is many million times greater than any 
producible by processes in which atoms alone are 
involved and their nuclei unaffected. The building 
up of nuclei from protons and neutrons is described 
by considering first the simpler nuclei and only 
later is attention transferred to the other end of 
the Periodic Table. The co-existence of particles 
of similar sign within the nucleus is ascribed to 
short-range attractive forces which, at such dis- 
tances, are more powerful than the forces of electro- 
static repulsion ; the resulting mass deficit repre- 
sents the nuclear binding energy. The implications 
of the Einstein mass-energy equation are vividly 
brought out. Nuclear stability is shown to result 
when the nucleons arrange themselves in the 
grouping of least energy (and mass), while less 
stable groupings exhibit a tendency to revert to 
more stable ones by processes of transmutation 
accompanied by the release of energy of calculable 
amount. 





Transmutation was first effected by Ruther- 
ford in 1919, using «-particles from natural 
radioactive sources ; and his realisation of its impli- 
cation is apparent from the anecdote on page 51. 
Later agents of transmutation were charged parti- 
cles, accelerated by high-voltage machines. The 
most potent of all agents of transmutation, how- 
ever, is the free neutron, as is made abundantly 
clear in the last two lectures. It is the generation 
of neutrons during uranium fission that enables a 
self-perpetuating chain reaction to start under 
appropriate conditions. The dramatic story of the 
build up at Chicago of the first nuclear pile to 
critical dimensions is related; and the author’s 
claim that December 2, 1942, the date on which 
this was accomplished, is one of the crucial dates 
in the history of the world, is no exaggeration. Its 
contribution to the “atomic” bomb is indicated, 
while some of the uses of its radioactive by-products 
are touched upon. To save English readers the 
trouble of taking down Webster, it may be men- 
tioned that the ‘‘ concrete bleachers,” referred to on 
page 67, are a set of roofless benches for spectators 
round a sports field. 

The release of nuclear energy is one of the monu- 
mental achievements of the present time—or of 
any time—and Dr. Darrow has handled his tremen- 
dous theme with masterly lucidity. Both in the 
charm of its style and the absorbing interest of its 
contents, this book is a delight and the reader’s 
only regret is likely to be that this particular series 
of Norman Wait Harris lectures was limited to four. 


The Technique of Industrial Labour Payment. By C. L. 
GuEsT. Macdonald and Evans,8, John-street, Bed- 
ford-row, London, W.C.1, [Price 35s. net.] 

Tue author of this excellent text-book, on a subject 

which concerns many more engineering industrialists 

that can claim to understand it, is the chief efficiency 
engineer of the Dunlop Rubber Company, Limited, 
and writes with the authority that comes from 

25 years of practical experience. His survey is 

thorough, beginning with the theory and going on 

to a detailed study and comparison of the various 
methods of computing payment—time rate, piece- 
work, and the Halsey, Rowan and Bedaux premium 
plans—and the presentation of data for shop use. 
(It is rather curious, incidentally, that an author so 
expert as Mr. Guest should consistently mis-spell 
the name of Bedaux, which is rendered “* Bedeaux” 
wherever it appears.) Chapters on the application 
and maintenance of a system of payment by results, 
and the organisation of a time-study department 
round off a treatise which is marked throughout by 
the inspiration that comes from first-hand know- 
ledge and a firm belief in the advantages of payment 
according to output. It is characteristic of the 
author’s practical approach that he includes a chap- 
ter on stop watches and other means of measure- 
ment, and the methods of using them—the first 
occasion, so far as we recall, in which this funda- 
mental feature of successful time study has been 
treated as it deserves. The examples cited are 
numerous and apt, and the wide applicability of the 
methods is well illustrated by taking, as hypothetical 
cases, operations to which, in normal procedure, 
they never would be applied—such as the morning 
shave and those of bathing and changing clothes on 
leaving work. There could be no better means of 
combating the prevalent idea that jobs which are 
not commonly the subject of payment by results 
are in a class apart and unsuited to it. At the same 
time, the disadvantages and limitations of time and 
motion study, and payment systems based on such 
investigations, are clearly recognised, and due 
weight given to the probable objections ; in parti- 
cular, by the quotation in extenso of an article by 

Lord Perry, chairman of the Ford Motor Company, 

arguing strongly in favour of payment by the hour 

—but at a rate based upon scientific time study. 

Mr. Guest’s general conclusion is that, in the 

average industrial factory, some 70 to 75 per cent. 

of the jobs are suitable for payment by results. 

Students of engineering economics who may have 

wondered, hitherto, how far the literature of labour 

payment has been conditioned by American experi- 
ence have now the opportunity to judge the standard 

American text-books in the light of experience that 

is wholly British, and vice versa. 








EXTRACTION, ALLOYING AND 
FABRICATION OF MAGNESIUM.* 


By Masor C. J. P. Bau, F.R.Ae.8. 


In any discussion of the mineral resources of the 
British Commonwealth, magnesium should receive 
particular attention, seeing that its high-grade ores 
abound within all Commonwealth territories and can 
be extracted in unlimited quantities from the sea, 
one cubic mile of sea representing 5} million tons of 
metal. The greatly improved mechanical properties, 
both at room and elevated temperatures, and, in 
particular, the outstanding improvement in work- 
ability and reliability of the latest magnesium-zirconium 
alloys, serve to emphasise even more strongly the 


potential importance of magnesium and its alloys to 
Britain in particular, and to all those other of 
the Commonwealth which at present have to rely upon 


supplies of aluminium imported from hard-currency 
countries. The last 25 years have been chosen because 
it was only in 1923 that the staff of Griesheim Elektron 
first completed and applied those processes of refining 
molten magnesium with inspissating fluxes, and pro- 
tecting the surface from burning, which provided the 
first firm foundation for future metallurgical develop- 
ment. 

The metal magnesium is silvery white in colour and 
extremely light, having a specific gravity of only 1-74 
(density 0-0628 lb. per cubic inch), thus being only 
two-thirds the density of aluminium and one-quarter 
that of iron. Its physical properties are set out in 
Table I, herewith. It is electropositive to most 
metals. 


TABLE I.—Physical Properties of Magnesium. 
Atomic weight ... 24-32 


Crystal structure Close packed hexagoti- 
al, a—3-2030A; 
e— 5-2002A. 

Specific gravity at 20 deg. C.... 1-738 

Melting point $ ... 651 deg. C. 

Latent heat of fusion ... 46-5 cal. per gm. 


Latent heat of vaporisation 4 
Mean specific heat (0 deg. to 
100 deg. C.) ... vel vee 
Coefficient of linear expansion 
(20 deg. to 100 deg. C.) f 
Thermal conductivity (0 deg. C.) 


1,315 cal. per gm. 
0-2495 cal. per gm. 


26-1 x 10-* per deg. C. 

0-376 cal. per sq. cm. 
per sec. per cm. per 
deg. C. 

24-47 x 10“ mhos per 
cm. per sq. sm. 

17-50 x 10* mhos per 
cm. per sq. cm. 

4-4611 microhms per 
cm. per sq. om. 

Vapour pressure (651 deg. C.)... 2-28 mm. Hg. 


The element magnesium was first isolated electro- 
chemically by Sir Humphry Davy, 140 years ago, by 
making an amalgam and then distilling off the mercury, 
but it was left to the French, the Germans, and the 
Americans to begin to extract magnesium metal in 
quantity. In 1828, Bussy succeeded in reducing anhy- 
drous magnesium chloride with potassium and pre- 
sented a sample of metallic magnesium thus produced 
to the A ie Royale. In January, 1830, Bussy 
described to the Académie Royale his method of 
producing anhydrous magnesium chloride from mag- 
nesia, carbon, and chlorine, and it is of interest to record 
that the modern processes for producing anhydrous 

jum chloride on an industrial scale have been 
all developed from Bussy’s original work. In 1852, 
Bunsen first produced magnesium metal by the electro- 
lysis of molten magnesium chloride, the principles of 
construction used in the design of his cell being those 
still used in the design of modern cells. In 1864, 
the British metallurgists, Messrs. Johnson and 
Company, formed the Magnesium Metal Corporation, 
with works which operated a process for Fw 

esium, first at Salford and, later, at Patricro’ 

both on the outskirts of Manchester. All these efforts, 
although of interest historically, produced very little 
metal, and eventually ceased, because of too high costs. 

The element ium in its various compounds is 
widely distributed throughout the earth’s crust. It is 
estimated that the upper stratum, to a depth of some 
two miles, contains an average of 3-45 B sui cent. 
magnesium oxide (MgO), thus making it fourth 
most abundant metal. The most valuable of the ores 
used are magnesite or magnesium carbonate (with 
about 97 per cent. MgCO;), dolomite (a mixed calcium- 
magnesium carbonate, js CaCO ;), and the hy- 
droxide (brucite). Sea water contains about 0-13 
cent. of magnesium in the form of salts, principally 
chlorides and sulphates. Magnesium is found also im 


Electrical conductivity (0 deg. C.) 


Electrical conductivity 
deg. C.) 
Electrical resistivity (20 deg. C.) 


(100 





* Paper presented at the Fourth Empire Mining and 
Metallurgical Congress, held in London and Oxford, 
July 9 to 23, 1949. Abridged. 





the deep brines of Michigan. In the Stassfurt salt 


deposits it is present as carnallite (MgCl,.K.Cl.6H,0), 
which is now also being recovered in substantial 
quantities from the Dead Sea. 

Although the first large plant erected in Britain in 
1936 to extract magnesium metal used magnesite and 
calcined magnesite imported from Greece, Jugoslavia, 
and India as its raw material, the successful develop- 
ment of processes for the extraction of magnesia from 
sea water by the British Periclase Company and the 
Washington Chemical Company, enabled Britain later 
to become completely independent of imported supplies 
of magnesite. Magnesium Elektron, Limited, produced 
in 1938 the first magnesium ever recovered from sea 
water. The British Periclase Company was the first 
to treat sea water with calcined dolomite, thus sub- 
stantially increasing the rate of recovery of magnesia, 
approximately half coming from sea water and half 
from dolomite. 

Magnesia for the electrolytic extraction of the metal 
has to be of the highly reactive caustic type, that for 
the steel industry and for furnace work generally being 
dead-burnt. A plant with capacity of 40,000 tons per 
annum of caustic magnesia was built in Cumberland 
in 1940 to supply the magnesium plants. The process 
has been constantly improved, a typical analysis of 
current production being, per cent., SiO,, 2-24; Fe,O,, 
1-40; Al,O,, 1-60; CaO, 2-40; and MgO, 92-36. 

Production of magnesia of the dead-burnt type by 
the British Periclase Company in 1948 at Hartlepool 
was 28,000 tons. This is expected to be increased in 
1949 and, when further extensions are completed, the 
output is expected to be around 50,000 tons per annum 
of refractory magnesia. The Ocean Salts Company, 
with the support of the Ministry of Supply, built and 
operated a magnesia plant in South Wales, using lime 
instead of dolomite, to recover magnesia from sea 
water. The British Government will then have a 
total capacity of 90,000 tons per annum of magnesia 
of both types, to which must be added the potential 
production of the Ocean Salts Company. 

The first process for the production of magnesium 
metal in industrial quantities was that develo in 
Germany by the Aluminium und Magnesiumfabrik, 
Hemelingen, near Bremen, who partly dehydrated the 
magnesium chloride obtained as a waste product from 
the potash mines and used the resultant product as 
the electrolyte in their cells. This method was further 
developed by the Chemische Fabrik Griesheim-Elek- 
tron, and for many years it was the only process used 
for producing magnesium metal in quantity. The 
dehydration of the magnesium chloride was carried out 
in the presence of dry hydrochloric acid gas, but a 
truly anhydrous product was never obtained. This 
process was employed in a modified form by the Dow 
Chemical Company, the major producers of magnesium 
in the United States. The Dow Chemical Company 
now claim to be able to produce magnesium chloride 
dehydrated to about 1} mols. H,O by direct drying 
processes. During the recent war, they reported that 
their Freeport (Texas) sea-water plant, running con- 
tinuously at full load, using low-cost natural gas for 
heating, produced metal at 12 cents per pound. 

The difficulties in producing anhydrous magnesium 
chloride from hydrated compounds led Griesheim- 
Elektron around 1924 to study the development of 
another process based on the conversion of magnesium 
oxide with carbon and chlorine in accordance with the 
known reactions, MgO + C + Cl,——->MgCl, + CO, 
2MgO + C + 2Cl,—->2MgCl, + CO,. Both reactions 


are strongly exothermic and enable the conversion | P° 


to be carried out practically without recourse to 
external heat. The magnesite or, later, magnesia, is 
mixed with suitable reducing and other agents, includ- 
ing magnesium-chloride solution. The mix is formed 
into pellets, which are lightly calcined, and then, in 
the presence of chlorine, converted into molten anhy- 
drous magnesium chloride in electrically-heated chlori- 
nators. The temperature of the reaction zone reaches 
1,100 deg. C., the bulk of the chlorine consumed 
originating from the electrolytic cells, the remainder 
being fresh chlorine which represents the operating 


losses. The magnesium chloride so produced is the | P@T® 


only completely anhydrous product ever manufactured 
on a commercial le, and is fed, still molten, into the 
cells, which operate at around 750 deg. C. The cell 
melt contains, in addition to the magnesium chloride, 
other chlorides, which inhibit the decomposition of 
magnesium chloride at the cell operating temperature 
and favourably influences the conductivity, viscosity, 
and density of the electrolyte. Each cell is equip 
with three graphite anodes and six cast-steel cathodes, 
each anode being sandwiched between two cathodes. 
The metal collects on the face of the cathode in droplets, 
which riss to the surface of the electrolyte, from which 
it is removed at intervals. Current efficiencies of 90 per 
cent. and over can be achieved. The average power 
consumpticn per pound of cell metal produced is 
9-2 kWh. By a new method of controlling the im- 
purities in the electrolyte, metal of 99-95 per cent. 
purity is obtained. 
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Since magnesium metal can be obtained by the 
direct reduction of its compounds with suitable reducing 
agents, and since this method avoids the complicated 
pre-treatment of the raw materials needed for electro- 
lysis, it has naturally been thought that direct thermal 
reduction would prove to be the simplest and most 
economic way to produce magnesium metal commerci- 
ally, but, despite much large-scale endeavour, this has 
not yet been proved to be the case. The thermal reduc- 
tion processes tried out in commercial production to 
date, in order of seniority of production, have been as 
follows. 

The Murex process uses carbide of calcium as a reduc- 
ing agent in vacuo at temperatures between 1,200 deg. C. 
and 1,600 deg. C. in accordance with the equation : 


MgO + CaC, = Mg + CaO + 2C. 


This is a batch process, dead-burnt magnesite and 
carbide being heated in steel retorts in gas-fired furnaces, 
the magnesium distilling off and condensing within the 
hood in crystalline form, leaving a solid residue of 
carbon and calcium oxide. The first plant built at 
Rainham in 1936 had a capacity of 2,000 tons mag- 
nesium metal per annum. A second plant of 5,000 tons 
per annum was erected at Motherwell in 1941. How- 
ever, as this process requires more than four tons of 
carbide per ton of magnesium metal, and retorts have 
a very short | fe, it is not economic and the plants have 
been shut down. 

The ferrosilicon reduction process from calcined 
dolomite was first operated on a large scale by the I.G. 
Farbenindustrie, in accordance with the equation : 


2(MgO + CaO) + Si ——-> (CaO), SiO, + 2Mg. 


The reaction takes place in a rocking resistor furnace 
in vacuo at around 1,200 deg. C., the calcium oxide in 
the dolomite neutralising the resultant silica to calcium 
orthosilicate, and the magnesium metal distilling over 
into the condenser, whence it is tapped in compact form 
in a single operation. A pilot plant ran successfully 
for some 18 months during 1938-39, but, owing to the 
shortage of ferrosilicon and the advent of war, this 
was not extended. During the war, as a result of suc- 
cessful development by Dr. L. M. Pidgeon of the 
Canadian Research Council, and with the support of the 
Canadian Govermnent, this process was developed on 
a very large scale in Canada and the United States as 
a batch process, using batteries of small heat-resisting 
steel tubular units, but none of these plants is now in 
Operation. 

Repeated attempts have been made to operate a 
thermal-reduction process using carbon only as the 
cheapest reducing agent. Because the reduction is 
reversible in accordance with the reaction : 


MgO + C 2 Mg + CO, 


and because the reduction, if successful, produces 
magnesium powder in a very finely divided and there- 
fore pyrophoric condition, the process has proved 
extremely difficult and dangerous to operate, and the 
plants built before and during the recent war have 
all been closed down. The question whether mag- 
nesium metal can be extracted more economically by 
the ferrosilicon thermal-reduction process or electro- 
lytically depends entirely upon local conditions, and 
especially upon the unit cost of the power used both 
in the process itself and in the production of the ferro- 
silicon. Given equally low cost of raw materials and 
wer, and a steady production load, it is probable 
that the electrolytic process will continue to be the 
cheaper, unless a continuous reduction unit of large 
capacity can be developed successfully for the ferro- 
silicon process which can be operated with low-cost or 
low-grade ferrosilicon. 

The crystal structure of magnesium is close-packed 
hexagonal and the metal is generally obtainable in 
commercial quality of purity around 99-8 per cent. 
The tensile strength of pure magnesium in the sand-cast 
state is only 7 tons per square inch and about 13 tons 
per square inch when extruded. By additions of com- 
tively small quantities of selected elements, the 
values of the resultant magnesium base alloys can be so 
greatly improved as to make them extremely attractive 
to engineers and constructors. Until quite recently, 
the elements most widely used for alloying with mag- 
nesium have been aluminium, zinc, and manganese ; 
aluminium and zinc as hardeners, to improve the 
physical properties, and manganese to improve corro- 
sion resistance. The low resistance to corrosion of these 
first alloys and the imperfect methods of fabrication, 
combined with the Sade pele, severely limited their 
usage up to the year 1928. Some progress was made in 
Britain, however, as a result of the joint efforts of 
F. A. Hughes and, Company, and Sterling Metals, of 
Coventry; probably the most striking example being 
the cast crankcases for the Napier Lion engines fitted 
to the seaplanes which won the Schneider Cup for 
Britain in 1927. 





(To be continued.) 





RECONDITIONING OF THE LINER 
‘* ILE DE FRANCE.”’ 


Arter an extensive reconstruction, following her 
war service as a troopship, the quadruple-screw liner 
Ile de France, flagship of the French Line, returned, 
on July 21, to the transatlantic service of her owners, 
the Compagnie Générale Transatlantique. Shortly 
before she did so, we had an opportunity to visit the 
vessel at Le Havre, where the finishing touches were 
being put to the new passenger accommodation by the 
Chantiers de Penhoét, of St. Nazaire, from whose yard 
she was launched on March 14, 1926, and who have 
had her in hand during the past two years for a complete 
refit. This has pow ing week her appearance, 
as can be seen by comparing the accompanying Fiz. |, 
showing the vessel as she is now, with Fig. 2, which 
shows her as she was before the war. The first voyage 
of the Ile de France to New York began on June 22, 
1927. Between that date and her requisitioning in 
1940, she made 346 passages across the Atlantic, 
carrying in all some 245,000 passengers. During the 
war, and immediately afterwards, when she was 
engaged in troop-carrying, she conveyed some 485,000 
combatants of various services; and in April, 1947, 
these duties completed, she returned to the Penhoét 
yard to be reconditioned. 

Before we proceed to describe the vessel as she has 
been reconditioned, her main constructional details 
may be briefly summarised; the conversions to feet 
and inches are given in brackets after the metric dimen- 
sions in each case. The length overall is 241-64 m. 
(792 ft. 7 in.) and between perpendiculars, 23] m. 
(758 ft.); the breadth moulded is 28-1 m. (92 ft.); 
and the draught loaded is 10-43 m. (34 ft. 3 in.), corre- 
sponding to a displacement of about 45,000 metric tons. 
The gross tonnage (metric) is 45,330. At the time of her 
completion, she was the sixth largest ship afloat, 
but did not quite come into the “ express ” category, 
her designed speed being only 23} knots. The pro- 
pelling machinery was unusual, even in 1927, in con- 
sisting of four sets of direct-drive Parsons turbines. 
The designed shaft horse- power was 52,000. Steam was 
supplied by 32 oil-fired Prudhon-Capus boilers arranged 
in four boiler rooms, and working at 16 kg. per sq. cm. 
(228 lb. per sq. in.). The uptakes were led to two 
funnels, the third “funnel” being used to ventilate 
the engine room and to accommodate the uptakes from 
the oil-fired galleys. 

It will be recalled that the Normandie, which was 
taken over by the United States Government during 
the war and renamed Lafayette, was completely 
gutted by fire while in process of conversion to a troop 
carrier and eventually was scrapped. The Paris, 
which was of approximately the same size as the Ile de 
France, but some five years older, caught fire in 1939 
and capsized at her berth in the tidal basin at Le Havre, 
where her wreck still lies, now in process of being broken 
up. These losses left the French Line in the position 
oF being obliged to refit the Ile de France, in spite of 
her age, if they were to continue to be represented on 
the North Atlantic by a ship comparable in size with 
those under other flags operating the Atlantic Ferry. 
Fortunately, the hull was still in good condition, and 
the decision was taken, therefore, to re-equip her 
passenger accommodation entirely and, at the same 
time, to modernise her machinery and her appear- 
ance. 

Originally, the Ile de France was designed to carry 
1,794 passengers, first, second and tourist or third class. 
The accommodation was re-arranged some 15 years ago 
and the number of passengers reduced to 1,548; but 
now the number has been further reduced to 1,345, 
comprising first-class, cabin-class and tourist-class. 
As, in addition, the third funnel has been eliminated, 
it will be seen that the space now available per passenger 
is considerably more than was provided when the 
vessel was built, though, at that time, she represented 
the most modern practice. On the promenade deck, 
where formerly was the “ grand salon,” there is now an 
air-conditioned theatre with seats for 350 persons. At 
the after end of the same deck is the “ Café de Paris,” 
a combined smoking room and lounge, with a bar and 
space for dancing or cabaret. All the dining saloons, 
the lounge, various other public rooms and many 
of the first-class cabins, are air-conditioned; the 
plant for this purpose absorbs nearly 600 h.p. The 
first-class dining saloon, on B deck and approximately 
amidship, can seat 480 ons; its decoration is 
dominated by a large bas-relief, some 33. ft. high and 
30 ft. wide, representing the Ile de France, the historic 
central province of France, bounded by the rivers 
Marne, Seine, Oise, Aisne and Ourcgq, after which the 
vessel is named. The design introduces these rivers 
symbolically, together with the chief towns of the 
province. To port and starboard of this bas-relief are 
the entrances to two private dining saloons. The 
extra space given by the removal of the third funnel 
has made it practicable to arrange both the “ grand 
salon ”’ and the first-class smokeroom on the promenade 
deck, as well as the theatre, previously mentioned, 
and the reading and writing rooms, the former on the 
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Fig. 1. 


“Ine DE FRANCE’? AFTER RECONDITIONING. 











Fic. 2. VessEL BEFORE THE WAR. 


starboard side and the latter to port. A swimming- 
bath is provided on C deck and there is the usual pro- 
vision of gymnasium, children’s dining and play 
rooms, hospital, etc. Apart from the ordinary first- 
class cabins, there are 30 suites, each consisting of a 
bedroom, a sitting room and bathroom; twelve of 
these suites are de luxe, and each of these is decorated 
in a different style and bears the name of a well-known 
chateau. In all, accommodation is provided for 541 
first-class passengers ; this is only slightly less than 
the original total, but there were then cabins for a 
further number—about 130—which could be made 
either first-class or second-class, according to the 
seasonal variations in demand. 

The vessel will carry 577 cabin-class passengers— 
26 fewer than the original total of second class, including 
occupants of the transferable first-class cabins men- 
tioned in the previous paragraph. The accommodation 
for this class, formerly amidship and aft, is now amid- 
ship and forward. The public rooms comprise the 
dining saloon on B deck ; the smokeroom, a lofty apart- 
ment consisting of a gallery on the promenade deck 
and a salon on the deck below, connected by a staircase 
with glass treads, illuminated from behind by fluorescent 
lamps; a reading room, gymnasium, children’s rooms 
similar to those in the first class, etc. The cabin-class 
passengers have access to the theatre and the swimming 
pool at stated hours. Their cabins are situated on the 
promenade deck and on decks A, B and C. 

In the tourist class there is accommodation for 227 
passengers. Forty per cent. of the cabins contain 
two berths only and there are some single-berth cabins 
also. The air-conditioned dining saloon is on D deck 
and the salon, on B deck, is equipped with a screen 
and a cinematograph projector. The smokeroom 
ison A deck. Advantage was taken of the reconstruc- 
tion to effect considerable improvement in the crew’s 
quarters also, the messrooms being air-conditioned and 
provided with fluorescent lighting, and the recreation 
room being wired for relaying the concerts, etc., given 
in the public rooms. 

As previously mentioned, the main and auxiliary 
machinery has been thoroughly overhauled. The 
main turbines have been partly rebladed, the boilers 
entirely retubed and many of the furnaces renewed, and 
economisers have been added to improve the thermal 





efficiency. The vessel now has only two large stream- 
lined funnels, fitted with smoke deflectors. New 
low-pressure evaporators have been fitted in place of 
the former high-pressure plant, and the feed pumps 
have been modified to give a higher delivery pressure. 
We understand that, as a result of these modifications, 
the total propulsive horse-power has been increased 
from the original 52,000 to 55,000, giving a trial speed 
of about 23} knots with a marked economy in fuel 
consumption. The electrical equipment has been 
entirely renewed. The generating plant consists of 
four turbo-generators with a total capacity of 2,600 kW 
at 220 volts, direct current. For emergencies, there 
are two Diesel-driven generators of 60 kW each and an 
installation of cadmium-nickel batteries with a dis- 
charge rate of 400 ampere-hours. All circuits are 
fitted with double-pole switches. Two sets of con- 
vertors, each with a capacity of 170 kVA, supply 
alternating current for the fluorescent-lighting system 
in the public rooms and crew’s quarters. Originally, 
the distribution networks for power, light, etc., were 
horizontal, but, in accordance with the latest French 
regulations, the ship is now wired with three vertical 
distribution systems, each entirely independent. 

All the fire-detection and alarm circuits are led to a 
central control room, where a fire guard is constantly 
on duty. For fire-detection purposes, the vessel is 
divided in plan, on the lower decks, into compartments 
of 1,200 sq. m. area, separated by fire-doors. These are 
again divided into sections of 450 sq. m. area, and yet 
again subdivided into unit areas of 150 sq. m., arranged 
according to the plan of the cabin accommodation. 
pr mipe are fitted in the public rooms and in parts 
of the ship which are not under constant supervision, 
and sprayers, discharging water in the ofrm of mist, 
protect the main and emergency stair cases. Auto- 
matic fire-detectors are fitted in all the cabins, and, of 
course, the usual equipment for fire detection and 
extinction is provided in the holds. The watertight 
subdivision has been modified to some extent, to con- 
form with the requirements of the 1929 International 
Convention on Safety of Life at Sea, and, in general, 
all other safety provisions have been made that are 
required by the French regulations of 1934, and the 
Rules of the Bureau Veritas and the Sécrétariat Général 
de la Marine Marchande. 








METAL-SPRAYING PLANT FOR 
ROLLED-STEEL SECTIONS. 


Tue illustrations on page 132 are of an automatic 
metal-spraying plant which has been constructed by 
Messrs. Metallisation Limited, Barclay’s Bank Cham- 
bers, Dudley, and is being used for spraying a protective 
aluminium coating, 0-004 in. thick, on the surfaces 
of certain steel joists and other sections which are 
required for the structural steelwork of the new Abbey 
Works, Margam, South Wales. An article on this 
work appeared on page 90, ante, and we are now able 
to describe the plant more fully. The works is being 
built for the Steel Company of Wales, Limited, and all 
sections above crane level are being given a protective 
coating of aluminium. 

Fig. 1 shows a general view of the shop, with a 
machine for cleaning the steel sections on the right, 
and the metal-spraying plant on the left. Ideally, 
the two should have been placed in a continuous line, 
so that handling of the sections could be reduced to a 
minimum. Owing to present-day building restrictions, 
however, it was necessary to accommodate them as 
shown. The cleaning machine is a “ Wheelabrator,” 
made by Messrs. Tilghman’s Patent Sand Blast Com- 
pany, Limited. It is an airless grit-blasting machine, 
in which angular metal grit, made by crushing granu- 
lated cast steel or iron, is thrown by four wheels 
revolving at a speed of approximately 2,500 r.p.m., 
on to the surfaces to be cleaned. The dust produced 
in the Wheelabrator is removed by cyclone extractors. 
The joists or sections to be cleaned are propelled 
through the machine by motor-driven rollers, a typical 
rate of cleaning being five 3-in. by 3-in. angles, 40-ft. 
long, and placed side by side, passing through the 
machine at a speed of 4 ft. per minute. Alternatively, 
two 5-in. by 12-in. rolled-steel joists can be cleaned 
at the same speed. 

The steel sections are then passed to the metal- 
spraying plant, which is shown in more detail in 
Figs. 2,3 and 4. It will accommodate a maximum of 
28 spraying nozzles of the oxy-coal gas type, in which 
aluminium wire } in. in diameter is fed into each 
nozzle by an electric-motor drive. The wire is 
melted by the burning coal gas and_ sprayed 
on to the cleaned surfaces. Fig. 4 shows a bank of 
six nozzles, of which four are in use, to 
spray one side of the web of a rolled-steel joist. The 
flanges are sprayed by other banks of nozzles in the 
machine, arranged at suitable angles, and, in the case 
of rolled-steel joists, the joists are sprayed in two 
passes, being turned over between the passes. The 
positions of the nozzles can be adjusted to suit the 
section being sprayed. Aluminium wire is stored in 
spools on a platform above the machine, and is fed 
down to each nozzle through copper tubing.. The 
sections are pulled through the spraying machine on a 
roller conveyor by a chain at a speed of approximately 
10 ft. i. minute. Aluminium can be deposited at a 
rate of 112 Ib. per hour, normally to a thickness of 
0-004 in., and zinc at 450 lb. per hour, normally 
0-002 in. thick. The sprayed surface has a mat finish 
which is particularly suitable for painting. The thick- 
ness of the coating, which is checked after spraying, is 
more uniform than would be obtained by manual 
spraying and can therefore be made only a few thou- 
sandths of an inch in thickness. 
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THE DE HAVILLAND ‘COMET ”’ 
AIR LINER. 


Aw aircraft which is likely to form a landmark in 
civil aviation history flew for the first time on Wed- 
nesday, July 27. Figs. 1 and 2 show this aircraft, 
the de Havilland Comet (D.H. 106) jet-propelled 
air liner, powered by four de Havilland Ghost gas- 
turbine engines, each delivering 5,000 Ib. static thrust. 
(These ines were described on page 520 of our 
163rd volume, 1947.) The Comet was first conceived 
by the de Havilland Aircraft and Engine Companies 
towards the end of the second World War, their 
contention being that, with the weight and drag reduc- 
tions made possible by turbo-jets, and the high 
speeds attainable by a jet-propelled aircraft, such an 
aircraft is commercially competitive with the orthodox 
type of air liner, such as is at present in service on 
the trunk routes, and offers greater comfort and 
convenience. Design was actually commenced in 
1946, and taxying and flight trials have started in 
less than three years from the commencement of 
design work. The aircraft is a private venture, in that 
the specification was drawn up entirely by the de Havil- 
land Company and proposed by them to the British 
Corporations and the Ministries of Supply and Civil 
Aviation; the company carry full responsibility, by 
contract, for ormance, cost, and delivery dates, 
with penalties for default. Orders have been placed by 
the Government off the drawing-board for two Comet 
aircraft, and 14 aircraft have been ordered by the 
British Overseas Airways Corporation and British South 
American Airways; the latter company has since been 
merged with the British Overseas Airways Corporation. 














Fie. 2. 


The prototype stage has been entirely eliminated, and 
the aircraft, which is now undergoing trials, is the first | 
to come off the production line. The rapid progress 
which is being made in the development of this advanced 
aircraft design is, to a large extent, due to the close 
liaison possible between aircraft and engine design 
teams, rendered possible by the fact that both are 
members of the same firm. 

The de Havilland Comet is designed as a high-speed 
air liner for operation over trunk routes, carrying up 
to 36 gers. Economical operation of the Ghost 
turbo-jets requires the aircraft to fly at high altitudes, 
and the Comet has been designed for a cruising altitude 
of 40,000 ft., at which the estimated cruising speed is 
about 500 m.p.h. true airspeed. For these high alti- 
tudes, a cabin pressure differential of 8} lb. per square 
inch is to be used, which is considerably higher than has 
been used hitherto on commercial aircraft. The cabin 
air-conditioning also provides for temperature and 
humidity control. Figs. 1 and 2 show the general 
appearance of the Comet, which is conventional ; the 
wings have only moderate sweepback, not easily seen 
in the illustrations ; leading-edge slots are fitted on the 
outer wing. The close grouping of the four Ghost 
engines is clearly seen in Fig. 1; this arrangement 
should give excellent control characteristics under 
asymmetrical power conditions. The cabin air intakes 
can be seen under the inboard engines. The mass- 
balance weights on the elevator—shown in Fig. 1— 
are fitted only as a precautionary measure while the 
aircraft is under test; they will not be fitted on 
later aircraft going into service. Fig. 2 shows that 
the main undercarriage legs retract outwards and 





the nose-wheel retracts backwards; the large main 


undercarriage wheels are temporary features, to be 
replaced in later aircraft by bogies. This will allow 
the smoothing-out of a slight bulge in the wing, which 
is at present necessary for housing the main wheels. 
A twin nose-wheel is fitted, but is not clearly visible in 
the illustrations; for taxying purposes a power- 
operated steering gear is employed. 

PThe orthodox layout of the Comet has been adopted, 
together with a moderate wing loading, so that the 
take-off, let-down, approach and landing characteristics 
will be similar to those of present-day transport air- 
craft, and the Comet will, therefore, be able to operate 
from any normal main-line airport. 

The engine installation has resulted in a lower 
structure weight, not only because the turbo-jet 
engines are lighter than either piston engines or pro- 
peller-turbine power plants of equivalent power, but 
also because it has been possible to keep the under- 
carriage units short, there being no propeller-clearance 
problem to consider. An interesting feature of the 
structural design is that Redux metal-to-metal bonding 
has been used extensively, considerably reducing the 
amount of riveting; where it has been necessary to 
employ rivets on the exterior surfaces of the aircraft, 
flush riveting has been used. 

The Ghost engines are nearly enclosed in the wing, 
which is of relatively thin section; this gives much 
lower drag, as compared with an equivalent piston- 
engine installation. Since the Comet is opening up a 
new phase in commercial flying, the constructors are 
devoting a considerable period to test flying and to 
ay me development flights. It is expected that 
the Comet will be flying over British trunk routes in 
1952-53. 
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COURSES IN STRESS ANALYSIS.—Six-day summer 
schools for beginners are being arranged by the Stress 
Analysis Group of the Institute of Physics. A course in 
Photo-elasticity is to be held at University College, Gower- 
street, London, W.C.1, from September 5 to 10, and in 
electric-resistance strain-gauge methods at Cambridge 
University Engineering Department from September 19 
to 24. The courses will consist of lectures and of experi- 
ment work, and the fee for each is five guineas. Applica- 
tion forms and further details may be obtained from the 
hon. secretary of the Group, Mr. E. K. Frankl, of the 
Engineering Laboratory, Cambridge. 





CoaL RESEARCH.—Laboratory methods of processing 
coals were outlined to delegates from the Fourth Empire 
Mining and Metallurgical Congress during their visit on 
July 12 to the Research Laboratories of Messrs. Powell 
Duffryn Technical Services, Limited, at 140, Battersea 
Park-road, London, S.W.11. This organisation, as ex- 
Plained in ENGINEERING, vol. 163, page 195 (1947), was 
established by the Powell Duffryn group of companies 
after the nationalisation of the coal industry, its main 
Purpose being to help in all matters concerned with coal, 
and the production and use of fuel at home and abroad. 
The Research Laboratories carry out research or develop- 
ment work for approved clients and at present are par- 
ticularly interested in the coals mined within the British 
Commonwealth. Many of these were displayed, together 
with photographs illustrating mining operations. 








TimgE-CONTROLLED ExposurE UNIT. 


*“‘ HARNESSING THE H1iis.”—A film, entitled “‘ Har- 
nessing the Hills,’ which has been produced by the 
Central Office of Information, 83, Baker-street, London, 
W.1, for the Scottish Office, deals in somewhat popular 
vein with the development of Scottish water power for 
electrical generation. The “shots” include views of 
the Loch Sloy, Lochalsh, Morar, and other schemes at 
various stages in construction; and the technical and 
economic phasés of the work are well brought out. The 
film will be distributed ‘‘ non-theatrically ’’ through the 
Office’s mobile units and will also be available on free 
loan from the Central Film Library, Imperial Institute, 
London, S.W.7. 





TELEVISION IN SHELL DE-FUSING OPERATIONS.— 
According to Mechanical Engineering for July, 1949, the 
American Army Ordnance Department is still carrying 
out the dangerous operation of removing fuses from 
large numbers of shells and bombs. This work is per- 
formed by remotely-controlled tools, the operators of 
which are protected by heavy concrete barriers; this 
work is viewed through mirrors. These, however, proved 
unsatisfactory, and television has been installed therefore 
atseven depots. The camera is mounted on the danger 
side of the barrier and focused on the work so that 
images of the latter can be transmitted simultaneously 
to as many as ten viewers and to a maximum distance 
of a mile. 











MosiLE STAND FOR SINGLE EXPOSUBES. 


PROTECTIVE EQUIPMENT FOR 
RADIOACTIVE MATERIALS. 


As is well known, the inspection of castings, welded 
assemblies and other engineering components is now 
frequently effected by y-ray radiography, the necessary 
radium or radon for which is obtained from the Govern- 
ment-owned Radiochemical Centre at Amersham, 
Buckinghamshire. This centre was opened in November, 
1946, on the suggestion of Messrs. Johnson, Matthey and 
Company, Limited, Hatton-garden, London, E.C.1, 
whose long experience with this class of work showed 
the necessity of controlling operations involving the 
manipulation of radioactive substances. It is managed - 
by Thorium, Limited, acting as agents of the Ministry 
of Supply, and is equipped to deal with the processing 
of radium, radon and artificial radioactive substances 
of radium, radon and artificial radioactive substances. 
These substances can be fitted into carriers so that 
the risks of handling them are avoided. 

Several patterns of these carriers are now available. 
Fig. 1 is an illustration of the standard portable type, 
which has been designed to house the 100 to 250 
milligram radium sources with which the bulk of 
industrial radiography is carried out. It is suitable for 
both storage and transport, since, as it weighs only 
38 Ib., it can be handled easily by one man. The 
protection given by this equipment is extremely good, 
for at a distance of 3 ft. from a carrier containing a 
250-milligram source the radiation is less than 0-2 
réntgen a day, which is well below the accepted 
tolerance dose. It can also be used to house radon or 
other y-ray sources up to a value of 250 millicuries. 

As regards construction, the carrier is machined 
from a phosphor-bronze casting, in which a thick lining 
of the copper-tungsten alloy Elkonite is inserted. This 
material has a very high coefficient of absorption of 
radiation. The radium source is carried in a platinum 
container, which is held at the centre of the carrier by 
a clip mounted on an Elkonite rod. It is extracted by 
screwing an extension into this rod after the knurled 
cap at the top of the carrier has been removed. Two 
heavy conical plugs are fitted in the ends of the carrier 
and are designed so that the operator’s hand is not 
exposed to direct radiation while they are being 
removed or replaced. For making single exposures 
the carrier is mounted on the mobile stand illustrated 
in Fig. 2. This is fitted with a sighting device whereby 
the radium source, carrier orifice and object can be 
brought exactly into line. One of the conical plugs is 
then removed so that a uni-directional radiation beam 
is released and the exposure made. 

Panoramic exposures, by means ef which the radio- 
graphy of 40 or more castings may be effected simul- 
taneously, are made by combining this portable carrier 
with the time-controlled exposure unit illustrated in 
Fig. 3. This unit consists of an operating rod, which is 
driven by a small motor and is screwed into the rod, 
which supports the radioactive source. The motor 
can be arranged to start at any time within 7 days and 
thus to lift the radium from the carrier to a height 
of about 7} in. from the floor. On the completion 
of an exposure, the source is automatically returned to 
the carrier. The use of this unit ensures that the 
operator is not subjected to harmful radiation. 





The British Electricity Authority, Great Portland- 
street, London, W.1, inform us that they have placed 
contracts during the past month for generating-station, 
switching- and transforming-station, and transmission 
equipment amounting, in the aggregate, to 
2,877,3862. 3s. 7d. The principal contracts included : 
structural steelwork, for Woolwich station, placed with 
MeEssrs. REDPATH, BROWN AND COMPANY, LIMITED ; 
two 240,000-Ib. per hour boilers, for Acton-lane, Willes- 
den, station, and coal-handling plant for Thornhill 
station, with Messrs. MITCHELL ENGINEERING, LIMITED ; 
circulating-water ducts and coal store drainage, for 
Accrington station, with Messrs. J. JARVIS AND Sons, 
Liwirep ; the reconstruction of coal sidings at Leicester 
station, with Messrs. HoLLOwAyY BrRotTHERs (LONDON), 
LIMITED ; switchgear and miscellaneous electrical equip- 
ment, for Brighton “‘ B ” station, with Messrs. METRO- 
POLITAN-VICKERS ELECTRICAL COMPANY, LIMITED ; 
foundations for Carrington station, with Messrs. A. 
MONK AND COMPANY, LIMITED ; and the superstructure 
of main and ancillary buildings at Westwood, Wigan, 
station, with Messrs. WM. Moss anp Sons, LIMITED. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ Hecror.”—Single-screw cargo liner, carrying 
30 passengers, built and engined by Messrs. Harland and 
Wolff, Limited, Belfast, for Messts. Alfred Holt and 
Company, Liverpool. Second vessel of an order for 
three. Main dimensions: 522 ft. 6 in. by 69 ft. by 
38 ft. 6 in.; gross tonnage, about 11,750. Triple- 
expansion double-reduction geared turbines to develop 
14,000 s.h.p. at 106 r.p.m. in service, and two Foster- 
Wheeler oil-fired controlled superheater boilers. Launch, 
July 27. 


S.S. “ TREGENNA.”—Single-screw cargo vessel, built 
and engined by Messrs. John Readhead and Sons, 
Limited, South Shields, for the Hain Steamship Company, 
Limited, London, E.C.3. Eighty-third vessel built for 
these owners. Main dimensions: 447 ft. 6 in. by 
57 ft. 6 in. by 38 ft. to upper deck ; deadweight capacity, 
about 9,500 tons. Triple-expansion engines working in 
conjunction with a Bauer-Wach exhaust steam turbine 
and three oil-fired boilers. Trial trip, July 28. 


M.S. “ Mamaku.”—Twin-screw cargo vessel, built by 
Messrs. Henry Robb Limited, Leith, for Messrs. Anchor 
Shipping and Foundry Company, Limited, Nelson, 
New Zealand. Main dimensions: 175 ft. (between 
perpendiculars) by 36 ft. by 12 ft. 9 in. to upper deck ; 
deadweight capacity, 670 tons on a mean draught of 
11 ft. 6 in. Two four-cylinder two-cycle single-acting 
direct-reversible ‘‘ British Polar ’’ marine Diesel engines, 
each developing 375 b.h.p. at 375 r.p.m., constructed by 
Messrs. British Polar Engines, Limited, Govan, Glasgow. 
Launch, July 28. 





THE CENSUS OF PRODUCTION, 1949.—It has been 
decided, after consultation with the Census of Production 
Advisory Committee, that the information for the Census 
of Production, 1949, shall be collected in a simpler form 
than last year. The main change is that detailed par- 
ticulars of the sales of goods made or of materials pur- 
chased will not be required. The statutory forms will 
be issued to all firms concerned on January 1, 1950. 


THE LATE Mr. E. F. GoODYEAR.—We regret to record 
the death of Mr. Ernest Frederick Goodyear, which 
occurred at Tettenhall, Wolverhampton, on July 25. 
Mr. Geodyear, who was 83 years of age, was managing 
director of Messrs. W. Goodyear and Sons, Limited, 
Dudley, Worcestershire, and of their associate company, 
Messrs. Dunlop Rim and Wheel Company, Limited, 
Coventry, until his retirement eight years ago. The 
former firm was founded in 1859 by the father of Mr. 
Goodyear, and were engaged originally in producing engi- 
neers’ files and, later, enamelling stoves. The first types 
of cycle forks, and wooden wheels for the earliest motor 
cars, were among other products of this company, which 
entered the Dunlop group in 1925. 


HY¥DRO-ELECTRIC DEVELOPMENTS IN NORTH WALES.— 
Qn page 639 of our 166th volume (1948), we gave details 
of proposals for the further development of hydro- 
electric power in North Wales. These included an exten- 
sion of the Dolgarrog scheme, which would have enabled 
an additional 14 million kWh per annum to be generated 
in a year of average rainfall. The British Electricity 
Authority now announce that in view of the objections 
that have been raised, they have withdrawn their appli- 
cation to the Minister of Fuel and Power for authorisation 
to proceed with this scheme ; and have decided that all 
the. schemes shall be dealt with collectively by parlia- 
mentary procedure. This will provide the fullest oppor- 
tunity for a detailed examination of the proposals and 
will enable any objections to be considered. 


ENGINEERING. 


BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Sheet-Metal Pattern Development.—It is stated in a 
new publication, B.S. No. 1549; Part 1, 1949, cover- 
ing methods for sheet-metal pattern development, that, 
in so far as bend allowance is concerned, sheet-metal 
structures may be divided into two classes. In class 1 
are put assemblies in which, in most cases, an account 
of the size, simplicity of outline, or thinness of the 
material, the neutral line may be ignored safely. 
Class 2 contains more complex structures in which high 
dimensional accuracy is required and where the bend 
allowance is a factor of importance. The present 
publication has been confined to class 1 and, hence, is 
designated Part 1 of the specification. It has been 
decided to make further investigation regarding the 
actual incidence of the neutral line. Experimental 
work is being undertaken to establish, by practical 
trial, the position of the neutral line in specific cases and 
this will be the subject of a later part of the standard. 
The consideration of structures which necessitates 
allowance for the neutral line will also be deferred until 
Part 2 of the specification is completed. As now 
issued, the specification deals with three methods of 
development for single-curvature work, namely by 
radial line, parallel line and triangulation. Twenty line 
drawings, p ing typical geometrical examples and 
examples of calculation methods are included. [Price 
3s., postage included. ] 


Gas Cocks.—Control plug cocks for low-pressure gas 
are covered in specification B.S. No. 1552. This deals 
with cocks made from copper-base alloy, of nominal 
sizes from } in. to 2 in. British Standard pipe thread 
(B.S.P.), used mainly for gas meters. The specification 
is limited to plug cocks in occasional use and having a 
separable key. The cocks may be made either by 
casting or by hot pressing, and the dimensions of the 

lug squares, the taper of the plug, the length of the 

eys and the dimensions of the sealing surfaces have 
been standardised. Air-pressure tests on assembled 
cocks are specified. [Price 2s., postage included. ] 





BOOKS RECEIVED. 


Diamond Tool Patents 1a. For Machining Metals and 
Non-Metallic Substances. By P. GRODZINSKI and W. 
JACOBSOHN. Second, revised edition. Industrial 
Diamond Information Bureau, 32/34, Holborn-viaduct, 
London, E.C.1. [Price 108.] 

Town and Country Planning. The 1947 Act. 
Questions and Answers. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6d. net.) 

Industrielle Betriebswirtschaft und praktische Betriebs- 
fiihrung. By Dr.-Inc. Max WrRBa. Carl Hanser- 
Verlag, Leonhard-Eck-Strasse 7, Munich 27, Germany. 
[Price 9-50 D.M.] 

Der Stahlbetonb Ein L 
Praxis. By CARL KERSTEN. 
im Hoch- und Tiefbau. 
enlarged, edition. 
zolilerndamm 169, 
[Price 7-50 D.M.] 

“ Mechanical World’”’ Monographs. No. 51. Ball and 
Roller Bearings: Principles, Types, Applications and 
Maintenance. By P. H. BILLINGTON. Emmott and 
Company, Limited, 31, King-street West, Manchester, 3. 
[Price 4s. 6d. net.] 

Production Efficiency Manual. Volume I. Engineering, 
Shipbuilding, Founding, and Metal Working. By 
JAMES J. GILLESPIE. The Pilot Press, Limited, 45, 
Great Russell-street, London, W.C.1. [Price 2s. 6d. 
net.) 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. B/T 46. Ageing 
of Composite Dielectrics : Changes in Electrical Proper- 
ties and Plastic Yield. (Report from Research Associa- 
tion of British Rubber Manufacturers.) [Price 6s. net.] 
No. L/T 195. Note on Methods of Impact Testing, 
with Special Reference to Testing at High-Velocity. 
By H. F. CHurcn. [Price 6s. net.] No. L/T 205. 
The Characteristics of Short Discharges. By W. 
NETHERCOT and C. E. R. Bruce. [Price 12s. net.] 
No. L/T 206. The Dielectric Properties of Aniline- 
Formaldehyde Resin. By E. Rusuton. [Price 6s. net.) 
No. Z/T 78. The Power Supply of the Central European 
Area by H.V. D.C. Transmission. By A. MENGE. 
Translated by Dr.-INc. F. BUSEMANN. [Price 15s. 
net.) Offices of the Association, 15, Savoy-street, 
Strand, London, W.C.2. 

Dynamique Générale des Vibrations. By PrRoressor Y. 
RocarD. Second edition, Masson et Cie., 120, Boule- 
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itfad: fir Studium und 
Part II. Anwendungen 
Seventeenth, revised and 
Wilhelm Ernst und Sohn, Hohen- 

Berlin-Wilmersdorf, Germany. 








vard Saint-Germain, Paris (6e). [Price 1,900 francs.] 
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PERSONAL. 


Str WituiaM J. LARKE, K.B.E., D.Sc., M.I.Mech.&,, 
M.1.E.E., was elected President of the British Standards 
Institution, to succeed the Rr. Hon. LonD McGowan, 
K.B.E., LL.D., D.C.L., at the 48th annual genera) 
meeting of the Institution, held on July 27. 


Mr. A. V. WILKIN, M.Inst.F., has been appointed 
general manager of the newly-formed Diesel engine 
division of The English Electric Company Limited, 
Queen’s House, Kingsway, London, W.OC.2, and will 
have his headquarters at Rugby. Mr. Wilkin, who 
is a member of council of the British Internal Combustion 
Engine Manufacturers’ Association, joined the company 
in June, 1943, as manager of their Diesel-engine sales 
department. 


Mr. C. W. Myrna, engineer of the Manchester branch 
of the General Electrical Company, Limited, Magnet 
House, Kingsway, London, W.C.2, will shortly take up 
an appointment with the South African organisation of 
the company. He is succeeded, as engineer of the 
Manchester branch, by Mr. K. L. Citucas, who has been 
in the service of the company for 32 years. Mr. A. J, 
Emery, 33.8c.(Eng.), M.I.E.E., becomes manager of the 
North-Western area, with effect from July 1 last, in 
succession to Mr. A. G. HAWKINS, who has retired. 
Mr. Emery who joined the company in 1929, has served 
continuously in India, until his new appointment. 


Mr. G. A. BROOKE and Mr. WILLIAM Sampson, 
M.1I.Mech.E., have been appointed directors of Messrs, 
Foster Wheeler Limited, Aldwych House, Aldwych, 
London, W.C.2. 


Mr. D. Kemp, M.A., has retired from his position as 
head of the intelligence and statistics division of the 
British Engineers’ Association, 32, Victoria-street, West- 
minster, London, 8.W.1, which he has held since 1924. 
Mr. Kemp was formerly in the service of the National 
Federation of Iron and Steel Manufacturers, now the 
British Iron and Steel Federation. 


Mr. R. WuHirTe and Mr. W. DunsmuTR, assistants to 
motive power superintendent, have been appointed 
district motive power superintendents at Ayr and 
Burntisland, respectively, in the Scottish Region of 
British Railways. 

Mr. B. W. C. Cooker, formerly assistant editor, has 
been appointed editor of our contemporaries, The Railway 
Gazette, Diesel Railway Traction, and The Railway 
Magazine, in succession to the late Mr. J. A. Kay, a 
notice of whose death appeared on page 64, ante. 

Mr. HENRY D. CHALLEN, A.M.1.Mech.E., has been 
appointed chairman of the council, and Mr. A. E. 
WHyYMAN, vice-chairman of the council, of the Bririsn 
PoWER PRESS MANUFACTURERS’ ASSOCIATION. The 
headquarters of the Association, which was registered 
as a legal entity on April 30 last, are at Standbrook 
House, Old Bond-street, London, W.1. 

Mr. SypnEY Bartow, M.I.Struct.E., has been 
appointed manager of the bridge and constructional 
works of Messrs. Dorman, Long and Company, Limited, 
Middlesbrough, to succeed the late Mr. Pullan Mitchell. 
Mr. Barlow entered the company’s service in 1917 as an 
apprentice draughtsman. 

A new company, Messrs. KELVIN AND HvuGHES 
(INDUSTRIAL) LIMITED, with a main sales office at 
2, Caxton-street, London, S.W.1, and a branch sales 
office at 110, Bothwell-street, Glasgow, C.2, has been 
formed to undertake the sale and servicing of industrial 
instruments previously sold under the names of Messrs. 
Kelvin, Bottomley and Baird Limited, and of Messrs. 
Henry Hughes and Son Limited. Mr. W. R. L. KENT, 
B.A., A.M.I.Mech.E., A.M.I.E.E., has been appointed 
general sales manager and director of the company. 
Messrs. KELVIN AND HvuGHES LIMITED, which was 
formed in 1947, now functions as the manufacturing 
company for Messrs. Kelvin, Bottomley and Messrs. 
Henry Hughes, at their Hillington, Barkingside and 
Basingstoke factories, thereby bringing the three factories 
under one name and the same management. 

Mr. G. B. G. Porrer has been appointed sole managing 
director of Messrs. Kelvin and Hughes Limited, following 
on the retirement of Mr. F. A. Kina from the position of 
joint managing director. Mr. King, who retains his 
connection with the firm as a consulting director, has 
had over 40 years’ connection with the associated com- 
pany, Messrs. Kelvin, Bottomley and Baird Limited. 

THE RAPID MAGNETTING MACHINE COMPANY, LIMITED, 
Lombard-street, Birmingham, 12, announce that they 
have reached an agreement with the Dives MAGNETIC 
SEPARATOR CoMPANY, Milwaukee 14, Wisconsin, U.S.A., 
for the exchange of technical information and for the 
manufacture in the United Kingdom, for both home and 
overseas markets, of products previously made exclu- 
sively in the United States. 

Messrs. JoHn A. SPARKS AND Company, Sternhold- 
avenue, Streatham-hill, London, 8.W.2, inform us that 
they have been appointed concessionaires for Southern 
England to Messrs. W. H. Dorman and Company, 
Limited, Tixall-road, Stafford. 
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NOTES FROM. THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—There has been a gratifying resumption 
of work at the various undertakings which were on holiday 
for the Glasgow Fair period. During the shut down, a 
considerable number of engineers and millwrights were 
engaged on overhauls and repairs to plant and machinery, 
while bricklaying squads were restoring furnace linings. 
The raw-material position is adequate for immediate 
full-scale operations, although this is not expected 
to be established until nearer the end of the week. The 
state of makers’ order books is satisfactory in view 
of the difficult situation which faces the nation as 
a whole, and it is apparent that the Scottish industry 
is ready to make a full contribution towards recovery. 
The shipbuilding industry still has a large tonnage of 
yessels on the stocks and to be laid down, and although 
new orders have been scarcer recently, the effect is not 
likely to be felt in the steel trade for more than a year. 
Platemakers are heavily booked well into the next few 
months and further orders are almost certain to accrue 
later. Heavy sections are slightly less in demand. 
Re-rollers have about four to six weeks’ work on hand. 
Sheetmakers have the heaviest commitments, with 
sufficient orders to keep them working at full capacity 
until the end of the year. A marked revival of Argentine 
interest was noticeable last week, the Government of 
that country granting import licences freely. Several 
inquiries for steel and steel products have also been 
circulating from Uruguay, while Australian buyers are 
still showing keen interest despite the position in the 
Dominion as a result of the miners’ strike. 


Scottish Coal.—It has been computed that on the first 
day of the resumption in Fife, Lanarkshire, and part of 
Ayrshire, last week, about 19,000 miners in those areas 
failed to arrive for duty after the holidays. Absenteeism 
in Fife was about 30 per cent., in Central West 28 per cent., 
Central East 29 per cent., and Ayrshire 24 per cent. The 
loss of output was approximately 20,000 tons, and only 
a slow recovery occurred as the week progressed, so that 
although all the pits in the division were working, the 
production fell below normal. This affected supplies to 
consumers, but as the fuel used in recent weeks has been 
comparatively small, tonnages were generally sufficient 
until fresh supplies came forward. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Engineers and other maintenance 
men have been busy at all the steelworks carrying out 
extensive repairs and overhauls to plant and machinery 
in preparation for a resumption of work to-day following 
the annual holidays and the Bank Holiday break. 
There are good reserves of orders on the books and some 
additions bave been made during the period the works 
were closed. There are good prospects of a busy new 
season in the section making agricultural machine parts 
and edge tools. Principals who were at the Royal and 
Yorkshire shows report that the outlook is bright ; 
they would be glad of an assurance of larger supplies of 
high-carbon steel sheets and bars. The railway material 
shops making wheels, axles, buffers and springs are 
heavily booked for the building and repair of locomotives, 
carriages and wagons. Colliery-engineering firms have 
4 large amount of work on hand in connection with 
modernisation of many pits. Vigorous efforts have been 
made to complete part of the 1,500,0001. modernisation 
scheme at Gedling Colliery in time for the resumption 
of work after the annual holidays. Makers of engineers’ 
small tools report a satisfactory state of order books, as 
also do makers of magnet steels and permanent magnets. 
Adequate supplies of local brands of pig iron, hematite 
iron and scrap materials have been reaching the melting 
plants. 

South Yorkshire Coal Trade.—Although production 
fell markedly in most areas owing to annual holidays, 
there has been sufficient fuel for current requirements. 
In house coal, further additions have been made to 
merchants’ reserves, and Ministry officers have been 
pointing out the desirability of purchases now of coke, 
off-the-ration coal, and ovoids while stocks are plentiful. 
They state that there is no prospect of an increase in the 
permitted quantities ; in fact, the permitted 50 cwt. for 
the twelve months is likely to be reduced to 44 cwt. of 
available coal. Deliveries of locomotive hards to the 
Tailways have been increased to restore reserves to a 
satisfactory level after exceptionally heavy holiday 
consumption. 





POWER SYSTEM ANALYSIS.—A vacation course on 
“ Power System Analysis ” will be held at the Imperial 
College of Science and Technology, South Kensington, 
London, 8.W.7, from Monday, September 19, to Friday, 
September 23. This course is a repetition of one held in 


April, to which a number of applicants could not be 
admitted. The opening address will be given by Colonel 
B. H. Leeson. 





ENGINEERING. 
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NOTES FROM CLEVELAND AND 

THE NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 

General Situation.—North-East Coast iron and steel 
producing plants are as actively engaged as circumstances 
permit. Makers have extensive bookings and customers 
are in the market with substantial orders, but the volume 
of new business passing is confined within narrow limits 
by the heavy delivery claims against running contracts. 
The distributable tonnage is readily taken up, and a 
somewhat disturbing feature of the present situation is 
the decrease of tonnage outputs due to absence of men 
on holiday. The reduction in make, however, is but a 
temporary phase, and, notwithstanding the economic 
crisis, producers expect that their distributable tonnage 
will be readily absorbed over a considerable period. 
Home requirements are still heavy and inquires from 
Continental countries, as well as from South America, 
South Africa and Australia, encourage the hope that 
export trade will be more than maintained. The recent 
substantial imports of foreign ore have enabled users, 
to some extent, to accumulate a welcome reserve tonnage. 
Good deliveries of iron and steel scrap from home sources 
and from Germany have been taken up promptly and 
there is still a ready sale for all grades of material. 

Foundry and Basic Iron.—Ordinary foundry pig iron 
is still wanted in larger parcels than are obtainable. 
The Midland blast-furnaces continue to contribute the 
bulk of the tonnage reaching the works between Tees 
and Tyne ; supplies from other sources are meagre and 
are readily taken up. There is no basic iron for the 
market. Makers need the whole of their output for 
immediate use at their own consuming departments. 

Hematite, Low-Phosphorus and Refined Iron.—Regular 
users of East-Coast hematite are receiving reasonably 
satisfactory deliveries, but larger quantities would be 
acceptable. Supplies of low-phosphorus and medium- 
phosphorus iron are steadily absorbed. 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron are steadily completing good contracts 
and expect to be able to book orders that will keep 
them actively engaged for some time. The distributable 
tonnage of home-produced and imported semi-finished 
steel is sufficient for the current needs of the re-rolling 
mills, but larger deliveries of small billets could be put 
into consumption quickly. Finished-steel manufacturers’ 
commitments are still greater than they can cope with 
completely. Some slight reduction in the demand for 
maximum deliveries of certain commodities is reported, 
but most descriptions of material are wanted as quickly 
as possible in large quantities. Shipbuilders are pressing 
for increased quotas and sheets are still in strong demand 
for export. 





** Basic NAVAL ARCHITECTURE.” ERRATUM.—By an 
error in type-setting, the signature to the letter on 
page 112, ante, with the above title, was rendered “ K. C. 
Barnsley ” instead of “K. C. Barnaby.” As Mr. 
Barnaby is the author of the book referred to, presumably 
the mistake would not mislead many readers, but we 
regret that it was not detected in proof. 

OVERHAUL PERIOD OF BRISTOL HERCULES AERO 
ENGINES.—The Bristol Aeroplane Company, Limited, 
have announced that the overhaul life of their Hercules 
Series 630 engines has been extended from 725 hours to 
800 hours. This extension, which has been approved 
by the Air Registration Board, followed the examination 
of engines which had run for 800 hours in Viking aircraft 
operated by Airwork, Limited. A further trial batch 
of engines is being run for 900 hours,’and it is confidently 
expected that eventually the overhaul life will be 
extended further. 





CORPORATION OF BIRMINGHAM TO REPLACE TRAMCARS 
AND TROLLEY ’BusEs.—Plans to replace all tramcar 
and trolley~’bus services in Birmingham by motor 
omnibuses have been approved by the City Council. 
The change-over is expected to be completed by the end 
of 1953, and to operate the new services 425 new motor 
omnibuses will be required. The decisi to aband 
tramcars is in keeping with the policy laid down by the 
Transport Department in 1936, namely, to abandon 
unremunerative tramways. Durirg the year ending 
March 31, Birmingham motor omnibus services made a 
profit of 495,0001., whereas the tramways lost over 
180,0001. 








THE DE HAVILLAND “Gipsy Major” AIRCRAFT 
ENGINE.—A further stage in the development of de 
Havilland aircraft,.engines was reached recently with the 
introduction of their Gipsy Major 10, Mark 2, piston 
engine. The principal objects of the latest developments 
are to enable the engine to be used with a wider range of 
metal propellers, of both fixed and controllable pitch 
types, and to permit the use of fuels having higher lead 
contents. Among the first aircraft for which the engine 
is specified are the de Havilland Chipmunk and the 
de Havilland Drover. The changes in design, however, 





are not fundamental and the majority of the features 
of the Mark 1 engine have been retained. 


NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS, 
—West London Branch: Tuesday, August 9, 7.30 p.m., 
Hammersmith Town Hall, King-street, Hammersmith, 
W.6. “The Technicalities and Application of Cold 
Cathode Lighting,” by Mr. E. A. Langsdon. 





NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 

The Welsh Coal Trade.—New coke ovens, the first 
completed for the National Coal Board, have been 
brought into operation at Coedely in the Rhondda 
Valley. They cost 370,0001. to erect and will provide 
employment for 180 men, who will deal with 500 tons 
of coal a day. In addition, the new plant will solve 
the gas problems of a large number of consumers in 
the Valley. Business on the Welsh steam-coal market 
has been on a very quiet scale during the past week. 
The demand has been maintained from both home and 
foreign sections for all but some of the very poorest 
opencast coals. Supplies, however, have been even 
more difficult to obtain than of late. Th‘s has been 
due to the intervention of the Bank Holiday, followed 
by the usual absenteeism. It will be some time before 
the market can recover completely as potential outputs 
were well sold previously. In addition, productions will 
remain on a reduced scale until the end of August, when 
the miners’ staggered-holiday arrangements end. Most 
of the current outputs are reserved for the inland section. 
The railways and public utilities, together with some of 
the principal industrial consumers, taking substantial 
quantities, and although order books are usually well 
filled, there is no indication of any reduction in the 
demand. On export account, shippers had little coal to 
offer to cover new business. Practically the whole of the 
coal that could be spared for overseas is being reserved 
for delivery under standing contracts to the chief markets 
—France, Portugal, Italy and South America. Bunkers 
are scarce, and patent fuel is in demand from foreign 
consumers. Foundry cokes are rather more plentiful, 
due to improved productions, and supplies are being 
lifted for shipment. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was some improvement in the 
demand for tinplates, due to home consumers placing 
more orders for later delivery. The export market, 
on the other hand, had a quieter week, sales being on a 
reduced scale compared with the previous week. Steel 
sheets were in strong demand, and most makers now have 
well-filled order books extending to the end of the present 
year. There was less demand for iron and steel scrap. 





CoaL OUTPUT PER MANSHIFT.—In a written answer 
to Major E. G. R. Lloyd in the House of Commons 
on Wednesday, July 27, the Minister of State (the 
Rt. Hon. H. McNeil) said that the output of coal per 
manshift worked overall in British coal mines was 1-17 
tons in 1937, 1-14 tons in 1938, 1-07 tons in 1947 and 
1-11 tons in 1948. During the first five months of 1949 
the average figure was 1-15 tons. 





PROPOSED JET-ENGINE TESTING LABORATORY FOR U.S. 
Navy.—According to Engineering News-Record of June 
30, 1949, tenders are now being received for the United 
States Navy’s jet-engine testing laboratory at Mercer 
Field, Trenton, New Jersey. It is estimated that about 
2} years will be required to complete the construction of 
this 22,750,000-dollar project. The first phase of the 
work will be the installation of a pumping plant to bring 
water from the Delaware River to the laboratory. Large 
blowers will provide for testing engines at air speeds of 
700 m.p.h.; atmospheric conditions equivalent to an 
altitude of 65,000. ft. will be provided, with temperature 
control down to 67 deg. below zero. 





AUTOMATIC LIGHTER OF 1807.—The Science Museum, 
South Kensington, has recently acquired an automatic 
lighter, which was made and patented by a manufacturer 
in Stettin in 1807. This lighter, which is about 2 ft. 
high, consists of a model of a classical temple with a 
figure of the goddess Vesta standing on the dome. Its 
operating mechanism is a form of what later became to 
be known as the Débereiner lamp in which hydrogen is 
produced by the action of hydrochloric acid on zinc. By 
pressing a button a jet ef this hydrogen is emitted and 
is ignited by an electric spatk, the flame burning from 
the mouth of a lion at the entrance to the temple. The 
apparatus is in full working order, but while on view it 





will not be eharged, owing to the risk of explosion. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.ie Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stelis, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 


Subscribers receiving incomplete copies through 
te are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the r. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

i of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s, per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advegtisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post on Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
Teceived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to at me 
proofs for approval. 
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THE ROADS OF BRITAIN. 


G. K.,CHESTERTON’s assertion that ‘the rolling 
English drunkard made the rolling English road,” 
however inaccurate it may be in point of historical 
fact, conveys with admirable conciseness the main 
characteristic of the roads of this island as they were 
at the dawn of the motoring era and for many years 
afterwards ; for, with the exception of the main 
highways that the British inherited from the 
Romans, and some few of those which Telford con- 
structed to facilitate the carriage of mails by coach, 
the roads of Britain were not remarkable for direct- 
ness. Though much of it is now taken for granted 
by the average road-user of the present day, the 
work that has been done during the past 40 years in 
improving the road system of the country far out- 
classes in magnitude even the labours of Telford 
and McAdam. Nevertheless, the growth of road 
transport has proceeded gt a greater rate than the 
construction and modernisation of the roads, and it 
is inevitable that adverse comparisons should be 
made periodically with the pace and thoroughness of 
road-making in some other countries, where the 
road builder has had the advantage of working in 
practically virgin territory or has had the over- 
riding powers that could be invoked in the name of 
military necessity. Such comparisons, however, 
are seldom fair and often pointless unless all the 
relevant factors are taken into consideration, which 
is seldom the case. In general, the main roads of 
Britain, over the greater part of their length, are 
fairly adequate to the requirements of the traffic 
that uses them, over the greater part of the day and 
most days in the year. If, thanks to two World 
Wars, there hasbeen less large-scale new construc- 
tion spectacular than in some other countries, it is 
stilltrue that the average of suitability and mainten- 
ance over the whole road system compares well with 
that of Europe as a whole ; and the aggregate effect 
of the numerous local improvements and mainten- 
ance works is probably to confer more benefit upon 
the community as a whole than a concentration of 





than two years. 


During the twelve months which ended on 
March 31, 1948—the period covered by the latest 
report* on the administration of the Road Fund— 
more than 24,000,000/. was spent on the construc- 
tion of new roads, and the maintenance and im- 
provement of new ones ; and approximately a third 
of this total was expended on trunk roads. The 
total mileage of roads, or, as the Report prefers to 
describe them, ‘‘ public highways ”—the distinction 
is, perhaps, more significant than might appear at 
first sight—is 183,477, of which 8,189 miles are 
classed as trunk roads and 89,684 miles are “‘ un- 
classified.” The aggregate lengths of Class I, 
Class IT and Class III roads are 19,538, 17,715 and 
48,351 miles, respectively. The expenditure on the 
trunk roads, which became the responsibility of 
the Minister of Transport under the Trunk Roads 
Act of 1936, was approximately 1,000. a mile. 
While the mileage of new trunk roads brought into 
service was small (in fact, the total length of trunk 
roads decreased by one mile, compared with that 
of 1946-47 ; presumably as a result of re-alignments), 
the amount of resurfacing was considerable—673 
miles, or about one mile in every twelve ; and sur- 
face dressing was applied to more than 13} million 
square yards, or about one and a quarter times the 
area of Richmond Park. 

Detailed analyses of the expenditure are not yet 
available for 1947-48, but the figures for the previous 
year are included in the Report and show that the 
average cost per mile of ‘‘ maintenance, repair and 
minor improvement ”—the last term being defined 
as including “resurfacing, patching, new traffic 
signals, etc., within existing boundaries ”*—was 
2031. over the whole of the public highways in Great 
Britain, other than trunk roads. The variations in 
cost are rather striking. Taking Great Britain as a 
whole, the costs per mile for Class I, Class II, 
Class III and unclassified roads, respectively, were 
4671., 3041., 1731. and 142/.; figures which compare 
not unfavourably with those of 1938-39, when the 
overall average was 170]. per mile and the costs for 
Class I, Class II and unclassified roads (no Class IIT 
was then distinguished) were 382I., 2611. and 1211., 
respectively. The relative smallness of the increase 
is due, presumably, to the greater use of mechanical 
appliances in the first place and secondly, perhaps, 
to some reduction in the programme, under stress of 
economic conditions. When, however, the costs 
per mile are examined for any particular class of 
road in a given period, startling differences are 
apparent, according to the part of the United 
Kingdom in which the work was done. Taking as 
an example the cost per mile of Class I roads in 
1946-47, it is found that the cost in London and the 
Metropolitan boroughs (2,064/.) is 3-7 times the 
average for England and 4-45 times the average 
for the whole of Great Britain, though it is only 
between 11 and 12 per cent. higher than in 1938-39. 
The average cost fogthe same class of road in 1946-47 
in the county boroughs of England was 7801.; in 
the county boroughs of Wales, 625/.; and in the 
“large burghs ” of Scotland, 586/. This relation- 
ship does not hold, however, when the average costs 
for all classes of highway are compared in the 
counties (excluding the County of London); the 
average figure for English counties is 120]. and for 
Scottish counties, 1211., but for Welsh counties it is 
1461. The corresponding figures for 1938-39 were 
1701., 861. and 921. Some part of the discrepancy 
between the relative averages in 1938-39 and 1946-47 
may be due to the dispersal of industry, with the 
consequent regrading of some roads (for example, 
that passing through Treforest trading estate, in 
South Wales) and great changes in the density of 
traffic, but these factors alone do not appear to 
provide anything like a complete answer. 
References to bridges are neither numerous nor 
extensive in the present Report. In the section 
on trunk roads, no mention is made of any specific 
bridge save one, in connection with the London- 
Carlisle-Glasgow-Inverness trunk road ; and in that 
case it is merely stated that “bridge works were 
begun, but, to economise in steel, the bridge widening 
will be limited to one side only.” It is recorded 
also that, under the Trunk Roads Act of 1946, 


* Report on the Administration of the Road Fund for 
the Year 1947-48. H.M. Stationery Office, York House, 








most of the outlay upon a few grandiose schemes. 
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ownership of all private bridges carrying trunk roads 
over railways, canals, etc., became vested in the 
Minister of Transport ; but that it had not been 
possible to settle finally the terms of the agreements 
for transfer and, meanwhile, by arrangement, the 
Railway Executive were continuing to attend to 
their maintenance of those crossing over railways 
and the county or other local authorities to maintain 
the bridges over canals, waterways, etc. In the 
section on “‘ Roads other than Trunk Roads,” the 
Report records that the toll bridge across the Tyne 
at Newburn, in Northumberland, and the Cookham 
toll bridge, in Berkshire, have been freed from tolls ; 
and that the cost of a new bridge over Deptford 
Creek (the old bridge having been damaged during 
the war) was estimated at 224,6001. 

In addition to the foregoing items, there is a sepa- 
rate section on ‘“ Bridges” in the Report; but, 
apart from a note that the designing of the intended 
Severn Bridge was continued and that research on 
the aerodynamical behaviour of sectional models 
of various types of bridge deck was ‘‘ considerably 
advanced,” this section deals mainly with the 
general problem of ensuring that the bridges should 
be adequate for the loads that they might be 
expected to bear. It is observed that the inadequacy 
of many of the existing trunk-road bridges still 
makes it difficult to move abnormal indivisible loads 
by road, and that some progress was made in dealing 
with some of the worst cases, in accordance with the 
short-term programme of such work that was pre- 
pared in 1946-47. Some bridge works in the long- 
term programme of major improvements, being on 
important routes for the movement of abnormal 
loads, were transferred to the short-term programme. 
Among the improvements undertaken in this con- 
nection were those at the Tarell bridge in Brecon- 
shire, where a Callender-Hamilton bridge, suitable 
for heavy indivisible loads, was erected beside the 
old masonry arch bridge ; at a point on route Al, 
Just south of Chester-le-Street, Co. Durham, where 
the clearance under a railway bridge was increased 
to 16 ft. 6 in.; at Radford canal bridge, south of 
Stafford, and Woodhead Reservoir bridge, on route 
A.57, where strengthening was resorted to; and at 
the Stone road bridge, over the railway north of 
Stafford, which was reconstructed and widened. 
It is noted, in the same section of the Report, that, 
in response to requests, advice was given during the 
year on about 180 routes for the movement of 
abnormal indivisible loads ; a detail which indicates 
the importance of taking a wide view in the pre- 
paration of schemes for road works. 

There are many other items covered by the 
Report, such as traffic regulation, street lighting, 
Trailway level crossings (of which there still remained 
109 on trunk roads at the end of the year under 
review), road safety, ferries, and the authorisation 
of parking places, to which no detailed reference 
need be made here; but there are some short 
notes on the restriction of ribbon development 
which invite comment. During the year, it is 
stated, 4,420 applications were made under the 
Restriction of Ribbon Development Act, 1935, for 
permission to erect buildings or to construct new 
means of access. Of these, 254 were still under 
consideration at the end of the twelve months 
covered by the Report ; but of the remaining 4,166, 
no fewer than 3,568 were granted, with or without 
the imposition of qualifying conditions. No indi- 
cation is given of the numbers of applications 
which related to buildings and to means of access, 
respectively, but it does appear, on the face of 
things, that the granting of so many applications 
must go a long way to nullify the intention of the 
Act. In too many instances, the extension of 
suburban buiiding along and around new trunk and 
by-pass roads has seriously affected the purpose 
for which the roads were constructed, especially in 
the neighbourhood of London and the larger 
provincial cities. A certain provision of amenities 
is desirable—garages, refreshment houses, etc.— 
within easy reach of such new roads, and preferably 
they should be visible to traffic on the roads; but 
each grant of permission to build on the edge of a 
road makes it more difficult to refuse the next 
application without an appearance of discrimination, 
and is liable to have a retarding effect upon the 
general stream of through traffic. 


THE MINERAL RESOURCES 
OF THE UNITED KINGDOM. 


As Sir Henry Tizard pointed out in the course 
of his presidential address to the Fourth Empire 
Mining and Metallurgical Congress, many prognosti- 
cations made in the past about the exhaustion of 
various mineral deposits have subsequently been 
proved false by the discovery of new and previously 
unsuspected sources of supply. This fortunate 
circumstance however, cannot, be taken as a 
guarantee that mankind can assume that there are 
inexhaustible quantities of the various materials 
which are now being excavated from the crust of 
the earth. It may be that supplies to which the 
term inexhaustible might for foreseeable purposes 
be applied actually exist in the 60 million cubic 
miles represented by the total land surface of the 
globe, taken to a depth of one mile, but that would 
not be a reason for assuming that they are work- 
able, although the development of mining methods 
may certainly be expected to increase the range of 
practicable exploitation. Be this as it may, the 
probability is that the present rate of development 
and consumption will continue and that the future 
will be left to take care of itself. 

This nonchalant procedure taken over the world 
as a whole may be a matter of indifference, and, in 
any case, it is probably uncontrollable, but when 
the conditions of a particular country are con- 
sidered, the question assumes a new importance. 
Out of the 60 million square miles representing the 
land surface of the earth, the British Isles cover 
121,377 square miles and it is improbable that 
the 121,377 cubic miles, representing that surface 
taken to a depth of one mile, contain mineral 
supplies sufficient to serve the needs of the inhabi- 
tants over a long future, even allowing for unex- 
pected discoveries and improved mining methods. 
This may be fortunate, but it is nevertheless a reason 
for taking steps to ascertain as far as possible what 
materiais actually are present. Within the sphere 
covered by its terms of reference, the Geological 
Survey has done much valuable work in providing 
fundamental geological information, but its duties 
do not include the prospecting and development 
work necessary for the economic evaluation of a 
mineral deposit. The Mines Department of the 
Board of Trade was set up in 1920 ‘‘ for the purpose 
of securing the most effective development and 
utilisation of the mineral resources of the U.K.,” 
but its activities have been confined mainly to coal. 
During the war, various Government departments 
interested in the use of minerals and mineral pro- 
ducts were given emergency powers in connection 
with production and distribution, the Ministry of 
Supply dealing with metalliferous minerals and the 
Board of Trade with non-metalliferous. These 
powers are still largely in existence. This brief and 
incomplete summary of the present position must 
conclude with the information that no mining 
development work can now be put in hand without 
permission from a Local Planning Authority created 
under the Town and Country Planning Act. 

Possibly as a result of a realisation of the unco- 
ordinated and confused state of affairs in con- 
nection with this matter, the Minister of Fuel and 
Power appointed a committee, in August, 1946, 
**to enquire into the resources of minerals in the 
United Kingdom, excepting coal, oil, bedded iron- 
stone, and substances of widespread occurrence ; 
to consider possibilities and means of their co- 
ordinated, orderly and economic development in 
the national interest, and to make recommendations 
in regard thereto.’”’ The report* of the committee 
has now been published. It makes. two major 
recommendations, first that a. Mineral Development 
Commission, largely technical in character, should 
be established, and second that minerai rights should 
be nationalised. and that the development value, 
now vested in the Central Land Board, should be 
transferred to the new Commission. These recom- 
mendations are not supported by one member of 
the committee out of the total of eleven. Not 
unexpectedly, the proposal for the nationalisation 
of mineral rights has been accepted immediately 





* Report of Mineral Development Committee. Cmd, 








by the Government, a8 was announced iy the 
Minister of Fuel and Power in the House of Com. 
mons.on June 25. 

This matter is of political rather than tec |inica] 
importance, but the proposed Mineral Develo ment 
Commission is of interest to the whole mininy pro. 
fession. The committee point out that th; ques. 
tion of the development of the mineral wealth of the 
country is “‘ essentially technical” and that the 
whole of the work concerned should be “* centralised 
under one permanent organisation, properly con- 
stituted, with the requisite staff.” The United 
States Bureau of Mines is quoted as an exaniple of 
the type of organisation required, although that 
body is also concerned with coal, petroleuin and 
other substances which would not be included 
within the ambit of the proposed body. The duties 
of the Commission are set out in some detail! in the 
report. It would have general responsibility for the 
management of the property rights in minerals; 
would establish and operate a national mineral 
resources survey ; would grant prospecting licences 
and leases ; provide technical advice to be used in 
connection with the preparation of development 
plans by the Minister of Town and Country Plan- 
ning; promote research ; grant financial assistance 
to private mining undertakings when desirable in 
the public interest; and make recommendations 
for the amalgamation of undertakings when desirable 
in the interest of efficient development. 

As will be clear from the terms of reference of the 
committee, the field covered by these wide powers 
would be restricted to non-ferrous metals and 
various non-metalliferous materials which are not 
of ‘widespread occurrence.” Coal, brick-earth 
gravel, limestone and other minerals in extensive 
supply are not included. The longest chapter of 
the report gives particulars of the production, 
resources and methods of working of 15 minerals in 
England and Wales, another chapter doing the same 
thing for 10 minerals in Scotland and a briefer 
section dealing with Northern Ireland. A full list 
of the materials concerned cannot be given here, 
but examples are china clay, copper ores, fluorspar, 
potash, tin and tungsten ores, felspar and mica. It 
is not altogether satisfactory that the report does 
not deal with ‘‘ occurrences of uranium minerals in 
this country since these come within the genera 
responsibility of the Minister of Supply.” 

Among the detail sections, each dealing with some 
specific mineral, there is one of unusual interest 
concerning potash. All potash salts, which are of 
particular importance in connection with the manu- 
facture of fertilisers, are at present imported, 
mainly from the Russian Zone of Germany, France 
and Palestine, but in the course of exploratory work 
for oil in North Yorkshire in 1938-39, a series of 
salt beds containing potash was discovered. No 
action was taken in connection with the matter at 
that time, but further exploration was carried out 
in 1948. The information at present available 
suggests that the potash might best be extracted 
by pumping and the treatment of potash-bearing 
brine. Although the magnitude and possible 
economic value of this potash deposit is not yet 
known, the committee consider the matter of such 
importance that further development work should 
be undertaken, and that the mineral rights in 
potash-bearing minerals’ should be nationalised 
separately, if the general nationalisation which is 
recommended is not proceeded with. 

The report refers in moderately hopeful terms 
to the tin-mining industry in Cornwall and states 
that there are unexplored areas of promise. Stress 
is laid on the importance of research. The moderni- 
sation of existing treatment plants, where necessary, 
is a long-term economic question related to the ore- 
reserve position, but it is stated that substantial 
economies could be effected if losses of tin ore in 
the mills, amounting to 25 to 35 per cent., could be 
reduced. This position is said to be no worse than 
that in tin-ore extraction plants in other parts of 
the world, but if Cornish plants could be improved 
in this respect it would be the means of rendering 
known and extensive low-grade Cornish deposits 
workable on an economic basis. The situation in 
reference to copper ores is less satisfactory and it is 
stated ‘that there is no doubt that all the richer 
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known deposits have been exhausted. 
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departments should be found in the three papers | stage consisted of the installation of a central ore- 
NOTES. dealing with ‘‘Some Recently Started Special | unloading equipment and ore-preparation plant at 


[INSTITUTION OF MECHANICAL ENGINEERS. 


Awarps for the academic year 1949-50, totalling 
more than 2,200/., have been made by the Institu- 
tion of Mechanical Engineers under the Clayton and 
Manville bequests. Clayton Fellowships have been 
awarded to Mr. F. J, Edwards, B.Sc. (Eng.) (Man- 
chester), G.I.Mech.E., for research at Manchester 
University on ‘‘ energy losses in divergent tapering 
water-turbine draught tubes with a view to improv- 
ing efficiency”; and to Mr. Frank Ellis, B.Sc. 
(Eng.) (London), for research at the Imperial College 
of Science and Technology relating to ‘‘a theoretical 
and experimental investigation of certain aspects 
of hot and cold rolling, including the application of 
photo-elastic methods and the effect of iubricants 
on surface finish.” Mr. R. D. Richardson, B.Sc. 
(Eng.) (London), G.I.Mech.E., receives a Clayton 
grant for post-graduate study at Cambridge Univer- 
sity on “‘ problems relating to the control of the 
boundary layer,” and Mr. Brian Mills, B.Sc. (Eng.) 
(Birmingham), G.I.Mech.E., receives a Manville 
scholarship, supplemented by a Clayton grant, for 
research at Birmingham University on ‘‘the flow 
of gas through poppet-type exhaust valves at sub- 
sonic and supersonic velocities.” Two Clayton 
Fellowships are renewed for a further year, namely, 
those of Mr. A. J. Barnard, B.Sc. (Eng.) (London), 
G.I.Mech.E., to enable him to continue research at 
the Imperial College on ‘‘ the thermal data applic- 
able to binary and ternary mixtures in connection 
with the design of plant and the development of 
processes to separate industrial gases by liquefac- 
tion’; and of Mr. J. W. Fitchie, B.Sc. (Eng.) (Lon- 
don), G.I.Mech.E., for the continuance of his 
research at Manchester College of Technology on 
“fatigue properties with special reference to stress 
concentrations to be evaluated by photo-elastic 
and other methods.” 


ASSOCIATION OF INCORPORATED STATISTICIANS. 


The Association of Incorporated Statisticians, 
with offices at 54, New Broad-street, London, E.C.2, 
have recently been formed to train statisticians and 
their less qualified assistants; and to examine and 
organise them on lines similar to those adopted 
in other professions. Much work in this field of 
course is being done by the Royal Statistical 
Society and its committees. The Society, how- 
ever, only admits fellows to their examinations, 
and thus the number who can qualify as 
statisticians in that way is limited. This is 
particularly true of the more junior staff in statis- 
tical offices who could not, if they would, pass the 
certificate examination of the Royal Statistical 
Society. It is being increasingly recognised, 
however, that these juniors must be properly 
trained, if the offices in which they work are to 
function efficiently. We therefore welcome the 
formation of the new body, which we understand is 
already in satisfactory operation. The President 
is Lord Beveridge and the chairman of the council 
Dr. B. P. Dudding, Research Laboratories of the 
General Electric Company, Wembley. The secre- 
tary is Mr. S. Harris, B.Com., F.C.LS. 


Astis ANNUAL CONFERENCE AND GENERAL 
MEETING. 


The Annual Conference of Aslib, which came into 
being with the Amalgamation of the Association of 
Special Libraries and Information Bureaux and 
the British Society for International Bibliography, 
and was incorporated on May 24, 1949, under the 
Companies Act, 1948, will be held this year at 
Ashorne Hill, near Leamington Spa, Warwickshire, 
from Friday, September 9, to Monday, September 12. 
An interesting programme has been arranged, to be 
opened on Saturday, September 10, by the President, 
Dr. Percy Dunsheath, C.B.E., M.A., D.Sc., M.LE.E. 
Following the President’s speech, the first session 
will be devoted to ‘ Business Archives,” in which 
the selection of papers for retention, all aspects of 
handling archive material, and the technique of 
preparing business histories will be considered. The 
speakers will be Mr. F. G. Emmison and Mr. E. C. 
Baker. Interesting material for those responsible 
for running engineering and technical information 





Libraries.”” The three speakers are Mr. C. E. C. 
Hewetson of the Institute of Motor Industry, 
Miss M. Gosset of the Atomic Energy Research 
Establishment, and Mr. E. Owen of the British 
Shipbuilding Research Association. These speakers 
will base their papers on the same framework, 
dealing with terms of reference, accommodation, 
selection of material, organisation and records, 
services and staff. Mr. D. V. Arnold, of Imperial 
Chemical Industries, Limited, and Miss E. W. Parker, 
of the Mond Nickel Company, Limited, will read 
papers on correspondence as a source of economic 
and technical information, and a session will be 
devoted to official publications, with Mr. W. Cox, 
Mr. K. A. Mallaber, and Miss Barbara Kyle as 
speakers. The final session will be concerned with 
the library as a tool of the theatre. In addition 
to the papers and discussions there will be an 
exhibition of ‘“‘tricks of the trade.” Further 
particulars may be obtained from Aslib, 52, Blooms- 
bury-street, London, W.C.1. The first general 
meeting of Aslib will be held on August 19, 1949, at 
2.30 p.m., in the council room of the British 
Standards Institution, 28, Victoria-street, London, 
S.W.1, to elect members of council and other 
officers in place of those retiring, and to provide 
for the remuneration of the auditors. 


Ligutinc CopE FoR BurLpine INTERIORS. 


A new edition of the “‘ Code for the Lighting of 
Building Interiors’? has been published by the 
Illuminating Engineering Society. This code, which 
first appeared in 1935 and was revised in 1941 
and 1945, is a set of rules and recommendations for 
good interior lighting and is intended as a work of 
reference for those concerned with lighting practice 
and as a guide to the user in stating his lighting 
requirements. Good lighting is defined as lighting 
which “‘is suitable in quality and quantity .... 
for creating general environmental brightness, 
agreeable and beneficial to the user and for per- 
mitting a high degree of efficiency in seeing whatever 
is of special interest and importance.” In elabor- 
ating this definition, the requirements of both 
natural and artificial lighting are set out under 
such headings as adequacy, distribution and glare ; 
and the importance of early co-operation between 
the architect and the lighting engineer is stressed, 
in order that a decision may be reached on the 
most advantageous methods of lighting and planning 
the installation. The values of illumination neces- 
sary for different types of interiors and classes of 
work are discussed at length and are illustrated by 
two charts applying respectively to natural and 
artificial lighting. For the first time these charts 
have been printed in colour on a graded back- 
ground, thus enabling the effect of differences in 
contrast between objects of various sizes and back- 
grounds, and the necessity for higher levels of illu- 
mination under conditions of poor contrast to be 
shown. A useful feature is a schedule of recom- 
mended values of illumination for such places as 
offices, schools, shops and factories engaged in 
different classes of production ; and this has been 
amended in the light of recent knowledge and 
research. A list of British Standard Specifications 
on illumination and lighting fittings has also been 
added. Copies of the code may be obtained from 
the Illuminating Engineering Society, 32, Victoria- 
street, London, S.W.1, the price being 2s. 6d. 


STEELWORKS DEVELOPMENTS ON TEES-SIDE. 


In November, 1945, Messrs. Dorman, Long and 
Company, Limited, announced their decision to 
embark upon a scheme of development which would 
increase greatly the capacity of their steelworks at 
the mouth of the river Tees, at an estimated cost of 
8,000,000/. This proposal was one of the principal 
items in a large programme of new works and 
extensions which the constituent firms of the 
British Iron and Steel Federation had been consider- 
ing for some time, to ensure that the British steel 
industry should be thoroughly modernised and made 
capable of meeting any demands that post-war 
conditions might require. Particulars of the Dor- 
man, Long portion of the programme were given on 
page 454 of out 160th volume (1945). The first 








the company’s Cleveland works, together with three 
miles of railway to link this works with their estab- 
lishment at Redcar. This part of the work, costing 
nearly 2,250,0001., was completed some time ago 
and the new plant is in regular operation ; though 
there has been some labour difficulty in connection 
with the ore-unloaders, which were designed to be 
operated entirely by one man each, whereas the 
men’s union insisted that others should continue 
to be employed on the quay and in the ships’ holds, 
despite the fact that there was no occasion for their 
presence. It is now announced that the second 
stage of the development programme is to be put 
in hand at once, at the cost of a further 8,000,0001. 
It comprises the construction of a new open-hearth 
steel plant at Lackenby, with a capacity of 10,000 
tons of ingots weekly ; extension of the new ore- 
grading plant at the Cleveland Works; and the 
installation of new blast-furnace ancillary equip- 
ment. It is expected that this work will be com- 
pleted by September, 1952, the preparation of the 
650-acres site at Lackenby having been undertaken 
already, in association with the construction of the 
railway line, etc., previously mentioned. Approxi- 
mately 60 per cent. of the new work will be carried 
out by the engineering departments of the company 
and their subsidiaries. 


FAaILureE OF AN Evectriciry SuppLy EXPERIMENT. 


A diffuse, and not entirely well-informed, debate 
on certain aspects of the fuel and power position 
took place in the House of Commons on Tuesday, 
July 26. The questions of coal reserves, amenities 
in the coal industry, and compensation to holders 
of gas stocks were all raised without any definite 
conclusions being reached. The principal subject 
dealt with was, however, electricity tariffs, especially 
in so far as differential charges were involved. The 
opener of the debate (Mr. M. S. McCorquodale), in 
commenting on this matter, gave examples of ‘‘ most 
alarming increases in quarterly charges,” which 
had arisen as the result of applying a surcharge of 
0-35d. per kilowatt-hour during the winter months, 
and argued that these increases would not be fully 
compensated by the rebate of 0-ld. per kilowatt- 
hour during the rest of the year. He was supported 
by Mr. H. Fraser, who gave figures to show that 
these surcharges might amount to quite large sums, 
and who also said that while their object was to 
reduce the load factor (sic) there had certainly been 
no reduction in consumption commensurate with 
the cost to the general public. He was, however, 
taken to task by Mr. A. M. F. Palmer for his lack of 
appreciation of technical points and this speaker, 
in turn, correctly pointed out that the position had 
been complicated by an inevitable increase in the 
basic tariffs in some areas, so that the greater 
amounts shown on the quarterly bills were due 
not to one but to two causes. He further, rightly, 
insisted that these increases in price were due to 
steep rises in costs during the past few years, which 
the economy and efficiency of the undertakings 
could not counteract. In replying to the debate, 
the Minister of Fuel and Power (the Rt. Hon. 
H. T. N. Gaitskell) said that the differential tariff 
had been imposed not to raise revenue, but to deal 
with the peak load problem. He could not satisfy 
himself, however, that it had made a notable contri- 
bution towards the end. It has therefore been 
decided to discontinue it. We regard this as a wise 
decision, for as we said at the time of its introduction, 
the tariff was unlikely to achieve the purpose for 
which it was designed, unless the public had been 
first educated to a standard which, in the event, has 
not been attained. 





ContTINUOUs ROD DRAWING AND FINISHING PLANT. 
—According to Steel of July 11, equipment designed 
and built by the Loma Machine Manufacturing Company, 
Incorporated, New York, U.S.A., performs continuous 
drawing, straightening, cutting-to-length and polishing 
operations on steel and non-ferrous rods of round, hexa- 
gon, square or rectangular sections at the rate of 150 ft. 
per minute for a 1-in. diameter rod and at 200 ft. per 
minute for a #-in. diameter 10d. The various com- 
ponents of this production line are interlocked electrically 
and mechanically to provide continuous automatic 
operation. 
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LETTERS TO THE EDITOR. 


ACADEMIC HONOURS FOR 
PRACTICAL ENGINEERS. 


To THE Eprror oF ENGINEERING. 


Sir,—In reply to the letter from ‘“‘ Structural ” 
on page 112, ante, the University of London does 
confer the high degree of D.Sc. (Eng.) on persons 
not holding a first degree. The conditions of such 
an award are contained in the University Regula- 
tions, and an award of this kind was made to one 
of my colleagues by the University of London. 

It seems that “‘ Structural” places a very high 
value upon academic qualifications as a means of 
sécuring an appointment as compared with high 
professional qualifications. Success in the employ- 
ment field will depend, of course, upon the type 
of employment for which application is made. The 
professional qualification may be preferred in some 
fields, as such a qualification entails practical with 
certain academic training, together with experience 
in responsible positions. Academic degrees in engi- 
neering conferred by the universities can be obtained, 
of course, without the slightest contact or knowledge 
of practical engineering in the strictest sense, and 
are only intended to be indicative of a training to a 
certain standard in the fundamental scientific prin- 
ciples of engineering. 

Yours faithfully, 
H. T. Davey, M.I.Mech.E. 
174, Princes-gardens, 
West Acton, W.3. 
July 30, 1949. 





FARM ACCIDENTS. 
To THE Eprror oF ENGINEERING. 


Sir —A feature of modern agricultural machinery, 
which is noticeable in such exhibitions as the recent 
Royal Agricultural Show at Shrewsbury, is its 
improved safety in operation compared with the 
plant that was considered good ‘enough when 
engineering began to be applied to farming; but 
there is still room for further improvement. In 
the early part of 1863 there was an article in 7'he 
Times from a correspondent who was appalled at 
the frightful accidents happening on farms in 
Herefordshire. No fewer than 23 amputations 
had been necessary in the preceding two and a half 
years “from machine accidents,” and the num- 
ber of minor cases during the same period was 
much larger. The correspondent drew the unjusti- 
fied conclusion that accidents were happening in 
other counties at the same rate and put it all down 
to the increased use of machinery on the farm. 

Farm machinery was then practically limited to 
barn machinery, chaff cutters, turnip slicers, cake- 
breakers, threshing machines driven by portable 
engines, and a few steam ploughs. There were a 
few hay-making machines and seed drills, but reapers 
and mowers were still in their infancy and other 
machines were yet to come. Accidents with 
machines were not confined to the farms; they 
happened to no less expert machinists than demon- 
strators at the Royal Society’s Show. One man at 
the Battersea Show had his arm crushed “up to 
the shoulder ”’ in a bone-crushing machine ; another 
was killed at the Warwick Show when putting a 
belt on the flywheel of a portable engine, and at 
Chester the Society’s consulting engineer had to 
forbid the working of some portable engines which 
he considered dangerous. 

All this led the Society to make an investigation, 
and their man advised them that there were five 
main causes of accidents, namely, bad design or 
workmanship or material, or a combination of all 
three ; poor maintenance, with danger consequent 
upon @ bad state of repair; the danger of the 
operation itself; use of machinery in exceptional 
conditions; and carelessness in operation. Can 
anyone find a better set of reasons to-day ? 

What of the prevention? Besides good design, 
** proper provision should be made, when practicable, 
to fence in, or box up, the moving parts .. . It 
would be very easy to box up the gear of a fixed 
thresher but ... not... the sides of a portable 
machine. It would also be impossible to completely 


box in a chaff-cutter but . . . the feed rollers get 
clogged up, the attendant tries to push the straw or 
hay forward with his fingers and the man’s hand 
gets squeezed in and cut off. The necessity for 
disengaging gear is here apparent.” Boiler explo- 
sions are now almost unknown, but in those days 
they were a constant source of danger. Another 
grave risk was on the feeding platform of a steam 
thresher. ‘‘ A hooded drum is safer, but the hood 
impedes the feeding. A practical self-feeding 
arrangement would be useful for a threshing 
machine.”’ One or two shapes had already been 
tried, but unsuccessfully, and it was not until 14 
years later that the Threshing Machine Act was 
passed and over 30 years before the Chaff-Cutting 
Machines Act. 

Grinding bones by the machines then available 
to the farmer was considered by the Society’s 
adviser to be “‘ an inherently dangerous operation,” 
and steam ploughing on rough land might lead to 
the ploughman being jolted off his seat and under 
the implement. He went on to accuse the labourer 
of carelessness, but ignorance must now have largely 
disappeared. His final words have a very modern 
sound. ‘‘The mere action of time is doubtless 
tending to diminish the number of accidents through 
farm machinery as every year witnesses some 
advance and simplification of existing machines . . . 
The maker has the requisite knowledge and skill 
to make machinery safe ; but he has not the power 
—the competition is too great, and prices too small. 
The agriculturalist would have the power, but he 
has not the special engineering knowledge to tell 
him that an arrangement is unsafe. The labourer 
has neither qualification. It would evidently be 
to the interest of all three parties that machines 
should be safe.” 

Modern farm macbinery is much more complex 
and diversified than anything this reporter knew, 
but his opinions would not have been very easy to 
quarrel with if they were being expressed to-day 
rather than 85 years ago. 

Yours faithfully, 
G. E. Fusseu. 
5, Albert-terrace, 
London, N.W.1. 
July 27, 1949. 





FUNDAMENTAL UNITS OF LENGTH. 
To THe Eprror oF ENGINEERING. 


Str,—Our attention has been drawn to a state- 
ment made by Dr. H. S. Rowell in a latter appearing 
on page 16, ante. This statement was that ‘‘ The 
metre used technically in Germany differs from 
that used in France by 0-223 mm.” The funda- 
mental unit of the metre is, in fact, the same for 
all countries, including France and Germany, which 
adhere to the Metric Convention of 1875. We can 
only believe that, associated with Dr. Rowell’s 
statement, there is a misunderstanding of the 
definition of a fundamental unit of length, a matter 
which has frequently led to confusion in the past, 
not only with the metre, but also with the yard. 

Both the yard and the metre are physically 
defined by means of line-standards. These are 
metal bars engraved with two parallel defining lines, 
the separation of which represents a particular unit 
when the bars are in. certain specified conditions of 
temperature and support. Thus the metre is defined 
as the distance between the centres of the defining 
lines on a particular platinum-iridium bar at 
0 deg. C., a condition originally specified because the 
temperature of melting ice was considered to be 
easily and accurately reproducible. It is important 
to realise, however, that a fundamental unit of 
length is an absolute measure of linear distance 
which is entirely independent of any temperature 
consideration, although the unit has to be ascer- 
tained in terms of the defining standard in condi- 
tions which were prescribed to render it reproducible. 
For practical purposes of linear measurement, 
especially in industry, it is obviously more con- 
venient to use standards adjusted to be nominally 
correct at some ordinary working temperature. 
Indeed, international agreement that the tempera- 
ture of adjustment for industrial length standards 





should be 20 deg. C. (68 deg. F.) was achieved in 1931, 





This means that a precision engineer's standard 
of 1 m. nominal length at 20 deg. C., represents, 
as closely as practicable at that temperature, the 
distance between the lines on the International 
Prototype Metre when the latter is at 0 deg, ¢, 
Confusion of thought occurs because it is some! imeg 
believed that the practical standard should be + qual 
to the prototype metre standard when both are at 
0 deg. C. If this were so, the practical standard 
would clearly be in error at 20 deg. C. by an amount 
depending on its thermal coefficient of expansion. 
Indeed, if this standard were a steel metre scale 
having an average thermal expansion coefficic at of 
11-15 x 10-* per deg. C. between 0 deg. C. and 
20 deg. C., the error would have the valve of 
0-223 quoted by Dr. Rowell. 

Corresponding remarks apply to the yard, but 
the effect would not be so marked because the 
Imperial Standard Yard is defined at 62 deg. C. 

Yours faithfully, 
F. A. Goutp. 
H. BaRRELL. 
Metrology Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
July 29, 1949. 





DRAUGHT OF SHALLOW- 
DRAUGHT VESSELS. 


By JoserH Irvine. 


UNLIKE ocean-going vessels, which are loaded to a 
Plimsoll mark, shallow-draught river boats are 
loaded down to a certain draught, which varies 
with the depth of water available in the shallowest 
parts of the river in which they ply. Nearly all 
large tropical rivers have an annual variation in 
depth due to seasonal rains or melting snow, or 
both, and the rise and fall in some cases amounts to 
over 50 ft. This means that the vessels navigating 
these rivers are sometimes designed not only for the 
extreme shallow-draught conditions which obtain 
in the dry season, but also to carry as much as 
possible in the deep-water season ; 80 that, whereas 
they may be limited to 4 or 5 ft. in the dry season, 
it is possible to build a ship for that draught which 
may be loaded down to, say, 7 ft. when the river 
permits. A vessel so constructed, however, has a 
large excess of freeboard when lightly loaded, and 
the weight of steelwork necessary to obtain the 
extra depth of hull seriously reduces the cargo- 
carrying capacity when it is most limited. 

It is obvious, therefore, that this adjustment must 
not be overdone, as the high-water season lasts 
for a shorter period than the low-water season, and 
the disadvantage of extra weight of hull to be 
carried during the low-water season will probably 
be felt more than the advantage of being able to 
carry more cargo during the rains. It is for that 
reason that shallow-draught river vessels usually 
have very little freeboard, little or no advantage 
being taken of the increased depth of water available 
in the high-water season, and every effort made 
to increase the cargo capacity at the lighter draughts. 
As a result, the hull scantlings are of very light 
section and the hull structure, taken as a whole, is 
lacking in rigidity. In such a vessel, if a heavy 
ease or piece of machinery be placed on the port side 
forward and another on the starboard side aft, the 
vessel will list to port forward and to starboard aft 
and will develop a temporary twist. This would be 
imperceptible in a strongly-built vessel of normal 
proportions, but it is quite a common observation 
in the wide shallow hulls of river boats. It is in the 
fore and aft direction that this weakness is most 
evident, owing to the fact that, considered as a 
beam, the ratio of length to depth is much too high. 
Paddle steamers are inclined to sag in the middle 
because of the concentrated weight of engines, 
boilers. and fuel, whereas sternwheelers are more 
prone to hog, the boiler being placed forward and the 
engine and paddle wheel right aft. These deforma- 
tions are temporary and can be controlled, but, 
unless great care be taken in loading such a vessel, one 
part of the hull will reach the maximum permitted 
draught before the remainder ; if this cannot then 





be corrected, loading must be stopped and it follows 
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that a certain percentage of the cargo capacity will 
be lost. It is important, therefore, to see that, 
during loading, the hull is kept level, both athwart- 
ships and fore and aft. 

In measuring the draught of these vessels, it is 
apparent that the usual system of marking the scales 
on the stem and stern-post is not sufficient, as it is 
necessary to obtain a reading at mid-length to check 
a hog or sag, and to obtain independent readings 
on each side to check a list or twist. The usual 
arrangement is to provide a set of draught marks on 
each side at some suitable distance from the bow, 
another on each side if possible at the same distance 
from the stern, and still another on each side amid- 
ships. The usual markings can be cut in on the stem 
and stern-post as well, but these are really of 
secondary importance; indeed, in sternwheelers 
and similar forms, they cannot be used at all. The 
setting-off of all these marks requires care to ensure 
accuracy, Otherwise a false impression of distortion 
will be obtained. The marks usually consist of 
ordinary pan-head or conical-head rivets, painted 
white, the number of rivets representing the number 
of feet from the base line, with a single rivet between 
each row to represent the 6-in. marks. 

In the case of a vessel built in this country for 
service abroad, it is advisable for the buildcrs to 
mark a certain water-line at the different stations 
before dismantling, to act as a check for the draught 
marks when the vessel is being re-erected abroad. 
This is required because it is easier to build the 
vessel straight all round than to re-erect it in that 
condition, and the correct setting-off of all these 
draught marks on an initially twisted hull is a rather 
difficult matter. After the marks have been 
cut in, their positions should be marked on a skeleton 
sketch attached to the displacement scale, on which 
also should be noted the light draught with boilers 
full, this being the draught at which, or from which, 
loading will begin. 

Although it is necessary to have the vessel floating 
at a level draught in the loaded condition, it does 
not follow that the same holds good in the light 
condition. In the case of very long and shallow 
paddle steamers, a deliberate hog is often introduced 
when laying down the keel blocks to ensure that no 
sag will develop after the machinery is fitted on 
board, and the gradual straightening out of this 
hog should be carefully observed from the time 
that the vessel is launched until her first cargo is 
loaded. Sometimes sternwheelers are dealt with 
in a similar but opposite manner, being laid down 
with a sag to prevent hogging ; but if the fore-and- 
aft girder work of sucha vessel be fitted with tighten- 
ing screws on the tension members, considerable 
correction of shape can usually be effected by careful 
adjustment of the screws. 

In measuring the draught of a vessel provided 
with so many marks, it might be expected that 
difficulty would be experienced in arriving at a 
correct mean, but such is not the case. Ifthe marks 
are equally spaced, Simpson’s Rule may be used ; 
but, as the figures will all be so nearly alike because 
of the level draught, no great discrepancy can occur 
if they are all added together and divided by eight 
or six, as the case may be. Actually, the mean 
draught is not so important as the maximum draught 
in service ; but, for displacement purposes, of course, 
the mean draught must be used. In the case of a 
paddle steamer or sternwheeler, the distance from 
the water-line to the top of the lowest paddle float 
should be checked every time draughts are taken. 
Light draught is measured when all outfit, spare 
gear, crew’s effects, crew, stores, and water in boiler 
are on board, but no fuel. The displacement at 
that draught, added to the weight of fuel on board, 
will give a figure which, when subtracted from the 
displacement at any deeper draught, will show the 
weight of cargo on board, i.e., the deadweight. 

All these draughts preferably should be taken by 
measurement from a boat in still water, but, if it 
has to be done in choppy water, a glass tube with a 
small hole through a cork at the bottom will steady 
up the level inside the tube ; readings can then be 
taken with relative ease, if not with comfort, on a 
wet and stormy day. A final precaution is that, 
during the time that it takes to row round the ship 
and measure the draughts at six or more different 
places, the persons on board should not change their 


positions. It is easy to imagine the result of an 
interested little group of three or four, walking 
round the deck after the man in the boat. In 
small craft, even one man walking across the deck 
will make a difference. 





THE COLD-WORKING OF METALS.* 
By C. H. Dsscu, D.Sc., F.R.S. 


A MzTAL or alloy is said to be cold-worked when it is 
deformed, by rolling, pressing, drawing, or other 
mechanical process, at a temperature below that at 
which it can spontaneously recrystallise, so that its 
properties are changed, usually in the direction of 
increased hardness and stiffness. The electrical 
resistance is increased, and there are significant changes 
in other physical properties. These effects can be 
explained as due to changes in the internal structure 
of the metal, as follows: (1) a pure elastic strain, 
disappearing immediately the deforming force is 
removed, or at most accompanied by some hysteresis ; 
(2) a simple plastic strain, involving the slip of sheets 
of atoms over one another. In a perfect single crystal 
this would produce slip lines (steps) on free surfaces 
other than a plane of slip, but if the slip were by a 
whole number of atomic spacings, would produce no 
change of internal structure, and consequently no 
change of properties; (3) slip, as in (2), in a polycrystal- 
line mass. is is held up at the grain bo ies, and 
in their neighbourhood there must be some distortion, 
involving an increase of hardness; (4) =e of 
crystal planes, which become curved sheets. is may 
occur in (3) near the boundaries, but may also extend 
over wider regions, as in the bending of strips or 
bars; (5) fragmentation, the grains being broken up 
into a mosaic of smaller grains, perhaps differing little 
in orientation. Owing to misfit, this may be accom- 

ied by some local loosening of texture ; (6) breaking 
down of the crystal lattice, or — of it, forming regions 
with a disordered structure like that of an undercooled 
liquid ; a so-called “‘ amorphous phase.” While deform- 
ation is in progress this phase may be temporarily 
mobile, becoming rigid again as soon as flow ceases. 

Effect (1) occurs below the true elastic limit, which 
may be considerably lower than the elastic limit shown 
by an extensometer, which only gives an indication when 
the total plastic flow exceeds an amount depending 
on the sensitiveness of the measuring instrument; 
(2) is scarcely observable by itself. If it occurred alone 
it would not produce work-hardening, as the atoms 
would only be displaced by an integral number of 
atomic spacings, and the internal structure would 
remain unchanged. In fact it is not observed, as 
there is always some warping of planes or some frag- 
mentation, producing a hardening effect. (3) and (4) 
are the most usual cases. (5) That fragmentation of 
grains is the main cause of work-hardening is the 
conclusion of Wood and his coll es at the National 
Physical Laboratory. This conclusion is based on 
X-ray measurements. The limiting size of the 
“ crystallites” is found to vary in different metals 
between 10-* and 7 x 10-* cm., a fairly narrow range. 
This is deduced from the broadening of the X-ray 
diffraction lines. Although this view is maintained 
by workers using the X-ray method, it is not definitely 
proved that the observations cannot be explained by 
distortion rather than by fragmentation. 

According to hypothesis (6), due to Beilby, the 
crystal lattice is locally broken down along planes of 
slip, forming a temporarily mobile phase having some 
of the characteristics of a liquid, which immediately 
“sets” without reassuming a lattice structure. This 
vitreous phase latent and tends to 
revert, at the ordi temperature in such a soft metal 
as lead, or at higher temperatures in other metals, to 
the condition of a normal lattice. That the cold- 
worked metal does contain a store of latent energy is 
shown by measurements of specific heat, of rere, ic 
morte and of heat of solution, and by the ease with 
which it reverts to the normal crystalline condition on 
annealing. The temperature at which this reversion 
takes place depends on the nature of the metal and the 
extent of its deformation. 

The type of deformation under (2), by simple plastic 
strain, will be different for metals having di t 
crystal lattices. Two only need be considered for steel : 
the body-centred cubic structure of «-iron and the face- 
centred cubic structure of y-iron. In «-iron slip occurs 
along the most closely-packed lines of atoms—the [111] 
direction, perpendicular to the octahedral planes. 
There is no preferred plane among those which contain 
that direction, but slip occurs as if the crystal were a 
bundle of parallel rods. Hence, when seen on a 
previously polished surface, the slip bands are jagged 
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on all exposed crystal car except those which have 
the exposed face parallel to the direotion of slip. Metals 
which crystallise in the hexagonal system have fewer 
possibilities of slipping, and ‘although other systems of 
deformation come into play in the more advanced 
stages, the greater part occurs by slip on the hexagonal 
basal planes. The deformation of single crys in 
such a metal is therefore simple and complications only 
occur at the grain boundaries, provided that the lattice 
before deformation was free from ee For 
hexagonal metals this seems to be nearly true. Cubic 
metals usually behave in a more complex fashion and 
it is from experiments on such metals that the conclusion 
has been drawn that the movement of defects in the 
lattice under the influence of external forces is mainly 
responsible for the phenomena of deformation and of 
hardening by cold work. 

Whatever mechanism be assumed for plastic deforma- 
tion, the process is never homogeneous. A perfect 
crystal consists of atoms arranged .with geometrical 
regularity, forming a “ space lattice.” Simple deforma- 
tion would occur if every layer of atoms lying in the 
appropriate direction slipped over the neighbouring 
layers, coming to rest when it had moved over a whole 
number of atomic spacings. Actually, it is only, 
say, every thousandth layer that slips, so that under 
the microscope, as each slipped layer produces a step 
on a free s , steps are seen with an average spacing 
many times that between atomic layers in the original 
— To a large extent, this spacing is independent 
of the rate of deformation and even of the temperature. 

The theoretical strength of a perfect lattice can be 
calculated, and proves to be enormously greater than 
that of any actual metallic crystal. The inevitable 
conclusion is that the crystal lattice of all ordi 
metallic masses contains hidden defects, and this is the 
basis of present-day theories of the strength of materials. 
The intensity of the reflections of X-rays is greater 
than would be the case with a perfect lattice, but can 
be accounted for by assuming within a crystal small 
regions having orientations differing only slightly. In 
photo-micrographs of aluminium by Jacquet and his 
colleagues, the sharp etch figures occur in groups, 
differing from one another, although only slightly, in 
direction. are almost always mosaics, 
the planes of neighbouring tesserae diverging perhaps 
only by a degree or so from parallelism, but these small 
divergences have a profound effect on the properties of 
the crystal, and consequently of any aggregate of which 
it forms . 

It has been shown from theory, by C. G. Darwin and 
by W. L. Bragg, that a micro-mosaic structure must be 
present in almost all metals, the scale of the structure 
being below the limit of microscopical resolution. At the 
same time, Dehlinger has found aluminium crystals, 
prepared from the molten metal, to be free from mosaic 
structure, although crystals of the same metal, prepared 
by mechanical straining and annealing, exhibited such a 
structure. The imperfect fitting of the units of the 
mosaic, by arresting slip, is held responsible for the 
increased hardness above that of a single crystal. To 
the metallurgist, the conception of a perfect crystal 
of very great cohesive strength, weakened by flaws to 
give the strength actually observed in single-crystal 
specimens, but again strengthened by the presence of 
flaws on a scale, hindering slip, seems inadequate. 

The theoretical conditions for the propagation of slip 
have been worked out by Zener, among others. The 
— involve the grain size, and in the case of some 

oys examined, the yield stress was proportional to 
the logarithm of the mean diameter of the grains. A 
condition of temporary viscosity is considered to exist 
during the propagation of a slip band, an idea in 
harmony with the suggestions of Beilby. By making 
use of recent developments in high- cinemato- 
graphy, using specimens electrolytically polished to 
avoid distortion, it should be possible to follow the 

in detail. 

In the case of magnetic metals there is an additional 
means of examining the internal structure of a single 
crystal. When a fine magnetic — usually of iron 
oxide, is suspended in a liquid and over the 
surface of the metal in a magnetic field, characteristic 
patterns are produced. These are highly sensitive to 
mechanical deformation, so that to obtain comparable 
—_ the surface must be electrolytically. polished. 

e best results have been obtained with iron containing 
about 3-5 per cent. of silicon, used in sheet form in 
electrical transformers. The powder arranges itself in 
strongly marked patterns, which change sharply with 
change in the direction of the applied — field. 
In this way a single crystal is found to be divided into 
‘“* domains,” usually a fraction of a millimetre across. 
Much work has been done on these domains in the 
laboratories of the Bell Telephone Company in New 
Jersey, and the theoretical study of isation by 
domains has been worked out. There seems, however, 
to be little relation between these domains and the 
other units into which a single crystal of iron ap 
to be divided when other methods are used, and the 
problem of correlating the observations of workers with 
























X-rays, magnetic powders, mechanical straining, and 
microscopic and electron-microscopic techniques has 
yet to be solved. 

There are great advantages to be gained from the 
study of the processes of grinding and polishing free 
surfaces of metals. The conditions at those surfaces 
are not identical with those prevailing at surfaces of 
slip within the metal, but the Saveenees can be allowed 
for, and the ease with which different methods of 
observation can be applied is an important factor. 
Special techniques have been developed for the examina- 
tion of cold-worked surfaces. X-ray and electron- 
diffraction methods have been most generally used, 
but both these only give an average over the area 
of cross-section of the beam and over a certain depth 
depending on the penetrating power of the rays. 
Structural details within that volume may be merged 
in an average. A high-power microscopical examina- 
tion will reveal surface details, and careful removal of 
successive thin layers by etching may yield useful 
information, but a clearer picture of the conditions is 
obtained by the method of cutting taper sections ; 
that is, by grinding a section at a small angle with the 
surface, so that the transverse section of a layer which 
may be only a few microns thick is spread out. Cutting 
a section at an angle of 5 deg. 43 minutes magnifies 
the thickness of the section ten times. The method 
has been perfected in the Tribophysics Laboratories of 
Melbourne and Cambridge, under Dr. Bowden. The 
edge has to be protected, usually by depositing a layer 
of metal upon it electrolytically. The deposit must 
be of simi hardness to that of the metal to be 
examined, so as to avoid forming a step at the 
boundary, which would interfere with definition. 
The form of grooves produced by different abrasives 
and the extent of the flow in polishing are clearly 
revealed. 

Rayleigh, nearly 50 years ago, was the first to suspect 
that the process of polishing was essentially different 
from that of abrasion. As finer and finer abrasives 
are used the scratches become finer and finer, until 
they can only be seen under the microscope. In 
polishing, however, the scratches disappear, and even 
under the highest magnification the final surface, if 
the metal be homogeneous, is like that of a mirror. 
Following the process under the microscope, there is a 
stage at which the grooves produced by abrasive 
particles are no longer obliterated by finer grooves 
crossing them, but the metal has all the appearance of 
flowing over them, so that it is possible to stop the 
operation when some of the grooves have been bridged 
over by flowing metal. The bridging of quite coarse 
scratches may, with rather heavy polishing, seem to be 
complete, but chemical etching, dissolving a thin layer, 
reveals the scratch still persisting below the bridge. 
The flowed layer has all the appearance of a vitreous 
material, structureless under the highest powers. 
This view was first put forward by Beilby about 45 years 


“Outag to the energy stored in it by the mechanical 
work of polishing, the flowed layer is anodic to undis- 
torted metal. Its perties differ so greatly from 
those of the mass of the metal that the term “ vitreous ” 
does not seem a misnomer. It is held by some that the 
metallic crystals have merely been broken down by 
polishing into exceedingly minute fragments, in each 
of which the atoms are still arranged in their character- 
istic space lattice, perhaps with some distortion. 
Provided these fragments are small enough, the distine- 
tion from a vitreous material becomes rather artificial. 
Even a glass contains molecular aggregates. The 
flowed layer has some properties which assimilate 
it very closely to an undercooled liquid. The most 
convincing evidence is that of Finch and his colleagues. 
Various metals were evaporated in vacuo and condensed 
on a cold surface of another metal. The change in 
structure of the superficial layer was studied by means 
of electron diffraction. When a mechanically polished 
surface of a metal was used, and the vapour was of a 
metal capable of alloying with the one used as substrate, 
the characteristic diffraction pattern of the deposited 
metal was seen for a short time but soon disappeared. 
This could be repeated a number of times, until at last 
a permanent diffraction pattern was obtained. Only 
one explanation of this remarkable result could be 
suggested. The polished layer, having the ap ear 
of an undercooled liquid, could take the atoms of metal 
from the vapour into solution, until a saturation value 
was reached and no more could be dissolved. If, on the 
other hand, the metal used as substrate was first etched, 
no such result was obtained. The diffraction pattern 
remained unc and after removal from the 
vacuum chamber the deposit could be rubbed away with 
filter paper. On the other hand, the deposit on a 
polished surface could not be removed, and when a 
colour change was ible, as in depositing zinc on 
copper, the colour of brass was seen, proving that true 
alloying had taken place. This is the stro 
evidence for the formation of a layer which can be called 
vitreous, in the course of polishing metals. 

The question arises whether such a structure can ever 
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be produced in the interior of a metal. It was shown by 
Ewing and Rosenhain in 1899 that when a crystal grain 
forming part of an aggregate was deformed beyond 
its elastic limit, the process was quite different from the 
deformation of such a substance as putty, in that slip 
occurred on certain crystal planes, so that extensive 
changes of shape could occur if several sets of planes 
took in the slip. Actually, this had been noticed 
long before in certain instances. In 1867, E. Reusch 
proved it for rock salt and, in 1879, O. Miigge had dis- 
covered the slip planes in native gold, silver and 
copper, but neither of these authors had used their 
observations to deduce the general behaviour of de- 
formed metals. The “ slip planes ” appeared on a free 
surface as “slip lines,” and Ewing and Rosenhain 
were able by studying these lines to lay down the main 
principles of the mechanical deformation of metals. 
So long as the deformation is by simple slipping 
(translation) on crystallographic shee the interior 
of the metal is in no way changed. The only evidence 
of slip in a single crystal is the production of slip 
lines on a free surface; but such translation cannot 
pass from one grain to another in a polycrystalline mass 
unless the two have exactly the same orientation. 
In general, slip is checked at a grain boundary and 
must make a fresh start. Hence a boundary, without 
assuming any intercrystalline material, acts as an 
obstacle to slip and a fine-grained metal, with many 
boundaries in unit volume, will offer greater resistance 
to slip—that is, it will be harder—than the same metal in 
a coarse-grained condition. 

A metal increases in volume as the result of deforma- 
tion beyond the elastic range. In the earlier stages of 
cold-working its density may actually increase slightly, 
but this is merely due to the closing-up of small pores 
between the branches of dendritic crystals or of acci- 
dental small cavities, such as are common in cast metals. 
Once these pores have been closed, any further deforma- 
tion increases the volume. Most writers have attri- 
buted the change to a loosening of texture, with the 
production of m/‘nute—possibly sub-microscopic— 
flaws. It is difficult to reconcile such a change with the 
increase of tensile strength which accompanies it. The 
coming into existence of large numbers of flaws would 
hinder the propagation of slip through a grain, but this 
has never — the writer as a satisfactory explana- 
tion of hardening by cold work. In 1905, Beilby, 
basing his theory on observations with the microscope, 
extended his views of the nature of polish to the 
interior of metals, and suggested that there was a local 
breakdown of the crystal structure on and about slip 
planes, producing a disordered arrangement comparable 
with that of a glass. This “ vitreous phase,” having no 
planes of slip, might be expected to be harder than 
crystal of the same composition. It is not easy to 
make comparable tests on a material in the two states, 
but there is some evidence in the case of silica. Scratch 
tests showed a mass of vitreous silica, obtained from an 
open-hearth furnace and admittedly containing small 
quantities of impurities, to be harder than quartz. 
Beilby found a polished surface of calcite to be harder 
than the same crystal in its original state. The 
pressure causing flow in the process of deformation is 
not hydrostatic, but varies in different directions, in 
which case the formation of the thermodynamically less 
stable phase becomes possible. 

We might expect that a metal of low melting point 
would be more easily transformed to the vitreous 
condition and back again than one less fusible. 
Bismuth is so brittle that it can easily be ground in a 
mortar, but it can be forced through a die having a 
small circular opening, and it then emerges as a wire 
which is flexible enough to be tied in a knot. This 
flexible condition, however, is only temporary, and the 
bismuth spontaneously recrystallises in a short time, 
reverting to its original brittle condition. The writer 
finds it difficult to explain this fact except on the 
assumption that in the process of extrusion, which is one 
producing flow, the bismuth loses its crystalline form 
and for a time assumes the properties of a highly viscous 
fluid, in which are no doubt embedded small fragments 
which retain the original crystal structure. 

Zener and others have considered that during the 
propagation of a slip band there is a bs om es § 
mobility, as of a viscous liquid, in its neighbourhood. 
At first, shear stress is rapidly relieved, but after a 
time relief becomes slower. One consequence is that 
a slip band advancing through a metal causes a large 
concentration of stress at the “spear-head.” Zener 
has shown that a slip band must have attained a critical 
length before it can propagate itself under a given stress. 
In this it may be assisted by thermal fluctuations. On 
reaching a grain boundary or a boundary of another 
phase, the propagation may cease and be replaced by 
the formation of a microscopic crack. 

When a metal is undergoing an allotropic change, 
the atoms on a lattice may enjoy a temporary increased 
mobility. Sauveur showed, by twisting a bar of mild 
steel at a tem ure which decreased from one end 
to the other, that the twist concentrated itself locally 
in that region where the temperature was that of the 





allotropic transformation of iron, the hotter and cooler 
portions only twisting slightly. It is instructive to 
examine polymorphic transformations of non-motallic 
substances under the microscope, as, on account 0 their 
transparency, the process is sometimes easy to fi lloy ; 
o-Dichlorobenzene undergoes such a crystalline tran. 
formation at a certain temperature and can be ob :eryed 
during cooling through the critical range. As the 
transformation advances from one grain to another 
a temporary — observed at the boundary i» very 
suggestive of possible conditions in a metal in similar 
circumstances. 

A polished surface of, say, aluminium, can be 
obtained free from any superficial distortion by 
Jacquet’s method of electrolytic smoothing, and suc 
a surface lends itself to examination under high magni- 
fications. The fact, noted by Rosenhain, that’ the 
plastic deformation of a metal is never uniform on a 
microscopic scale, but is localised in slip bands, becomes 
obvious. In a single crystal of aluminium prepared in 
this way, the lines of slip are as sharp pad ome as 
if they had been ruled with drawing instruments, 
Their bending on approaching grain boundaries in 
polycrystalline specimen is also well seen. Plastic 
flow is, then, a discontinuous process, slip in any one 
direction taking place on mand = planes, and although 
in a perfect lattice it might seem that slip could ocour 
on every similar plane in a crystal, it is actually confined 
to planes which are so widely spaced as to be recognised 
under the microscope. For every metal, stress, tem. 
perature, etc., there is an average spacing which remains 
characteristic of those conditions. It is an average, 
not a constant. At first glance it often seems that the 
planes of slip are equidistant, but measurement shows 
that there is always some variation about a mean 
value. By polishing a strained specimen of copper by 
the electrolytic process, using a phosphoric acid elec. 
trolyte, and then short-circuiting for a time, an oxide 
film is produced which reveals very clearly the lines of 
deformation, and also the production of nuclei and the 
growth of grains during the process of recrystallisation, 
which can thus be followed without the use of X-rays. 
The film of oxide is very thin and transparent, so that 
high magnifications can be applied. 

The more perfect an actual crystal appears to be 
the more readily it yields under stress. The most 
striking experiments have been made with single 
crystals of copper prepared by regulated freezing of 
the liquid metal. Such crystals have been obtained 
weighing as much as 6 kg. Such a crystal, in the 
form of a stout cylinder, when struck, is as dull as lead, 
and is easily bent in the hand. In one experiment, a 
crystal 200 mm. long and 6 mm. in diameter was 
fixed at one end and was easily bent by hanging a 
weight of 200 grammes at the other. It was then 
twisted through an angle of 360 deg., after which it 
needed a weight of 4 kg., or 20 times as much, to bend 
it to the same extent. Simple slip will not account 
for so great a change in mechanical properties. One 
deduction from such experiments is that plastic 
deformation of a metal, as in drawing, is only prac- 
ticable when the strengthening due to cold-working 
is greater than the weakening caused by reduction of 
section. Different materials will behave very differently 
under such conditions. Tantalum is usually regarded 
as a hard metal, but in a highly purified condition is 
as soft as copper, and is very little hardened by cold- 
working, behaving in this respect, very surprisingly, 
much like lead, which may be greatly deformed without 
any appreciable hardening. In general, however, 
metals which have a low melting point can be cold- 
worked much more readily than those with a higher 
melting-point, which undergo considerably greater 
work-h ing. 

A ductile metal strained in tension contracts locally 
(“ necking”) shortly before rupture. If this local 
failure be prevented a much greater elongation could 
be obtained. This is the case in wire-drawing and in 
the drawing of sheet into hollow forms between dies, 
when the metal is — by the die during the 
go of elongation. en a sheet of metal has to 

formed into a cup, or otherwise greatly changed 
from the condition of a plane lamina, the dies must 
be designed so as to afford full support to those parts 
which have to remain undistorted. In pressing a cup 
from a disc the metal is tightly clamped, so that the 
thickness of its wall is reduced as it changes its direction 
when flowing under the pressure of the movable die. 
Without such clamping, it would develop radial 
wrinkles, the tendency to wrinkle increasing as the 
thickness of the sheet is less. On the other hand, the 
more firmly the sheet is clamped, the greater is the 
risk of tearing under the pressure of the die. As 4 
rule; adjustments have to be made by trial. ‘The 
plan of providing lateral support during deformation 
is also employed in — of tube-rolling. In 
one process two semi-circular dies or rolls with tapered 

ves are given a rapid reciprocating movement, the 
tube being rotated on its axis after each pass. 

The ch produced in cold working can be con- 
veniently followed. by X-ray methods, always bearing 
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in mind that a pencil of X-rays may pass through a 
large number of crystal grains and record an average, 
while the microscope, using a sufficiently high magni- 
fication, can resolve the deformation into its com- 
ponent parts, supposing it to be discontinuous. The 
alloy known as Hiduminium RR.56 is capable of being 
greatly strengthened by cold-working. 
cold-working was determined by the late Dr. Frommer 
by making a series of standards, starting with a uniform 
material and ae the diffraction patterns 
after successive carefully controlled steps of deforma- 
tion. A specimen which had been deformed to an 
unknown extent, provided that its initial condition 
was the same as that of the standard specimens and 
that the deformation was of the same type, could be 
judged quantitatively. Frommer was able to judge of 
the degree of cold-work that had been applied, even 
after the worked alloy had been heat-treated. 

The cold-working properties of a metal depend very 
largely on the presence or absence of a definite yield 
point. A diagram showing the change of length with 
applied load may either exhibit a gradual deviation 
from a straight line, or it may show a definite dis- 
continuity, varying from a simple abrupt change of 
slope to a distinct step. That step may either be a 
short horizontal arrest of the load-strain curve, or it 
may extend over a considerable increase of length of 
the test-piece, in which case the horizontal portion is 
usually marked by oscillations, giving a wavy line. 
This waviness is often due in part to instability of the 
testing machine, but frequently it is caused by the 
metal yielding, not continuously but in blocks, certain 
regions yielding suddenly while intervening portions 
remain unchanged so long as the actual stress is not 
increased. 

The stress applied in testing reaches a maxi- 
mum and then drops suddenly before reaching the 
unstable value just mentioned. One has then to 
speak of an upper and a lower yield point, the lower 
being more important for practical purposes. The 
extent of the gap between the two is a determining 
factor in deciding the suitability of the steel in that 
condition for deep-drawing operations. A specimen 
examined just after yielding shows alternations of 
yielded and unyielded material, made visible by 
differences of level. These markings, visible without 
etching, but made more distinct by etching with a 
reagent, such as an acid solution of cupric chloride, 
which distinguishes sharply between deformed and 
undeformed metal, go by such names as “ stretcher 
strains,” “ Liiders lines,” or “distortion wedges.” 
They are obviously undesirable in the making of 
shaped objects, such as automobile wings. A sheet 
which has been recently cold-rolled to a sufficient 
degree will deform smoothly up to the load at which 
cracking begins, but after storage the liability to 
develop stretcher strains returns—the steel “ ages.” 
Any explanation of the phenomenon has then to 
account both for the original appearance of stretcher 
Strains and their reappearance after having been 
eliminated by heavy deformation, such as roller- 
levelling, which avoids local differences of strain. 

(To be continued.) 
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PROGRESS WITH THE 
SAUNDERS-ROE ‘‘ PRINCESS ”’ 
CLASS FLYING BOATS. 


Procress with the three Princess-class flying boats, 
which are being built by Messrs. Saunders-Roe, Limited, 
Cowes, Isle of Wight, continues to be satisfactory, the 
assembly of the three hulls keeping in phase with the 
programme originally laid down. The first hull has 
reached an advanced stage of construction and on 
Tuesday, July 26, it was removed from the building 
stocks and transferred to the middle of the assembly 
hangar. The process was somewhat analagous to the 
launching of a ship, but whereas the hull of a ship is 
launched directly into the water and moved to a fitting- 
out basin, the three flying boats will be fitted out 
ashore in conformity with usual aircraft practice. As 
these flying boats are the largest to be built so far in 
this country, a description of the methods employed 
to remove the first from its stocks may prove of 
interest ; before doing this, however, it may be advan- 
tageous to give a brief survey of the Princess class 
of flying boat. 

As already pointed out in previous references to 
these boats, they are intended for service with the 
British Overseas Airways Corporation and British 
South American Airways. When completed, each 
machine will have an all-up weight of 140 tons and will 
be powered by ten Bristol Proteus propeller-turbine 
engines arranged as two single outboard units and four 
coupled inboard units, the latter driving contra-rotating 
propellers. The engine mountings will be fitted to 
the front spar and the jet pipes will pass through the 
centres of both front and rear spars and terminate at 
the upper surface of the wing trailing edge. The span 
will be 219 ft. 6 in., the length 148 ft., and the height 
55 ft.9in. The aircraft will be fitted with pressure cabins 
designed to withstand a pressure differential of 8 lb. per 
square inch, and at an altitude of 40,000 ft. the cruising 
speed will be 380 miles an hour. Up to 105 rs 
will be accommodated on two decks, and in still air the 
estimated range is 5,500 miles. The hulls are of 
figure eight section, the upper deck being situated at 
the intersection of the two circles and the lower deck 
along the top of the planing bottom ;' the space between 
the lower deck and the planing bottom is divided into 
fourteen watertight compartments. 

Although these are the largest flying boats to be 
constructed in the United Kingdom, the builders 
have not found it necessary to build special hangars or 
assembly halls, and it is their intention to complete 
the boats with their existing facilities. The three aircraft 
are being assembled in a single large hangar and in 
order to give sufficient space, the building stocks were 
located at the sides and towards the back of the hangar, 
two lying close together at one side and the other 
at the opposite side. This arrangement was adopted 
so that, as each hull reaches the stage where it is ready 
to receive its wing, tail and fin, it can be drawn forwards 
and laterally to the centre of the hangar, thereby giving 
sufficient room for the installation of the wing and 
tailplane. 

As previously mentioned, one of the boats has 





reached this stage and the hull has been moved to its new 
position. In order to move it, a cradle was constructed 
under the planing bottom, the cradle, in turn, resting on 
rails laid on the floor of the hangar and set at an 
angle to the longitudinal axis of the hull. The cradle 
and rails can be seen in position in the photograph 
reproduced on this page, which shows the hull almost 
ready for moving. The cradle was constructed from 
6 in. by 3 in. and 12 in. by 3 in. channel]-section struc- 
tural-steel members, its shape conforming to the 
planing bottom. The top sloping transverse members 
of the cradle, known as the chine blocks, however, 
are pivoted at their inner ends and the hull was raised 
from the keel blocks by driving wooden wedges between 
the chine blocks and. the main frame of the cradle, a 
method closely resembling that employed in the launch- 
ing of ships. The final props supporting the hull, 
some of which can be seen in the illustration, were then 
knocked away and the cradle was drawn along the 
rails so that the hull moved both laterally and for- 
wards relatively to the hangar. An ordinary geared 
hand winch together with a four-part tackle was 
used for this purpose, a hand winch being chosen as it 
gave more accurate control. The combined weight 
of the hull and cradle was 24-2 tons, of which 15-7 
tons represented the weight of the hull; the total 
distance moved was 160 ft. As will be seen from the 
illustration, the centre section of the wing has been fitted 


to the hull, and after the inner wings, the engines and 
the tail unit have been installed, the ai will be 
moved into the open, where the outer wi and the 
top of the fin will be fitted. The ai will not 


be moved into the open on the cradle, however, but 
will be fitted with a beaching chassis. If all goes 
according to plan, the first aircraft will be ready to fly 
early in 1951. The two remaining aircraft should be 
completed later in the same year, but their date of 
entry into service will depend, of course, on the results 
of flight trials with the first of the series. 





RESEARCH ON CUTTING TOOLS AT METROPOLITAN- 
VICKERS.—The Metropolitan-Vickers Gazette of February- 
March, 1949, publishes an interesting summary of the 
work of the Metropolitan-Vickers Research Laboratories 
during 1948. Of particular interest is their work on 
the effects on fatigue resistance of surface irregularities 
imparted by cutting tools. Different types of machined 
surfaces, representing widely different cut.ing conditions, 
have been fatigue-tested, both in their original machined 
state and also after annealing while protected from 
oxidation by electro-deposited nickel. The results may 
be of practical significance in enabling rates of machining 
to be increased without reducing the fatigue strength of 
the components. Other researches include investigations 
on the properties of cutting fluids and the characteristics 
of surfaces cut under lubricated conditions ; experimental 
work on the most economical cutting conditions and 
cutter design for milling Nimonic materials, and deter- 
mining the optimum cutting angle by measuring the rate 
of wear. The results of these researches have led to 
changes in factory practice and appreciable savings in 
machining time. 
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ANNUALS AND REFERENCE BOOKS. 


Colliery Year Book and Coal Trades Di: , 1949. 
—The 27th annual edition, that for 1949, of this well- 
known work of reference is now available from the 
publishers, Messrs. The Louis Cassier Company, 
Limited, Dorset House, Stamford-street, London, 
S.E.1. As has been the case with previous editions, 
the main sections of the work consist of an official 
directory of Government departments, institutions and 
associations connected with coal and its derivatives ; 
lists of officers and managers, and of mines of the 
National Coal Board; a directory of former colliery 
owners; an index to individual mines; the text of 
the Coal Industry Nationalisation Act, 1946; statistical 
tables relating to coal production, prices and eniploy- 
ment in this country and in other parts of the nH § ; 
mines regulations, including Orders up to August 17, 
1948 ; and a directory of coal merchants, contractors, 
exporters and shippers. Shorter sections deal with 
such matters as blasti in collieries, analyses of 
typical British coals, a bibliography of periodical 
literature on coal mining, and a diary of chief events, 
relating to the coal industry, occurring during 1948. 
A “ Collieries’ Who’s Who” is also included. Bound 
in the customary orange-cloth covers, the price of the 
book is 25s. net. 


Guide to the Coalfields, 1949.—This admirably com- 
prehensive handbook, first published in 1948 and 
reviewed by us on 600 of our 166th volume (1948), 
has been completely revised and. brought up to date. 
Existing sections have been expanded and new features 
have been added ; the ordnance survey maps showing 
the coalmines, plotted to a scale of 1 in. to the mile, 
have been ted by the addition of eight key ma 

mding to the eight divisions of the National 
Coal Board. Open-cast working is now covered in a 
section on the Directorate of cast Coal Production, 
giving the address of each site, the seams worked, 
the estimated resources, and the contractor’s name. 
Other new sections deal with learned societies and 
institutions, trade unions of the mining industry, the 
Mining Association of Great Britain, the Federation of 
Small Mines of Great Britain, and the Coal Utilisation 
Joint Council. A general index has been added. The 
Section on the National Coal Board now includes a list 
of controlled establishments, and the Central Rescue 
Stations of each Division. Edited by Mr. R. H. 
Walkerdine, B.Sc., and Mr. C. Treharne Jones, B.Sc., 
the book is published by the Colliery Guardian Com- 
pany, Limited, 30 and 31, Furnival-street, Holborn, 
London, E.C.4, at the price of 168. net. 


Overseas Marketing Survey.—The first edition of 
this handbook, published in 1946, covered 40 export 
markets. During the past three years, so much more 
market information has become available that this 
second edition includes 80 market-surveys, covering 
countries of the British Commonwealth, Europe, in- 
cluding U.S.S.R., the United States of America, Central 
America, South America, Africa, the Near East, and, 
the Far East. In the latter section, for obvious reasons 
the data on China are not comprehensive. The market 
surveys, which form the main part of the book, and 
are illustrated with maps, are each arranged in five 
sections, with a preliminary note on the main official 
and unofficial sources of trade information in the 
United Kingdom and the country concerned ; a general 
information section gives the distance, travelling time 
by sea and air, area of country, currency, language, 
weights and measures, and climate ; the second section, 
on trade prospects, includes financial factors and 
agreements, notes on import licensing and customs 
tariff, and figures for the balance of trade, for the 
most recent date available, and in 1938. This is 
followed by “‘ What the country buys,” the principal 
suppliers and their relative contributions being listed ; 
an analysis of goods purchased shows the relative 
values of the various types of import at the most 
recent date available and in 1938, and the goods 
purchased from the United Kingdom are similarly 
analysed. Section 4 gives an analysis of the markets 
—population, standard-of-living factors, production, 
distribution, and domestic economy; and Section 5, 
deals with marketing data and technique. In addition 
to these very informative market surveys, there is an 
introduction in which the editor, Mr. C. Chisholm, 
explains how the handbook should be used; there are 
specialist articles on where to find export facts, the 
documentation of exports, packaging, the banks’ 
services to exporters, how to make export credit in- 
quiries, and selecting media for overseas advertising. 
There are directories of banks and discount houses, 
shipping and forwarding agents and packers, merchant 
exporters, United Kingdom publications with overseas 
circulations, and advertising agents and specialised ser- 
vices. The book is provided with an index to markets. 
In addition to its obvious value as a reference book, the 
market surveys provide fascinating material for study. 
The publishers are Business Publications, Limited, 180, 
Fleet-street, London, E.C.4, and the price is 63s. 





LABOUR NOTES. 


Tue need for exercising the greatest possible restraint 
in making demands for wage increases is essential to 
the national economy at the present time. This view 
of current economic needs remains the settled policy 
of the General Council of the Trades Union Congress 
and was reiterated at the Council’s meeting on July 27. 
Tt was felt then that the practice of restraint to the 
fullest extent was in the very: best interests of trade 
unionists generally and that the only safe way to 
secure higher wages was by stepping up production. 
Since the Budget statement, the whole problem of 
wages has been the subject of prolonged and anxious 
investigation by the Council and its special economic 
committee. The annual congress of the T.U.C. is to 
be held in the first week in September, when a full 
report from the economic committee will be presented. 
The Council have arranged to hold a special meeting 
on August 25 to discuss the final form of this report. 


Mr. Lincoln Evans and other members of the T.U.C. 
economic committee met Mr. Harold Wilson, President 
of the Board of Trade, on July 28, for another of the 
discussions on general economic problems, which have 
taken place at intervals since the Budget. The T.U.C. 
representatives are understood to have reasserted their 
desire to restrain applications for wage increases, but, 
at the same time, to have expressed their concern at 
the effect of the Budget on living costs, and their fear 
that the increase in these might make the exercise of 
this restraint very difficult and, perhaps, impossible. 
They also, no doubt, again stressed that much would 
be accomplished by the Government if the purchase 
tax on necessaries was removed and if profit margins 


PS; | were reduced. The Council are also concerned to increase 


productivity and are continuing their meetings with 
groups of unions to study methods of bringing this 
about. Joint meetings with officials of the unions in the 
shipbuilding, iron and steel, and mining industries are 
expected to take place shortly. 


The five per cent. reductions in the maximum prices 
of utility clothing, footwear and household textiles an- 
nounced by Mr. Wilson in Parliament on July 28, are 
ex to reduce the cost-of-living index figure by 
between half and one point. The reductions will take 
place early in September, and, while it is hoped that 
manufacturers, wholesalers and retailers will share the 
effects of them, the reductions will probably necessitate 
reductions in costs which may lead to smaller staffs 
and some curtailment of services to the public. Mr. 
Wilson explained at a press conference that these 
reductions had been decided upon independently of the 
representations by the T.U.C. Although welcome to 
the T.U.C., so far as they go, price reductions which 
mean a decline in the cost of living by only one point, 
and, probably, even less, will scarcely be consid suffi- 
cient when the index stands at 14 or 15 points above par. 


During the first six months of this year, about 
3,913,000 persons received increases in their full-time 
wages, which amounted, in all, to 617,4001. net weekly, 
compared with net increases totalling 997,800/. in the 
weekly full-time wages of 3,376,500 workpeople during 
the corresponding months of 1948. The t groups 
of employees to benefit in 1949 have been those em- 
we oe in the building and contracting industries, in 
which 1,076,000 workpeople received increases aggregat- 
ing 81,200/., and those engaged in the agricultural, 
forestry and fishing industries, in which 932,000 persons 
received increases to a total of 161,300/. Other indus- 
trial groups to benefit during the period, included the 
mining and quarrying industry, in which 49,500 persons 
shared increases totalling 10,600/., the metal-manufac- 
turing industry, in which 174,000 workpeople shared 
increases amounting to 8,7001., and the engineering, 
shipbuilding and electrical-goods industries, in which 
28,000 operatives received increases aggregating 1,800/. 
net weekly. 


Some 360,000 bape ey ad in the United Kingdom 
received increases in their full-time weekly hp pe during 
June. These increases amounted to a total of approxi- 
mately 99,000/. net, equal to an average weekly increase 
of 5s. 6d. a head. Among those who benefited, ‘were 
employees in electricity-supply undertakings, ms 
engaged in the manufacture of tin boxes and other 
metal containers, and workmen employed on land 
drainage. Women employees in the road vehicle- 
repairing industry also received increases. Small 
increases took place in the of persons 
in the iron and steel industry in some districts, and in 
those of iron-ore miners in Cumberland, owing to the 
operation of sliding scales based on the index of retail 
prices. The Ministry of Labour reports that, out of the 
total increase of 99,0001. for the month, approximately 
55,0001. was the result of arbitration awards, and a 
further 39,0007. of awards made by Joint Industrial 
Councils and other standing bodies established by 


voluntary agreement. 





Few changes in the normal hours of work have come 
into operation during the period between Januar’: and 
June this year. Generally speaking, working |:ours 
seem to have been reduced to the minimum th.i the 
present economic situation will permit. During June, 
the only c reported affected employees in the 
pottery industry, who had their normal working week, 
of from 47 to 48 hours, reduced to one of 44 hour-. 


The index figure of rates of wages for women rose, 
by one ag to the new high level of 111, at the end of 
June. The figures for the other three classes, men, 
juveniles, and all employees, remained stationary at 
108, 111 and 108, respectively. It is of interest to note 
that the index figure of 108 for all employees has 
remained unchanged at that level, since January last, 
The index is based on the weekly-wage rates in the 
United Kingdom of the principal industries and ser. 
vices, com with their level on June 30, 1947, 
which is taken as 100 in all instances. 


On June 14, the interim index of retail prices in the 
United Kingdom registered a rise of one point for food, 
thereby bringing the figure to 115, the highest level 
yet attained by the index, which was commenced on 
June 17, 1947. The level on that cate is taken as 100, 
The rise of one point on June 14 was due principally to 
increases in the retail prices of butter, margarine and 
cheese. These increases completed the price changes 
announced by Sir Stafford Cripps in his Budget speech. 
The all-items figure remained unchanged at 111. 


Industrial disputes re during June totalled 
158, in which some 47, persons were concerned and 
190,000 working days were lost. The comparative 
figures for the preceding month were 161 stoppages in 
progress, with 76,700 persons involved and 355,000 
days lost. In June, 1948, there were 152 strikes and, 
in these, 59,100 workpeople were involved and 269,000 
days were lost to industry. During the first six months 
of the current there were 822 disputes, which put 
239,500 persons out of work and caused the loss of an 
aggregate of 923,000 working days. In the corres- 
ponding months of 1948, the Ministry of Labour 
Gazette reports, 1,055 stoppages occurred and, in them, 
a total of 315,200 ms were concerned and ap- 
proximately 1,582,000 days were lost. 


The special delegate conference of the National 
Union of Railwaymen, which met in London last week, 
decided on July 28 to accept the terms of reference of 
the railway board of conciliation, as revised by the 
Minister of Labour. The amendment had the effect 
of removing some 130,000 railway shopmen from the 
scope of the inquiry, of whom 95,000 are members of 
the N.U.R. The remainder are members of unions 
affiliated to the Confederation of Shipbuilding and 
Engineering Unions, who have submitted no wage 
claims. The delegate conference also decided that 
21 days’ notice should be given to the Minister of 
Labour of a dispute over the wage claim of the shop- 
men. Upon the receipt of this notice, Mr. Isaacs 
announced that he would set up a board of conciliation, 
having the same membership as the existing board, to 
secure agreement on the dispute between the Railway 
Executive and the N.U.R. over the wage claims of 
railway shopmen who are members of that. union. 


In the case of the dispute covering railwaymen other 
than the railway shopmen, the railway unions and the 
Railway Executive have agreed in advance to. accept 
the recommendations of the conciliation board. But, 
in the shopmen’s dispute, the board’s terms of reference 
do not provide for any such advance ent by the 
parties concerned. Should the fail to secure 
agreement on any point in this dispute, the board has 
power only to make recommendations and to report 
to the Minister of Labour. The attitude of the Con- 
federation to the second board of conciliation will be 
discussed at a meeting of the Confederation executive 
on August 11. The second board has been established 
following the formal notification of a dispute and the 
issue before the Confederation is, therefore, somewhat 
different to that in the former instance. 





COMPARISON OF TELEVISION SysTEMs.—In a written 
answer to Mr. J. A. Langford-Holt in the House of 
Commons on Wednesday, July 27, the Postmaster- 
General (the Rt. Hon. W. Paling) said that he did not 
think that the American television viewer obtained a 
picture with the 525-line system, which was noticeably 
clearer than that provided by the 405-line system of the 
British Broadcasting Corporation. The French 819-line 
system still appeared to be in the experimental stage. 
It promised to give a clearer picture than the 405-line 
system, but would be more expensive and would 
take up greater wavelength space, 
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GERMAN AND JAPANESE 
BATTLESHIPS. 


By Oscar PaRxss, O.B.E. 
(Concluded from page 118.) 


In considering Japanese designs, allowance must be 
made for certain difficulties under which their naval 
architects worked. Being a nation of —— t' 
had relied foreign tuition for their future con- 
structors, as Britain and France accepted pupils for 
advanced training in naval architecture, so design 
methods and practices were those learned in these 
countries. But in 1928, a rigid and one-sided secrecy, 
which Japan thought fit to observe about new construc- 
tion, ended this arrangement and the admission of 
Japanese students to Greenwich. Thus deprived of 
their main sources of up-to-date technical knowledge 
when warship construction was beginning to undergo 
considerable developments and improvements, the 
Japanese experienced a t lack of basic design 
isformation, which could not be built up without years 
of research and background of practical experience. 
The history of big warship building in Japan is com- 

tively short, their first capital-ship home products 
Glen the on of the Satsuma class and that 
curious hybrid, the Tsukuba, all begun in 1905. When 
they wanted battle-cruisers, the Kongo was ordered in 
England in 1911, and the rest of the built at home 
from this desi From 1928, much of their data had 
to come from foreign publications, and in some cases it 


ships, where there was a rise almost to bow height, 
freeboard was determined by range of stability ; aft, it 
was customary to make the stern as low as possible in 
conformity with the depth of hull required for gun 
positions. These heights having been determined, the 

were connected by straight or slightly curved 
i giving an unbroken deck, which saved structural 
weight and avoided notching the ship’s 


irder by drop- 
hey ping the main deck one level to the Frosboard required 


The bow was unique in the Japanese navy in having 
a marked overhang and a bulbous foot, contrasting 
strongly with the usual cutaway bow in other 
U-shaped and especially bulbous sections at the bows 
tend to reduce wave formation forward, since the excess 
pressures formed at a great depth below the water-line 
can be relieved only partly by the creation of surface 
disturbance, and help to pump the water aft where it is 
needed, The projecting ram-shaped stem enabled the 
designer to obtain a fine entrance angle of the water-line 
in way of the bulb, which increased the effective length 
cf the ship, and was reported as being responsible for a 
5 or 6 per cent. diminished resistance. 

Aft, she was equally unorthodox in having two 
rudders and the deadwood cut away to an unusual 
extent, with an eye to better propulsion rather than to 
—, The rudders were in the same longitudinal 
centre-line, that forward being half the area of the after 
one, Both were equipped with complete electro- 
hydraulic steering engines, ted so as to prevent 
loss of steering control if one or other rudder were 





was 1 to rely upon out-dated formula. Rather 
than attempt the intricate calculations entailed by such 


Another characteristic of Ja ships 
was their comparatively low midship section coefficient, 














Fie. 7. JAPANESE BatrTiEsHip “ Yamato.” 
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ay as the Yamato, they fell back upon data 
derived from ships in service, which could be scaled up 
as requisite. 

Although, within recent years, Japanese designs have 
presented certain bizarre features, such as masts 
and wavy deck lines, Allied observers after VJ-day 
reported but few instances of outstanding originality in 
ae and new types generally followed those 

ly built; but in certain cages, such as the run of 

_— in carriers and the armour protection in the 

amato, problems had been tackled with boldness and 
initiative. 

The design of the Yamato was begun in 1934, but, 
owing to the fresh problems presented by nearly every 
factor in it, three years elapsed before a start could be 
made on her construction at the Kure Navy Yard and 
on her sister at Nagasaki. Both were completed in 
1941, shortly before hostilities began, and shortly after- 
wards were remodelled amidships for a much stronger 
anti-aircraft equipment. The decision to build two 
such monsters, together with the ordnance and equip- 
ment required, instead of three or four less portentous 
units, must be regarded as one of the most vital ever 
arrived at in the history of battleship construction—on 
& par with the adoption of Reed’s Devastation in 1869 
and Benedetto Brin’s Duilio in 1872. 

The overall length was 863 ft, (exceeding that of the 
Hood by 24 ft.) and 800 ft. between diculars ; 
water-line beam 121 ft., with a maximum i beam of 
127 ft.; load water-line draught 34 ft., with 354 ft. 
at full load, giving a standard displacement of 63,000 
tons, trial displacement 69,935 tons, and full load 
72,200 tons. The high L: B ratio of 6-6 to 1, and the 
great length, was to secure speed without exceeding a 
reasonable propelling power. As in most Japanese 
ships of recent design, the outstanding feature in hull 
form was the peculiar sheer line, rising and falling in 
waves, highest at the bows and amidships, and, owing 
to the.’tween decks hangar aft, with a slight fall towards 
the stern instead of the usual marked drop. This line 
was based m purely utilitarian considerations. At 
the bows, the sharp sheer was for seaworthiness ; amid- 





* Paper read at the Summer Meeting of the Institution 
of Naval Architects, held in Edinburgh on June 28-30, 
1949, Abridged. 





the shape of the maximum section—-usually abaft of 
amidships—having a large bilge radius with consider- 
able rise of floor. In the Yamato, however, the floor 
was flat and the turn of the bilge under “ B” turret 
but little slacker than in some recent British designs at 
the amidships section. 

Although the Japanese laid great stress upon saving 
in weight, they were never able to take full advantage 
of the saving due to welding, owing to lack of experi- 
ence and the want of welding rods capable of more 
universal application than those available. When used, 
welding was applied principally to mild steel and to 
steel of slightly higher strength than mild steel. The 
initial success achieved in the case of the light mine- 
layer Yaeyama (1933), which was welded throughout, 
was not repeated in the light cruiser Mogami, which 
ran her trials in 1935. When she was firing 6-in. salvoes 
at full speed, the welding in the hull structure near the 
stern developed cracks, with severe leakage, which put 
her in dockyard hands for several months. After this, 
welding was abandoned in large ships so far as the 
general structure was concerned. 

The nine 18-in. guns in three triple turrets constituted 
the heaviest main armament ever mounted on ship- 
board, although two Japanese 48,000-ton battleships 
and four 46,000-ton battle-cruisers, the construction of 
which was discarded under the Treaty in 1923, were to 
have been armed with eight 18-in. guns. Set back 
238 ft. from the bow, the axis of the guns in “A” 
turret swung some 37 ft. above the water-line (5 ft. 
higher than those in the Hood) and the “B” guns 
were 47 ft. Owing to the rise in freeboard amidships, 
which was carried well aft beyond “‘ C ” turret, the guns 
here had a command of 42} ft.—over 5 ft. more than 
in “ A” position. This sequence of relative heights in 
a three-turret ship stands out as unique in the history of 
battleship design. 

The Yamato’s guns were 45 calibres long (70 ft.), 
weighed 162 tons each, and fired a 3,220 Ib. shell at 
2,560 ft. per second with728 Ib. of propellant. The high- 
—s shell was 3,000 Ib., with a muzzle velocity of 
2, The rate of fire at a maximum elevation of 
or averaged 1} rounds a minute, with a range of 
45,960 yards. The turrets were the most massive ever 
constructed,with 254-in. faces, 20-in. sides, 9 to 10}-in. 





crowns and 7}-in. rear plates, except “B” turret, 


I4!I 
where, for counterbalancing, it was increased to 18 in. 
The barbettes were 19-4 in. thick between decks and 
21-6 in. above them, the diameter of the roller paths 
being 42 ft. 8 in. externally. The training rate was 
relatively slow—2 deg. per second. The ents 
for ammunition supply were unusual, half the pro- 
jectiles for each triple group being stowed on the 
rotating turret structure. Calculations covering the 
turrets and mountings were not made de novo, but were 
arrived at by comparison with the data of those which 
had not failed in service. Thus, the 14-in. turret in 
the battleship Ise had been scaled up for the 16-in. 
Nagato design, and the same process, applied to the 
Nagato’s structures, served for the Yamato. 

As originally designed she carried a secondary arma- 
ment of eight 8-in. guns in four twin turrets, one fore 
and aft and one on each beam. These can be seen in 
the photograph of the ship on trial (Fig. 7). When, 
however, the Mogami-class cruisers were re-armed with 
8-in. guns, two triple 6-in. from these ships were trans- 
ferred to the Yamato and Musashi, one trio being 

at each end of the superstructure firing over the 18-in. 
turrets. These small turrets had 3-in. faces and 1-in. 
sides and roofs, with a 3-in. barbette rising from the 
armour deck. The guns, with 70 deg. elevation, served 
as medium-range anti-aircraft weapons, the ammuni- 
tion being man-handled—which must have meant 
selected crews, the Japanese having adopted the 
5-5-in. piece for their later battleships because the 
100-lb. shell proved too heavy for the average gun 
number. It is hardly surprising that these lightly 
armoured gun-houses ieved to be the weak spot in the 
design, the after one being the Achilles heel in the 
Yamato, exposing the magazine to the after effects of 
a 2,000-lb bomb. 

The superstructure was devoted entirely to the 
accommodation of anti-aircraft guns in small turrets, 
sponsons, and gun-pits carried at various levels, inter- 
—— with their control positions. When first com- 
pleted, the sky defence was modest—only twelve 12-7 
em. and 16 4-7 cm., as shown in Fig. 8, on page 142. 
Aerial photographs taken in October, 1944, show that 
this arrangement had been extensively modified, the 
wing 8-in. turrets having been removed and replaced 
by a shelter deck carrying the 12-7 cm. in s twin 
turrets. Above them the three sponsons now held 
triple 47 mm. guns, with additional twin 25-mm. 
mounts on deck and two aside at the deck edge abreast 
the first and third 12-7 cm. turrets. After this action, 
the armament was again increased, and her final photo- 
graphs show a line of five twin 25 mm. along the deck 
edge, two gun-pits on “B” and “C” turrets, and 
additional twins on deck. Originally, four searchlights 
were grouped on each side abreast the funnel, but it is 
difficult to determine whether the domes shown in the 
Yamato 1944 photographs are projectors or not. In 
the plan Fig. 10, on page 142, they are so shown, but 
ultimately single guns are said to have been substituted. 

The vision of an aircraft beneath the 
q eck accounted for the height to which this was 
maintained, in contradistinction to usual Japanese 
practice. Four aircraft are said to have been carried, 
and a catapult was provided right aft on each side, 
with handling rails taken forward to abreast of “C” 
turret. The official plan shows a break of the deck at 
the fore side of the lift, but photographs in 1944 suggest 
that the deck and sides were moulded as here shown. 
On first completion, there seems to have been a wide 
splay on each side of the quarterdeck, which throws 
the shadow seen in the trials photograph; also, a 
break in the deck right aft can be seen beneath the 
lattice radio mast. According to one correspondent, 
the embrasures aft. were used to convey the one-man 
submarines to operational areas. 

The scheme of protection entailed the use of very 
heavy armour and an unusual system of its distribution, 
considerable originality being shown in the system of 
sloping armour on the hull sides, in the subdivision, and 
in the method of protecting the magazines against 
under-water explosion. The 16-in. side ‘armour, 
covering the magazines and machinery spaces, was 
inclined at 20 deg. from the vertical along the water- 
line, below which it tapered from 10} in. to7in. Amid- 
ships it rose to the level of the main deck only, but 
was taken up a deck higher beneath the forward turret. 
Great Britain had introduced sloping armour in the 
Hood, in which the sides showed a 10 deg. inclination, 
and the latest United States designs also incorporated 
this feature; but, for all that, the Yamato system 
must be regarded as a bold adaptation ; see Fig. 11, page 
142, There was no protective deck rising from the lower 
edge of the belt, such as had been universally employed 
against gunfire for the past 50 years. Instead, the 
horizontal protection was concentrated on the main 
deck at the level of the upper edge of the belt—a rever- 
sal to the earliest practice in ironclads—being 7} in. 
on the flat portion towards the middle line and 9 in. 
on the slightly sloping sides. This citadel was closed 
fore and aft by curiously angled bulkheads, 13 in. 
thick forward and 12 in. aft (Fig. 9, page 142). 
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zipes was afforded by 2-in. plating, sloping downwards 
from the lower edge of the belt to a point well beneath 
the barbettes, where it became 3 in. horizontally. The 
longitudinal armour bulkhead was a downward con- 
tinuation of the side belt and served as the holdi 
bulkhead of the under-water protection. i 
of defence against mine or torpedo recalls Sir Edward 
to introduce something of a similar 
nature in 1884, when he tried to his U-shaped 
armoured double bottom accepted by Sir Nathaniel 
Barnaby for incorporation in the Sans Pareil, but 
without success. Very strong protection was given to 
the steering gear, both rudder heads being boxed in 
with 14}-in. plating at the sides, 7-9 in. on top, and 
13 to 13-8 in. at the ends—thicknesses far exceeding 
the practice in H.M. ships. Vertical and side armour 
was made into a unit by tongue-and-groove connections, 
with wood as an armour backing. Compared with 
practice in this country, there was judged to be some 
weakness in the connection between the upper and 
lower side armour strakes. 

is under-water defence system was designed 
from the tests carried out when the battleship Nagato 
was modernised. Full-scale caissons and small-scale 
models were used, the latter being one-third to one-fifth 
scale, as the full-scale joints could not be represented 
inasmallersize. Thesystem was designed to withstand 
a charge of 400 kg. Tests had shown that air-backed 
shell plating was quite as effective in enting 
damage from under-water attack as when backed by 
water or oil ; hence the outboard layers of the torpedo- 
defence s were carried void. No special care 
was taken to avoid hard spots which might cause 
punching under explosive loadings, and there were 
no curved transmission bulkheads. All material was 
riveted, as no effective welding system had been 
developed for the type of steel used. 

A central longitudinal bulkhead ran between the 
engine and boiler rooms, dividing these into two ae a 
with six boiler rooms and two engine rooms. Dec 
rose and fell to a remarkable extent. Heights varied 
from 12 ft. to 5 ft. or less, and the bunching at the after 
bulkhead is noticeable (Fig. 9). The design of the bulge 
is reminiscent of that in the Hood, except that the 
double bottom was not taken up round the turn of the 
bilge in that ship. 

e degree of stability necessary to Pas flotation 
after flooding was based upon the following calcula- 
tions. (1) With all the unprotected spaces in the ship 
flooded, the volume of the armoured citadel above the 
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water-line should still be from 20 to 25 per 

cent. of the total volume of the citadel. In this condi- 
tion, there must be a positive GM. (2) With all the 
© protection spaces on one side flooded, as well 

as the un ends, the ship must have positive 
GM and must not capsize. As ample beam was 
as the controlling form factor in determining 

san aoe of buoyancy, the width amidships was 
retained over the whole section between turrets “ B” 
and “C.” aun peace - : ae ty en 
the flyi k was laid as high as amidships, 
although” this ted unarmoured stability ay 3 
In their battleships, the Japanese considered the 
following figures acceptable: GM = 8-7 ft.; maxi- 
mum GZ = 3-8 ft.; range, 70 deg. ; iod of roll, 
16-18 seconds. In the Yamato, at trial displacement of 
69,100 tons, the actual were: GM: 10 toll ft., 
and GZ = 7 ft. (7-7 ft. maximum) at 38 deg. These 
are quite remarkable figures. Her range was 72 deg. 
and period of roll 16 seconds. It is stated that one 
of the factors contributing to the higher GM than is 
usual in British battleships was the centre-line bulkhead 





in the machinery spaces, which required considerable 
initial stability in order to limit the angle of heel after 
damage, when a machinery space on one side might 
be flooded. 

A maximum speed of 27-7 knots was attained with 
158,000 shaft horse-power from four sets of geared 
turbines, driving quadruple screws. The cruising s 
was 18 knots with 25, h.p., at which she could cover 
10,000 miles. Some 5,000 tons of oil fuel could be 
bunkered. The funnel uptakes had to be taken aft 
beyond the third group of boiler rooms in order to keep 
the or | clear of furnace exhaust. There is no 
record the protection given to the splayed-out 
uptakes between decks. 

The trials photograph (Fig. 7, page 141) shows life- 
boats just forward of the twin 8-in. turret and abreast of 
“C” turret, but in action pho phs she is without 
boats. It is possible that the Japanese dealt with the 
difficult problem of boat stowage in the same way as did 
the Ameri i ing them in favour of a boat 
pool at the operational bases. Boats mean weight and 
space which can be put to better military use, and, 
except for a lifeboat, } sod ships have been without 
them for the past ten years. 

The “mast” was an almost rectangular tower, 
rising twelve stories above the flying deck to a height 
of 125 ft. from the water-line. A central communica- 
tion tube ran down from the top control position to the 
armour deck. The tower contained the admiral’s, 
chief of staff’s and captain’s sea cabins, officers’ and 
warrant officers’ cabins, chart house, signal house, 
direction-finder house, control and plotting offices, 
navigation house, submarine look-out positions, etc. 
s bes it — the Yamato must be the poe 

evelopment of the big ee battleship, we 

nigh impregnable and unsinkable by gun-fire, and 
capable of dealing far heavier blows than she would 
have received. As such, and from an academic point 
of view, it is to be regretted that she and her sister 
never matched their might and strength against that 
of their peers. As it was, the Yamato was hit by nine 
torpedoes from aircraft and about as many bombs, and 
Musashi by nearly double that number, before being 
sunk. That the ships were expended to little purpose 
was due to faulty strategy—their constructors certainly 
seem to have made the most of the displacement and 
turned out incredibly powerful fighters; but, of the 
scores of thousands who manned the British and Ameri- 
can armadas in the final settlement with Japan, only a 
few privileged airmen ever set eyes on them. 
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A PHILOSOPHY OF TRANSPORT.* 
By Raymonp W. Biron, M.I.Mech.E., M.Inst.T. 
(Concluded from page 116). 


Ur to a century ago, inland transport relied upon 
animal power or gravity; rivers had been supple- 
mented by canals, and the old bridle paths de- 
veloped imperceptibly into roads. By a series of 
accidental circumstances, including the widespread 
existence of coal, and not oil, in Europe and Britain, 
the earliest invention of a mechanical prime mover 
was that of the steam engine, which was a fairly heavy 
piece of apparatus. The roads of those days had not 
the ama tet such a burden, but it could be con- 
veniently applied in place of horses in the narrower 
sphere of hauling mineral wagons on the iron track- 
ways even then in use. Evolving from those track- 
ways, special iron-railed roads were built to bear the 
new form of locomotion, and so were railways born— 
in principle, only roads of a special kind, which is 
what they remain to-day. There was, indeed, a good 
deal to be said for Sir Osborne Mance’s idea of =. 
suading the State to regard the railroads as part of the 
country’s road system, and to buy them from, and 
lease them back to, the railway companies. 

Rail transport is really a rapidly obsolescing form of 
road transport, which it would have been better never 
to have developed so intensively in the middle of last 
century. The late Mr. Sidney Garcke once referred 
to “this passing railway phase.” If only the same 
ingenuity as that devoted to railway development had 
been expended on strengthening the ordinary roads for 
the heavy road locomotives of those days, a very high 

roportion of present railway mileage would never have 

constructed, and the pain of scrapping it in the 

near future would have been saved ; if only the internal- 

combustion engine had been invented sooner, an even 

higher proportion of rail track would have been aban- 
doned already. 

It is unfortunate that, in mechanical development, 
rail transport established such an artificial and acci- 
dental lead on road transport. If it were possible to 
begin all over again, it is difficult to imagine that 
even goods traffic would go by rail, except for the 
rapid transit of mainly bulky and heavy | between 
distant points probably a minimum of 100 miles apart, 
with dependence upon road haulage for collection and 
delivery up to, say, 25 miles radius to and from rail- 
head. Indeed, an act of self-denial by the railways 
on some such basis may be their only chance of econo- 
mic survival. There is no reason, under the Transport 
Act, why the collection and delivery shou'd not be 
carried out by independent road hauliers not owned 
by the British Transport Commission, as those oper- 
ating within a 25-mile radius have been left free from 
the threat of acquisition. If the Commission are wise, 
they will sedulously cultivate those free hauliers so as 
to offer to trade and industry such a plethora of 
facilities that, added to the Commission’s own direct 
long-distance road haulage, there will be the least 
possible incentive to traders and manufacturers to run 
their own ancillary vehicles. Such an establishment of 
voluntary inter-working between, on the one hand, 
the railways and their new allies (or vassals) on the 
road, and, on the other hand, the free hauliers, would 
continue to be of the greatest value whether or not 
the railways and “ acquired” road haulage remained 
socialised or reverted to private enterprise. There is, 
however, no guarantee that there will be any place 
at all for railway operation as we know it, 25 years or 

rs from now. 

We are.only at the beginning of public-service 
vehicle development in this country, and, apart from 
special motorways, an enormous field remains for the 
linking up and through running of passenger road 
services on regular headways over long distances— 
a movement which I mentioned as far back as 1932. 
The movement has gained considerable momentum 
since then, in accordance with the old dictum that 
facilities create traffic. It is significant that, in many 
articles in transport periodicals discussing ways of 
making railways pay, a popular remedy is that there 
should be shorter trains and more of them at regular 
intervals and carrying conductors, which is, of course, 
the same thing as saying “ Run trains like “buses.” 
It could, indeed, be very much to the railway’s advan- 
tage that, before many years, travel by rail 
should be outmoded, and that the traffic should all 
pass by public-service vehicle or aircraft. Such great 
savings could then be made on the railway system of 
the country as to turn it into a profitable enterprise, 
carrying goods only. All passenger stations could be 
closed down as such, and many double-track lines 
could be reduced to single track; the consequent 
simplification of the whole undertaking would enable 





* Paper presented at the Buxton Congress of the 
Institute of Transport on Thursday, June 23, 1949. 
Abridged. 


goods trains to be run at much higher speeds and 
more frequent intervals, and to more regular time- 
tables, thus building up the improved service to trade 
and industry to which reference has already been 
mad 


e. 

In mentioning aircraft for internal passenger transit, 
one thinks not so much of the wing-type, as of greatly 
improved helicopters. Fast coaches, similar to those 
running in North America, would compare favourably 
with wing-type aircraft up to 200 miles, owing to the 
changes of vehicle involved in air journeys by that 
type, which have to use large airfields remote from 
town centres. On shorter distances, any saving of 
time to the passenger, consistent with the avoidance 
of vehicle changes, can only be expected by the use of 
large-capacity helicopters, able to run between town 
centres like buses and trains. Passengers are a very 
fragile form of freight, and cannot be transhipped 
repeatedly like goods; through running is always the 
passenger transporter’s ideal and is a big reason for 
the "bus industry’s success. 

Reference has already been made to suburban rail 
operation, which, owing to the late development of 
modern roads and road vehicles, and the consequently 
inadequate paths of access through built-up areas, it 
would seem to retain as it is for a time, 
particularly in London, where the position has been 
unfortunately complicated by the enthusiastically 
wholesale surface extensions of the “ underground ” 
railways. Some of us have always thought that one 
of the tragedies of London traffic was the acquisition 
by the Underground Group of the London General 
Omnibus Company not long before the first world war. 
Left to themselves, London’s omnibus und i 
would have effectively prevented the uneconomic 
electric-railway extensions by the salutary economic 
method of making them bad business propositions. 
Buses would have provided all the feeder services 
economically desirable at the underground rail-heads, 
which would accordingly have been restricted to five 
or six miles radius from the centre ; the through traffic 
would have been carried on the new by-pass roads 
(which ought to have been built much earlier and much 
wider) by coaches operating in the “Green Line” 
manner—a development which would have appeared 
earlier on the transport scene. 

“ Tube ” railways in London must have been a very 
costly failure, the financial losses of which have been 
hidden under the “‘ Common Fund ” established by the 
Underground Group in 1915. It has always been very 
difficult to ferret out the figures, but, in calculations 
made some years ago, it appeared that, for the year 
1939, the “tubes” had cost to date approximately 
901. million to build, but took not more than 91. million 
in actual gross annual revenue from their own traffic ; 
that is, they turned over their capital once in ten . 
They have been set the impossible task of simul- 
taneously answering three mutually antagonistic 
traffic demands, namely, the carriage of passengers 
underground across central London, with a saving of 
congestion in the streets above by avoiding the provi- 
sion of additional omnibuses; the rapid transit of 
inner-suburban 
area; and the development by surface line of outer 
suburban districts as new dormitories. The farther 
the surface line is extended, the greater the congestion 
on its inner underground end, and the nearer the time 
when duplicate tunnels will have to be built at stag- 
gering expense. The extensions may have brought 
additional revenue, even if it is inadequate for the 
additional capital expenditure upon them, but has the 
work been good or bad for London? The problem of 
overgrown London is serious and the “ underground ” 
railways must bear their share of responsibility in 
having aggravated it by exceeding their logical 
function. 

We are in the greatest danger to-day of having 
collectivist standardisation and planning accepted as 
things which are necessarily good. Like alcohol, they are 
only good if used in moderation, and their intemperate 
indulgence has been one of the greatest causes of human 
unhappiness. Standardisation and planning are in 
their right place when facilitating economic industrial 
production of articles intended for the use, advance- 
ment or happiness of man, but the standards adopted 
require constant examination to ensure that they are 
fulfilling those objects from every point of view. 
Nationalisation and State planning are the apotheoses of 
standardisation, their result being the reduction of 
everyone and everything, to the lowest common 
denominator. Standardisation of staff, with all its 
evils, has already been discussed, but there are many 
other fearful possibilities, of which current public 
statements provide a foretaste. In the paper read to 
the Institute last April by the chairman of the Road 
Transport Executive his list was frightening— 
“ consolidate, rationalise, and co-ordinate . .. stan- 
dardise . . . eliminate discrepancies and anomalies ” ; 
and then “‘ integration . . . planned control of charges 
. . . uniformity of charges.” I do not believe it can 





work. I believe that the silencing of all the minor 








to and from the central | good. 


cr gma on the transport theme will silence the theme 
itself. 


In his Christmas and New Year message to British 
Railways’ staff, the chairman of the Railway Executive 
said, “‘ For every job there is a best way of doing it.” 
With respect, this cannot be so, because there is nearly 
always a choice; the “ battle of the gauges ” in this 
country last century resulted in a victory for the 
“narrow” gauge of track, but the broad gauge was 
admittedly equally as good, and so are others in over- 
seas use. The Railway Executive has hardly made a 
good beginning with its heartless massacre of the old 
railway liveries and its adoption of national standards ; 
it has more than the colours. Again, its 
announcement on locomotive standardisation seemed 
to be far from the bounds of practicality, and a layman 
might ask : What was the use of a formula for standard- 
isation which would not come into force before it was 
out of date? This was an instance where engineering 
standardisation was publicised as if there were some- 
thing intrinsically good in it, whereas it can be the 
quickest way to a famine of good design. To the 
extent that standardisation is necessary, it is a 
evil; it is never a merit, never anything higher than a 
convenience. 

There has been some hint of standardisation of fares, 
which is something that the British Transport Com- 
mission would surely be well advised to leave alone. 
There are many good arguments why the public should 
pay different rates according to the different types of 
service they require, and this is particularly true of 
omnibus services. Many people live where they do, in 
relation to their places of work, largely because of the 
transport facilities between work and home, and any 
major variation in fares would be tantamount to a 
breach of faith with the patrons. It would seem to be 
good economics to charge more on a very hilly route, as 
is done on the Swansea buses, or less at certain slack 
hours of the day, as used to be done on the London 
trams. The fare is a means of shaping the traffic as the 
operator wants it—and why should he not try to 
influence his loadings in that way ? 

It is the result that matters, not the method; the 
end achieved, not the plan itself. The cost of planning 
and standardisation can be prohibitive, both in high 
expense and low return; the bigger the plan and the 
greater the standardisation, the bigger the likelihood 
of failure. The tendency of a number of individual 
humans to plan toward the same broad end is natural 
and democratic; autocratic collective planning must 
be wrong because it eliminates the interplay of human 
individualities, the inter-judgment of competitors, 
the trial and error of nature and the survival of the 
plan that is fittest, and substitutes dictatorial opinion. 
Planning on the grand collectivist scale has no true 
scientific basis because there are too many unascertain- 
able variables, which increase with the size of the plan ; 
also, the plan takes so long to prepare that new factors 
always arise while it is being prepared, s> that it is 
always too late for the job in hand. Moreover, the 
process of disorganisation while waiting for the plan 
to mature causes more harm than the plan itself can do 

- In short, planning by the individual gets 
somewhere, but planning by governments, or by bodies 
of national size, gets nowhere in too long a time, and 
interferes with individual plans. 

I had hoped to keep clear of political argument, but 
my chosen title was against me. If one is to express 
honest views, one has to stand up to the tempest of the 
moment, which is trying to bend both philosophy and 
transport to its purpose. The first it cannot touch, 
provided that the philosopher (and we are all philoso- 
phers if we have more than a passing interest in truth) 
decides to stand his ground; but transport may be 
bent, and even broken, if the political depression con- 
tinues its course. Perhaps I may end by quoting a 
philosopher of the Renaissance—Francis Bacon, “ the 
herald of modern thought ”: ‘“ There be three things 
which make a nation great and prosperous—a fertile 
soil, busy workshops, and easy conveyance for men and 
goods from place to place.”” We have the last to-day. 
Shall we have it to-morrow ? 





Sm WALTER PRESTON SCHOLARSHIPS.—Holders of 
Sir Walter Preston Scholarships and Fellowships, which 
are awarded by the Textile Machinery Makers, Limited, 
group of companies at Oldham, have recently been 
awarded degrees at the University of Manchester, 
as follows:—Mr. R. J. Summers, of Manchester, 
has been made a Doctor of Philosophy. B.Sc. degrees _ 
in textile engineering have been awarded, with first- 
class honours, to Miss P. A. Alpe, of Reading, Mr. 
A. M. Fletcher, of Cheadle Hulme, Mr. H. N. Green, 
of Bolton, and Mr. Stanley Hirst, of Chadderton ; with 
second-class honours, to Mr. James Collins, of Black- 
burn, Mr. William Davies, of Oldham, and Mr. Fred 
Farnworth, of Bolton. Mr. W. B. Heginbotham 
been granted a B.Sc. degree, with d-class h s. 
in mechanical engineering. All these scholars have 








accepted posts within the group of companies. 
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NOTES ON NEW BOOKS. 


Outline of Radio. George Newnes Limited, Tower 
House, Southampton-street, Strand, London, W.C.2. 
[Price 21s. net.] 

Tus volume, of nearly 700 pages, has been compiled 
by a team of eight contributors, and describes in simple 
terms the electrical phenomena and principles upon 
which are founded the allied techniques of radio, tele- 
vision and radar. It contains an index and a large 
number of clearly presented sketches and diagrams 
illustrating the construction of basic components as 
well as the layout of typical circuits. © subject 
matter is presented in a semi-popular fashion, appar- 
ently to satisfy a public having little or no technical or 
mathematical background. In the earlier chapters, the 
treatment is very elementary; they describe how 
electricity is produced and measured, and the uses of 
equipment such as resistors, potentiometers, chokes 
and transformers. They also explain how to draw 
simple graphs as might be used to demonstrate Ohm's 
law or the wavelength-frequency relationship. These 
earlier sections could have been usefully curtailed or 
even omitted, since readers without the elementary 
knowledge described therein are unlikely to proceed 
far into the subsequent chapters. These outline the 
operation and function of the valve, and include 
descriptions covering automatic volume control, power 
supplies for radio sets, short-wave techniques, and 
receiver circuits for radio and television, as well as for 
the cathode-ray tube. On the whole, the book makes 
easy reading for those with some knowledge of physics 
or electrical engineering. As befits the title, it con- 
centrates mainly upon general principles, and helps 
to give a clear picture of some common radio techniques 
and their applications. It can be specially recom- 
mended to those who feel they ought, or would like, to 
know something about the subject, but who lack the 
time for serious study. The theoretical sections of the 
book will help those engaged in the radio trade. 


The Theory and Practice of Heat Engines. By D. A. 
WeancHam, M.Sc., M.I.Mech.E. Second edition. 
Cambridge University Press, Bentley House, 200, 
Euston-road, London, N.W.1. [Price 50s. net.]} 


Tue second edition of this book, which was first pub- 
lished in 1942 and was reviewed by us on page 404 of our 
154th volume (1942), has been revised and brought 
up to date with the addition of two chapters on jet 
propulsion and the gas turbine, and the variation in 


specific heats of gases. The chapter on the reciprocat- 
ing steam-engine has been rewritten, and now includes 
a new section dealing with the proportioning of a triple- 
expansion marine engine, reheating, regenerative feed 
heating, and exhaust turbines. In the appendix a 
collection of varied worked examples, including some 
past B.Sc. examination questions, should be valuable 
to engineering students. In most respects, other than 
the correction of some (but not all) of the errors found 
in the original edition, the text has been changed 
but little. One main criticism of the 1942 edition 
still holds, i.e., that the expression (occurring in the 
chapter on compressors) 
n—1 


sirm (2) ° -1] 


represents the area of the indicator card, and not 
necessarily the work done per cycle by the compressor, 
since it takes no account of eddies and friction in the 
gas ; and that no mention is made of Boltzmann’s inter- 
pretation of the physical significance of entropy. The 
book is admirably set out and the illustrations are 
excellent. 


Studies of Weaving and Merging Traffic. A Symposium. 
By F. Houston Wynn, Stewart M. Gourtay and 
Ricnarp I. Srricktanp. Technical No. 4, 
Bureau of Highway Traffic, Yale University, Strath- 
cona Hall, New Haven, Connecticut, U.S.A. 

Tus is the fourth of a series of technical reports issued 

by the Bureau of Highway Traffic, Yale University. 

It consists of three theses by graduate students of the 

Bureau, preceded by a preface by a member of the 

Bureau Staff, Mr. Edmund M. Ricker. In the three 

theses, the theory of probability is used, in conjunction 

with a photographic technique, for recording data on 
the movement of traffic in order to determine the time 
gap required for the intermingling of vehicles from an 
adjacent lane or stream. “ Weaving” is defined as 
the movement of a vehicle from one lane to the next 
adjacent lane, whereas “ merging” is the mancuvre 
in which a vehicle joins a stream of through traffic by 
slipping into an opening from either side, without hav- 
ing to cross opposing traffic. In the first and longest 
of the three theses, “ Weaving Practices on One-Way 

Highways,” by F. Houston Wynn, the weaving move- 

ment of vehicles overtaking other vehicles on a multiple- 

lane one-way road is studied. The length of weaves, 
amount of lateral movement, spacing and speeds of 





vehicles are analysed and some conclusions have been 
drawn on the minimum time required for weaving and 
the table time gap between vehicles. “ Merging 
Traffic Characteristics Applied to Acceleration Lane 
Design,” by Stewart M. Sake, which is the subject 
of the second thesis, is concerned with the merging of 
vehicles into moving traffic streams, both freely and 
where entering traffic is controlled by a stop-sign. 
The results obtained have been considered in relation 
to the design of acceleration lanes. In the third thesis, 
entitled “A Study of Merging Vehicular Traffic 
Movements,” Richard I. Strickland deals with the 
merging of vehicles, under non-stop conditions, at 
round-abouts, by night as well as by day. Accept- 
able time-gaps have been deduced from the results, 
and comparisons with the other two studies are dis- 
cussed ; no significant differences were found in traffic 
behaviour at night or in the day time. These studies 
are only of a preliminary nature and are not likely to 
be of great value to practising engineers. 


Standard Handbook of Industrial Leathers. Edited by 
D. Wooprorrs, M.Sc., A.R.I.C. The National 
Trade Press, Limited, Tower House, Southampton- 
street, London, W.C.2. [Price 25s. net.] 

Tas useful new 300- handbook is intended 
primarily for buyers and users of industrial leathers. 
The book is divided into four sections, the first of which 
covers the production of industrial leathers, and 
includes chapters on rawhides and skins, the general 
principles of leather manufacture, vegetable tanning, 
mineral tannages, the general principles of 
and leather dressing, and the manufacture of specific 
leathers. The second section deals, in detail, with the 
testing and chemical analysis of tanned leathers, 
covering chemical testing, the analysis of chrome 
leather, testing oils and fats extracted from industrial 
leather, physical tests, the testing of specific industrial 
leathers, and tanned leather belting (this chapter 
being a reproduction of British Standard No. 424: 
1931). The applications and maintenance of leather 
in industry are dealt with in the third section, which 
covers flat and round leather belting, textile leathers in 
the wool industry, combing leathers in worsted manu- 
facture, rolling skins or rolling leather for the spinning 
trade, protective clothing, rawhide products (pinions, 
tools and machine parts), gas-meter leathers, and the 
care and maintenance of industrial leathers. The fourth 
section gives information on trade associations and 
includes a glossary of industrial leathers, an alphabetical 
list of leather manufacturers with details of their 
products. A useful adjunct to this section would 
have been an alphabetical list of trade names, for 
while trade names have been listed under their 
manufacturers’ products, it may be to search 
through 30 pages in order to identify the manufac- 
turer of a particular branded product. Over 80 
illustrations are included, of which a large percentage 
are half-tone reproductions. Many of these are of poor 
quality and could well have been omitted, with conse- 
quent reduction in cost. The text is well written and 
attractively set out ; a good index is provided. 


A Metallurgical Study of German Aircraft Engine and 
Airframe Parts. Part II. By the Aero Component 
Sub-Committee of the Technical Advisory Committee 
to the Special and Alloy Steel Committee. The 
Kennedy Press, Limited, 31, King-street West, 
Manchester 3. [Price 10s. 6d. net.] 

Tats book is a companion volume to A Metallurgical 
Study of German and Italian Aircraft Engine and 
Airframe Parts, published in 1943 and reviewed by 
~s on page 342 of our 157th volume (1944). This book 
gives the results of further examinations on German 
engine and aircraft components, containing information 
on the composition and properties of the steels used, 
together with details of the manufacture, heat treat- 
ment, and finishing processes used. In addition, the 
book contains some interesting notes on constructional 
design features of the products examined. The general 
conclusion drawn from these further examinations is 
that changes in the composition of the steels used in 
some of the engine components, notably in crankshafts 
and connecting rods, indicated growing shortages of 
nickel and molybdenum. While, in general, the 
standard of workmanship of most parts was main- 
tained, in some instances there was a tendency to slight 
deterioration in quality and in finish, due to the cutting- 
down of production time by saving machining opera- 
tions. 





OVERHEAD TRANSMISSION NETWORK IN SCOTLAND.— 
Three schemes of the North of Scotland Hydro-Electric 
Board involving the erection of overhead transmission 
lines from Fannich to Boat of Garten, from Fasnakyle to 
Beauly and from Shira to Inverugias, have been confirmed 
by the Secretary of State for Scotland (the Rt. Hon. A. 
Woodburn). Full details are given in White Paper 
publisbed by H.M. Stationery Office, 13a, Castle-street, 
Edinburgh, at the price of 1d. each. 





— 


CATALOGUES. 


Steel Castings.—Messrs. Jarrow Metal Industries, 
Limited, Western-road, Jarrow, have sent us a copy of a 
folder which illustrates and describes steel castings inade 
by them. 


Protective Spectacles.—Messrs. Siebe, Gorman and 
Company, Limited, Tolworth, Surbiton, Surrey, have 
sent us a leafiet describing their “ Vispex”’ one-piece 
spectacles, made of transparent plastic material, for pro- 
tecting the eyes against flying particles, splashes and 
other workshop hazards. 


Lime-Hydration Plant.—A description of plant utilising 
the Knibbs process for lime hydrating is contained in a 
publication issued by the Sturtevant Engineering (om- 
pany, Limited, Southern House, Cannon-street, London, 
E.C.4. Numerous photographs of typical installations 
are reproduced. 


Mercury-in-Steel Thermometers.—A 40-page brochure 
has recently been received from Messrs. Negretti and 
Zambra, Limited, 122, Regent-street, London, W.1, 
containing a detailed description of the firm’s mercury- 
in-steel dial thermometers and temperature recorders 
and of their components, fittings and accessories. 


Corrugated Aluminium Sheet.—A brochure, entitled 
“ Rigidal Corrugated Aluminium Sheet,” has been issued 
by the British Aluminium Company, Limited, Salisbury 
House, London Wall, E.C.2. It gives data regarding 
sheeting for roofing agricultural, residential and indus- 
trial buildings in many parts of the world. 


Oul-Refining and Hardening Plant.—A brochure dealing 
with the refining and hardening, or hydrogenating, of 
edible oils has come to hand from the Power-Gas Corpora- 
tion, Limited, Parkfield Works, Stockton-on-Tees. 
Descriptions of plant used in the production of ground- 
nut, cotton-seed, olive, coconut and other oils are given 
and some neat diagrams and half-tone illustrations of 
plant are included. 


Non-Ferrous Metals.—Messrs. Henry Righton and 
Company, Limited, 97, St. John-street, London, E.C.1, 
have published a booklet giving a detailed list of the 
wrought non-ferrous metals stocked by them, which 
include sheet, rod and strip of brass, copper, gunmetal, 
gilding metal, phosphor bronze and other materials. 
Some useful weight-per-foot, decimal-equivalent and 
other tables are included. 


Aluminium Conduit and Fittings.—A pamphlet issued 
by The Aluminium Development Association, 33, 
Grosvenor-street, London, W.1, outlines the advantages 
of aluminium alloys for electrical conduit and fittings, 
and gives a list of the alloys recommended for these 
purposes. It also contains some notes on the pre- 
cautions to be taken during installation to ensure good 
electrical contacts and avoid corrosion, 


Hot-Rolled Strip.—The United Steel Companies, 
Limited, 17, Westbourne-road, Sheffield, 10, have 
sent us a brochure prepared on behalf of their subsidiary 
company, United Strip and Bar Mills, The Ickles, Shef- 
field. It deals with the production of hot-rolled strip 
from the ingot to the finished coiled product. Much 
interesting and useful information is included in the 
text, with numerous illustrations. 


Aluminium Sections and Building Sheets.—The North- 
ern Aluminium Company, Limited, Banbury, Oxfordshire, 
have issued illustrated leaflets showing some of the 
numerous extruded aluminium sections they produce and 
summarising the technical advantages of their corrugated 
aluminium sheets. The variety of shapes of cross section 
obtainable by extrusion and the durability and thermal- 
insulation properties of aluminium corrugated roofing 
sheets are stressed. 


Special Alloy and Tool Steels.—A cloth-bound book, of 
136 pages, has been issued jointly by the two Sheffield 
firms, Messrs. William Jessop and Sons, Limited, Bright- 
side Works, and Messrs. J. J. Saville and Company, 
Limited, Triumph Works. For many years these two 
companies have worked in close association and, for more 
than a decade, there has been a virtual fusion of their 
interests. The book contains detailed particulars of the 
Jessop-Saville special alloy and tool steels. In all cases, 
the brand and type of the steel is quoted, and the nominal 
composition, typical properties, forging range, heat- 
treatment, salient features and typical uses are stated. 


Synthetic-Resin Adhesives.—We have received from 
Messrs. British Resin Products, Limited, 21, St. James’s- 
square, London, 8.W.1, their technical publication 
“ Cellobond Synthetic Resin Adhesives, B.R.P. Technical 
Booklet No. 10.” This booklet provides a complete 
guide to the range of Cellobond synthetic resins, hard- 
eners, and adhesives. A series of loose instruction 
leaflets is included in a pocket on the back cover. 
Primarily intended for the bonding of wood, Cellobond 
adhesives can also be used for the bonding of fabric 
and paper-based laminated board, expanded materials, 
sand cores, and improving the strength of starch paste 
and plaster of Paris. 
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VIBRATED CONCRETE.* 
By D. A. Srewart, A.M.I.C.E. 


Durine the first few years of this century, 
Duit A. Abrams carried out a large amount of re- 
search on concrete and succeeded in establishing the 
law relating the water/cement ratio to its ultimate 
strength when fully compacted. It is surely a sad 
reflection on the ability of the engineering profession 
to appreciate the value of such research when it is 
realised that, over 40 years after the establishment 
of this important relationship, many specifications 
which purport to control the quality of the finished 
concrete make no mention of the quantity of water 
to be contained in the mix. It is to be hoped that 
the same indifference will not be shown in regard to 
the research which has been accomplished, and is 
still being pursued, into the effects of vibration 
on concrete. 

In 1910, Abrams commented on the beneficial 
effect of even slight vibration on the compaction 
of concretes. It was not until the latter part of 
the 1920’s, however, that more exact observations 
were undertaken. Even then, little attention was 
paid to the effect of frequency, amplitude or accelera- 
tion of the vibration. This aspect of the subject 
was specifically investigated during 1935 and 1936 
by the Building Research Station, and by the 
author at Battersea Polytechnic.t Meanwhile, in 
America, France, Germany and elsewhere, research 
and development work covering many aspects of 
the subject was in progress. In France, Freyssinet, 
by a joint process of vibration and compression, 





left a great deal of unexplored, or at least uncharted, 
territory pertaining to work cast in situ. This, for 
obvious reasons, is a difficult field of activity to 
investigate, but a review of the knowledge gained 
on the precast side of the subject may be of 
assistanee. Briefly, research has shown that the 
compaction of precast concrete can be improved by 
the application of appreciable vibration, irrespective 
of the waveform, frequency or acceleration, within 
wide limits. The following results should be noted. 

(1) The lower frequencies (1,500 to 4,000 vibra- 
tions per minute) produce more rapid initial compac- 
tion of most mixes, whether lean or rich, dry or wet. 

(2) The higher frequencies (4,000 to 8,000) give 
improved densities and strengths, over the lower 
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had produced a concrete which, in a few hours, by 
the aid of steam curing, attained a compressive 
strength of 20,000 Ib. per square inch. In Germany, 
the compacting of road slabs was being investigated 
with elaborate detail. Witley, in America, reported 
on the bond between new and old concrete as effected 
by vibration. Professor Fisher Cassie published the 
results of his research, at the University of Illinois, 
into the bond resistance of high strength and 
vibrated concretes in 1935. This work was later 
confirmed and enlarged upon by Dr. F. G. Thomas, 
working at the Building Research Station. 

The work carried out between 1930 and 1940 
certainly represented a big advance in the know- 
ledge of vibration as applied to precasting, but still 





* This article is based on a series of four lectures, 
forming the fifth annual course of lectures on “ Topical 
Civil Engineering Problems,” delivered by the author 
in the Department of Civil Engineering, King’s College, 
University of Durham, in November and December, 1948. 
t Jl. Inst. C.E., March, 1937. 
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frequencies, for mix proportions between 1:4 to 
1:7 with the water/cement ratio varying between 
0-39 and 0-6. 

(3) With vibration compaction of a constant 
intensity and character, a very small change in the 
water/cement ratio, at the drier end of the scale, 
will make a large difference in the time required for 
consolidation. 

(4) For mixes of proportions in common use, 
1:5 and 1:7}, the grading is of considerable 
importance, particularly in regard to sand content, 
an excess of sand usually having the effect of 
holding air voids and lowering the resistance of the 
green casting to deformation. 

(5) For any given mix and grading, there appears 
to be a critical water content, that may be expressed 
as a water/cement ratio, at which the frequency of 
vibration is of little importance. 

(6) At low or high water/cement ratios, parti- 
cular frequencies appear to be more effective than 
others. 


(7) The peculiarities noted in (5) and (6) can be 
produced by changing the maximum size of aggre- 
gate while maintaining the water/cement ratio 
constant. 

(8) For any mix there is a critical value of 
acceleration, after which any increase in accelera- 
tion has little effect on the density or ultimate 
strength of the concrete; though, on the other 
hand, excessive acceleration may cause disruption. 

(9) The size of the air voids appears to depend to 
some extent upon the frequency of vibration, the 
diameter of the voids decreasing from about 4 in. 
at 3,000 vibrations per minute to x in. at 12,000. 

In view of the present tendency towards high- 
strength concrete, it should be noted that very 
rich mixes having a particular water/cement ratio 
may have a lower strength than a leaner mix having 
an equal ratio; this occurs when the rich mix 
becomes very wet. Prolonged vibration when 
applied to wet mixes has a beneficial effect in that 
it reduces the water/cement ratio by throwing out 
excess water ; this results in increased strength. 

By the vibration compaction of dry mixes, the 
following improvements may be expected: the 
crushing strength increases; the shrinkage is 
reduced ; the creep is reduced; the modulus of 
elasticity increases; the modulus of rupture in- 
creases ; and the bond between steel and concrete 
is improved. The values of all these characteristics 
may be found in the published results of research. 

Turning now to the relationships existing between 
frequency, acceleration and amplitude. These three 
quantities, when associated in simple harmonic 
motion, are related by the fundamental equation : 


a= w Rain wt, 


where a= acceleration, R= amplitude, and 
w = 2x frequency. Displacement = R sin wt at 
any instant ; velocity = w R cos wt; and accelera- 
tion = w* Rsin wt. For this purpose, the acceleration 
can be regarded as in phase with the displacement 
curve while the velocity curve is 90 deg. out of 
phase with both. This phase displacement is of 
some importance when it is considered how com- 
paction is brought about, the line of action of the 
harmonic force being parallel with that of gravity. 

An examination of the effect of phase displace- 
ment between velocity and acceleration is most 
easily effected if the velocity curve for simple 
harmonic motion is superimposed on the accelera- 
tion curve ; it is evident at once that, as the accelera- 
tion increases, the velocity is decreasing. Now if 
it be assumed that the maximum acceleration is 4g, 
it is possible to determine the instants during any 
“ period ” T at which the acceleration is equal to 
that due to gravity. It will be seen that, at these 
instants, the value of velocity is quite large and 
hence the kinetic energy of the particles is also 
large. 

Consider a particle in the mix, having an accelera- 
tion which varies harmonically between the values 
+ 4g and — 4g (see Fig. 1, herewith). It will be 
seen that, during the period T, the value of the 
acceleration will reach that of gravity on four 
occasions. On two of these occasions, marked A 
and B, the condition of the particle will be that of a 
body falling freely, and therefore it will not exert a 
downward pressure. At these two instants, the 
velocity of the particle is almost a maximum and, 
since the kinetic energy is proportional to v*, this 
also is almost amaximum. This energy is available, 
therefore, to overcome friction between the particles 
and may be dissipated also by impact with other 
particles. The general effect, and the one of greatest 
interest from the practical standpoint, is that the 
energy, in being dissipated, produces re-orientation 
and packing of the particles, thus reducing the 
voids and expressing surplus water, with some 
cement and fines. This means, in effect, an increase 
in workability arising during each cycle, but 
probably at a declining rate as compaction proceeds. 
It must not be thought that the phenomena, just 
described, continues uniformly throughout the 
entire period of compaction; neither does it take 
place at all points in the concrete at the same time. 
As with many other happenings associated with the 
process of compaction, it can be classed as one of a 
number of transient phenomena. 





When the behaviour of internal vibrators is 
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studied, it is evident that some readjustment of the 
argument will be required owing to the changed line 
of action of the vibration, which is usually between 
45 and 90 deg. to that of gravity. It is probable 
that, for any given frequency of vibration and worka- 
bility of concrete, a higher value of acceleration will 
be required of internal vibrators if the same degree 
of compaction is required in the same time as that 
produced by vertical vibration as in precasting. 

The general effect of vibration, whether it is 
parallel with or at 90 deg. to the line of action of 
gravity, is to increase the fluidity of the concrete. 
This is brought about by the temporary increase in 
volume caused by the oscillation of the particles 
comprising the mix. In favourable conditions this 
expansion is easily observable, particularly if the 
acceleration is large and the volume of concrete 
small as, for instance, in a mould of 4 in. or 6 in. 
cube. This expansion is associated with the rapid 
movement of the particles and is analagous to the 
increased molecular activity which occurs in a gas on 
heating. At the same time, the inter-face friction 
between particles varies in a sinusoidal manner, as 
already stated. 

This variation of friction, accompanied by the 
cyclic activity of the particles, brings about what 
may be described as a selective packing of the aggre- 
gates and cement grains. As this packing proceeds, 
the water, being the most fluid part of the mix, is 
forced into the areas of least density. These areas 
occur at the vertical and horizontal surfaces or at 
points of maximum activity. From the practical 
point of view, this collection of the water is of 
great importance and, except where the point of 
collection happens to be the filling surface, it may 
be regarded as something to be avoided. Instances 
of undesirable locations of water concentration are 
at the interface of concrete and formwork when 
external vibration is being applied; about the 
point of insertion of an internal vibrator; and at 
the contact surface of reinforcement and concrete. 
This latter condition is brought about when a vibra- 
tor comes into contact with the reinforcement or 
with a shutter bolt on which a bar may be resting. 

Consider once again the process of consolidation. 
It has been shown that the mix is in a state of 
agitation due to the vibration. This agitation is 
not uniform throughout the mix, but can be shown 
to depend in magnitude upon the size of the particles. 
If these particles are assumed to be spheres, then 
the mass of each will be proportional to the cube 
of the radius of each, whereas the surface, upon 
which the friction will depend, is in proportion to 
the square of the radius of each. Therefore, as 
much of the motion must be transmitted by friction, 
particularly in respect of the coarse aggregate, it is 
evident that the smaller and lighter particles will 
be the most active, while the largest spheres will 
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be practically inert. From mathematical considera- 
tion it is also probable that, in a vibrating column, 
the phase of vibration changes as the distance from 
the source of disturbance increases. This would 
explain certain phenomena which occur when 
mortars are subject to appreciable vibration ; it 
has been noticed that the specimen under observa- 
tion behaves as if the upper surface develo an 
upward displacement at the time that the table 
and base of the specimen are travelling in the 
opposite direction. This differential movement is 
balanced out at some point between the top and 
bottom, and, at this neutral zone, the displacement, 
being nil vertically, becomes a maximum horizon- 
tally, giving the mortar cylinder a waist. The whole 
action is sinusoidal in character and so the mortar 
behaves as a pump; as such, it is most energetic in 
its action, air being sucked into and blown out 
between the mortar and the sides of the mould. 

It is probable that, during the process of com- 
pacting, bands or zones of opposed phase activity 
pass up through the mix and, since the density of 
the zones must be less than that of the mix immedi- 
ately above and below, they may act as c Ilection 
areas for both expressed air and water, which are 
gradually brought to the surface. As has been said, 
these changes in the mix are transient and, in conse- 
quence, are very difficult to examine and analyse. 





This being the case, there seems little likelihood 
that any fully satisfying mathematical explanation 
will be given of the behaviour of concretes under 
vibration. 

Turning now from theoretical considerations to 
experimental results, which, while being of consider- 
able academic interest, also possess the virtue of 
having a practical value. When a very wet concrete is 
placed in a mould, rodded in and left to set, it will 
be observed that a considerable quantity of clear 
water appears on the surface. This is a form of 
segregation which is beneficial rather than otherwise, 
as it indicates a decrease in the water/cement ratio. 
The application of vibration to a somewhat drier 
mix would produce an equally copious expulsion 
of water, no doubt accompanied by a certain amount 
of fines and cement. Some take the stand that this 
is segregation, produced by excessive vibration ; 
on the other hand, might it not be bad mix design, 
the mix, on compaction, being unable to contain 
the whole of the sand, cement and water ? 

To examine the behaviour of concrete subjected 
to prolonged vibration, a mix was made up having 
the proportions of 1:6 and a 0-52 water/cement 
ratio. Vibration was started, and concrete was 
added until the mortar and slurry began to run over 
the mould sides. When this loss ceased, further 
concrete was added until no more of the coarse 
aggregate could be absorbed into the cube. The 
mix was then analysed and the finished proportion 
was found to be 1:7-3. The water/cement ratio 
had improved to approximately 0-49. This indi- 
cates that prolonged vibration and adjusted segre- 
gation are beneficial in certain instances. As a 
result of this test, a new mix was made up, having 
the proportion 1:7 and 0-49 water/cement ratio, 
the gradings being as before. On vibration, this 
mix compacted satisfactorily and showed no signs 
of segregation. 

This behaviour of concrete when vibrated, sug- 
gests that there are two states to consider: one, in 
which the concrete is compacted, and the other, 
in which it is consolidated. The difference between 
these two states is that compacted concrete contains 
large aggregates embedded in a matrix of mortar, 
and all its ingredients remain in the original propor- 
tions when brought to its maximum density ; where- 
as consolidated concrete consists of a quantity of 
coarse aggregate, so closely packed that each 
touches its neighbour, the voids being filled with 
mortar so as to give a smooth and even surface 
when maximum density is reached. When surface 
vibration is further developed, this matter of consoli- 
dation will become important. 

The placing of concrete may be divided under 
three main heads, namely, cast in-situ work, taking 
the form of columns, walls, floors and roofs ; mass 
cast in-situ concrete, including pavements, rafts, 
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foundations and dams ; and precast concrete, includ- 
ing bridge spans up to 300 ft. The plant employed 
on these three aspects of concreting is, to a con- 
siderable extent, interchangeable ; this is particu- 
larly so in regard to the first and third. Some 
attempts have also been made to adapt vibrators 
in general use for cast in-situ work, to the compac- 
tion of road slabs; but the results are not good, 
neither are the vibrators designed to provide the 
large output demanded in compacting large areas of 
the low-workability concrete dictated by up-to-date 
practice. Two types of vibrator, internal and ex- 
ternal, are most commonly used to compact concrete 
cast in situ. As a rule, one or other is exclusively em- | 
ployed, but occasionally, when conditions of placing 
are particularly difficult, both internal and external 
vibration may be employed advantageously at the 
same time. 

Internal vibrators usually consist of a tube, 14 in. 
to 2 in. or more in diameter, within which a mass is 
rotated at a fixed eccentricity in respect of its shaft, 
which is supported rigidly by two or more bearings. 
_ These vibrators may have the driving motor 
mounted as an integral part of the external casing, 
as in the example shown in Fig. 2, on page 145, or 
the motor may be remote from the vibrator and 
coupled to it by a flexible shaft. In this country, 
as a rule, the motive power is electrical or supplied 
by a petrol engine, but compressed air is quite 
extensively used abroad, in which case an air turbine 
is fitted in place of the electric motor. Petrol 
engines, when used, are connected eto the vibrators 
by @ flexible drive. The employment of air neces- 
sitates the duplicating of tubing at the turbine, one 
tube carrying off the waste air which otherwise 
might be blown into the concrete. The internal 
vibrators vary in power and frequency, ranging from 
3,000 to 9,000 vibrations per minute, and are 
driven by motors of 0-75 h.p. up to 7-5 h.p. 

Three methods are adopted in producing the 
vibrations. The first of these is a simple out-of- 
balance mass, rotating between bearings. The 
second method is to use a mass located on the end 
of a rotating shaft, cantilevered out from a self- 
aligning bearing or a pair of rigid bearings Because 
of the speed of rotation, the shaft whips, making 
the mass run eccentrically and so producing a strong 
Vibration. In the Winget type of vibrator, shown in 
Figs. 3 and 4, page 145, the mass is cup-shaped, the 
inner edge of the cup running round a central pin 
having a diameter one-third of the internal diameter 
of the cup. This arrangement is said'to treble the 
frequency of vibration, while allowing the driving 
shaft to run at such a speed as to reduce stress 
and wear on the bearings. It would seem, how- 
ever, that this method of increasing the frequency 
has the effect of producing a type of three-phase 
Vibration in which a point of maximum accelera- 





ion is reached every 120 deg. Thirdly, a mass 
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is located as in the second case, but so arranged 
that, in rotating, it comes into contact with a number 
of cams or projections on the housing tube. It is 
said that this vibrator, when in operation, reaches a 
frequency of 30,000 impacts per minute, giving 
accelerations of up to 100 g. At frequencies and 
accelerations of this order, the wear of parts and the 
accompanying high stresses involved cannot be 
dealt with easily in the design and manufacture of 
such plant. : 

There are, unfortunately, no data available as to 
the rate of compacting that may be expected from 
any of these tools ; in any case, this must depend 
on anumber of conditions, some of which may be 
outside the engineer’s control. It seems, however, 
that experience favours the use of the higher-fre- 
quency range of vibration. This is justifiable in 
view of the use of wetter mixes in the bulk of 
in situ work where, in most cases, the compacting 
factor will be between 0-85 and 0-95, or approxi- 
mately a concrete of 2 in. to 5 in. slump. Mixes 
as workable as these may be segregated quite easily 
by prolonged vibration. Also, if the vibrator is 
used as a distributing device, the coarse aggregate 
sinks, leaving what amounts to surplus mortar to 
flow away from the main mass of newly placed 
concrete. 

Internal vibrators should be kept away from 
reinforcement, as, when this is strongly vibrated, it 
forces the heavier elements in the mix away from it 
and in their place collects water, fines and cement. 
This does not assist the development of bond 
strength. The same care should be taken to avoid 
bringing the vibrator into contact with the shutter- 
ing, especially if this is of timber, since, apart from 
producing a surface which will lack uniformity of 
texture and will ultimately craze, the impact of the 
vibrator may easily bruise or chafe the boards and 
so produce an unsightly finish. 

Portable external vibrators, or form vibrators, 
usually consist of small induction motors, taking 
either single-phase or three-phase current direct 
from the mains or through a step-down transformer. 
Their power varies between 0-2 h.p. to about 
0-75 h.p. and the speed of rotation is slightly less 
than 3,000 r.p.m. A typical vibrator of this kind, 
the Sinex, is illustrated in Fig. 5, opposite, which 
aiso shows the U-bracket and pin commonly used 
as the attachment. The vibration is produced by an 
eccentric mass fixed to the rotor shaft, the reaction 
being taken on the bearings. These vibrators can- 
not be synchronised, because their bearing frictions 
are not consistent and hence, when two or more are 
operating on one piece of formwork, a beat fre- 
quency usually develops. It is a common practice 
to run the vibrators in opposite directions when 
working them in pairs, because the beat then 














becomes less obvious. The vibrators are attached 
to in situ formwork and precasting moulds by @ 
screw clamp or a simple cotter-pin arrangement, 
one part of which is permanently attached to the 
form. As the eccentricity of the mass rotated and 
the speed of rotation are. fixed, the acceleration 
imparted to the concrete depends upon the relative 
values of the two masses. In practice, there is a 
great tendency to expect these vibrators to be as 
effective in compacting 20 lb. of concrete as a couple 
of tons, which, of course, is illogical. Fig. 6, oppo- 
site, shows an external vibrator in position on the 
foot of a column. 

Another form of vibrator, largely employed in 
other industries but not often seen applied to con- 
crete in this country in connection with in situ 
work, is the electromagnetic synchronised vibrator. 
This consists in principle of a laminated magnetic 
yoke, held in a robust housing and energised by 
a coil of wire. The magnet thus formed attracts 
intermittently a laminated armature which is 
located and supported on helical or flat steel 
springs, designed to resonate at a frequency of 
3,000 cycles per minute ; that is to say, at the fre- 
quency of the electrical supply. The coil of the 
vibrator is supplied through a half-wave rectifier and 
a controlling rheostat, which allows for a wide range 
of variation in the amplitude of vibration. A 
typical electromagnetic vibrator, the Syntron, is 
illustrated in Fig. 7, opposite. 

It will be seen that, as the action of the vibrators 
is induced by the rise and fall of the voltage of the 
supply, all vibrators of this type must synchronise 
as regards frequency and phase. This is a great 
advantage when arranging the distribution of 
vibrators over formwork as it allows of a wider 
spacing and hence a more efficient use of them. 
The vibrators, being designed to operate at a resonant 
frequency, are highly efficient machines as can be 
seen from the accompanying curve, Fig. 8, showing 
the input in watts, including all electrical and mech- 
anical losses, to give various masses a maximum 
acceleration of 4g at 100 cycles per second. For an 
input of 26-5 watts or 0-0354 h.p., 100 Ib. can be 
oscillated at the above frequency and acceleration. 
This low power/weight ratio is only true when the 
mass oscillated has the physical properties of a solid. 
Concrete does not behave as a solid until it has set 
and, therefore, when vibration is applied to it by 
one of these vibrators, it has a very marked damping 
effect ; hence the maintenance of a given accelera- 
tion or amplitude requires an increased energy 
consumption. This is only to be expected, as it is 
this additional energy, or at least part of it, that 
brings about the compaction of the concrete. 

Small pneumatic vibrators are also used on 
shuttering and for compacting road slabs. They 
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‘consist of an air-operated hammer running at 
frequencies of 1,200 to 5,000 impulses per minute, 
depending on their size and purpose. These tools 
are popular on sites, because compressed air is 
usually more easily available than electricity. 
Their main drawback is their low efficiency, and a 
tendency to damage shuttering or forms. Very 
good results have been obtained with them in form- 
ing road slabs, which, after treatment, show a high 
degree of consolidation. This application is illus- 
trated in Fig.9,on page 147, which shows 2-in. granite 
being vibrated into a surface of gravel concrete. 

Surface vibration is usually applied to mass- 
concrete rafts, road slabs and, in some cases, to 
reinforced floors. The machines used for this 
purpose are sometimes calléd pan vibrators and 
consist of a rotary, pneumatic or magnetic vibrator 
attached to a plate or beam which has been specially 
stiffened with the object of transmitting the vibra- 
tion uniformly over the surface in contact with the 
concrete. The plate or beam is provided with suit- 
ably placed handles, so that it may be laid on the 
newly placed concrete to compact it or drawn over 
the surface to give a trowelled finish. A develop- 
ment of this type of vibrator is quite a common 
sight where aircraft runways are under construction. 
These large machines are fully mechanised, weighing 
up to 5$ tons and are capable of compacting suitably 
workable concrete to a depth of 12 in. at 2 to 3 ft. 
per minute on a formation 15 ft. wide. The 
machines are fairly costly—from 2,000/. to 2,5001. 
each—and can only be justified on large contracts, 
as the auxiliary plant required to feed them, such 
as mixers, dumpers and spreaders, must cope with 
up to 3 tons per minute at the maximum rate of 
compacting. 

The operating frequency of these machines is 
between 3,000 and 4,500 vibrations per minute, the 
amplitude ranging from 0-010 to 0-025 in. It will 
be found that each machine requires a concrete of a 
specific consistency if it is to leave the concrete 
well compacted and with a uniform finish. This 
demands a certain amount of carefully conducted 
experimental work at the commencement of any 
contract where a fresh aggregate or a new vibrating 
machine is to be employed. Once a suitable mix 
has been established, great care must be taken 
to ensure the required consistency throughout the 
contract. This can only be accomplished by 
ensuring a close control of aggregates, grading, 
proportioning, water content, mixing technique, 
transporting, dumping and spreading. 

Spreading is a most important operation, upon 
the uniformity of which depends the worth of the 
finished slab. The function of the spreader is to 
produce an evenly distributed bed of concrete of 
uniform density. Failure in this respect will result 
in uneven compaction and a patchy irregular surface. 
Uneven density in the newly spread concrete is not 
necessarily the fault of the spreader, but may arise 
from the method of dumping the mix before spread- 
ing. Fig. 10, on page 147, shows the effect on the 
spread density of the concrete of dumping two loads 
side by side on the formation. When the vibrator 
passes over this section of concrete, maximum com- 
paction takes place more quickly above the points 
where the depth of hatching, in Fig. 10, is greatest, 
and hence the vibrating beam, experiencing a large 
reaction at these points, is unable to consolidate 
the concrete between to an equal extent. 

(To be continued.) 





BRUNSWICK BRIDGE, GrorcGia, U.S.A.—<According to 
the Engineering News-Record of July 7, 1949, the largest 
movable-span bridge in Georgia, U.S.A., is now under 
construction over the Turtle River at Brunswick. The 
overall length is 4,470 ft., the width 61 ft.; and a four- 
lane roadway will be provided with a median strip and 
sidewalks. The lifting span is 264 ft. in length. 





LONDON TO MALTA AIR-SPEED RECORD.—The pilots 
of four Hawker Sea Fury aircraft claim to have estab- 
lished, on July 19, an official speed record for the flight 
from London to Malta by completing the 1,300 miles 
journey in just under 3 hours 23 minutes, an average 
speed of approximately 387 miles an hour. The aircraft 
were standard machines and were being flown to Malta 
as part of the usual replacement programme. The Sea 


Fury is fitted with a Bristol Centaurus 18 sleeve-valve 
radial engine and is in general service with the Royal 
Navy as a single-seat fleet fighter. 


LITERATURE. 


Tables of Scattering Functions for Spherical Particles. 
National Bureau of Standards Applied Mathematics 
Series, No. 4. The Superintendent of Documents, 
United States Government Printing Office, Washing- 
ton 25, D.C., U.S.A. [Price 45 cents.] 

In his foreword to these tables, Professor J. A. 
Stratton provides an historical résumé of the 
investigations into the scattering of light by small 
particles. Tyndall’s experimental demonstration 
of the relation of particle size to the intensity and 
polarisation of the scattered light stimulated Lord 
Rayleigh’s theoretical study of the problems raised, 
in a series of papers between 1871 and 1899. In 
1908, Gustav Mie, in a fundamental memoir contri- 
buted to the Annalen der Physik, treated the com- 
plete problem of the diffraction of a plane harmonic 
wave by a sphere of any composition from the 
standpoint of the classical electromagnetic theory, 
and the equations he derived form the basis of the 
numerical data here tabulated. Mie showed that 
the lowest mode of oscillation corresponds to an 
electric dipole and that, if the ratio of the particle 
diameter to the wavelength of the incident light is 
sufficiently small, this term alone is of appreciable 
magnitude and accounts for the Rayleigh radiation. 
As this ratio increases, additional terms in the 
series assume importance. Physical interest centres 
on the intensity of the diffracted light along an 
assigned direction and on the tctal energy scattered 
per second by the particle. The Poynting vector 
gives the intensity in any direction and its value 
will depend on the polarisation of the incident light. 
In the usual case of fogs or colloidal suspensions, 
the average distance between particles is large in 
comparison with the wavelength. As no coherent 
phase relations then exist between the light waves 
scattered by t! « different particles, the total energy 
scattered per unit volume is proportional to the 
particle concentration. Measurements of the atten- 
uation of the incident beam under these conditions 
enable both the concentration and the diameter of 
the particles concerned to be ascertained. 

In Part I, the angular distribution functions, 
#, and ¢,, are proportional to the intensities of the 
two incoherent plane-polarised components scattered 
by a transparent particle illuminated with natural 
light. The component ¢, has its electric vector 
perpendicular to the plane containing the direction 
of observation and the direction of propagation of 
the incident light, while i, is polarised at right 
angles to 4, Consecutive values of « (the circum- 
ference of the spherical particle divided by the 
wavelength of the light) were chosen between 
0-5 and 6-0, such that the ratio between them is 
1-2 (the wavelength ratio of red to green light), 
The table covers values of the refractive index of 
the particle relative to the medium of 1-33, 1-44, 
1-55 and 2-0, and values of the angle between the 
direction of propagation of the scattered light and 
the reversed direction of propagation of the incident 
light over the range 0 deg. (10 deg.) 180 deg. 
From the tabular entries, the total light scattered 
by a particle illuminated at unit intensity by 
radiation of a specified wavelength can be computed. 
In Part II, the total scattering coefficient, defined 
as the total energy scattered per second per unit 
cross-sectional area of particle (illuminated at unit 
intensity) is given for a transparent material of 
refractive index 1-5 over a range of values of a, 
chosen as before, but extending from 0-5 to 12-0. 

From Part ITI, the total scattering (and absorbing) 
coefficient may be obtained for absorbing materials 
with extinction coefficients varying from 0 to 0-1 
and having real refractive indices within the range 
1-44 to 1-55. The size and concentration of the 
corresponding particles can then be deduced from 
measurements of the transmission at a known 
wavelength. In Part IV, the tables have been 
extended to certain values of complex arguments 
to cover a situation arising in microwave radar. 
The echoes picked up on radar sets, working on 
wavelengths of 10 cm. and under, from a screen 
of raindrops, represent a particular case of the 
scattering problem in which the scattering angle is 
180 deg. It is within this region, however, that 





dispersion of liquid water sets in, so that the 








refractive index becomes complex and is a function 
of wavelength. The scattering functions of complex 
arguments here tabulated correspond to a wave. 
length range from 10 cm. to 3 mm., and are based 
on dispersion measurements made by J. A. Saxon 
of the National Physical Laboratory. The con- 
siderable labour that has gone into the preparation 
of these tables will be appreciated by all who are 
concerned with the quantitative aspects of the 
phenomena of light scattering in the fields of 
physics, chemistry and biology. 





Elasticity and Anelasticity of Metals. By CLARENCE M, 
ZENER. The University of Chicago Press, Chicago 37, 
Illinois, U.S.A. [Price 4 dols.]; and Cambridge 
University Press, Bentley House, 220, Euston-road, 
London, N.W.1. [Price 22s. 6d. net.] 

Tr has long been recognised that, in all probability, 
no material is perfectly elastic. Sixty years ago, 
Ewing, experimenting on long wires, found that 
neither the loading nor the unloading curves were 
straight lines, although the stresses were well 
within the proportional limit as ordinarily defined ; 
and, further, that the unloading curve was different 
in shape from the loading curve, the strain lagging 
behind the stress during both loading and unloading. 
Thus, the stress-strain diagram is a closed curve. 
It is rather unfortunate, perhaps, that the term 
‘“‘elastic hysteresis”’ should have been used to 
describe the’ phenomenon noticed by Ewing, because 
subsequent investigations have shown that elastic 
after-working, viscosity, plasticity, fatigue, and the 
rate of change of strain also are properties which 
indicate hysteresis, in the general sense of the word. 
They all imply a dependence of the instantaneous 
state of the material upon its previous history as 
well as upon the instantaneous conditions. As the 
interpretation of these phenomena in terms of the 
micro-structure of metals is of quite recent origin, 
students of the subject should welcome Mr. Zener’s 
work on the non-elastic behaviour of metals in 
conditions of low stress. Here the term “ anelasti- 
city ” has been appropriated to denote that property 
of metals by virtue of which the stress and strain 
are not single-valued functions of one another within 
the range of stress defined above. 

The book consists of two parts, in tne first of which 
the author discusses the elastic properties of metals 
with special reference to the effect of crystal sym- 
metry. On this basis, it is possible to study the 
relation between the elastic constants on the one 
hand, and the structure on the other; and also the 
effect of temperature on the elastic constants of a 
crystalline material. These considerations have 
much to do with the elasticity of a crystallographic- 
ally perfect element of metal, of about one hundred 
unit cells to an edge, which is assumed not to suffer 
plastic deformation or fracture until the stress 
exceeds the theoretical limit. In these circum- 
stances, therefore, plastic deformation occurs 
only when the element passes from one configuration 
of minimum energy to another by a homogeneous 
strain. Part 2, which occupies two-thirds of the 
160 pages in the book, is devoted to the anelasticity 
of metals, the main headings being formal theory, 
measurement of relaxation spectrum, and the 
physical interpretation of anelasticity. In the 
discussion of the last of these topics, the author 
displays a commendably wide knowledge of the 
subject, both theoretical and experimental, in which 
such details as grain boundaries and the size of 
twin crystals receive due consideration. On this 
account, the treatment is likely to appeal most to 
physical chemists with a previous knowledge of the 
subject. It is doubtful whether it will make easy 
reading for metallurgists. For all students within 
this circle, the book suffers from a rather serious 
defect, namely, a want of cohesion between the 
mathematics and the general subject. In many 
places, Mr. Zener introduces an equation without 
any explanation of its derivation, so that the implied 
assumptions must be traced from other sources of 
reference. This is a matter for regret, as much of 
the treatment covers new ground in the study of 
metals which, sooner or later, must be brought, 
within the ambit of engineers, who will require to 
know the assumptions in order that the theory maf 
be properly applied in practical problems. A more 
complete index is much to be desired. 














_ AUG. 12, _1949._ 





ENGINEERING. 








AVRO 


“ SHACKLETON ” 











RECONNAISSANCE AIRCRAFT. 


MESSRS. A. V. ROE AND COMPANY, LIMITED, MANCHESTER. 














ENGINEERING 





THE AVRO-SHACKLETON RECON- 
NAISSANCE AND STRIKE AIRCRAFT. 


THE protot: of a new aircraft, the Shackleton, 
made its initial flight on March 9. The aircraft was 
designed and built by Messrs. A. V. Roe and Company, 
Limited, Middleton, Manchester, and is intended for 
use by Coastal Command of the Royal Air Force. It 
has been designed specifically for reconnaissance duties, 
which will inelude shadowing and striking at both 
underwater and surface craft; as a consequence, it 
will be flown mainly at medium and low altitudes. 
The prototype aircraft is illustrated in Fig. 1, on this 
page, from which it will be seen that it is a mid-wing 
machine resembling in many respects the Lancaster 
and Lincoln heavy bombers. The Shackleton, how- 
ever, is still on the secret list, so it will only be possible 
to give brief details. 

The general design of the aircraft follows orthodox 

actice, the main plane, as previously mentioned, 
sen in the mid position, while the twin fins and 
rudders are fitted to the extremities of a tail plane set 
high in the fuselage. It is fitted with four Rolls-Royce 
Griffon engines arranged to drive de Havilland six- 
blade contra-rotating propellers, the four engines 
developing a total of nearly 10,000 h.p.; it is, there- 
fore, the most powerful piston-engine aircraft in the 
Royal Air Force. As will be seen from the illustration, 
it is fitted with a conventional tail-wheel type of under- 
carriage. This design was chosen in order to obtain 
the maximum space in the forward part of the aircraft 
for operational equipment and it provides an excep- 
tionally good position for the radar scanning unit, 
which is situated in the dome under the nose of the 
fuselage. This type of undercarriage also gives good 
stowage arrangements for bombs, depth charges, etc., 
the bomb compartment occupying the full width of the 
fuselage and extending from the radar dome to a point 
several feet aft of the trailing edge of the main plane. 

The machine has a span of 120 ft., a length of 
77 ft. 6 in., and a height of 17 ft. 6 in. It is fitted out 
for flying in all weather conditions and in order to 
reduce the formation of ice, fluid de-icing equipment is 
fitted to the main and tail planes, the fins and pro- 
pellers, the bomb-aimers’ window, and the pilot’s 
screen, the last-named item also being fitted with a 
wiper. The machine is well armed, two forward-firing 
20-mm. cannons being mounted in remotely-controlled 
barbettes on each side of the nose, while two 20-mm. 
cannons are fitted in a dorsal turret and two 0-5 in. 
machine guns in a Boulton and Paul tail turret. The 
fuselage is provided with ample observation windows 
- during operations, the machine will carry a crew 
of ten, 





REMOVAL OF SULPHUR IN BasIC OPEN-HEARTH FUR- 
NACE PracTicE.—In a paper presented at a recent 
Open-Hearth Conference, held under the auspices of the 
American Institute of Mining and Metallurgical Engi- 
neers, Mr. J. A. Warchol discusses the factors affecting 
the rate of removal of sulphur on 90-ton and 125-ton 
basic open-hearth heats. He finds that the factors 
which contribute most to the removal of the sulphur 
are high basicity of the slag and good bath reaction. 
Those factors which the author considers have a negli- 
gible effect include the quantity of iron oxide in the slag, 
the percentage of sulphur in the metal and the slag, the 
residual manganese in the metal, and the manganous 
oxide in the slag 








HIGH-VELOCITY IMPACT TESTING.’ 
By H. F. Caurcsa. 


In the usual methods of impact testing, a specimen 
is clamped to or supported against a very heavy base 
and is struck by a body moving with a known kinetic 
energy (such as a pendulum, falling weight, or rotating 
fly-wheel) sufficient to break the specimen. The kinetic 
energy of the moving body after impact is recorded 
and the difference between the initial and final kinetic 
energy represents the impact strength of the specimen. 
In the falling-weight method the energy remaining 
in the falling body after impact may be adjusted to 
zero by preliminary exploratory blows as in the 
repeated-blow method, or the average limiting blow 
may be determined statistically. In the Oxford 
ballistic pendulum machine the specimen is supported 
on a heavy pendulum and is hit by a lighter one, the 
object being to minimise unknown energy losses to the 
frame and base of the machine. 

With all these methods the principle is fundamentally 
the same: a specimen is broken under known 
conditions within a system of moving rigid bodies and 
the loss of kinetic energy of the bodies during the 
process of fracture is recorded. Thus, suppose the 
specimen is supported by a body of mass m, initially 
at rest and is hit by a mass m, moving initially at 
velocity V,. Suppose also that the total energy 
absorbed by the specimen up to and during fracture is 
E and that the final velocities of the two bodies are 
v, and v, respectively. Then equating energies before 
and after impact— 


km, vi= 4m, vi + 4m, v7 + E (1) 
where E includes kinetic energy acquired by the speci- 
men. 

Equating momenta in the direction of impact before 
and after impact and neglecting the mass of the 
specimen— 

Mm, Vy= M, V1 + Me Vy 


(2) 
and eliminating v, from (1) and (2)— 
= $m, (Vi — »7) [2 - = - —] . (3) 
1 


m(V, +e 

It is seen that if the mass m, of the specimen support 
is very large compared with m,, losses in the support 
may be neglected, provided, of course, that it is rigid, 
and the eee reduces ~ 

= $m, Vj — 4m, 0? (4) 
i.e., impact dein is given by the change in kinetic 
energy of the striker. 

If the mass of the specimen is not neglected, a term 
msg vs must be added to the right-hand side of equation 
(2), where mg is the mass of the specimen and v, the 
component of its final velocity in the direction of impact. 
Proceeding as before, an expression for E is obtained 
which includes terms in’. If m, is very large 
compared with both m, and ms, E again reduces to 
the expression given by equation (4). In the Oxford 
machine allowance, as in equation (3), is made for the 


energy absorbed by the support from a knowledge of 
its mass my. 

This energy change method, which is the basis for 
all the usual impact test procedure, has the following 
disadvantages for use in research :—The im- 
pact velocity cannot be kept constant during frac- 
ture. With pendulum machines, the initial and final 
velocities of the pendulum must differ appreciably 
if reasonable accuracy of measurement is desired, while 
with the usual falling-weight method, velocity is reduced 
to zero during the test. The maximum velocity which 
can be applied in practice to weak materials is also 
unduly low. At high velocities the height of fall of 
the weight or pendulum must be great and the mass 
small. With rigid pendulums these conflicting require- 
ments limit the velocity when testing plastics to about 
250 cm. per second. With thread-suspended pendu- 
lums the height of the point of suspension becomes 
inconveniently great at high velocities. 

In the rheological study of materials, investigation 
of the relationship between speed of fracture and 
impact strength is likely to yield valuable information. 
Transition from tough to brittle fracture is expected 
to occur at some critical velocity which may be an 
important characteristic of a material.* It is clear 
that normal methods do not enable velocity effects to be 
determined with precision or completeness, and it is 
suggested that, in future work on the study of velocity 
effects, methods based on those described below should 
be used. 

In the proposed methods of impact testing it is 
possible to keep the velocity of deformation constant, 
or nearly constant, and, if desired, to apply extremely 
high velocities without sacrifice of accuracy. The 
principle involved in the first of the methods was 
adopted by Mannf in developing the Watertown high- 
velocity tension-impact machine, although the theory 
evolved was limited to the details of that particular 
machine. The theory developed below is generally 
applicable to all cases where energy is transmitted 
from one mechanical system to another through the 
specimen, the motion of the second system being 
recorded. 

Suppose that, in the previous example, the moving 
mass m, is made large and the mass m, (initially at 
rest) relatively small. Then it can be shown that the 
motion imparted to the mass m, is related to the energy 
absorbed by the specimen up to and during fracture. 
Thus, eliminating v, from equations (1) and (2) we get 


Lm, + Mg, 
Vi 


ore 
m™m 


E men Vi( 3 


or, if m, is very large compared with m,, 


1 wv, 


E = meV, (1 - 5 3). (5) 


2V 

If the mass mg of the specimen is not neglected, an 
= must be 
added to the expression for E, where v, is the com- 
ponent of the final velocity of the specimen in the 


direction of impact. These terms are negligible if 
m, and m, are very large compared with m;. If, 


additional term m,v,V, and terms in 





* Technical Report (L/T 195) of the British Electrical 
and Allied Industries Research Association, entitled 
“Notes on Methods of Impact Testing, with Special 
Reference to Testing at High Velocity.” 





* See Technical Report L/T186, Section (8). 

t H.C. Mann, “ High-Velocity Tension-Impact Tests.’” 
Proceedings, American Society for Testing Materials. 
Vol. 36, Part II, page 85 (1936). 
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however, the broken portions of the specimen are 
held by m, and m, after fracture (as is possible in tensile 
and torsion impact testing), accurate correction for the 
momentum of the specimen can be made. The 
velocity of deformation will remain practically constant 
at V, during fracture provided m, is made sufficiently 
large that v, is small compared with V,. 

Alternatively, the mass m, can be forced to move 
at velocity V, throughout the fracture. In this case, 
suppose F is the force acting between m, and the 
specimen S and between S and m, at a time ¢ from the 
commencement of deformation, x is the distance 
moved by the point of contact of m, and § in the time t, 
and y is the distance moved by the point of contact of 
S and m, in the same time. Then the work done on 
the system by m, in time ¢ is equel to: 

ct 


| Fe 
0 


and the work done on m, by S in time t is 


t 
| raw 
0 


Hence, the energyJabsorbed in deforming S 


t t 
E|= | rae - | ray ‘ 
0 0 


Now 
my mm, dv, 
a@ = dt 
and since m, moves at constant velocity V, 
z=V,t 


w ws 


and 

de=V,dt . (8) 
Hence, substituting values of F and dz from (7) and 
(8) in (6) 


E f dv, 
= M, — 
0 dt 


% 


¢ dv 
Vv, a =] m, — dy 
0 at 


2 dy 
since — 
d 2 


Meg Vy dv, 


=f 


(9) 


This is the same expressiorf-as that given in equation 
(5) and indicates that the motion of m, is the same 
whether the impact energy is applied through a very 
heavy freely moving body initially moving at velocity 
V, or through any body forced to move at constant 
velocity V,. 

When the mass m, of the specimen is not negligibly 
small, the force F, between m, and § and the force F, 
between S and m, are not equal but differ by ae 


The expression for E then becomes 
lv, ) - 
2V;, + mgs V, 
The velocity of deformation again remains constant 
at V, provided v, is small relative to V,. 

With both constant-velocity methods, the impact 
strength of the specimen is thus determinable from 
the resultant motion of the second mass m, knowing 
the initial motion of m,. It is, in fact, given by the 
product of the final momentum of m, and the impact 
velocity V,, less the kinetic energy acquired by m,, 
provided the mass of the specimen is small compared 
with m,. 

In practice (when performing the usual Charpy or 
Izod type of test) the specimen could be supported 
upon or clamped at the periphery of a heavy flywheel 
either moving freely and initially at known angular 
velocity or forced to rotate at a required fixed speed 
by suitable geared coupling to a synchronous electric 
motor. Very high specimen velocities would be 
possible. The second mass against which the specimen 
is to strike, could conveniently take the form of a 
freely suspended pendulum with the impacting edge 
situated at its centre of percussion to avoid impulsive 
reactions at the pivot. The mass of the pendulum 
should be so great that a complete revolution of the 
pendulum does not occur. It would be necessary to 
arrange for the rotating flywheel to pick up the 
specimen while running at speed or to lower the 
pendulum into position after the flywheel has attained 
8 Alternatively, the specimen could be fixed to 
the second mass and a striking piece attached to the 
flywheel could be advanced into striking position 
when the flywheel has attained speed. 

At high velocities the so-called ‘“ broken half” 
error may be considerable. By “broken half” 
error is meant error arising from the inertia of the 
specimen, i.e., the difference between the energy 
required to fracture the specimen and the energy which 
would be required to fracture a similar specimen having 
no mass. Specimen inertia has two effects on the test : 
(a) a momentum effect which may affect the calculation 


E' =m, v2 vi (1 ~ (10) 





of E and has been considered above (see equation (10)) ; 
and (6) an energy effect arising from the fact that the 
previously calculated values of E include any change 
in the kinetic energy of the specimen. In bending 
tests, in which the broken pieces fly at unknown linear 
and angular kinetic energy after fracture, correction 
for this error cannot be made with certainty. The 
first error can be reduced by suitable choice of masses 
and error and the second by suitable choice of 
specimen shape. A high ratio of strength to mass 
is required. Accurate correction can be made only 
in cases where the broken halves are held after 
fracture by the moving masses of the system. In 
the high-velocity tension-impact test developed by 
Mann, specimen-inertia corrections can be applied 
without difficulty, since the broken pieces are held by 
the flywheel or pendulum after fracture. By notching 
the specimen, conditions approaching triaxial stress 
distribution could be applied in such an apparatus. 
This would favour brittle fracture. 

The proposed high-velocity methods of test are 
particularly well suited to impact testing in torsion 
and could be used for investigations on the effects of 
speed on impact testing in pure shear which would 
favour tough fracture. For such tests, the specimen 
could be held along the axis of a freely pivoted cylinder 
or pendulum initially at rest and, at a suitable instant 
of time, restrained and broken in torsion by axial 
coupling to a heavy flywheel rotating at known speed. 
The angular velocity of the cylinder or pendulum 
immediately after fracture would then provide a 
measure of the impact strength of the specimen. A 
cylinder would lend itself readily to continuous record- 
ing of its velocity during fracture by, for example, an 
optical method. Since in torsion no translational im- 
pulses occur, impulsive reactions at the pivots are absent. 
Tn torsion the same equations can be used provided the 
substitution is made of angular velocity w for linear 
velocity and m k*® for mass, where k is the radius of 
gyration of the body about its axis of rotation. In 
torsion tests, errors due to specimen-inertia (‘‘ broken 
half” errors) can be allowed for, but unless continuous 
recording is employed arrangements must be made 
to separate rapidly in the axial direction the broken 
halves of the specimen immediately after impact in 
order that their jagged broken ends do not again 
come into contact and impart further energy to the 
cylinder or pendulum. 





TESTS OF CONCRETE- 
REINFORCING BARS. 
Durine the recent war, an immense amount of 
reinforced-concrete construction was carried out in 
Germany, and the concurrent demands for steel in 


other directions enforced the utmost economy in the | 


use of reinforcing steel. It followed that experimental 
work on this form of construction was regarded as 
important. 
forcing bars, undertaken between 1941 and 1943, has 
been 
recently for review.* 
the contents. 

The report is divided into four sections, the respective 
titles and authors being as follows: Versuche zur 
Ermittlung der Rissbildung und der Widerstands- 
fahigkeit von Stahlbetonplatten mit verschiedenen Bewehr- 
ungsstahlen bei stufenweise gesteigerter Last. (Tests to 
determine the effect of progressively increased loading 
on the cracking and resistance of concrete slabs rein- 
forced with various types of steel), by O. Graf and 
K. Walz; Versuche tiber die Schwellzugfestigkeit von 
verdrillten Bewehrungsstahlen. (Tests on the tensile 
endurance limit of twisted reinforcing bars), by O. Graf 
and G. Weil; Versuche tiber das Verhalten von kalt 
verformten Baustahlen beim Zurtickbiegen nach verschie- 
dener Behandlung der Proben. (Tests on the behaviour 
of cold deformed bars in re-bending after different 
treatment of the specimens), by O. Graf and G. Weil; 
and Versuche zur Ermittlung des Zusammenwirkens von 
Fertigbauteilen aus Stahlbeton fiir Decken. (Tests to 
determine the behaviour of precast reinforced con- 
crete units for floors), by H. Amos and W. Bochmann. 

In the first group, the following types of bars were 
used: “St. 37” mild-steel round bars; “St. 52” 
high-tensile steel round bars; Torstahl 36/15 and 
40/10; Drillwulststahl DSt. 52 and DSt.70; Roxor- 
stahl; and Bau-Stahlgewebe, a welded fabric of hard- 
drawn wire in two different sizes. The bars of St. 37, 
St. 52 and the two types of Torstahl were 16 mm. in 
diameter; the Drillwulstahl bars were 19 mm. in 
diameter; and the diameter of the Roxorstahl bars 
was 20 mm. 

Torsteel is a single twisted round bar with two small 
nibs forming spirals after twisting. Drillwulststahl 
and Roxorstahl are high-tensile bars of special shape 


We give below a summary of 
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*D A fiir Stahlbeton. Heft 101. 
Wilhelm Ernst und Sohn, Hohenzollerndamm, 169, 
Berlin-Wilmersdorf, Germany. [Price 13 DM.) 





A report on four groups of tests on rein- | 


— in Berlin, and has been sent to us| 
y 





with a natural yield point. The permissible stress for 
these bars, according to the German Code of Practice, 
varies between 1,400 kg. and 2,400 kg. per square 
centimetre (19,913 Ib. and 34,136 lb. per square inch), 
and the purpose of the tests was to compare the widths 
of cracks and the factors of safely obtainable with 
various arrangements of the reinforcement, for instance, 
with and without hooks, curtailment of straight bars, etc, 
Fifty-four specimens were tested, the majority of which 
had a concrete cube strength of 3,000 Ib. per square 
inch. A few specimens with a cube strength of 2,250 |b, 
per square inch were also included, but only for St. 37 
and Torsteel 36/15. 

The report contains many tables with test results 
and photographs showing typical examples after 
failure. The last stage of loading at which no cracks 
were observed was independent of the quality and 
arrangement of the reinforcement. In concrete of 
3,000 lb. per squ&re inch strength, it varied between 
4,500 Ib. and 5,000 lb. per square inch. This stress 
applies, of course, only to the percentage of reinforce. 
ment adopted in these tests, which was approximately 
0-77 per cent. in most specimens. The maximum 
width of cracks depended mainly on the condition of 
the surface of the steel (i.e., whether smooth or slightly 
corroded) and the influence of the shape of the bars 
could not be proved. The arrangement of the steel 
had no marked effect on the cracking, up to stresses 
of 42,000 lb. per square inch. The maximum crack 
width at a stress of 34,000 Ib. per square inch varied 
between 0-22 mm. and 0-11 mm. The calculated 
stress at failure in 3,000 lb. per square inch concrete 
exceeded the yield point by 5 per cent. to 18 per cent. 

The second group of tests was carried out on twisted 
;round bars of Thomas and Siemens-Martin steel, of 
| 10 mm. to 11 mm., 16 mm. to 17 mm., and 26 mm. to 
| 27 mm. diameter, respectively, with the pitch varying 
| between 3-3 and 9-4 times the diameter. The bars 
| were subjected to two million cycles. The tensile 
| endurance limit decreased rapidly with pitches smaller 
than five diameters and was generally slightly better 
for Thomas steel than for Siemens-Martin steel. The 
endurance tensile strength of cold-worked bars was 
substantially smaller than their so-called yield point ; 
it varied between 34,000 lb. and 42,000 Ib. per square 
inch. It should be noted that the tests were confined 

to bars which were not embedded in concrete and, 
therefore, the conclusions cannot be generalised for 
the fatigue strength of reinforced-concrete beams. 
Tests carried out by Professor Ros, in Ziirich, indicate 
that the comparison between the fatigue strength of 
concrete beams reinforced with cold-worked bars and 
with bars having a natural yield point, respectively, is 
more favourable for cold-worked bars than the com- 
| parison of the endurance tensile strengths obtained on 
| the bars alone. 
The third group of tests was carried out on the same 
| types of bars as the first group. Its —— was to 
| determine the effect of ageing after cold work. It 
was found that a re-bending test after heat treatment, 
\i.e., after keeping the bent bar in boiling water for 
periods of one to four hours, gives reliable results and 
that no substantial ageing occurs. 

The subject of the fourth group of tests were floors 
composed of precast rebated rectangular beams, con- 
nected by precast slabs. Four series were investigated 
in which the connection between beams and slabs was 
varied. In Series I, the longitudinal and cross joints 
were filled with mortar, but no bars at right angles to 
the beams were provided. The slabs were laid in 
|mortar. In Series II, reinforcing bars 7 mm. in diameter 
| were embedded in mortar at about 13-in. centres and 
| the longitudinal joints were left without mortar. In 
| one specimen, the slabs were laid in mortar; in the 
| other, dry. In Series III, cross reinforcement was 
provided, all joints being filled with mortar, but the 
slabs were placed dry. In Series IV, the edges of the 
beams and slabs were serrated, all joints filled with 
mortar and the slabs placed dry. In two specimens, 
cross reinforcement was provided. One specimen was 
left without cross reinforcement. By the provision of 
reinforcement at right angles to the beams, the ultimate 
load was increased by approximately 40 per cent., 
even without mortar in the longitudinal joints, and the 
full load bearing capacity of the beams was reached. 
By filling the longitudinal joint with mortar, a further 
increase by about 7 per cent. was obtained. Serration 
of the longitudinal joint with mortar allowed an increase 
of the ultimate load by 14 per cent. as against that for 
floors with straight joints. 

In view of the present effort of the Ministry of Works 
to save steel by increased permissible stresses, the 
report appears to be of some topical interest. It 
should be noted that the permissible stress for mild 
steel in Germany is approximately 20,000 Ib. per 
square inch, although its guaranteed minimum yield 
point is only 31,300 lb. per square inch; and that 
certain types of steel may be used at a stress of over 
34,000 Ib. per square inch, as against a maximum of 
27,000 Ib. per square inch in the British Code of 
Practice. 
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REFUELLING TWIN-JET FIGHTER IN FLIGHT. 





REFUELLING ‘‘ METEOR ”’ TWIN-JET | the tanker is automatically switched on while the fuel 


FIGHTER IN FLIGHT. 


By remaining in the air for 12 hours 3 minutes, a 
Gloster Meteor has set up an endurance record for jet- 
propelled aircraft. During the course of the flight, 
which took place on Sunday, August 7, ten refuelling 
operations were carried out from a Lancaster tanker 
aircraft, by means of equipment designed and con- 
structed by Flight Refuelling Limited. 

The primary object which Flight Refuelling have had 
in mind, in designing refuelling equipment for fighter 
aircraft, is the refuelling of exhausted fighters coming in 
to land in bad weather. If weather conditions demand 
the stacking of aircraft or re-directing to other airfields, 
the modern jet fighter, with its very small fuel reserve 
and high consumption at low altitudes, is ina difficult 
position ; flight-refuelling facilities under these condi- 
tions can save pilots and aircraft. Flight-refuelling of 
fighters has application also to continuous fighter 
patrols and “ Battle-of-Britain ’’ conditions, long-range 





| 


| valve is open. 


After refuelling, the fighter pilot breaks away from 
the tanker merely by throttling back and falling 
behind. The mechanism in the cone disengages 
automatically and causes the refuelling valves to close. 

The weight of refuelling equipment installed in the 
fighter is approximately 25 Ib. 





PATENTS AND DESIGNS BILL 
CONCESSIONS. 


A JOINT committee of the Federation of British 
Industries and the Trade Marks and Patents Federation 
have obtained some valuable concessions in connection 
with the Patents and Designs Bill, which has now been 
approved by both Houses of Parliament. Under 
one clause in the Bill, if the demand for a 
patented article is not being met at a reasonable price, 


escort duties, and on long-range delivery and reinforce- | an interested person may apply for a licence to manu- 


ment flights. 


facture under royalty, subject to a number of safe- 


The fighter aircraft is fitted with a probe in the nose | guards. Somewhat similar powers are granted to 
which forms a rigid tube connected to the normal | Government departments, but, as originally drafted, 
pressure-refuelling gallery, from which run feeds to the | the application for a licence by a Government depart- 


fighter’s fuel tanks. 


Shut-off valves, fitted to each| ment was free from these safeguards. 


As a result of 


fuel tank, allow for stopping the flow of fuel to each | representations by the joint committee, Government 


tank as it is filled. 


department applications are now to be subject to the 


The tanker aircraft trails a length of about 80 ft. | same safeguards as apply to private organisations. 


of hose from the end of the fuselage, the end of the hose | 
This can be seen at the bottom | tions, compensation for such use being payable to the 


carrying a hollow cone. 


The Government has a right to use patented inven- 


of the accompanying illustration, which shows the| patentee. Recently, complaints have been made that 


Meteor approaching the tanker from behind, with 
brake-flaps in operation to reduce the speed, contact 
normally being made at approximately 200 m.p.h. 
The hose is stowed in the tanker on a spring-loaded 
drum; the drum end of the hose is connected through 
a revolving joint to the refuelling tanks. A specially- 
designed light-weight pump, still under development, 
provides for a high rate of fuel flow, approaching 200 
gallons per minute; ultimately, it is hoped to reach 
300 gallons per minute. 

For refuelling, the fighter approaches the tanker from 
behind so that the probe on the nose enters the cone on 
the refuelling hose. The fighter then advances a few 
feet, centralising the cone on the probe. Air drag 
holds the cone firmly against the end of the probe, 
and a mechanism at the end of the cone engages with a 
groove in the probe, forming a joint which is leak-proof 
up to a maximum delivery pressure of 60 lb. per square 
inch. As cone and probe engage, valves in the end of 
each are opened automatically, allowing the fuel to 
pass. As the fighter engages and advances on the 
tanker, a small amount of slack hose is automati- 
cally rolled up on the spring-loaded drum; this 
action opens the main fuel valve in the tanker, and 
starts fuel flowing through the hose through the probe 
to the fighter’s fuel tanks. There is still plenty of 


space for the fighter pilot to manoeuvre, and he may 
advance as much as 20 ft., after engagement, without 
A signal light below 


getting too close to the tanker. 











patentees have not been informed by Government 
departments that their inventions were being used, 
and to what extent; consequently they have 
been hindered in claiming compensation. The joint 
committee have been able to secure the insertion of a new 
provision, that a Government department must notify 
a patentee of the use of his invention and of the extent, 
unless such notification would be contrary to the 
public interest. 

During the passage of the Bill, a new amendment 
was put down which sought to make it obligatory for 
any man employed whole-time on patent work to 
be fully qualified and registered as a Patent Agent. 
While all agree that a man should be properly 


| qualified before he offers himself to the public as a patent 


agent, there are some who feel that, in the case of an 
employee of a limited company, the mandatory qualifi- 
cation is not essential and the company should be free 
to employ whom they please. The new clause did 
not make clear the position of unqualified employees 
of limited companies who are at present engaged upon 
patent work. In the past, when any profession has 
been made a closed profession, those engaged in it 
have always been given the opportunity to get on to 
the register. After consultation with the Institute of 
Patent Agents, the joint committee have been able to 
arrange that such an opportunity will be given to 
present unregistered patent agents, and rules to this 
effect will be made under the Act. 


ESCALATOR WITH ALTERNATING- 
CURRENT MOTOR DRIVE. 

THE escalators installed at several stations on the 
London Underground Railways to convey passengers 
between the street and platform levels, are usually 
driven by direct-current motors supplied from the 
580/660-volt traction system. Experiments have been 
made recently by the engineers of the London Trans- 
port Executive, however, in conjunction with Messrs. 
Waygood-Otis, Limited, Falmouth-road, London, 8.E.1, 
with an escalator equipped with an alternating-current 
motor, which has been installed at Bethnal Green, 
in the east end of London to relieve the traction 
system. 

To understand the problems involved in these experi- 
ments it may be mentioned that the escalators used on 
the London Underground system consist essentially 
of a steel truss, which is inclined at 30 deg. to the hori- 
zontal and carries four roller tracks. Two endless link 
chains are aligned on each side of this truss; and run 
over large slow-speed sprockets at the top and over 
floating sprockets at the bottom of the escalator. The 
escalator itself consists of a number of steps which are 
supported on two “ chain” and two “ trailer ” rollers 
and are fastened to the chains, so that they move with 
them. On the incline, the roller tracks are spaced, so 
that the steps form a stairway, but at the upper and 
lower landings the spacing is altered, so that the steps 
form horizontal moving platforms. The sprockets at 
the top of the escalator are mounted on a shaft, which 
carries a brake drum. This shaft is connected through 
a roller chain and worm gearing, the spindle of which 
carries a second brake, to the driving motor. A fully 
loaded descending escalator regenerates and returns a 
considerable amount of power to the line. A motor 
with a shunt characteristic must therefore be used, in 
order that the increase in speed necessary for regenera- 
tion may be as small as possible. Similarly, the speed 
of the ascending escalator must be maintained as the 
load increases. Otherwise, its carrying capacity would 
fall when it was most needed. 

The normal speed of an escalator on the Underground 
system is 120 ft. per minute, but this is subject to 
adjustment at different stations to suit the traffic 
conditions. In fact, an “up” escalator may be run 
unloaded at 60 ft. per minute at stations where there 
are numerous slack periods and speeded up automatic- 
ally to 120 ft. when a passenger steps on toit. ‘‘ Down” 
escalators are usually set to run at one speed, depending 
on the traffic conditions, the station, and the time of 
day. In addition, it is essential to be able to run the 
escalator at a creeping speed for inspection purposes 
and at an overspeed to enable the operatiou of the 
overspeed switch to be tested. 

To fulfil these conditions by using a pole-changing 
induction motor would have meant a very large and 
uneconomical machine requiring complicated and ex- 
pensive control gear. It was therefore decided to 
employ a variable-speed alternating-current commu- 
tator motor of the Schrage type with a continuous 
rating of 25 h.p. at 950 r.p.m. and a maximum rating 
of 40 h.p. at 1,190 to 250 r.p.m. This motor, which 
was constructed by the British Thomson-Houston 
Company, Limited, Rugby, has eight poles and is 
supplied with three-phase current at 650 volts. It is 
capable of complying with all the requirements of an 
escalator with a 40-ft. rise and of automatically acting 
as a generator at any speed within its range. The 
motor is shown in Fig. 1, on page 152, in which it is 
seen mounted on an extension of the worm gearing. 
Beyond the motor in the same illustration is the worm 
shaft brake, with the automatic switch for reducing the 
solenoid current above it, and the casing of the worm 


ear. 
. The motor is equipped with two end-shield roller 
bearings and a double shaft extension. One of these 
extensions is used for the drive, while the other, at the 
commutator end, is a square stub shaft and is used for 
turning the motor in emergency; it is normally pro- 
tected by a metal shroud. The primary winding of the 
rotor is supplied through slip rings, which are situated 
inside the end shield at the driving end, while the 
regulating winding on the rotor is connected to a com- 
mutator at the non-driving end. The two brush 
rockers are supported on rollers to reduce friction and 
are coupled so that they rotate simultaneously in oppo- 
site directions through an are of about 40 deg. They 
are set so that identical motor characteristics can be 
obtained in either direction of rotation in order that the 
escalator may be run up or down simply by operating 
the primary reversing contactors. The brush gear is 
connected to the stator windings by flexible cables. 
The speed of the main motor is altered by adjusting 
the relative position of the two sets of brushes, which 
are driven by a small pilot motor. The main motor is 
started with the brushes set for a low speed (about 
30 per cent. of normal) and is run up to full speed by 
bringing them to the appropriate position on the com- 
mutator. If an idlingjspeed only is n , as dur- 





ing slack traffic periods, the brushes are then returned 
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Fig. 1. 


to the half-speed position. The motor is, however, 
again accelerated to full speed directly a passenger 
steps on to the escalator and thereby breaks the ray 
of light of a photo-electric equipment across the en- 
trance. This acceleration is effected very gradually, 
so that there is no “inertia loss,” while compared 
with an induction motor, there is a saving in energy 
consumed, and less loss by heat. As the motor runs 
up, the escalator is also accelerated at a rate which 
gradually increases from zero to maximum. It then 
decreases from maximum to zero as full speed is 


reached. The result is that although the speed of the | 


escalator is doubled in about 2 seconds, during which 
it has moved through about 3 ft., the effect on the 
passenger is almost aera. 

This automatic change from half to full speed is 
effected by a selector switch, consisting of a number of 
studs and a contact arm, which moves in step with the 
brush gear. The final speed can be adjusted by 
connecting a flexible lead to the appropriate stud, the 
connections being such that when the contact arm 
reaches this stud the circuit of the pilot motor driving 
the brush gear is broken and the brush gear itself comes 
to rest. A photograph of the pilot motor with the 
selector switch alongside is reproduced in Fig. 3. 

Emergency “ stop ” switches are provided at various 
points on the escalator and within reach of the station 
staff. After operation, these switches require re-setting 
by hand before the escalator can be re-started. A 
governor is fitted to the moving part of the escalator 
and is provided with two contacts. One of these 
opens if the normal speed is exceeded and the other if 
the steps come to rest. In both cases the main con- 
tactor circuit is broken and power is cut off from both 
the motor and the brakes. If the second contact 
opens, it must be short-circuited before the escalator can 
be re-started. This is effected by a contact which 
opens after the escalator motor has been switched on 
and sufficient time has elapsed for the governor switch 
to reach its closing speed. 

A view of the automatic starting panel is given in 
Fig. 3, the reversing contactors being visible on the right 
with the contactor for the main brake above. The 
change-over switch, which is operated by an external 
handle, is also on the right and is provided with four 
positions for “run,” “ test,” “inch up,” and “ inch 
down ” conditions, respectively. The “ up,” “ down ” 
and “stop” buttons for normal running are visible 
on the front of the cross-bar and are operated by 
dummy buttons which project through the door. 
The “inch ” button is mounted on the right-hand side 
of the cubicle. All the contactors are electrically inter- 
locked to ensure the correct sequence of operations 























25-H.P. ScoraGE Motor anp DRIVE. 


ConTRoL CUBICLE. 


‘ 


hy 


Pe 


TET eKEKes, 


ita, LISS 





Fie. 3. Pmor Moror anpD GEARBOX. 


and each pair of reversing contactors is also mechanically 
interlocked. 

The control circuit and contactor magnets are oper- 
ated by direct-current and are energised from a three- 
phase transformer and rectifier from which the brake 
solenoids are also supplied. The resulting low-voltage 
control circuit is thus unaffected by “ earth ” currents 
on the alternating-current side of the system. To 
detect faults on the direct-current side, a high resistance 
with a central tapping is connected across the rectifier. 
This tapping is earthed through a current relay, so 
that the voltage to earth is halved. 

The photo-electric cell, which, as mentioned above, 
is used to accelerate the motor during light traffic 
periods, is installed at the foot of the escalator. As 
long as light from its associated lamp falls on the cell 
a relay on the control cubicle is closed and the motor 
continues to run at half speed. When a enger 


enters the escalator, however, this beam of light is | 





interrupted, so that the relay opens, the speed selector 
switch moves to the last notch, and the motor runs 
up to full speed. The time during which this speed is 
maintained depends upon a timing relay in the control 
cubicle, and can be adjusted so that a sufficient interval 
elapses for a passenger to reach the top of the escalator 
before the speed is again reduced. 

To start the escalator the four-way switch is set to 
“run” and the “up” button is pressed. The motor 
then starts at low speed and, when the brakes are re- 
leased, accelerates to full speed, an operation which 
occupies about four seconds. After the pre-set time 
interval the motor again slows down to half speed, at 
which it runs until the light beam is interrupted by a 

senger. On shutting down, power is first cut off 

m the motor and brakes by contactors. When the 
main contactors open the brushes are brought back to 
the slow-speed position by the pilot motor, when they 
are stopped by a limit switch. 
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STANLOW CHEMICAL PLANT. 





Fig, 1. 


THE STANLOW PLANT OF THE 
SHELL CHEMICAL MANUFAC- 
TURING COMPANY, LIMITED. 


THE new plant of the Shell Chemical Manufacturing 
Company, Limited, at Stanlow, Cheshire, where full 
operation was started on Wednesday, July 20, is de- 
signed for the production of a wide range of organic 
chemicals. It marks the latest of a series of develop- 
ments on this site, which have taken place since 1922, 
when it was selected by the Shell Company for the 
discharge and storage of oil brought from overseas along 
the Manchester Ship Canal. At a later date, plants for 
the manufacture of bitumen and petroleum spirits with 
special distillation ranges, known as special boiling- 
point spirits, were erected; and extensions of the 
latter plant enabled it to be used for the production of 
nitration-grade benzene and tolulene during the early 
part of the 1939-45 war. At about the same time, a 
plant, which may be considered as initiating chemical 
manufacture from petroleum at Stanlow, was started for 
the production of iso-octane, a high-quality blending 
component for aviation spirit, while plants, at which 
high-quality aviation and other lubricating oils were 
manufactured, were also erected. All these develop- 
ments depended on the use of petroleum as a raw 
material and led to an increase in the quantity of by- 
products available. Some of these by-products are 
highly specialised chemical compounds for which, as a 
result of considerable research into refining and other 
processes, it has been possible to find industrial applica- 
tions. For instance, a method was discovered for 
recovering the naphthenic acids which are used for the 
production of paint driers, emulsifiers and rot-proofing 
agents. Another outstanding development was the 
discovery of a process for producing the cleansing and 
wetting agent known as Teepol, the basis of which is a 
wax obtained during the production of aviation 
lubricating oil. This involved, for the first time at 
Stanlow, the manufacture of a material which required 
treatment as a chemical rather than as an oil. 

_An aerial view of the Stanlow refinery with its asso- 
ciated plants and research establishments is given in 
Fig. 1, on this page, while a general view of the chemical 
plant is given in Fig. 2, on page 156. At the present 
time, the plant covers about 1,200 acres and employs 
some 3,500 men. The existing intake capacity is 


830,000 tons per annum, but this is being extended to | 


3} million tons. Besides producing gasoline, fuel oil 
and other petroleum products for direct consumption, 
this refinery will also act as a source of supply to the 
new chemical plant. In addition, it will be possible 
to refine four million tons per annum at Shellhaven on 
- Thames, and 1} million tons@t Heysham, Lanca- 
shire. 

The basic raw material of the chemical plant at 
Stanlow is gas oil, which is cracked in thermal cracking 
units under conditions which ensure that a high pro- 
portion of the aromatic compounds, known as olefines, 
1s formed. The resulting mixture, which consists of 
light gases and volatile and heavy liquids, is roughly 





AERIAL VIEW OF REFINERY AND CHEMICAL PLANT. 


separated in a fractionating column into a heavy fuel 
oil, which is burnt, and into a residue, the lighter com- 
ponents of which are taken to a gas separation unit, 
where they are split into five fractions. These fractions 
consist of a light gas, which is burnt; three hydro- 
carbon compounds containing three, four and five 
carbon atoms respectively; and a volatile liquid 
which, after suitable treatment is blended with the 
gasoline produced as the result of the cracking process. 

To separate the mixture of compounds with three, 
four and five carbon atoms, which contains the greater 
part of the olefines required for the manufacture of 
solvents, is a difficult process ; and necessitates careful 
control of flow rates, temperatures and pressures. The 
method employed is a combination of absorption and 
distillation, and a typical example of the plant used for 
this purpose is illustrated in Fig. 3, on page 156. In 
this plant all the five- and part of the four-carbon atom 
compounds are extracted from the main hydrocarbon 
stream in an absorber tower. The separated lighter 
compounds pass out through the top of this tower and 
are burnt as fuel, while the heavier fat oil is taken to a 
de-butaniser where the four-carbon atom compounds 
are separated and removed through the top, the five-., 
carbon atom compounds and heavier material being 
drawn off from the bottom to a de-pentaniser. The 
five-carbon atom compounds are transmitted from the 
top of this de-pentaniser to the cracking furnace for 
further treatment, while the heavier compounds, which 
are known as the aromatic distillate, collect in the 
bottom. They are subsequently used either as lean 
oil in the absorption process or are incorporated in the 
motor spirit after distillation and hydrogenation. 

The lighter compounds from the top of the absorber 
tower and the four-carbon atom compounds from the 
de-butaniser are split into their individual constituents 
by fractional distillation under a high pressure and at 
a low temperature. Propane is used as a refrigerant for 
obtaining the latter. In this way, supplies of both 
three- and four-carbon atom compounds are obtained 
in a high state of purity and in this form are utilised 
in the subsequent processes. In particular, the sulphur 
which is present in the three- and four-atom carbon 
compounds in the form of hydrogen sulphide and 
mercaptans is removed by passing the gases through 
ja Girbotol treater and a caustic-soda wash system. 

For the purpose of manufacturing solvents, the 
mixture containing three carbon atoms, which consists 
largely of propylene with some propane, is treated 
with sulphuric acid. The proportion of acid to hydro- 
carbon, and the temperature at which reaction occurs, 
are regulated so that practically all the propylene is 
absorbed and isopropyl-hydrogen sulphate and di-iso- 
propyl sulphate are formed. Any unabsorbed hydro- 
carbon, which is largely propane, is separated from the 
acid layer, and, after distillation and treatment with 
caustic soda, is transmitted to the fuel-gas system of 
the factory. The acid layer, after separation, is pro- 
gressively diluted with water to hydrolyse the iso- 
propyl-hydrogen sulphate and di-isopropyl sulphate, 
with the result that isopropyl alcohol and sulphuric acid 











are obtained. The alcohol is then separated from the 
acid in strippers into which steam is injected to assist 
distillation. At this stage, the isopropyl alcohol is 
contaminated with water and such impurities as iso- 
propyl ether. To remove them it is subjected to 
several stages of carefully controlled distillation. , 

During the next stage in manufacture, the isopropyl 
alcohol is passed over a suitable catalyst at high 
temperature, so that it is broken down into acetone 
and hydrogen, which is sufficiently pure to be suitable 
for other hydrogenation reactions. The acetone, after 
separation, is refined by successive stages of distillation. 
Methyl-isobutyl acetone is prepared from this acetone 
in three separate stages, in the first two of which two 
molecules of acetone are condensed to form a single 
molecule of diacetone alcohol. This reaction is carried 
out at low temperatures in the presence of a suitable 
catalyst, while the diacetone alcohol is separated from 
the unconverted acetone by distillation. It is subse- 
quently purified by further distillation. 

During the second stage, the diacetone alcohol is 
converted to mesityl oxide by eliminating water in the 
presence ‘of a dehydration catalyst at a suitable 
temperature, while in the third stage the water, acetone 
and any unconverted diacetone alcohol are removed 
from the mesityl oxide by distillation. The mesityl 
oxide is next hydrogenated by mixing it with hydrogen 
and passing it over a catalyst so as to produce methyl- 
isobutyl ketone. Finally, pure ketone is obtained by 
distillation. 

The normal butylene, which is the useful component 
of the mixture containing four carbon atoms, is con- 
taminated with butadiene and isobutylene. It is 
therefore treated with sulphuric acid so as to form 
butyl hydrogen sulphate and di-secondary butyl 
sulphate ; and these compounds are then hydrolysed 
to oe secondary butyl alcohol. After separation 
and purification by a process similar to that described 
above for isopropyl alcohol, this secondary butyl 
alcohol is converted into methyl-ethyl ketone and 
hydrogen by heating it and passing it over a dehydra- 
tion catalyst. The ketone is then separated from the 
unconverted alcohol by distillation and purified by 
further distillation. 

The sulphuric acid used in the two alcohol reaction 
systems is collected from the bottom of the alcohol 
strippers in a diluted form. The tars and polymer 
impurities are separated out and the acid is then 
reconstructed to its original strength in Mantius vacuum 
concentrators. This operation is effected in two stages, 
between which the carbon is removed. 

The transformations described include operations of 
considerable complexity. Very close control over all 
the reactions is essential and an elaborate system of 
automatic control, therefore, has been in rated in 
all the units, some of which are visible in Fig. 2, on page 
156. It has been necessary also to build storage tanks, 
steam boilers and water-treating equipment, and to 
provide filling and handling facilities for the products 
obtained. 

The circulation of the various liquid chemicals 
through the stills, tanks, columns and heat exchangers 
with which the factory is equipped to carry out the 

rocesses described above is effected by over 250 centri- 
seer pumps, which were supplied by Sigmund Pumps, 
Limited, Team Valley, Gateshead, 11. The conditions 
which these pumps have to fulfil are severe, since some 
of these liquids are very volatile, while others are toxic. 
Many have to be pumped at temperatures of over 
600 deg. and some cost over 10s. per gallon, so that 
waste must be prevented. The large number of pumps 
installed created a considerable maintenance problem, 
as it would have been uneconomical to install a spare 
pump for each duty, as is common refinery practice. 
Three basic types were therefore selected: a single- 
stage pump, a two-stage pump and a multi-stage 
barrel pump. All these pumps were designed so 
that about half of them use the same wear rings, 
shaft sleeves and other wearing parts. There are, 
moreover, only two sizes of impeller and only two 
sizes of bearing on over three-quarters of the pumps. 

As regards construction, diffusers, in either a ring 
casing or a volute casing, are employed on most of the 
pumps. In the case of ring casings this has enabled the 
arrangement of the branches to be simplified and, in the 
case of the volute pumps, has reduced the thrust. 
Leakage is thus cut down, an important point when 
dealing with expensive liquids. Gland leakage has 
also been minimised by placing the pump intake at 
the stuffing box end, so that the latter is under suction 
only. This has the advantage of washing crystals or 
grit away from the stuffing box. 

On the reactor pumps, which have to perform the 
onerous. duty of dealing with a sludge consisting of 
light hydrocarbons and acid, the suction inlet is also 
at the stuffing box end. To reduce the amount of 
sealing liquid to a minimum, a special sealing system 
with injection and throttle clearances is incorporated. 
The liquid used for sealing is concentrated sulphuric 
acid and both the stuffing-box parts and the bed plate 
are lined with lead. Owing to the consequent length 
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of the overhung shaft, an internal bearing is provided 
and is lubricated with acid. The shaft-protecting 
sleeves and bearing bushes are faced with Colmonoy 
No. 6, an extremely hard and corrosion-resisting 
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BRITISH STANDARD 
SPECIFICATIONS. 


PERSONAL. 


The Ministry of Transport announce that Mr. R, J, 
The followi: 


material. Some of these pumps are shown in Fig. 4, 


on Ree 156. 

he appearance of the three- to eight-stage barrel 
pumps, which have been provided for pumping light 
bons at high temperatures and pressures, is 
They have two 
joints only, one of which is under high pressure, so that 
the risk of leakages which might occur from several 


hydrocar 
shown in Fig. 5, on the same page 


vertical casing joints is reduced. 


From what has been said above, it will be gathered 
that the solvents now being manufactured at Stanwell 
consist of are alcohol, isopropyl ether, acetone, 

mesityl oxide and methyl-isobutyl 
ketone, all of which are obtained from propylene; and 
secondary butyl alcohol and methyl-ethyl ketone, which 
These substances may 
be divided conveniently into ketones, alcohols and 
ethers. The ketones include low, medium and high 
boiling point solvents, the properties of which enable 
them to be used either individually or in mixtures for 


diacetone alcohol, 


are obtained from butylene. 


various types of surface coatings. Acetone, for instance, 
which is a low boiling point ketone, after being em- 


ployed during the 1914-18 war for the manufacture of 
high explosives and aircraft dopes is now used as a 
solvent in the manufacture of nitrocellulose lacquers 
and photographic films, as well as for the extraction 


of many pharmaceutical products and for the produc- 
tion of chloroforms and plastics. Methyl-isobutyl 
ketone is used for surface coatings and for such pur- 
poses as the extraction of vitamins from fish oil and of 
—— from flowers. It has the advantages of being 
ess volatile than acetone and of being more easily 
handled. Diacetone alcohol is a high boiling point 
solvent, which is used in the finishes for nitrocellulose 
lacquers and in the manufacture of hydraulic brake 
mechanisms, on the rubber of which it has little 
destructive effect. 

The alcohols are also widely used in the surface 
coating industries, while secondary butyl alcohol is 
employed in flotation processes and for the chemical 
synthesis of dye-stuffs. Isopropyl ether is a valuable 
solvent in many processes where its lower volability 
renders it preferable to ordinary ethyl ether. It is 
further employed in the textile industry for removing 
the lustre from acetate rayon. Another application of 
many of these chemicals is for the synthesis of a number 
of highly complex plastic products and in the develop- 
ment of new drugs. Hitherto, these chemicals, for 
which there is an increasing demand, have been obtained 
in this country either by the treatment of coal or 
molasses or by importing the finished products. It is 
hoped that the new plant will enable home requirements 
to be supplied from petroleum but will also, eventually, 
render it possible to manufacture important chemicals 
for export. 





INQUIRY INTO THE Loss oF S.S. ‘“‘ MAGDALENA.”’—The 
Ministry of Transport announce that the formal investi- 
gation into the stranding of the London S.S. Magdalena 
has been fixed for hearing at the Royal Courts of Justice, 
London, on Monday, September 26, at 10.30 a.m. 


DE HAVILLAND COMET AIRCRAFT.—Good prcgress is 
being made with the flight testing of the de Havilland 
Comet, which was described on page 128 of our last week’s 
issue. At moderate load, all the principal handling cases 
—take-offs, landings, turns, stalls with flaps both re- 
tracted and extended—have been covered, through the 
full range of centre-of-gravity positions. Handling is 
reported to be perfectly straightforward and easy. These 
satisfactory results are due largely to the fact that 
during the past two years the power-operated flying 
controls have been thoroughly tested on ground rigs. 
Position-error trials are nearly completed. The highest 
speed so far attained, at reduced power, is 400 m.p.h. 
true airspeed. On August 11, the aircraft flew to a 
height of 36,500 ft. No trial flight has yet been made 
with the cabin pressurised and air conditioned. . 


THE LATE Mr. R. WaTNEY.—We regret to record 


the death of Mr. Richard Watney, which occurred 


on August 8, as the result of a motor-car accident in 
Mr. Watney, who was born in London in 


Melbourne. 


publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, 
at the price quoted at the end of each paragraph. 


Flameproof Industrial Clothing.—The clothing covered 
by specification B.S. No. 1547, which deals with the 
materials and design of flameproof industrial clothing, 
is not fireproof or intended to resist prolonged contact 
with flame. It is clothing made of fabrics treated with 
soluble deposits which increase the resistance of the 
fabric to fire so that it is incapable of propagating 
flame. Attention has been given to the effect of the 
flameproofing treatment on the strength of the material. 
Various methods of testing flameproof material have 
been investigated and, in the interests of international 
uniformity, the method used in the United States 
has been adopted. The test is specified in method 
D.626/41 T, published by the American Society for 
Testing Materials and, with slight modifications, in 
specifications _— by the American Standards 
Association. e — specification, moreover, 
contains clauses relating to the freedom of flame- 
proofed material from injurious substances, to the design 
and marking of the clothing, and to the importance of 
its careful maintenance. [Price 2s., postage included.] 

Nickel and Nickel-Alloy Products.—Three publica- 
tions forming part of a series of specifications covering 
nickel and nickel alloys in various forms have been 
issued by the Institution. The first concerns nickel 
and nickel-alloy bars, rods and sections for general 
purposes, and contains, under one cover, B.S. Nos. 1528 
(relating to malleable nickel), 1529 (nickel-copper 
alloy), and 1530 (nickel-chromium-iron alloy). The 
second publication concerns nickel and _ nickel-alloy 
wire for general purposes and contains, under one 
cover, B.S. Nos. 1534 (covering malleable nickel), 
1535 (nickel-copper), and 1536 (nickel-chromium-iron). 
The third publication, B.S. No. 1537, deals with nickel- 
copper alloy castings. Further specifications in the 
series are being prepared and will be issued in due 
course. In all cases the chemical composition, mecha- 
nical properties and the procedure to be adopted in 
selecting or preparing test pieces for carrying out the 
tests are stipulated. Data in regard to test certificates, 
independent tests and facilities for testing are included. 
[Price of each of the three publications, 2s., postage 
included.] 

Aluminium Rainwater Goods.—Two grades of gutters, 
pipes and fittings made from aluminium sheet, strip or 
extrusions, and including half-round, ogee, and valley 
gutters and round pipes and fittings are dealt with in 
specification B.S. No. 1543. The general requirements 
relate to the quality of the material, manufacture and 
workmanship, and finish and certification. The range 
of fittings for gutters, comprises outlets, angles and 
stop ends, and, for pipes, offsets, shoes, elbows and 
rainwater heads. Line drawings and tables of dimen- 
sions, with tolerances, of all the goods specified are 
included. [Price 2s. 6d., postage included.] 





BOOKS RECEIVED. 


Hydraulische Antriebe und Druckmittelsteuerungen an 
Werkzeugmaschinen. By A. DtUrrR and O. WacHTER, 
Carl Hanser-Verlag, Leonhard-Eck-Strasse 7, Munich 
27, Germany. [Price 13.60 D.M.) 

Arbeits- und Zeitstudien in der Betriebspraris By Dr.-ING. 
A. WINKEL and others. Carl Hanser-Verlag, Leonhard- 
Eck-Strasse 7, Munich 27, Germany. [Price 6.90 D.M.] 

Department of Scientific and Industrial Research. Report 
of the Building Research Board, With the Report of the 
Director of Building Research, for the Year 1947. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
2s. net.) 

Documentation. By Dr. S. C. BRADFORD. Crosby 
Lockwood and Son, Limited, 39, Thurloe-street, 
London, 8.W.7. [Price 10s. 6d. net.] 

University of Ilinois. Engineering Experiment Station. 
Reprint Series. No. 39. Progress Reports of Investi- 
gation of Railroad Rails and Joint Bars. By R. E. 
CRAMER and R. 8S. JENSEN. Conducted in co-operation 
with THE ASSOCIATION OF AMERICAN RAILROADS and 





SAMUEL, B.Sc. (Eng.), M.1I.C.E., has been made deputy 
chief engineer (civil engineering) in succession to Mr, 
E. B. Hue@u-Jones, M.C., B.Sc., M.1.C.E., who wag 
recently appointed chief engineer on the retirement of 
Mr. H. E. ALDINGTON. Mr. A. E. N. TAYLor, B.Sc, 
(Eng.), A.M.I.C.E., is to fill a new post of deputy chief 
engineer (traffic and mechanical engineering). Mr. H.§, 
Keep, M.C., B.Sc. (Eng.), A.C.G.I., M.I.C.E., is to be an 
assistant chief engineer at headquarters. Mr. C. E&, 
HOLLINGHURST, M.Eng., A.M.I.C.E., has become divi- 
sional road engineer for the Metropolitan division, in 
place of Mr. G. E. HARGREAVES, M.C., B.Sc., M.I.C.E., 
who becomes an assistant chief engineer at headquarters 
in place of Mr. Hollinghurst. 


Dr. A. J. KESTERTON, M.Eng., F.I.M., has been ap- 
pointed melting-shop manager at the new Abbey Works 
of the Steel Company of Wales, Limited. He was pre- 
viously on the staff of Messrs. Dorman, Long and Com- 
pany, Limited. 

Mr. R. W. L. McCaie and Provost GEORGE HENDRY 
have been appointed to fill vacancies which have arisen 
on the Electricity Consultative Council for the North of 
Scotland District, appointed by the Secretary of State for 
Scotland last July. Mr. MITCHELL CRAIG, at present a 
member of the Consultative Council, has been appointed 
deputy chairman, in succession to TREASURER McINTOsH, 
of Aberdeen, who has resigned from the Council on 
appointment as a member of the North of Scotland 
Hydro-Electric Board. 

Mr. I. J. Haywarp bas relinquished his position on 
the board of the British European Airways Corporation. 
To take his place the Minister of Civil Aviation has 
appointed, with effect from September 1, MR. AUBREY C. 
P1n@, hitherto assistant for special purposes and develop- 
ment of traffic to the Continental Superintendent, British 
Railways, Southern Region. 

Mr. J. McNEAL of the Landis Machine Company, 
Waynesboro, United States, has sailed for America to 
take up the appointment of foreign sales manager to that 
firm. For nearly 30 years he has been attached to 
Alfred Herbert Limited, Coventry, as a specialist in 
Landis threading equipment and as European sales 
manager for his firm. 

Mr. L. R. CHAMBERS has been appointed secretary to 
the National Council of Building Material Producers, 
2, Caxton-street, London, 8.W.1, in succession to Mr. 
M. G. IONIDEsS. 

Mr. H. WruiaMs, of Sterling Metals Limited, Coven- 
try, retired at the end of July after 29 years as director 
and secretary. Mr. Williams’s successor is Mr. T. 
BARKER. 

Mr. W. V. Hopeson, who joined the staff of Messrs. 
A. C. Wickman Limited, Coventry, in February, 1947, 
has now been appointed general manager, machine-tool 
division. Mr. C. F. Watts, who joined the company 
in 1945 as deputy to the financial director, has been 
made secretary. 

Mr. R. C. PowE LL, B.Sc., has been elected chairman 
of the Ebbw Vale Metallurgical Society for 1949-50. 

Mr. W. C. GARRISON, chief cost accountant to Messrs. 
Edgar Allen and Company, Limited, Imperial Steel 
Works, Sheffield, 9, has been appointed President of 
the Sheffield branch of the Institute of Cost and Works 
Accountants for 1949-50. 

Mr. J. A. DUNSBY, a student of the Royal Aeronautical 
Society, has been awarded the first Charter Scholarship 
of the Society for the year 1949-50. He will carry out 
research work at the Imperial College of Science and 
Technology. 

As from to-morrow, August 13, the telephone number of 
the BRITISH WELDING RESEARCH ASSOCIATION will be 
changed to LANgham 7485/9. 

Messrs. THE CONSOLIDATED PNEUMATIC TOOL CoM- 
PANY LIMITED, are opening a new production centre in 
Johannesburg, South Africa. Mr. JOHN BARCLAY, 
hitherto in charge of production at the Fraserburgh 
works of the company, has been appointed works manager 
of the new factory, which will commence production 
before the end of the year. 

On August 1, Messrs. S. WOLF AND COMPANY, 
LIMITED, changed the title of their firm to WoLF ELEc- 


1904, was a director of Rootes Limited, and, since 1946, 
had been general manager of the Rootes Group plant in 
Australia. Mr. Watney’s career had been associated 
mainly with the Rootes Group, but, in 1935, he became 
managing director of Lagonda Limited, and during the 
late war, he organised the production of guns and muni- 
tions at the firm’s Staines Works. and also developed 
and manufactured the Crocodil2 and Wasp flame-throwing 
equipment used on armoured fighting vehicles. In June, 
1946, Mr. Watney returned to the Rootes Group and was 
appointed general manager of the firm’s plant at Fisher- 
men’s Bend, South Melbourne, Australia, which has since 
been developed considerably under his direction. 


TRIC TOOLS LIMITED. 

Messrs. METROPOLITAN-VICKERS ELECTRICAL COM- 
PANY, LIMITED, Trafford Park, Manchester, 17, announce 
that the address of their office at Stoke-on-Trent (a sub- 
office to Birmingham) has been changed to Stoke-road, 
Stoke-on-Trent, R. T. I. Paterson continues in 
charge and the telephone numbers, namely, Stoke-on- 
Trent 48630 and 48639, remain unchanged. The erection 
and traction erection departments of the company’s 
Birmingham office have been removed from Bennett’s 
Hill to 26-28, Holloway Head, Birmingham, 1., where 
the firm’s lamp-sales office is still located. (Telephone : 
MIDland 3842-3-4.) 


THE AMERICAN IRON AND STEEL INSTITUTE. [Price 
15 cents.) No. 40. Third Progress Report of the 
Investigation of Methods of Roadbed Stabilization. By 
ROCKWELL SMITH. Conducted in co-operation with 
THE ASSOCIATION OF AMERICAN RAILROADS. [Price 
15 cents.] No. 41. Phase-Sensitive Indicating Devices. 
By Howarp C. Roperts. [Price 15 cents.) The 
Director, Engineering Experiment Station, University 
of Illinois, Columbus 10, Ohio, U.S.A. 

A Dictionary of ~ Mathematics. Volume II. Plane 
Trigonometry and Geometry. By C. H. McDOWELL. 
Mathematical Dictionaries, 72, Victoria-street, London, 
8.W.1. [Price 5s.] 
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NOTES FROM THE NORTH. 


GLASGOow, Wednesday. 

Scottish Steel.—The steelworks have started the second 
half of 1949 particularly well. The repairs and overhauls 
to plant, machinery, and furnaces have proved most 
effective, while the operatives have obviously benefited 
considerably from the good weather during their vacation. 
There is little sign of a slump in trade between now and 
the end of the year, and the industry seems extremely 
well placed for setting up further records in the ensuing 
months. The current demand for steel, for delivery in 
that period, would warrant an increase over the high 
outputs obtained in the first half of the year, and there 
appears to be no obstacle to prevent any necessary 
expansion. The possibility of interruption through 
labour troubles is discounted, and the raw-material 
position is incomparably superior to that of a year ago, 
particularly with regard to scrap, a most important ele- 
ment of the furnace charge in Scottish steelmaking. 
The present supply permits a 70 per cent. proportion of 
scrap in the charge, a level giving considerable satisfac- 
tion to makers. Iron ore and coke supplies are adequate, 
and pig-iron outputs are steadily maintained. Makers 
are well booked up for several weeks ahead, and although 
re-rollers are relatively worse off, their prospects have 
improved appreciably following the ratification of further 
bi-lateral trade agreements. Extended delivery dates 
continue to be quoted by sheetmakers, who now have 
actual orders on their books representing 20 weeks of 
capacity working. 


Scottish Coal.—Stocks at a number of points show signs 
of the inroads made during the holidays, but there is no 
indication, among the principal consuming industries, of 
anxiety regarding supplies for current needs. The 
reduced level of production during July caused a decline 
in reserves, of course, but an improvement is expected, 
from this week onwards, now that collieries have resumed 
fully after the vacation. Steady progress with stock- 
piling has been made in the house-coal section during the 
past three months, basic deliveries having been aided by 
slow sales. Indeed, trade for a time was so slack that a 
few merchants cancelled further deliveries from the 
marketing agencies, in some cases on account of limited 
stocking facilities, and in others because of financial con- 
siderations. The principal industrial users are tolerably 
well supplied for the present, although improved margins 
are needed to secure the position against the possibility 
of a severe winter. There seems little likelihood of any 
extensive improvement in the coal-shipping trade at 
the moment. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 
The Welsh Coal Trade.—Holidays, throughout the 
past week, have severely curtailed output, and supplies 


of almost all descriptions have been exceedingly short | 
The pits were | 


to meet a steadily sustained demand. 
closed for. the August Bank-Holiday Monday and 
Tuesday, while sections of the coalfield were also idle 
under the scheme for staggering the miners’ annual paid 
week’s holiday, and it will take some little time before 
this loss of output can be made up. In the foreign export 
section, the Italian market has attracted some attention 
in view of reports that business was being negotiated 
with buyers there for a fairly substantial quantity for 
delivery from September to June next. Operators in 
this market have already entered into commitments 
to the end of the year, but, of late, deliveries have 
been quieter as the Italian clients appear to be less 
interested because of their present good supplies of 
American coals. A steady activity has continued in 
shipments to France, and scheduled quantities have gone 
forward fairly well. A limited Portuguese trade has been 
planned for this month and further cargoes have been 
arranged for Spain. Arrangements have gone ahead 
well for South America and most of the August coal 
has been fixed, as well as a fair portion of the September 
quantity. The large home demand persists, the leading 
users being interested in stocking as well as in current 
requirements. Patent fuel attracts a steady interest 
from customers at home and abroad, and further sales 
have been made to Brazil. Cokes are busy and foreign 
orders have come in for the foundry sorts. 





RAILWAY TRAFFIC-CONTROL SCHEME.—A scheme for 
the improvement of traffic control on the London Midland 
Region, which was initiated by the former L.M.S. Railway 
at a cost of approximately 1,000,0001., has now been 
completed. The daily traffic consists of 9,000 passenger 
and 12,000 freight trains, which are run over the 15,000 
miles of L.M.R. track. Mr. J. W. Watkins, operating 
superintendent of the Region, is responsible, with 
divisional operating superintendents located at Man- 
chester, Derby and Crewe. The previous 42 control 
offices have been merged into 19 district offices, which 
are equipped with the latest telephone apparatus. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—In most branches of the iron and 
steel industry producers have extensive contracts to 
carry out and are disinclined to increase their commit- 
ments until they have appreciably reduced delivery obliga- 
tions. At the same time, the economic crisis, which is 
adversely influencing trade generally, is attracting much 
attention. Indeed, indications of the development of a 
less insistent demand for one or two descriptions of 
material are not entirely absent. Available parcels of 
raw material satisfy fairly well the current needs of 
consumers. Imports of good quality foreign iron ores 
continue substantial, but the output of Cleveland ironstone 
mines is still on a disappointing scale. The distri- 
bution of iron and steel scrap from home sources and 
from Germany is at a high level, but consumers’ require- 
ments continue very heavy and there is a ready sale for 
all grades. Better pig iron supplies are expected in the 
autumn. Customers for semi-finished commodities are 
able to obtain parcels that are adequate for their present 
needs. To overcome complaints of shortage of certain 
types of semi-finished material, increased supplies from 
the Continent have been secured. Finished-steel 
products remain in strong request for home purposes 
and for export. 


Foundry and Basic Iron.—Users of ordinary foundry 
pig iron are calling for larger supplies than they are 
receiving and, owing to the continued shortage, are still 
consuming considerable quantities of cast-iron scrap, 
satisfactory parcels of which are readily obtainable. 
The make of basic iron continues to be promptly absorbed 
by the needs of producers’ own steelworks. 

Hematite, Low-Phosphorus and Refined Iron.—The 
production of East-Coast hematite is steadily absorbed 
by regular customers and bigger deliveries than are coming 
forward would be welcome. Firms turning out low- and 
medium-phosphorus grades of iron have no difficulty in 
disposing of these products. The demand for refined 
iron is on a scale that keeps manufacturers busily 
occupied. 

Manufactured Iron and Steel.—Substantial contracts 
in hand for various descriptions of semi-finished and 
finished iron are approaching completion, but buyers 
are expected to place orders that will maintain plants 
actively engaged until the end of the year. The parcels 
of steel semies, now obtainable, are adequate for the 
requirements of the re-rolling mills, the recent outputs 
of which have been at a rate that has dealt satisfactorily 
with heavy commitments. Finished-steel departments 
|are still overwhelmed with work. Makers of colliery 
| equipment, rolling stock, power plant, shipbuilding 
material, sheets, and material for general engineering 
work have very well filled order books. 











THE LATE Mr. J. MCKECHNIE.—We note with regret 
the sudden death of Mr. John McKechnie, which occurred 
on August 5. Mr. McKechnie, who was secretary of 
Messrs. The Mirrlees Watson Company, Limited, 45, 
Scotland-street, Glasgow, C.5, joined the firm in April, 
1906. He became assistant secretary in 1928 and was 
promoted to the position of secretary in 1931. Mr. 
McKechnie was at business until within a few hours of 
his death. 





DISCUSSION ON CORROSION OF STEEL.—A joint meeting 
of the Iron and Steel Institute and the British Iron and 
Steel Research Association, to discuss papers on the 
corrosion and corrosion fatigue of steel, will be held at 
the Institute’s offices, 4, Grosvenor-gardens, London, 
S.W.1, on Tuesday, October 18. The meeting will com- 
mence at 10.30 a.m., and will continue in the afternoon. 
Mr. T. M. Herbert, chairman of the Corrosion Committee 
of the Research Association, will preside. The papers to 
be discussed will comprise : ‘“‘ A Simple Form of Acceler- 
ated Atmospheric Corrosion Test,” by Mr. R. St. J. 
Preston; ‘‘The Corrosion Resistance of High-Alloy 
Steel to an Industrial Atmosphere,” by Mr. H. T. Shirley 
and Mr. J. E. Truman; ‘“ The Atmospheric Corrosion 
of Iron and Steel Wires,” by Dr. J.C. Hudson ; “ Climatic 
Effects on the Corrosion of Steel,’”’ by Mr. J. Dearden ; 
“‘The Effect of Shot-Peening upon the Corrosion-Fatigue 
of a High-Carbon Steel,”’ by Drs. A. J. Gould and U. R. 
Evans; “ Corrosion-Fatigue of Steel Under Asymmetric 
Stress in Sea Water,”’ by Dr. A. J. Gould ; “‘ High-Speed 
Rotor Tests of Paints for Under Water Service,’”’ by Dr. 
F. Wormwell, Mr. T. J. Nurse and Mr. H. C. K. Ison ; 
and ‘“‘ Electro-Chemical Studies of Protective Coatings on 
Metals. Part I.—Electrode-Potential Measurements on 
Painted Steel,” by Dr. F. Wormwell and Mr. D. M. 
Brasher. Non-members of the Institute are invited 
to come to the meeting and to join in the discussion. 
Copies of the papers, buffet-luncheon tickets, and further 
information are obtainable on application to the secretary 
of the Institute. The envelope should be marked 
*‘ Corrosion Meeting.” 








LAUNCHES AND TRIAL TRIPS. 

8.8. “‘ Goopwoop.”—Single-screw collier, suitable for 
service in the timber and general-cargo trades, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
Messrs. Wm. France, Fenwick and Company, Limited, 
London, E.C.3. First vessel of an order for two and the 
23rd vessel built for these owners. Main dimensions : 
298 ft. by 45 ft. by 21 ft. 6 in.; deadweight capacity, 
3,600 tons. Triple-expansion superheated steam engines, 
constructed by the North Eastern Marine Engineering 
Company (1938), Limited, Sunderland, and two main 
boilers having forced draught. Launch, August 8. 

H.M.S. “‘ Darine.””—Second of a new class of destroy- 
ers, built by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Wallsend-on-Tyne. Length, 390 ft. by 43 ft. 
beam. To carry six 4-5-in. guns and six smaller guns 
and to mount two Pentad torpedo tubes. Geared steam 
turbines constructed by The Wallsend Slipway and 
Engineering Company, Limited, Wallsend-on-Tyne. This 
vessel will give her name to the new class of destroyers, 
which comprise the largest now in His Majesty’s service. 
Launch, August 10. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Steelmakers report a reduction in the 
demand for steel and predict that, in the course of 
the next twelve months, the scarcities which have 
prevailed for a fairly long time will have been turned 
into surpluses. Some authorities have issued warnings 
that large extensions of works designed to increase 
production should be proceeded with cautiously, and 
developments confined to normal extensions and replace- 
ments. The Master-Cutler, Lieut.-Col. J. P. Hunt, has 
stated that orders are definitely falling off, that Germany, 
in sending steel products into England, is becoming a 
“ nuisance ”’ to steelmakers here, and that Japan will 
be in production soon. Mr. J. B. Thomas, managing 
director of Hadfields Limited, speaking of what he has 
seen of extensions and developments in Canada and the 
United States, has said that the world production of steel 
will outstrip the demand within the next twelve months. 
He adds, however, that his company’s 4,500,0001. 
scheme will be proceeded with because it is largely one 
of reorganisation intended to reduce production costs and 
thus enable the firm to meet growing competition. Mr. 
Lewis Chapman, managing director of Wm. Jessop and 
Sons, Limited, has said that there is no question of his 
firm at present deferring plans, though there might be a 
tendency to move more slowly with them. 


South Yorkshire Coal Trade.—The resumption of work 
at collieries on Tuesday following the annual holidays 
bas provided much-needed coal. Many of the men were 
reluctant to re-start work until the following days. 
Heavy pressure has been experienced for locomotive 
hards, and the call for coking coal has been strong. 
Industrial steams have been active. House coal is quiet, 
and off-the-ration coal moves very slowly. Gas coke is 
fairly plentiful. The demand for export coal is rather 
quieter. 





THE ELECTRON MICROSCOPE IN METALLURGY.— 
A one-day symposium on “ Metallurgical Applications 
of the Electron Microscope ” is being organised by the 
Institute of Metals in association with the Chemical 
Society, the Electron Microscopy Group of the Institute 
of Physics, the Faraday Society, the Institution of 
Electrical Engineers, the Physical Society, the Iron and 
Steel Institute, and the Royal Microscopical Society. 
The symposium will be held in the lecture theatre of 
the Royal Institution, 21, Albemarle-street, London, 
W.1, on Wednesday, November 16. Some 12 papers, 
which will be available before the meeting, are to be 
discussed. An exhibition of related apparatus will be 
held during the meeting. Further details regarding the 
symposium will be issued in due course. 





ALLOYS FOR MARINE PROPELLERS.—In a research, 
the results of which have been published in the Pro- 
ceedings of the American Society for Testing Materials, 
Messrs. W. C. Stewart and W. L. Williams have examined 
the properties of 32 materials used, or intended for use, 
for marine propellers. These comprised four alloy steels, 
five nickel-base alloys, two manganese-base alloys, and 
a number of copper-base alloys. Mechanical, fatigue, 
cavitation-erosion, corrosion and corrosion-fatigue tests 
were carried out, and, as a result, the best all-round 
material was considered to be an alloy having the 
following percentage composition : nickel 66, copper 28, 
silicon 3-6, iron 1-5, and manganese 0-6. Other alloys 
giving satisfactory results were three chromium-nickel 
austenitic steels ; a high-tensile 67 : 22 copper-zinc alloy, 
containing 4-3 per cent. aluminium, 4-7 per cent. man- 
ganese, and 2-5 per cent. iron; and a copper-2-9 per 
cent. beryllium alloy. 
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THE NEW APPRENTICESHIP. 


In a leading article which appeared in ENGINEER- 
1nG of February 10, 1888, Professor T. H. Huxley 
was quoted as saying that “‘ technical education is 
a necessity—the old apprenticeship system has 
broken down.” His observation was made in the 
course of an article in The Nineteenth Century, 
entitled ‘‘ The Struggle for Existence.”” Whether or 
not it was reprinted in the nine volumes of his 
Collected Essays, we are not aware, but it deserved 
to be, if only to provide for future generations some 
further evidence of the truth of the cliché that one 
of the most clearly marked characteristics of this 
life is that ‘‘ Plus ga change, plus c’est la méme 
chose.” If Huxley was right, however, in his 
declaration that the old apprenticeship system had 
broken down, he must have been as far in advance 
of the general thought of his time in this respect as 
he was in many others, for no material change was 
introduced into the system for at least another 
couple of decades. Apprentices continued to adhere 
to one or the other of two distinct categories : the 
premium apprentice, to whom was extended a 
favouritism that, not infrequently, effectively pre- 
vented him from obtaining more than a superficial 
knowledge of any of the crafts with which he was 
brought into contact, and the trade apprentice, who 
was taught his trade, if the process could be called 
teaching, by means which were all too reminiscent 
of those of Mr. Wackford Squeers. That the process 
was remarkably effective in a large number of cases 
—for, after all, it was the individual experience of 
many of the most famous engineers in every country 
which has produced famous engineers—may be put 
to the credit of the apprentices rather than that of 
the system, which was primitive almost to the point 
of barbarism, even in some works of considerable 
size and established repute. 








It is a little difficult to determine when it began 
to be thought that some method a trifle less 
Spartan in its primitive simplicity might, perhaps, 
be productive of beneficial results, but there seems 
little doubt that the manner of the enlightenment 
owed a@ good deal to the apprentice schools in the 
Royal Dockyards, and the almost monotonous per- 
sistence with which Dockyard apprentices collected 
the Whitworth Scholarships and Exhibitions. Con- 
currently, of course, there were also other influences 
at work: a steady improvement in home environ- 
ments, which made the old-fashioned workshop 
conditions appear increasingly sordid by com- 
parison ; the establishment of engineering faculties 
in more and more universities, which brought to the 
workshops, in search of practical experience, numer- 
ous young men of the middle and upper-middle 
classes old enough to judge for themselves that better 
conditions ought to make for better work; and, 
during and after the 1914-18 war, a great expansion 
in the volume of precision engineering, carried out 
by means of precision tools of such standards of 
accuracy that improved workshop conditions 
became essential in the interests of the tools and the 
products, quite apart from those of the personnel. 
Moreover, the new tools and the new types of pro- 
duct brought into general use a variety of new 
materials, requiring as a condition of their utilisation 
@ more advanced type of technical knowledge than 
sufficed for the simple irons and steels and brasses 
with which earlier generations had to be content. 
In short, to ensure the continued production of a 
large proportion of its higher-quality goods, the 
engineering industry was beginning to need higher- 
quality recruits, and to need them in considerable 
and dependable numbers. Apprentices had ceased to 
be regarded as a convenient source of cheap labour. 

This tacit change of status has not come about 
uniformly, but there are now no considerable 
branches of the engineering industry in which it 
has not taken place at all, or only to a negligible 
extent. How general has been the awakening to a 
new sense of responsibility and urgency in the 
training of recruits to the industry is well exempli- 
fied by the literature introducing five entirely 
separate schemes of apprenticeships. The five 
brochures are taken as examples mainly because they 
happen to be those most recently received, but 
they are typical of many more, several of which 
have been mentioned individually in our columns 
from time to time. The schemes to which they 
relate, taken in order of receipt, are those of the 
Plessey Company, Limited, of Ilford, Essex, makers 
of precision electrical apparatus and of various other 
products ; the Sturtevant Engineering Company, 
Limited, of London, Birmingham and Manchester, 
who are principally heating and ventilating engi- 
neers ; the English Steel Corporation, Limited, of 
Sheffield, Manchester and Darlington, whose inter- 
ests are sufficiently described by their title; Guy 
Motors, Limited, of Wolverhampton, makers of 
heavy road-transport vehicles ; and Raleigh Indus- 
tries, Limited, of Nottingham, makers of bicycles 
and their components and equipment. The variety 
of products represented by these five firms is ample 
illustration of the extent. to which the modern 
conception of apprenticeship has permeated the 
engineering industry as a whole ; and the substantial 
uniformity of the training offered demonstrates the 
degree of co-ordination that has been achieved as a 
result of the efforts of the technical and scientific 
officers of the Ministry of Education. 

Points of fundamental difference between the 
schemes are negligibly few. None requires the 
payment of a premium, though in one case the 
apprentice’s parents or guardians are expected to 
make an annual contribution towards the expenses 
of the firm’s welfare scheme ; a procedure that has 
much to commend it, for it is not a good thing, in 
general, that all benefits should be distributed 
gratis, and the average parent or guardian is likely 
to have a very inadequate idea of the capital outlay 
and the maintenance cost of ing what is, in 
effect, an educational establishment of some 
magnitude. All of the schemes recognise that the 
personal aptitudes and capacities of apprentices 
will vary between wide limits, and they provide, 
accordingly, that the apprentice who has it in him 
to rise above the ruck shall have every opportunity 
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to doso. None of them requires that an apprentice 
should consider himself bound in any way to the 
firm concerned after the completion of his ‘‘ time ” ; 
but equally, and of necessity, the firm are under 
no obligation to continue to find employment 
for each and every apprentice who has completed 
his period of training. All five schemes insist on 
regular attendance at day or evening classes, either 
conducted under the auspices of the firm or in a local 
technical college, and all show due appreciation of 
the importance of cultivating other interests in 
sport, hobbies, etc., several offering facilities in 
these respects not easily to be enjoyed by the youth 
in a small office or works. In a word, the training 
offered is a preparation for living profitably, and 
not merely for working; and, in some cases, it 
affords opportunity to go on to a university and so 
to enter upon a still wider life. 

When all in the apprentice’s garden is made so 
very lovely, it may seem almost churlish to suggest 
that there are other aspects of this new type of 
apprenticeship, which it is well to consider dis- 
passionately. In the aggregate, it represents a 
heavy charge on industry ; in a double sense, too, 
for not only is there the capital and maintenance, 
which may be considerable, but the apprentice is 
now paid according to a scale which, in his last year, 
is not so far below the journeyman’s basic time-rate, 
while he is still working productively ‘for a much- 
reduced number of hours in the week. We do not 
grudge the advantages offered or suggest that, as a 
long-term investment, they may not be profitable ; 
but it appears to be of the highest importance that 
the parents and guardians, and the apprentice 
himself, should appreciate fully what is involved 
and should not merely accept these benefits and 
amenities as manna from Heaven, or, perhaps, 
come to expect them as a right and even to com- 
plain if they are not provided. Those of the appren- 
tices who proceed so far with their studies as to 
prepare for the entrance examinations of the senior 
engineering institutions will have to study some 
economics and, in time, should be able to realise 
that, in this world, they will get very little without 
having to pay for it in some form; that is not a 
stipulation imposed by a grasping capitalism, but 
an inescapable economic fact, bearing as strictly 
upon the employer as upon the employee. Older 
generations do not always realise it so clearly or 
appreciate the intermediate stages by which it may 
be applied ; if they did, there might not have been 
the same occasion for the remarks by Sir George 
Christopher, quoted on the opposite page. 

The firms who operate these elaborate schemes of 
apprenticeship are not conducting charities; they 
are recognising a trend of the times and making a 
proper provision for the future of the engineering 
industry—but that provision must be paid for, in 
the end, by the beneficiaries, who are not, as some 
might suppose, the employers alone, but the com- 
munity as a whole. To say that “‘no premium is 
required ” is to talk the language of the common 
man, but it is not the whole, truth; it would be 
more accurate to say that no direct premium is 
payable to the employer. The premium must be 
paid in the long run, in more profitable service by 
the individual so that production may be carried 
on more efficiently, costs reduced to the lowest 
practicable level, trade stimulated, and full advan- 
tage taken of scientific and technical progress. It 
is because so many ordinary human beings seem to 
be incapable of grasping this argumght that we 
incline to favour the requirement of the one firm, 
of the five mentioned above, who stipulate that a 
contribution must be made, on the apprentice’s 
behalf, to the Welfare Fund. The total amount— 
101. for each year of the intended apprenticeship, 
payable in a lump sum on engagement—is com- 
parable with that of the old-style premium which 
the employer pocketed. As the intake is limited to 
12 apprentices per annum, the aggregate sum 
cannot be regarded as a source of profit; but the 
payment of 401. or 501. as a condition of entry is a 
guarantee that the parents or guardians will not be 
led to suppose that they are getting something for 
nothing, and they should value the result accord- 
ingly. “‘No premium required ” has an attractive 
ring, as it is intended to have ; but the laws of econo- 
mics are not to be evaded by a mere form of words. 


ENGINEERING. 


HYDRO-ELECTRIC 
DEVELOPMENT IN EIRE. 


As Eire has no natural coal resources of any 
importance, and as practically all coal used for 
steam generation is imported, it might have been 
expected that considerable development would have 
taken place in the large-scale utilisation of peat, of 
which there are extensive deposits. From time to 
time, information has been made available about 
small-scale peat-fired plants, usually employing gas 
producers, but nothing has been heard of large peat- 
burning power stations such as are in operation in 
various parts of the world. One reason for this may 
be that the configuration and nature of Irish peat 
bogs make it difficult to win the material in large 
quantities on an economic basis. Support is given 
to this idea by a phrase in a paper read by Mr. J. A. 
O’Riordan at the Joint Summer Meeting of the 
Institution of Civil Engineers and the Institution of 
Civil Engineers of Ireland in Dublin in June. 
Referring to peat-burning, or turf-burning, stations 
which are now being built, Mr. O'Riordan said “it 
may be assumed that turf stations will be assigned as 
much of the base steam-load required on the system 
during dry periods as can be generated from the 
turf crop which can be won . . . during the season.” 
This would appear to imply that doubt exists about 
the possibility of winning enough peat to keep a 
power station in full and continuous operation. 

Notwithstanding this disability, if it is one, the 
utilisation of peat for power generation on a com- 
mercial scale has now been undertaken in Eire and 
peat-fired power stations are being constructed at 
Portarlington and Allenwood. Both these places 
are situated to the west of Dublin. The power 
station at the first place will have an initial capacity 
of 25,000 kW and an ultimate one of 37,500 kW. 
It is expected to be in operation towards the end of 
this year. The Allenwood station will have an 
intial installation of 40,000 kW and an ultimate 
one of 60,000 kW. It will probably go into com- 
mission in 1951. Mr. O’Riordan’s paper was essen- 
tially concerned with the economics of hydro-electric 
development, but it is pertinent to note that he 
stated that ‘‘it may be assumed that the cost of 
generation at turf- or oil-fired stations will not be 
less than from coal-fired plant.’’ This is not to be 
taken as an argument against the exploitation of 
peat. As one of the country’s natural resources it 
is desirable that if possible it should be utilised 
instead of imported coal, the cost of which ‘is 
unlikely to stabilise at a figure of less than about 
47s. 6d. per ton. The Electricity Supply Board is 
showing enterprise in the construction of the two 
peat stations and it may be that experience with 
them will ultimately have considerable influence on 
fuel-station practice in Eire. 

As peat is a natural resource in that country, so 
is water power and much has been done to utilise it. 
So extensive has been the development that, from 
1930-31 to 1947-48 inclusive, 69 per cent. of the 
total energy requirements were provided from water 
power. Mr. O’Riordan says that the configuration 
of the country is not especially favourable for good 
water-power sites, but on the other hand, the dis- 
tribution of flow over the year is favourable, as 75 per 
cent. of the run-off occurs over the winter period, 
from’ October to March, the time of the greatest 
demand. Eire, however,is a comparatively small 
country, and the seasonal and annual variations of 
flow follow much the same pattern for all the rivers. 
As a consequence of this, the whole hydro-electric 
supply is likely to be affected in a dry year. This 
happened in 1933, when the flows both on the River 
Shannon and the River Erne were the lowest 
recorded for 50 years. On the average, there is a 
dry year once in seven. The River Erne is situated 
in the north-west corner of the country and a scheme 
for the construction of two stations of a combined 
capacity of 60,000 kW has been put in hand. This 
will be the second largest installation in the country ; 
the capacity of the Ardnacrusha station on the 
Shannon is 80,000 kW. v 

To work in conjunction with the hydro-electric 
stations and to help to tide over dry periods, a new 
steam station with a final capacity of 180,000 kW 





is to be built near Dublin, and the old Pigeon House 
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Station in that city has been equipped with new sets 


and now has a capacity of 95,000 kW. A new oil. 
burning station of 25,000 kW at North Wall, 
Dublin, has also been started up recently. These 
various stations, with the two peat-burning stations, 
will have a total initial capacity of 232,500 kW and 
an ultimate one of 397,500 kW. A curve given jn 
the paper indicating the way in which the 1935-36 
load curve might have been distributed between 
steam and water-power stations, assuming that the 
new hydro-electric stations had been in operation, 
indicates that the maximum load in that year was 
something over 220,000 kW, but this is not to be 
taken as the present figure. The present-day 
maximum load does not appear to be given in the 
paper, but the figure of 250 million kWh generated 
in 1935-36 rose to 700 million in 1948-49. 

After an examination of the economics of steam 
and water-power generation, Mr. O'Riordan sums 
up in favour of developing the water-power resources 
of the country to the fullest possible extent. The 
details of his argument cannot be dealt with here, 
but the basis of his conclusion may be illustrated 
by his calculation that the annual saving in running 
costs obtained by the construction of the Ere 
plant, as compared with an equivalent steam 
station, will be of the order of 350,000/. It is 
realised that fuel stations of sufficient capacity to 
provide ‘‘ a reasonable degree of security of supply” 
in the seven-year-average dry year, should be 
available, but it is contended that water-power 
development should not be postponed by giving 
undue weight to the conditions of such an excep- 
tional year as 1933, which “may not occur more 
than once in halfacentury.” The installed capacity 
of the hydro-electric stations in existence or in pro- 
cess of construction is 206,000 kW, and the esti- 
mated average-flow capacity at eleven new sites 
now under survey is 45,000 kW. Further, it is 
considered that there are a large number of sites 
of modest potentiality which might provide useful 
supplies of the order of 300 million kWh per annum. 

All technical questions have a financial basis 
and the economic situation of Eire tends to add 
special weight to arguments in favour of water-power 
stations. As all generating plant, boilers and other 
mechanical equipment have to be imported, the 
type of development in which these are reduced to 4 
minimum, and a large part of the total expenditure 
is represented by civil-engineering works, is bound 
to be economically attractive from the point of 
view of the country’s overall financial position. 
Apart from the machines and their auxiliaries, the 
construction of a hydro-electric station utilises 
domestic material and domestic labour. The economic 
argument also favours water power development 
as a method of reducing coal imports and, incident- 
ally, giving some insurance against interruption 
of supplies such as occurred in the war. During the 
worst period of the conflict, the whole economic 
life of Eire would have been crippled, if water-power 
supplies had not been developed previously. 

As the situations of water-power stations are 
determined by natural features of the countryside, 
they may have to be located far from the load 
centre. Even steam stations, however, cannot 
always be placed in the exact position which 
transmission conditions would indicate as the most 
desirable ; coal deliveries and condensing-water 
supplies are ruling considerations. The main 
steam-station developments in Eire have taken place 
in Dublin, which is the area with the most concen- 
trated load, but that important demands are growing 
up in other parts of the country is shown by the 
fact that while in December, 1934, 65 per cent. of 
the output from Ardnacrusha was transmitted to 
Dublin, in January, 1949, the figure had dropped 
to 20 per cent., and more than 20 per cent. of the 
Dublin steam-station output was transmitted to 
other areas. The general plan now being worked 
out provides main generating centres well distributed 
throughout the country, from Dublin to Limerick, 
arid Sligo to Cork. They are being connected by 
main 110-kV transmission mains and secondary 
38-kV and 10-kV networks. The whole will provide 
supplies over the greater part of the country and will 
permit the interchange of load between the various 
centres as climatic conditions or local circumstances 
may require. 
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NOTES. 


SHIPBUILDING Costs AND DELAYs. 


ComMENT has been made on a number of occasions 
during the past twelve months on the dearth of new 
orders for cargo tonnage, as reported from the 
various British shipbuilding centres. A considerable 
number of cargo liners, carrying also a few passen- 
gers, are in hand, some buiiders having orders on 
their books sufficient to re-occupy all berths when 
the vessels now on them are launched ; but orders 
for purely cargo tonnage, apart from tankers, are 
scarce, especially those for British owners, and the 
time is past when the immense war-time construc- 
tion of standard ships could be adduced as the prin- 
cipal reason. Much more potent influences are the 
high cost of cargo tonnage, the delays in delivery, 
and the additional charges that swell the final cost 
far above the estimate—largely, no doubt, the 
outcome of the delays. Many shipowners have 
protested against these adversities, but few have 
done so as cogently as did Sir George Christopher, 
chairman and managing director of the Hain 
Steamship Company, at the launch of the motorship 
Treloske on August 9. The Treloske is the last 
of five motorships ordered in March, 1946, from 
Messrs. William Doxford and Sons, Limited, 
Sunderland. A sixth motorship is on order from 
Messrs. William Hamilton and Company, Limited, 
Port Glasgow, and two steamers are being built by 
Messrs. John Readhead and Sons, Limited, South 
Shields. The estimated cost of the five Doxford 
ships, Sir George stated, was in the region of 300,0001. 
each, when they were ordered—a sufficiently high 
figure for vessels of some 5,400 tons gross ; but it is 
now expected that the Treloske will cost about 
40,0001. more, and, as she will not be delivered until 
February, 1950, instead of April, 1949, she will have 
lost some nine months’ trading. The indications 
are that the aggregate cost of the five Sunderland- 
built ships will exceed the estimated cost by more 
than 275,0001., and the excess cost of the two Tyne- 
built ships promises to be in about the same 
proportion. No firm information is available, 
apparently, about the eventual cost of the ship in 
hand on the Clyde. As Sir George said, ‘‘ An 
anticipated increased cost of something upwards 
of 375,000/. on seven ships, with an unknown 
quantity in the shape of the eighth, coupled with 
the loss of at least 60 months of good trading and 
a slide-away in the value of securities wherewith 
to pay the instalments, is, for a tramp-owning 
company, a very staggering proposition.” The 
only effective antidote, in his opinion, lies in a 
radical change of policy on the part of organised 
labour, which must take all possible steps to increase 
the output per man; but, he emphasised, the lead 
must come from ‘‘ those responsible for counselling 
and leading labour.””’ Owners ‘* must ask not merely 
for fixed contract prices and delivery dates, but for 
very big reductions in prices’’; otherwise they 
would not be justified in making further contracts, 
because ‘‘ to-day’s prices for new ships are already 
being shown to be beyond the capacity of the world’s 
chartering markets to support profitably.” 


INDUSTRIAL MANAGEMENT COURSES AT 
BIRMINGHAM. 


The Birmingham Central Technical College 
established in 1947 a Department of Industrial 
Administration ‘‘to promote the study, discussion 
and improvement of current techniques of industrial 
management ” and, in particular, to provide instruc- 
tion for workpeople’s representatives who are 
members of Joint Production Committees or are 
otherwise concerned with works consultations at 
factory level. Hitherto, the courses have been 
arranged on a part-time basis, but their popularity 
has encouraged the Principal of the College (Mr. J. 
Wilson, B.Sc., M.I.Mech.E.) and the head of the 
Department (Mr. D. H. Bramley, A.M.I.Mech.E.) to 
institute a series of residential courses to occupy 
four weeks of continuous study, for the benefit, 
especially, of trade-union officials. There are five 
courses, each covering the subjects of time and 
motion study, methods of payment, factory organisa- 
tion and management, industrial relations and 
industrial law, and English usage (composition, 


reporting, and verbal discussion and debating), the 
series being repeated in four-weekly periods com- 
mencing on September 17 and October 29, 1949, 
and January 7, February 4 and March 4, 1950. 
The course fee is 31. 4s. 0d., which includes member- 
ship of the Students’ Union of the College, and no 
more than 12 students will be enrolled for each 
course. It is stated that the first two courses, 
starting on September 17 and October 29, are 
already fully booked, all the places having been 
taken by the National Union of General and 
Municipal Workers. The students will reside to- 
gether at a Birmingham hotel, where accommodation 
has been reserved for them at a moderate inclusive 
charge, which is additional to the course fee; and 
arrangements are being made for them to meet 
prominent Midland industrialists and trade-union 
leaders, in addition to their formal studies. The 
courses will be under the supervision of Mr. T. Wylie, 
a former district organiser of the Transport and 
General Workers’ Union, who is now on the full-time 
staff of the Department of Industrial Administration. 
Forms of application for admission to the courses 
are obtainable from the Registrar, Birmingham 
Central Technical College, Suffolk-street, Birming- 
ham, I. 


INTERNATIONAL TECHNICAL COMMITTEE ON 


WELDING. 


The recent conference in Paris of the Inter- 
national Organisation for Standardisation (1.8.0). 
included the first meeting of the Technical Com- 
mittee on Welding. Seventeen nations were repre- 
sented, and M. Leroy, director of the Institut de 
Soudure, was elected chairman. In reviewing 
previous international activities, the chairman 
suggested that the work of the former International 
Standards Association Committee should be taken 
as @ basis. He also mentioned that the Inter- 
national Electrotechnical Commission had trans- 
ferred the work of its own standardisation com- 
mittee to the International Organisation, and had 
asked to be informed of any progress that was 
made. In the course of a discussion on welding 
definitions and symbols, the view was expressed 
that a combination of the American and Swedish 
| proposals on this subject might lead to a satis- 
| factory international system. A sub-committee was 
| formed to examine and submit fresh data and 
| suggestions with a view to finding an international 
| solution for consideration at a later conference. 
| Less progress was made during a long discussion on 
| weldability. Recommendations on chemical speci- 
| fications and the desirability of the early stan- 
| dardisation of mechanical tests of the base metals 
| were, however, adopted ; and are to be transmitted 
|to the appropriate committees dealing with these 
| subjects. It was also agreed that the preparation 
of a specification of weld quality should be given 
priority. Another resolution recommended a series 
of diameters for electrodes and filler rods, and a 
particular series was proposed for reference to the 
different countries for consideration. Sub-com- 
mittees to deal with symbols and joint nomen- 
clature, definitions of weld positions, design calcu- 
lations, electrodes and filler rods, arc welding 
equipment and weld quality were appointed. 


INTERNATIONAL STANDARDISATION OF BOLTS 
AND ScREW THREADS. 


Meetings of the Technical Committees on Bolts, 
Nuts and Accessories and on Screw Threads were 
also held during the International Conference for 
Standardisation. It was agreed that the work of the 
first of these bodies should cover “ bolts, nuts and 
metal thread screws of the most commonly used 
types ; and accessories, such as washers and split 
cotter pins.” Rivets, boiler stays and bolts and 
screws of limited use, however, were excluded. 
It was also agreed that recommendations regarding 
the main dimensions of the products coming within 
the scope of the Committee should be made ; and 
that the way should be prepared for a system of 
symbols which would clearly identify such character- 
istic features of the products as machining finishes 
and grades of accuracy. The secretariat has 
already worked out a system of identification 
symbols and this is to be submitted to the partici- 
pating countries for suggestions. Detailed con- 
sideration was given to definitions for the overall 











lengths of bolts and screws and of the length of 
thread ; and the results are being referred to the 
British Standards Institution. At the meeting 
of the committee on screw threads it was suggested 
by the British delegation that it would be desirable 
in future to recognise the existence of both the 
metric and the inch systems, but that a standard 
profile for triangular threads in both systems should 
be agreed. As a result, a series of unified screw 
threads for sizes from } in. upwards was accepted, 
with three dissentients, for the inch system, as was 
the profile of the unified thread for metric screw 
threads with a pitch of 1 mm. or more. The com- 
mittee concluded their work by laying down a 
programme for standardising threads with triangular 
profiles both above and below 6 mm. in diameter, 
and also for threads with other profiles. 


Woo. Texte Fve.-Errictency CONFERENCE. 

A fuel efficiency conference is to be held at 
Huddersfield Town Hall on Tuesday and Wednes- 
day, September 20 and 21, under the joint auspices 
of the Wool Textile Delegation and the Ministry 
of Fuel and Power. Mr. Fred Haigh, chairman of 
the Wool Textile Delegation, will preside at the 
opening of the conference, at 10 a.m., on the first 
day, when Mr. Alfred Robens, M.P., Parliamentary 
Secretary, Ministry of Fuel and Power, will be the 
principal speaker. Four technical sessions, two on 
each day, will be held, at which seven papers will 
be presented. Mr. Leslie G. Wilson, O.B.E., vice- 
chairman, East and West Ridings Regional Board 
for Industry, will take the chair at the first session, 
when two papers will be presented, namely, ‘‘ Drying 
Processes in the Wool Textile Industry,” by Mr. 
W. W. Spooner, M.A., M.I.C.E., managing director, 
The Spooner Drying and Engineering Company, 
Limited ; and ‘‘ Power Process Combinations,” by 
Mr. F. Buckingham, B.Sc., A.C.G.1., A.M.I.C.E. 
A.M.I.Mech.E., partner, Messrs. Cramp and Frith. 
The chairman at the second session will be Dr. 
W. E. Scott, M.B.E., M.Sc., F.R.L.C., Principal, 
Huddersfield Technicai College. Two papers will 
be presented at this session, the first on “ Efficient 
Steam Utilisation in the Piece Dyeing and Finishing 
Trade, by Mr. C. T. Wade, director, Leeds and 
District Dyers’ and Finishers’ Association ; and the 
second on “‘ Process Steam Economy in the Wool- 
Combing and Scouring Sections of the Industry,” 
by Mr. R. Adams, B.Sc., assistant chief engineer, 
Woolcombers Limited. The two papers to be 
presented at the third session, held on September 21, 
and presided over by Mr. W. A. Wordley, chief 
power-plant engineer, B.D.A., Limited, comprise 
‘*Combustion Problems and Modern Boiler-House 
Practice, with Special Reference to Internally-Fired 
Boilers,” by Dr. E. G. Ritchie, A.M.LC.E., 
A.M.1.Mech.E., of the British Coal Utilisation 
Research Association ; and “‘ Electrical and Mech- 
anical Power Application Transmission Problems,” 
by Mr. H. Matthews, of Messrs. Crofts (Engineers), 
Limited. One paper, namely, ‘‘ Instrumentation, 
Measurements and Use of Records,” by Mr. M. 
Brookes, A.M.I.Mech.E., chief engineer, Messrs. 
Lister and Company, Limited, will be presented at 
the last session, under the chairmanship of Major 
G. H. Kitson, O.B.E., chairman, North Eastern 
Regional Fuel Efficiency Committee. Mr. 8S. J. 
Eardley, M.B.E., A.M.I.Mech.E., regional fuel 
engineer, Ministry of Fuel and Power, will sum up 
the discussion of all four sessions after the presenta- 
tion of the final paper. On both the days of the 
conference an exhibition of fuel-efficiency equip- 
ment will be displayed at Huddersfield Town Hall. 
This will consist of models and exhibits relating to 
boilers, stokers, feed-water treatment apparatus, 
insulating materials, and other plant and equipment. 





INTERNATIONAL SCIENTIFIC FILM ASSOCIATION.—In 
connection with the Third International Scientific Film 
Congress, to be held in Brussels from September 30 to 
October 5, the Scientific Film Association of Great 
Britain desire information regarding any privately- 
produced films which might be suitable for inclusion in 
the British entry for the Scientific Film Festival, which 
is being arranged in conjunction with the Congress. The 
fields to be covered are research, education, industry 
and medicine. Particulars should be sent to the office 


of the Scientific Film Association of Great Britain, 4, 
Great Russell-street, London, W.C.1. 
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LETTERS TO THE EDITOR. 


ACADEMIC HONOURS FOR 
PRACTICAL ENGINEERS. 


To tHE Eprror oF ENGINEERING. 


Sm,—“‘ Structural ” raises an important problem. 
in the letter which you printed on page 112, ante. 
The present writer, now 41 years of age, spent 12 
years in the fiercely competitive environment of 
commercial life at its worst; then entered the 
engineering profession shortly before the war, after 
two terms of full-time technical college study ; 
qualified A.M.I.Struct.E. in 1940; was elected 
M.LStruct.E. in 1947; won the bronze medal 
(first prize) in Aeronautical Engineering Practice 
of the City and Guilds Institute in 1941 ; passed the 
Intermediate B.A. examination in 1943; was 
awarded the degree of B.A. (London) with honours 
in mathematics in December, 1945, and passed the 
M.A. examination in mathematics (tensor analysis 
and theory of elasticity) this year. The last four 
examinations were prepared for by self-tuition, 
entirely unaided, while employed as a practical 
working draughtsman. Moreover, I intend to 
continue for higher degrees, despite having entered 
the teaching profession ; for industry pontificates 
**Too old at 40.” Why should the acquisition of 
university scholarships and degrees be the perquisite 
of the young Like myself and, presumably, 
** Structural,” many middle-aged men have never 
had the chance of full-time training for a degree. 
To quote Silvanus P. Thompson, ‘‘ What one fool 
can do, another can.” 

Recently, the proposal for a Tech.D. degree was 
fully investigated ; the universities rejected it with- 
out hesitation. 

The main obstacle to the attainment of a first 
degree in engineering is “course work.’ London 
University does waive this requirement in certain 
circumstances, but these must be very exceptional ; 
a colleague who has several years of experience in 
study, practical application and successful teaching 
of the theory of machines, cannot obtain exemption 
from course work in this subject. The book-work, 
if tackled systematically and not crammed, should 
present no difficulty to a mature student; surely 
engineering book-work is easier to master than texts 
on projective geometry, theory of potential, and 
higher mechanics ? 

In brief, the following reforms are needed. 
Firstly, every university must be compelled to grant 
external degrees ; in any case, higher degrees with- 
out residence. Many students here in Manchester 
are most unjustly debarred because their finances 
and circumstances do not permit of full-time 
post-graduate study. Conversely, London internal 
students can attend evening lectures in some 
colleges and thus complete their course require- 
ments. 

Secondly, in respect to the correct implication of 
“Structural” that a university degree is more 
valuable than a professional diploma for which 
annual subscriptions are paid, and for the acquisition 
of which ability is often irrelevant while money and 
influence are not, there is a crying need for the three 
major engineering institutions to abolish the 
“* premium ” racket and to modify very considerably 
the requirements for qualification. At the same 
time, they should increase the standard of examina- 
tion to that of honours degree or beyond, so that 
corporate membership obtained by examination 
becomes a much more highly-regarded ‘“‘ degree ”’ 
than at present. Two examples: the first, that 
of a young friend, a poor lad, who won his way by 
scholarships to the B.Sc. (Tech.) degree with high 
honours in mechanical engineering. Even after 
several years’ experience, he can never become an 
A.M.I.Mech.E. solely because he could not afford 
the snobbery of a post-graduate apprenticeship, 
the value of which is questionable. The second : 
the present writer, entering the profession after 
the upper age limit of 28 years, can never hope to 
obtain corporate membership of the Institution 
of Civil Engineers ; he has not had the opportunity 
to perform the service under a corporate member 


which is required before permission is granted 
to sit for the examination. 

If a practical engineer has innate ability, he should 
be allowed and encouraged, no matter what his age, 
to obtain the best possible qualifications, even 
though he cannot afford premiums and university 
full-time training. 

I am, Sir, 
Yours faithfully, 
F. A. GERARD. 
155, Shrewsbury-street, 
Old Trafford, 
Manchester, 16. 
August 4, 1949. 





STRESSES IN HELICAL SPRINGS. 


To THE Eprror oF ENGINEERING. 

Sm,—The analysis given by Lieut.-Comdr. 
G. F. A. Trewby in your issue of July 15, on page 51, 
has the object of giving the simplest treatment, 
taking into account the curvature of the wire. 
This would be useful if reasonably accurate, but 
the analysis given is open to grave objections. For 
brevity, I will confine myself to the case of a helical 
spring of wire of circular section, and mean radius R, 
of the coils four times that of the wire r. I will 
omit the correction for the inevitable obliquity of 
the coils and will refer to the diagrams and symbols 
of the writer of the article. He says: ‘* Under 
torsion, the cross-sections a ob and c od will rotate 
relative to each other about the axis oo .. .” 
But they will not. The axis of rotation will be 
about 0-938r from bd and 1-062r from ao. (A 
fact which is only known from a much more difficult 
analysis.) Consequently, the shear strain and the 
shear stress due to torsion are about 94 per cent. 
of those given at equation (5) and preceding (5). 
The simple torsional stress distribution of the 
straight cylinder does not exist in the helical coil. 
If we take 0-938 of the stated torsional shear stress, 
we have 


2WwR 


0-938 x R 2WR 4 
ar 


x —— = 0-938 ~ 
R-—r a ee 


= 1-25 x a ae 
The factor 1-25 is a very good approximation for 
1-233, obtainable by a more difficult analysis. 
But the writer unfortunately expands the factor 


or (which is simply ;) as a series, neglecting 
2 
terms containing (z) and higher orders, which 


converts the factor sto 1-25, a fact which is obscured 


by the addition of the shear stress due to the 
force W, assumed to be uniformly distributed. Thus 
the reasoning is from physical conditions which 
do not obtain and the consequent error is largely 
offset by unsound algebra. For clarity, I have not 
2WR Ww . 

added the 12-5 per cent. of ——_ (or), which 
arises from the force W, assumed uniformly distri- 
buted. 

The writer of the article also adopts an unneces- 
sary expansion in estimating from Winkler’s analysis 
the bending stress on the coils of an open-coiled 


spring neglecting the terms after in calcu- 


4R? 

lating A’. This makes the bending stress 1 + : > 
i.e., 1-1875 times that for a straight rod, instead 
of 1-229 times. In an article in ENGINEERING 
of September 11 and 25, 1914, I pointed out that to 


Pa 
to get “we correct to 1 per cent. generally 


requires values of A’ correct to some four or five 
or more places of decimals, the number increasing 
with decrease in curvature. Where, as in these 
cases, the functions can be easily evaluated by simple 
arithmetic, expansion by series, which has pitfalls, 
is to be deprecated. 

May I add that I appreciate efforts to simplify 
difficult work for students, but they should not be 
misled. It appears better to admit that the actual 





stress distribution is not simple, and to give correc- 





tion factors (by table or graph) and reference to 
analyses of a post-graduate order of difficulty, than 
to offer them something which is easy but unsound, 
Yours faithfully, 
ARTHUR Morey. 
** Applegarth,”’ 
Sham Castle-lane, 
Bath. 
August 8, 1949. 





OBITUARY. 


MR. A. L. HARVEY, M.C., B.A. 


WE regret to record the sudden death, on July 24, 
of Mr. A. L. Harvey, M.I.C.E., chief engineer to the 
River Tyne Improvement Commissioners. Mr, 
Harvey, who was only 51 years of age, went to 
Newcastle-on-Tyne in 1938 as chief assistant engineer 
under the late Mr. R. F. Hindmarsh, and was 
appointed chief engineer when Mr. Hindmarsh 
retired in February, 1947. 

Alfred Laird Harvey, who was born on Decem- 
ber 15, 1897, received his general education at 
Marlborough College, which he attended from 19]1 
to 1914, attaining some distinction in modern 
languages. He went from Marlborough into the 
Army, being commissioned as a lieutenant in the 
Royal Engineers. He was twice wounded and was 
awarded the Military Cross for gallantry in combat- 
ing @ fire in an ammunition train. On demobilisa- 
tion in 1919, he went to the University of Cambridge, 
where, from Gonville and Caius, he graduated B.A. 
with first-class honours in the Mechanical Sciences 
Tripos in 1921. He then went tc Canada as an 
articled pupil of the late Mr. A. D. Swan, M.I.C.E., 
under whom he was engaged on the construction of 
quays and docks at Vancouver and on the founda- 
tions of the steel railway and road bridge across 
Vancouver harbour at the Second Narrows. Subse- 
quently, he was the contractor’s engineer on the 
construction of a dry dock, wharves and transit 
sheds at St. John’s, Newfoundland, and on a 
concrete dam for a neighbouring hydro-electric 
station. 

Mr. Harvey returned to England in 1927 on 
appointment as a senior assistant engineer with 
Messrs. Rendel, Palmer and Tritton, by whom he 
was employed on the preparation of designs and 
specifications for railway tracks and roads at the 
West India and Millwall Docks for the Port of 
London Authority, on the preliminary surveys and 
drawings for the harbour works at Haifa, and on an 
electric power station at Bombay. Two years 
later, he rejoined Mr. Swan in Canada, to act as his 
resident engineer on the construction of a new har- 
bour at Chicoutimi, on the Saguenay River, Quebec. 
This occupied him until 1932, when he returned 
again to England as resident engineer for the 
Shoreham Harbour Trustees on the completion of 
the Prince George lock and the construction of the 
Adur dry dock at Southwick, near Brighton. For 
a short period in 1935, he was employed by Sir 
Alexander Gibb and Partners in connection with 
the Park Royal brewery of Messrs. Arthur Guinness, 
Son and Company, but left them in the same year 
in order to take up an appointment with the London 
County Council as resident engineer, under Sir T. 
Peirson Frank, M.I.C.E., then chief engineer of 
the L.C.C., on the construction of sewage purifica- 
tion plant at the Northern Outfall Works, Beckton. 
In 1938, as stated, he went to the Tyne Improve- 
ment Commission as chief assistant engineer, in 
which capacity he was concerned with the design 
and construction of two quays at Tyne Dock, and 
with underwater repairs to two coaling staithes. 
Mr. Harvey was elected an associate member of 
the Institution of Civil Engineers in 1926 and 
was transferred to the class of member in 1939. 
In 1945, he contributed to the Proceedings a 
paper on “Two New Quays at Tyne Dock, South 
Shields,” which received the award of a Telford 
Premium ; and, when chairman of the Northern 
Counties Association of the Institution, an 
address on ‘The Saguenay River, Quebec.” He 
was also a member of the American Society of 
Civil Engineers and of the Société des Ingénieurs 
Civils de France. 
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THE COLD-WORKING OF METALS.* 
By C. H. Drson, D.Sce., F.L.S. 
(Continued from page 139.) 


Ir is generally held that specimens of pure iron tested 
in tension do not show the characteristic step at the 
yield point. It is not easy to give a conclusive proof 
of this. In the first place, it is exceedingly difficult 
to free iron from traces of impurities—far more difficult 
than is the case with copper, zinc, or even tungsten. 
Probably the purest iron on which any extensive tests 
have been made is that of Adcock. This gave no step 
at yield, but the result was not quite conclusive, as the 
jron was very coarse-grained, and attempts to obtain 
really fine-grained specimens failed. Medium carbon 
steels do not give the step at yield. This is in accordance 
with the view that boundary carbide films are respon- 
sible, as with higher carbon the carbide is in the 

arlite areas, and not as films bordering the grains. 
If vanadium or titanium be added, so that carbides 
are produced which separate as granules instead of as 
films, the step also disappears. By quenching, and so 
bringing the carbides into solid solution, and then 
cooling so as to cause a slow precipitation, even vana- 
dium carbide will form boundary films, and a step at 
yield then appears. Gensamer and Mehl’s single 
crystals of iron gave a decided step, but they were 
prepared by decarburising Armco iron in moist hydro- 
gen, and so were probably much less pure than Adcock’s 
iron, prepared chemically from a purified iron salt. 
Although this curious behaviour is especially charac- 
teristic of certain types of low-carbon steel, it is not 
peculiar to them. Certain « 8-brasses, in which the 
two micrographic constituents are arranged in parallel 
lines, have been found to exhibit it, oscillations being 
seen during a mechanical test as with the steel. It is 
very conspicuous in Duralumin which has been 
quenched, but not in the same material in the annealed 
condition. Light alloys of aluminium which do not 
contain magnesium also show the effect. It may be 
overlooked in carrying out a test on an ordinary 
tensile machine, and it is most easily studied when 
using a Hounsfield tensometer, in which the speci- 
men is horizontal and can be easily illuminated 
obliquely, while sudden variations of strain are made 
very obvious by the movements of the mercury column. 
With Duralumin, a click is distinctly audible as each 
strain band is formed. The effect does not appear in 
pure metals, or in steels with a considerable quantity 
of carbide in the form of pearlite. It represents a 
sudden catastrophic breakdown of some portion of the 
structure. In low-carbon steels it is certainly associated 
with the rupture of intergranular films. These films 
must be very thin, and may be overlooked unless the 
preparation of the surface for the microscope has been 
good. The excellent photo-micrographs of Hanemann 
and Schrader of a 0-09 per cent. carbon steel, unloaded 
immediately after yield, show the effect clearly, the 
thin brittle intercrystalline films of cementite being 
broken across in many places. The exceedingly thin 
films of carbide sometimes seen within the ferrite 
grains and causing the effect known as “ veining ”’ are 
also broken. The intergranular films may be very 
thin. Jay pointed out that 0-0002 per cent. of carbon 
in the form of cementite would be enough to provide 
a continuous molecular film around the grains of a 
typical soft steel. It might perhaps be thought that 
such a small quantity would be inevitably in solid 
solution in the iron, but concentration in boundary 
films far above the limit of normal solubility is quite 
possible on the probable assumption that carbon lowers 
the surface tension of ferrite. Cold working can bring 
such small quantities of carbide into solid solution, 
and spontaneous precipitation may occur in time, 
causing the reappearance of the definite yield point. 
A large part of the ageing effect in certain steels, such 
as those made by the Bessemer process, can bé attri- 
buted to nitrogen. Steels containing much nitrogen 
are notoriously liable to ageing after being cold-worked, 
and the process is likely to be of the kind described 
above. 

Cupro-nickel, with 80 per cent. copper and 20 per 
cent. nickel, is an alloy which lends itself well to the 

study of the cold-working process, as when anodically 
etched in a solution of citric acid the boundaries of 
grains remain clearly defined even after severe deforma- 
tion, and local differences of work-hardening are indi- 
cated by marked differences in the degree of chemical 
attack. In the annealed state the alloy is homogeneous, 
so that the structure is not obscured by the presence 
of a second phase. Cold-rolling deforms the individual 
grains into lenticular shapes, within which the lines of 
deformation (shown by cutting sections at right angles 
to one another to be well-defined planes) are found on 
etching to run, according to the original orientation 
of the grains, either parallel with the direction of 

* Paper presented at the Fourth Empire Mining and 
Metallurgical Congress, held in London and Oxford, 
July 9 to 23, 1949. Abridged. 











rolling or inclined to it at angles ranging from 25 deg. 
to 40 deg. Distinct bending occurs near to the grain 
boundaries, and this is made more evident by the sha 

of etching pits, which in that region are curved. e 
special advantage of this material, which is capable of 
withstanding severe cold-working, is the absence of 
confused structures even after heavy rolling. So far 
from the distortion being uniform, it is found to be 
highly localised, bands of microscopic width being 
sheared while intervening regions are elongated but 
hardly distorted. This kind of effect is apt to be lost 
in X-ray examinations, in which the beam will most 
likely cover undistorted as well as distorted regions. 
The nature of the change becomes more evident after 
annealing. From 412 deg. C. onwards, the distorted 
bands begin to recrystallise, the ground-mass appearing 
unchanged, and even after annealing at 540 deg. C. 
there are marked differences between regions of visible 
slip and those intervening. The important conclusion 
is that even in material originally homogeneous—at 
least as far as can be seen by means of the microscope 
—deformation is heterogeneous. In Beilby’s work on 
gold wires he found that even the most severely cold- 
drawn wires contained a large proportion of com- 
paratively undistorted metal. 

Adcock’s conclusions are based on the microscopical 
examination of sections cut in three mutually perpen- 
dicular planes, and not, as in so many studies in this 
field, ody in one longitudinal direction. The lines of 
slip are far more important in determining the onset of 
recrystallisation on annealing than the grain boundaries. 
Those grains which showed lines of slip in the direction 
of rolling—a smaller proportion than those exhibiting 
distortion on inclined planes—were the last to recrystal- 
lise, and then formed abnormally large grains, suggest- 
ing that they contained a smaller proportion of nuclei 
capable of starting new crystals. 

The grains in a metal intended for deep-drawing 
should be small, as otherwise the local directional 
properties give rise to a pattern in relief, the character- 
istic ‘‘ orange-peel ” structure, which persists through- 
out the finishing processes and spoils the appearance of 
the sheet. The lower the proportion of foreign elements 
in the metal, the greater is this tendency. The excep- 
tionally pure iron, which was prepared for research 
purposes at the National Physical Laboratory, formed 
very large grains under all conditions of working and 
annealing. Pure iron and low-carbon steel are not the 
only metals behaving in this way; brasses containing 
aluminium provide striking examples. The pattern 
observed on the surface is often coarser than that of 
the grains seen in a section, as neighbouring grains 
having somewhat similar orientations tend to slip as a 
single block. This effect is deserving of closer study 
than it has received. Surface appearance being so 
important in most deep-drawn products, the fact that 
excessive grain growth is most likely to occur in the 
surface layers of a sheet, for instance, is a leading factor 
in determining the suitability of a material. Decar- 
burisation during annealing leads to the formation of 
large grains in the outer layers of a steel which has a 
normal grain size throughout the greater part of its 
section ; hence one of the reasons for the maintenance 
of a proper atmosphere in annealing furnaces. In 
planning the stages of reduction and the temperature 
of annealing this fact has to be borne in mind, as a 
treatment which would be quite suitable for the body 
of the sheet may have harmful effects on the surface. 

There have been many discussions as to the conditions 
prevailing at the boundaries between crystal grains in 
a mass of pure metal. Rosenhain held that between the 
lattice structures of two neighbouring grains there 
was a zone of atoms in disorder, spoken of as the 
“‘ amorphous phase,” the atoms comprised in it being 
attracted by both the neighbouring lattices and thus 
unable to attach themselves regularly to either. This 
assumption is independent of Beilby’s earlier hypothe- 
sis, that such a disordered region was produced in 
deformation on surfaces of slip, thus accounting for 
work-hardening. The hypothesis of an amorphous 
layer, existing independently of any deformation, was 
widely accepted and proved fruitful in suggesting further 
lines of research, but it contradicts the well-established 
principle that atomic attractions become insensible 
at a distance of a few atomic diameters, so that, in 
an unstrained lattice, an amorphous layer should not 
be much more than two atoms thick, while the layer 
demanded by Rosenhain and used by him to explain 
some of the properties of metals, would have to be 
several hundred atoms thick. The conditions at the 
grain boundaries are sufficiently different from those 
within the crystal to be important in determining the 
nature of the deformation of an aggregate of crystals 
under stress. A grain boundary is more effective in 
preventing slip from continuing into a neighbouring 
grain, the fewer the sets of planes on which slip is 
possible ; hence the relatively low ductility of hexa- 
gonal metals. This is merely a geometrical consequence 
of the lattice structure; Chalmers, from experiments 
on pairs of tin crystals grown together in such a way 
| that their axes are inclined to one another at selected 





angles, comes to the conclusion that the boundary has 
no intrinsic strength and suggests the presence of a 
transitional lattice extending over a very narrow 
region. This would perhaps make it easier to under- 
stand the ease with which the boundaries can migrate 
at suitable temperatures, producing the well-known 
effects of grain growth. On the other hand, the 
existence at the grain boundaries of a layer of appreci- 
able thickness, capable of flow of a viscous type, has 
been assumed by Zener and his colleagues in a series of 
papers, thus reviving the hypothesis of Rosenhain. 

An ideal material for most kinds of cold-working 
would have no directional properties. A sheet should 
have the same strength and the same ductility in all 
directions. Such a sheet, formed by pressing into a 
deep cup with a hemispherical end, would have a 
perfectly level free edge. Most often, the edge is not 
perfectly even, but shows “ ears,” indicating that the 
sheet was more plastic in one direction than in others. 
Sometimes this is due to non-metallic inclusions. 
Wrought iron, for instance, would be quite unsuitable 
for cold pressing, on account of the long parallel 
inclusions of “ cinder” which are an essential part of 
its texture. In “ free-cutting” steel inclusions of 
sulphide are deliberately introduced to make machining 
easier, but would be fatal to any cold-forming operation. 
Wrought iron can be made into wire, because the inclu- 
sions then lie only in the direction in which stress is to be 
applied, and the transverse strength is unimportant. 
In a normal steel, inclusions are inevitable in conse- 
quence of the process of manufacture, but the aim is 
to keep their quantity as small as possible, a “‘ clean ” 
steel being the ideal for all cold-working operations. 
Non-ferrous metals are as a rule more easily kept free 
from any notable quantity of inclusions, but copper 
alloys are occasionally made “ free-cutting” by the 
deliberate addition of sulphur or tellurium to form 
inclusions which will become elongated in the process 
of rolling. Directional properties may be strongly 
marked even in a metal from non-metallic ind - 
sions. They may arise from the original structure of 
the ingot. Cast metals commonly solidify in the form 
of dendritic crystals, with a central axis and transverse 
branches, and except in quite pure metals there is a 
variation of composition from the interior of the 
skeleton to its boundaries; the crystal is said to be 
“cored.” Annealing will lessen the degree of coring, 
by diffusion of dissolved elements, but some such 
variation is usually present. Unequal distribution of 
composition involves unequal mechanical properties, 
so that the ductility in different directions is not the 
same. Cold-working followed by heating to so high a 
temperature that complete recrystallisation occurs 
removes this structure, hence one of the principal 
reasons for thorough annealing before severe cold- 
pressing operations. 

A standard test for the suitability of a metal for 
deep-drawing purposes is the Erichsen test, in which a 
piece of sheet is clamped between an upper and a 
lower ring, and the circular disc within the ring is 
depressed by a spherical-ended plunger moved by a 
screw, until the sheet splits, when the pressure indicated 
on a dial manometer falls. The depth of the cup so 
formed is a measure of the ductility and at the same 
time of the freedom of the metal from harmful inclu- 
sions, but it is not quantitatively related to the ductility 
or to the tensile strength. As an empirical test it has 
great value, especially when a careful inspection is 
made of the domed portion after rupture. A sheet of 
uniform texture, with no difference between its longi- 
tudinal and transverse ductility, will split along an 
almost completely circular path, while one or more 
straight tears will indicate directional properties. 
Further, the degree of mottling which appears cn the 
domed surface is a useful indication of the coarseness 
of the crystal grains. The test is not independent 
of the size of the piece of metal being tested or of the 
degree of pressure used in clamping, so that the condi- 
tions of testing must be exactly specified and rigidly 
adhered to in ordér to obtain comparable results. One 
can, however, avoid certain difficulties of the test, due to 
friction of the head of the ram, etc., by applying fluid 
pressure only. This is the principle of a testing 
machine devised and much used at the National 
Physical Laboratory. 

(To be continued.) 





THE GAUGE AND TOOL MAKERS’ ASSOCIATION.—In 
February, the Gauge and Tool Makers’ Association 
formulated a scheme for the award, under certain 
conditions, of a certificate of craftsmanship. Appli- 
cations were invited from engineers who had served a 
tool-making apprenticeship and had passed the fina) 
examination of the City and Guilds machine-shop engi- 
neering course. We now learn that the first successful 
candidate is Mr. Ivor Jones, an employee of Messrs. 
A. C. Wickman, Limited, Coventry, and the certificate 
will be presented to him at the next quarterly luncheon 
of the Association, to be held at the Savoy Hotel, 





London, W.C.2, on October 5. 
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COMBINED HIGH-PRESSURE AND 
LOW-PRESSURE PUMP. 


HyDRAULIc presses and jacks, and similar machines: | 
are often required to operate at more than one speed. 
Processes such as extruding, drawing and pressing need | 
a press which has a constant-speed power stroke, buta | 
quick approach to, and return from, the workpiece. | 
Approach and return speeds in modern presses are | 
frequently ten or more times as high as the pressing | 
speed. For certain other applications, such as baling 
presses, a variable-speed power stroke is often required, 
so that, as the resistance increases, the speed is reduced 
in order to keep the power absorbed below a pre- 
determined maximum. Provision for speed variation 
is often made in the design of the press itself. In 
hydraulic presses designed to use oil as the working 
medium, internal packings are not as objectionable 
as they would be with water, and it is therefore common 
practice to use such packings with rams which are 
designed for variable speeds of operation. Many 
manufacturers, however, prefer to use plain hydraulic 
cylinders and rams, which necessitate the use of a 
pump with a variable output. The pumps described 
below have been developed for this purpose by the 
Beacham Hydraulic Company, 36, Victoria-street, 
London, S.W.1, and are manufactured by Messrs. 
Oswalds and Ridgway, Limited, Beacham Hydraulic 
Pump Works, Station-avenue, Kew Gardens, Surrey. 

For capacities up to about 10 gallons per minute, a 
dual-capacity Beacham pump of the swashplate 
plunger type is usually employed. An earlier design 
of this pump was described in ENGINEERING, vol. 164, 
page 193 (1947). For larger capacities, however, a 
plunger-type pump is not economical for the low- 
pressure delivery, and some form of rotary pump is to 
be preferred. A gear pump is considered to be the 
most suitable type, and in the latest Beacham design a 
swashplate pump and a gear pump, together with an 
automatic unloading valve, are combined in one unit. 
Fig. 1 shows a longitudinal section of the combined | 
pump ; Fig. 2, a section through the automatic unloading 
valve ; and Fig. 3 shows the pump and motor 
mounted on a common bed plate. The gear pump 
is of conventional design. The swashplate pump 
(which was described in detail in the previous article) 
normally has six plungers, which are driven directly 
by a swashplate, without any universal joints or 
connecting rods. The oil-tightness of the plungers 
is secured by circumferential grooves, and the plungers 
are returned by helical springs in compression. The 
swashplate pump is primarily for the delivery of high- 
pressure oil, and is coupled to the gear pump, which 
delivers only low-pressure oil, by a splined muff 
coupling. 

The common inlet to the two pumps is incorporated 
in the gear-pump body, and is visible in Fig. 3. It 
supplies oil to the inlet side of the gear pump, and also 
communicates with the chamber a, Fig. 1, from which 
the plunger pumps draw their supply of oil. The plun- 
ger pumps discharge into a ring passage, b, which, in 
turn, connects with the high-pressure outlet (the 
larger of the two pipes connected to the high-pressure 
pump body in Fig. 3). The two pumps run continu- 
ously together, and for pressures up to a pre-set value 
(generally below 400 Ib. per square inch), they both 
deliver oil. The high-pressure pump delivers through 
the external pipe, as already explained; the low- 
pressure pump outlet is on the side of the body opposite 
to the inlet—it is not visible in the illustrations—and 
is connected to a non-return valve by a pipe, which 
has been removed for the sake of clarity in Fig. 3. 
When the pressure of the oil rises above the pre-set 
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Fig. 3. 


value, due to the increasing resistance of the machine | has six cylinders, of which three are of small diameter 
being supplied with oil, the delivery from the low- | and three of large diameter. It is fitted with an auto- 
pressure gear pump is automatically diverted, and the | matic unloading valve, similar to that shown in the 
high-pressure pump is free to continue to meet the | illustrations, which by-passes the delivery of the large, 
demand for oil at increasing pressures. low-pressure cylinders when the pressure in the line 
The automatic unloading valve, Fig. 2, operates in| reaches the pre-set value. With either type of pump, 
the following manner : the low-pressure pump outlet | the setting of the valve can be adjusted by using 
communicates with the chamber c, which is fitted with | washers of different thicknesses beneath the cap which 
a spring-controlled relief valve d. While the pressure | retains the relief-valve spring. 
in the line is below the pre-set value, both pumps 
continue to deliver. When, however, the pressure | 
reaches the pre-set value, the relief valve d opens, and | 
by-passes the oil from the low-pressure pump to the inlet 
sf that pump. At the same time, the non-return valve 
which is separately mounted on the bed plate (Fig. 3), 
closes on the low-pressure pump delivery, and the flow 





TRADING RESULTS OF THE GENERAL ELECTRIC COMPANY, 
LimItED.—According to the annual report for the year 
ended March 31, 1949, the trading profit of the General 
Electric Company, Limited, during the year was 4,976,8101.. 
a decrease of 524,3711. compared with that of 1947-48. 
in the line, beyond the non-return valve, is maintained | The reduction is ascribed principally to more competi- 
by the high-pressure pump alone, the pressure then | tive conditions in the lighter section of the industry, par- 
continuing to rise owing to the demands of the machine. | ticularly towards the close of the year. 
Meanwhile, the relief valve is fully opened by means of | - 
a piston e, which is moved by high-pressure oil through ELECTRONICS SyMPosituM.—The Electronics Section 
an external connection. The change in delivery as the | of the Scientific Instrument Manufacturers Association 
pressure rises is made silently and without shock. of Great Britain, 17, Princes Gate, London, S.W.7, is to 

The combined pump illustrated has a low-pressure | repeat last year’s experiment and organise a symposium 
pump capacity of 12 gallons per minute, and a high- | at which a series of technical papers will be read. This 
pressure capacity of from 1-3 to 3-6 g.p.m. Larger | meeting will be held from Wednesday, November 2, to 
types are available up to 100 g.p.m. low-pressure | Friday, November 4, in the Examination Hall, Queen’s- 
delivery and about 15 g.p.m. high-pressure delivery. | square, London, W.C.1, where there will also be an 
The maximum value of the high-pressure delivery is | exhibition of the latest type of British scientific and 
about 3 tons per square inch. The latest swashplate | electronic instruments. Tickets of admission to both 
pump for capacities up to about 10 g.p.m. is similar 


symposium and exhibition are obtainable from the 
to that shown in Fig. 1, without the gear pump, but | secretary of the Association. 
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SHARPENING MACHINE FOR 
CARBIDE-TIPPED CIRCULAR SAWS. 


| lightly ground in turn. The depth of grind is adjusted 
by the top-slide, and the wheel is traversed across the 
top of each tooth using the lever. For teeth with 
THE accompanying illustration is of a sharpening | their backed-off tops bevelled alternately in opposite 
machine for circular saws with carbide-tipped teeth, | directions, the grinding-head angle is adjusted accord- 
which is made by Messrs. Firth Brown Tools, Limited, | ingly, but the tops are first ground flat so as to produce 
Bessemer Building, Carlisle-street, Sheffield, 1. The | finally a narrow flat land, 0-010 in. wide, on one side 
makers state that, to obtain the maximum life from | of each bevel. For grinding the face of the teeth, the 
carbide-tipped saws, they should be resharpened » fe | saw is turned over and mounted so that its “* sawing 
light grinding on the backed-off tops of the teeth as sobn | direction ” is anti-clockwise when viewed from above. 
as the cutting edges show signs of becoming dulled.|The supporting arm is swung clockwise through 
Several light regrindings are more economical, in the | approximately 90 deg., so that the face of the first 
long run, than a heavy resharpening, and ensure a | tooth to be ground is in line with the face of the grinding 
better finish on the material being sawn. The face| wheel. The lever is then used to sweep the wheel 
of the teeth need only be ground once for every four lover each tooth face in turn, the top-slide being 
or five times that the tops are ground. | adjusted to determine the amount removed and to 
In the sharpening machine, the saw is mounted on a | compensate for any variations in tooth pitch. 
bracket which is adjustable in position along ot ysvsie | 
arm. It is indexed by means of a spring-held finger 
which fits between two adjacent teeth care the tooth ANNUALS AND REFERENCE BOOKS. 
being ground ; the saw can be rotated manually, con-| L.M.A. Handbook.—The Locomotive Manufacturers 
trary to its normal cutting direction, owing to the | Association of Great Britain, 82, Victoria-street, Lon- 
ratchet effect of the indexing finger, but it cannot be | don, S.W.1, have compiled and published a handbook 
rotated in its normal cutting direction owing to the| which includes an illustrated glossary of locomotive 
positive stop provided by the finger. The saw is | parts in five languages—English, French, Spanish, 
supported near the tooth being ground by upper and | Portuguese and German. The other sections of the 
lower steady pads, which can be adjusted to suit the | book are a brief history of the British locomotive 
size of saw. The wheel is driven by a }-h.p. motor, the | industry, a suggested list of requirements to be quoted 
wheel and the motor being fixed to the head at the top| when a new design of locomotive is contemplated, a 
of the machine. The head is mounted on two trun- | summary of British Standard Specifications relating to 
nions, which, in turn, are supported at the tops of two | locomotive materials, the L.M.A. manufacturing limits 
spring-steel plate supports. The trunnions allow the | and fits (which were the subject of a leading article in 
head to be tilted so that the axis of the grinding wheel is | ENGINEERING, Vol. 166, page 397 (1948), and some use- 
deflected downwards or upwards from the horizontal | ful tables. The book contains 464 pages, and the 




















position, for grinding bevel-topped teeth. The adjust- 
ment is made by the vertical screw, which can be seen 
in the illustration at the right-hand end of the head ; 
ascale showing the angle is fixed to the back of the head. 
Trunnion locking nuts are provided for locking the head 
in position after adjustment. 

The two plate supports are fixed at their lower ends 
to a top-slide, so that the elastic deflection of the plates 
allows the grinding head to be rocked backwards and 
forwards, at right-angles to the axis of the wheel, using a 
lever which is coupled to the head for this purpose. The 
travel of the head away from the operator is limited 
by an adjustable screw stop at the foot of the lever. 
The top-slide can be traversed by a collar (at the back 
of the machine), which is graduated in 0-002-in. divi- 
sions, and the limit of travel of the grinding wheel 
towards the saw, due to the top-slide traverse, is 
determined by a screw stop. A gib and screws are 
provided for locking the top-slide. A longitudinal 
slide is interposed between the top slide and the bed 
of the machine. 

A dished diamond grinding wheel is fitted to the 
machine. With the saw and supporting arm in the 
positions shown, the backed-off tops of the teeth are 





paper, printing and binding are to a very high standard. 
The brief history traces the development of the loco- 
motive industry from Trevithick’s discovery, in 1804, 
that trucks could be propelled by the adhesion of a 
smooth-wheeled engine on a smooth rail, and the found- 
ing of the firm of Robert Stephenson and Company in 
1823, to the conditions at the present time. The 
glossary will probably be the most useful part of the 
book, alike to English-speaking and foreign railway 
officers, and is also intended to encourage the use of 
standard terms. There are numerous general-arrange- 
ment and detail drawings ; each part is given a number 
on the drawing and in the five-language glossary, to 
facilitate reference, and the suggestion is made that 
these numbers can be used for ordering purposes. The 
glossary covers the names of steam-locomotive parts, 
accessories, materials, tools, and also design and 
engineering terms, running-shed, rolling-stock and 
permanent-way terms. The handbook has been pre- 
pared mainly for steam locomotive engineers, although 
the tern firms who comprise the Association also build 
Diesel and Diesel-electric locomotives. The L.M.A. 
invites comment on this first edition, to assist in the 
preparation of an improved second edition. There are 











at least two points which might be attended to—firstly, 
the Belgian engineer who invented the valve gear which 
bears his name was Walschaerts, not Walschaert. 
Secondly, the table of locomotive-wheel classifications 
on page 425 is misleading. It affirms that all locomo- 
tives which are classified, according to the German 
system, by a + sign between groups of figures and 
letters, are necessarily Beyer-Garratt locomotives. The 
reverse is certainly true, but Diesel locomotives—not to 
mention electric locomotives—are often classified in this 
way. In revising the table, it would be desirable to 
comply with page 42 of B.S. 560:1934, “ Engineering 
Symbols and Abbreviations,” and also introduce, with 
explanations, the suffix 0 and the — sign, which are 
defined in B.S. 560, and are useful for describing wheel 
arrangements of other than steam locomotives. The 
handbook is not for sale, but is being distributed gratis 
to individuals, firms, universities, etc., approved by 
the L.M.A. 

A Dictionary of Metallography.—Readers who have 
consulted, and become familiar with, the first edition 
of Mr. R. T. Rolfe’s book, A Dictionary of Metallo- 
graphy, published in 1945, will testify to its lucidity, 
high accuracy and general utility. The recently- 
published second and revised edition of the work is 
likely, therefcre, to be cordially received by metal- 
lurgists and engineers. The new edition contains 
287 pages, which is 44 more than the first edition, 
and 1,350 terms are defined in this compass, as com- 
pared with 1,200 in the old. In addition, we under- 
stand that 250 terms have been revised, many of 
them extensively. The author has adopted the 
standard definition of the American Society for 
Testing Materials for the word “ metallography,” 
which is described as being that branch of science 
relating to the “ constitution and structure, and their 
relation to the properties, of metals and alloys.” This 
definition gives some conception of the ground 
covered, although we agree with the author’s state- 
ment that, while it is easy to decide upon the terms 
it is essential to include in the work, it is much more 
difficult to know what to leave out. It will be generally 

» however, that Mr. Rolfe has produced a book 
of value to the engineer as well as to the scientific 
metallurgist and to which both the practical man and 
the theorist will turn for guidance. The publishers 
are Messrs. Chapman and Hall Limited, 37, Essex- 
street, London, W.C.2, and the price is 18s. net. 

Diamond Tool Patents.—The full title of this brochure, 
now in its second edition and extensively revised, is 
Diamond Tool Patents 1A for Machining Metals and 
Non-Metallic Substances ; the suffix “‘ 1A ” presumably 
indicates the edition. The authors, Mr. P. Grodzinski 
and. Mr. W. Jacobsohn, are intimately concerned 
with the design, construction and use of diamond tools, 
and, in the present edition, have extended their survey 
to include machines and equipment for shaping indus- 
trial diamonds. The text consists entirely of abstracts 
of patents, many of them illustrated, and now contains 
abstracts of more than 200 specifications—more than 
twice the number in the first edition, published in 1945. 
There are 54 British specifications, 33 American, 97 
German, 15 French, two Australian and three Swiss ; 
but, rather curiously, no Dutch. The specifications 
referring to — and equipment, 20 in number, 
are additional f those above-mentioned and are listed 
in an appendix. The abstracts are preceded by a 
classification table to facilitate reference, and there is 
also an index to the names of the patentees. The 
brochure, the price of which is 10s., is published by the 
Industrial Diamond Information Bureau, 32-34, 
Holborn-viaduct, London, E.C.1. 


Handbook of Steel and Steel Products.—The intention 
of the compilers of B.S. Handbook No. 10, on Steel and 
Steel Products, published by the British Standards 
Institution, 24-28, Victoria-street, London, §S.W.1, 
has been to present a comprehensive picture of the 
whole field of British steel products, and to give, in a 
summarised form, British Standard specifications that 
apply to them. The book, which comprises 674 pages, 
is divided into three main sections, the first containing 
descriptive articles on the manufacture, treatment and 
main applications of steels and steel products. The 
second section consists of classified summaries of the 
essential technical requirements of British Standard 
specifications for steel and steel products, while the 
third contains further information of general interest, 
such as methods of carrying out mechanical and other 
tests, and conversion factors. Many line drawings and 
58 half-tone plates are included. The compilation of 
the work, we are informed, has been a co-operative effort 
of the whole of the British steel industry, acting through 
an editorial committee under the chairmanship of Mr. 
J. Sinclair Kerr, of the Lancashire Steel Corporation 
Limited, and Mr. T. Jolly, of Guest Keen Baldwins Iron 
and Steel Company, Limited. Sir John Duncanson has 
written a foreword and Mr. Max Davies has been 
responsible for the editing of the descriptive articles in 
the first section. The book is obtainable from the 





British Standards Institution, price 25s., post free. 
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RADIO EQUIPMENT. 


A TESTING set, comprising a transmitter, receiver, 
inter-communication system and automatic direction- 
finder, has been designed by Marconi’s Wireless Tele. 
graph Company, Limited, Chelmsford, to facilitate the 
maintenance of aircraft radio equipment. The appa- 
ratus is intended primarily for use at main service depots 
where adequate spare units are available, so that the 
firm’s AD 97/108 communication equipment can be 
operated as a complete unit or the receiver can be 
tested and aligned alone. To test the transmitter, 
additional modulator and power units and switching and 
loading units, have to be used. The test gear includes 
a signal generator, a beat-frequency oscillator, an 
audio-frequency power meter, and apparatus for 
examining the direction-finding receiver. The supple- 
mentary instruments recommended are a valve volt- 
ohmmeter, an Avometer and a valve tester. 

The receiver tester is a wide-range signal generator. 
It has been designed for internal or external amplitude 
modulation and so that crystal standardisation can be 
effected when accuracy of frequency is essential. It 
includes a 1,000-cycle oscillator and an audio-fre- 
quency power meter, the former being used either to 
apply 30 per cent. amplitude modulation to the radio- 
frequency oscillator or for external testing purposes. 
The generator range is from 70 kilocycles to 70 mega- 
cycles per second, while calibrated outputs between 
0-3 microvolt and 10 millivolts at a source impedance 
of 10 ohms are provided by an attenuator for quanti- 
tative measurements. Higher outputs up to 50 milli- 
volts are available for general testing. 

The direction-finding test set contains an artificial 
loop and a vertical aerial and, when used in conjunc- 
tion with the signal generator, enables the actual work- 
ing conditions of direction-finding reception to be 
simulated for test purposes. Three controls are fitted, 
one of which switches the vertical aerial in or out. The 
second attenuates the output to give “‘ off course” con- 
ditions of 0, 1, 3, 10, 25 and 90 deg., while the third 
enables ‘“‘degrees off course ” indications, port or star- 
board. to be given. The switches for these controls 
a 0 to 5 milliampere tuning indicator, and connecting 
terminals and plugs, are mounted on the face of the 
instrument. e audio tester is a beat-frequency 
oscillator, which is directly calibrated over a range of 
50 to 12,000 cycles per second. It has a maximum 
output of 30 milliwatts into 600 ohms and is fitted with 
an output level meter and a 600 ohm, 0 to 50 decibel 
ladder attenuator. An alternative 5,000-ohm outlet 
is provided and the level in each case is continuously 
variable by an inter-stage gain control. A voltage 
at the supply frequency can be injected when the scale 
is being standardised and the output meter can be 
used to measure external audio-frequency voltages up 
to 80 volts in four ranges. The tester can be employed 
for the direct testing both of the audio-frequency por- 
tions of the aircraft apparatus and for modulating the 
signal generator when checking the radio-frequency 
apparatus. 

The output meter enables the power delivered by an 
audio-frequency system into a variable load to be 
measured directly. This load is provided by the meter 
itself, the power and impedance ranges of which are 
suitable for measurements between 30 and 10,000 cycles 
per second. The power scale extends from 0-1 milli- 
watt to 5 watts in four ranges and power levels above 
1 milliwatt are indicated in decibels on an auxiliary 
scale. The power indication is obtained by means of 
a constant-impedance rectifier voltmeter, which is 
calibrated in milliwatts. The input im nee is 
varied by tappings on a multi-ratio transformer, the 
rotary switches provided for this purpose also con- 
trolling compensating networks which maintain the 
transformer efficiency at a constant value. The power 
indication is therefore independent of the impedance. 

A low-tension supply at 28 volts is obtained from 
an external transformer, an 18 to 20-volt tapping also 
being provided for use when a voltage regulator is not 
available. The testing instruments are usually supplied 
at 200 to 250 volts, but can also be supplied at 100 to 
110 volts through a converter or from a 24-volt accumu- 
lator through a vibrator. The interconnecting cables 
are installed behind the panel of the instrument and 
terminate on back plates. The whole of the equipment 
is mounted in a steel cabinet 3 ft. high by 1 ft. 4 in. 
deep by 4 ft. wide and weighs 112 Ib. 





AERO-ENGINE RECONDITIONING SHOPS OF AIR FRANCE. 
—tThe first fully-reconditioned aeroplane engine was 
turned out from the Air France workshops at Courbevoie, 
near Paris, at the end of July. This new establishment 
is to specialise for the time being in the reconditioning of 
the Wright engines used in the administration’s fleet of 
trans-Atlantic Constellation aircraft. The workshops 
have an area of 34,000 sq. ft., and are equipped with all 
the requisite machine tools. 





LABOUR NOTES. 


THE railway board of conciliation began their con- 
sideration last Monday of the claims of the National 
Union of Railwaymen for an all-round increase of 10s. 
a head weekly and for time-and-a-quarter payment for 
Saturday-afternoon work, and hearings have continued 
throughout the week. Officials of the N.U.R., the 
Associated Scciety of Locomotive Engineers and Fire- 
men, and the Railway Clerks’ Association, together 
with representatives of the Railway Executive, have 
attended meetings. The board was appointed by the 
Minister of Labour to help the parties to the dispute 
to settle their difficulties, the chief of which are the 
wage claims of the N.U.R., among themselves. Should 
they fail to reach a settlement on any matter, the 
board will make recommendations of their own, which 
the Executive and the three Unions have agreed in 
advance to accept. No statements are expected during 
the course of the discussions and the case of the 130,000 
railway shopmen, some of whom are members of the 
N.U.R. and some of unions affiliated to the Confedera- 
tion of Shipbuilding and Engineering Unions, will be 
considered separately. 


It may be necalled that, when the counter offer of 
the Railway Executive of small increases of from 1s. 
to 3s. weekly for the lowest-paid grades was rejected 
by the Unions, a railway go-slow movement on a 
national scale was only averted at the eleventh hour. 
In fact, a go-slow movement, involving over 3,000 rail- 
waymen, did commence on July 12 and last for some 
weeks, at goods depots at Manchester and Salford. 
Special interest, therefore, attaches to a conference last 
Monday of between 150 and 180 representatives of the 
London district council of the N.U.R., which district 
has a membership of some 59,000. The conference 
considered demands for token strikes and for a work-to- 
rule movement to enforce their wage claims. Towards 
the close of a lengthy meeting, a go-slow resolution was 
defeated by a very small majority. It was decided 
that a further meeting to consider suitable action 
should take place on August 22, if the board of concilia- 
tion fails to obtain a settlement by then. 


Joint negotiating machinery is to be established for 
employees in the road-haulage industry who are in 
receipt of basic wage rates or salary scales not exceed- 
ing 6301. a year. An agreement, between the Road 
Haulage Executive and the trade unions having mem- 
bers employed by the Executive, provides for the 
establishment of a national staff council not later than 
October 1, and the setting up of divisional committees 
on or before January 1, 1950. Local joint committees 
will be organised during the first six months of next 
year. Under the agreement, which was announced on 
August 8, terms and conditions of employment will be 
settled by three national joint negotiating committees, 
one for operating and ancillary grades, another for 
maintenance and repair employees, and the third for 
technical, professional, supervisory and clerical staffs. 


Should the negotiating committees and the national 
staff council, on which the Executive and the unions 
concerned in the agreement will be represented, be 
unable to settle any matter coming within their scope, 
the agreement provides that the question can be 
referred for arbitration to the Industrial Court or to 
any other approved tribunal. It is stipulated that no 
strikes or lock-outs shall take place until after the 
failure of the whole of this negotiating machinery. 
The agreement provides an illustration of the somewhat 
complicated nature of labour relationships, in that no 
less than seven unions, each representing sections of 
the Executive’s employees, were parties to it. Among 
these unions were the Amalgamated Engineering 
Union, the Transport and General Workers’ Union, 
the National Union of Vehicle Builders, and the 
Electrical Trades Union. 


The slight improvement in the traffic-receipts 
earnings of British Railways for the four weeks ending 
on June 19 has been maintained in the subsequent 
four-weekly period, ending on July 17. The total 
income, from this source, for the period ending on 
July 17, was 27,352,0001., against one of 25,953,0001. 
for the four weeks to June 19, an increase of 1,399,0001. 
The improvement was mainly seasonal, however, and 
showed only a very small advance on the total for the 
corresponding four weeks of last year, ending on July 11, 
which was 27,258,0001. The total traffic-receipts 
for the 28 weeks ended July 17, 1949, was only 
172,109,0007., compared with an aggregate of 
175,489,0001. for the corresponding period, ending on 
July 11, last year. Traffic-receipts income of British 
Railways has thus declined by 3,380,000/. in twelve 
months. 
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Traffic receipts of the London Transport Executive 
totalled 4,414,000/. for the four weeks ending on 
July 17, against 4,383,0001. for the preceding four 
weeks. For the first 28 weeks of this year the total 
was 30,542,0001., compared with 30,774,0001. for the 
corresponding period in 1948. The earnings of al) 
services of the Executive have been well maintained, 
Receipts by the steamship services of British Railways, 
from passenger fares and freight charges amounted to 
3,703,0001. for the 24 weeks ending on June 19, 1949, 
against 3,387,0001. for the same period in 1948, ending 
on June 13. The hotel, restaurant-car and station 
refreshment-room services of the Hotels Executive 
earned 5,845,000/. during the first 24 weeks of 1949, 
compared with 5,884,000/. during the first 24 weeks of 
1948. The earnings of the steamship services and 
Hotels Executive for the four weeks ending on July 17, 
1949, are not yet available. Receipts of the British 
Transport Commission from road freight charges 
amounted to 10,375,000I. for the period to June 19, 1949. 


A negotiating committee of eight members of the 
Colliery Winders’ Federation of Great Britain met 
senior officials of the Ministry of Labour in London on 
Wednesday, and the Federation’s national executive 
will meet in Sheffield to-day to consider the committee’s 
report and decide future action. The London meeting 
was the first public move made by the Ministry since 
the Federation served 21 days’ notice of their intention 
to take strike action if their claims against the National 
Coal Board for recognition and wage increases were 
not met. It is understood that, so far, no approach 
to the Federation has been made by the Board, who 
do not recognise the Federation and refuse to negotiate 
with any miners’ union, other than the National Union 
of Mineworkers, whom the Board regard as representing 
the interests of all grades of mine employees, including 
those of colliery winding enginemen. For this reason, 
the Federation have not been able to negotiate their 
claims for increased wages with the Board. 


A statement issued by the National Union of Mine- 
workers on Saturday, and dispatched to all collieries 
at the week-end, deplores the threats of strike action 
by “ breakaway elements.”’ It adds that, in the 
event of any enginemen carrying out their intention of 
withdrawing their labour as from August 20, when the 
Federation’s notice expires, local representatives of 
the Union will take steps to ensure that coal production 
is maintained. This is regarded as indicating that 
strikers will be replaced, where possible, by enginemen 
who have retained their membership of the N.U.M. 
and not joined the Federation. In the course of a 
similar dispute last year, a number of miners obtained 
certificates of proficiency as enginemen and would, 
no doubt, act as volunteers in an emergency, but the 
Federation claims to have a membership of 1,500 men 
and is strongly represented in Yorkshire, Lancashire, 
Durham, and North Nottinghamshire. Production 
in these coalfields would be greatly disorganised if all 
enginemen belonging to the Federation ceased work. 


Engineering departments of American trade unions 
have co-operated with employers’ organisations there 
in giving advice and assistance which has contributed 
in a substantial measure in increasing productivity in 
the United States. In October, a group of twelve 
British trade-union leaders will visit the United States 
for six weeks to study the working of this aspect of 
American trade-union activity. All aspects of trade- 
union participation in productivity questions, including 
the layout of plant, efficient allocation of work, 
maximum use of mechanical-handling devices, quality 
control, and job evaluation, will be investigated by the 
group during their tour. Members of the group are 
being chosen by the General Council of the Trades Union 
Congress from officials nominated by unions affiliated 
to the T.U.C. Those selected will be paid their normal 
salaries, together with their travelling expenses, by 
their own unions. 


Coal output during the week ending August 6, which 
included the Bank Holiday, was the lowest for a year. 
The Ministry of Fuel and Power, in a statement 
published on Wednesday, give the total for that week 
as 2,580,700 tons, compared with a total of 2,701,900 
tons for the week ending July 30, a decline in production 
by 121,200 tons. Production for the week ending 
August 7, 1948, whieh also included a Bank Holiday, 
totalled 2,350,000 tons. Opencast coal mined during 
the week ending August 6 last, amounted to 169,400 
tons, the lowest weekly output so far this year. The 
total coal produced during the 31 weeks ending August 
6 was 125,848,400 tons. of which 118,408,700 tons were 
deep-mined and 7,439,700 tons opencast. The com- 
parative figures for the first 31 weeks of 1948 were 
122,531,800 tons in all, of which 115,098,000 tons 
were deep-mined and 7,433,800 tons opencast. 
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OIL- OR GAS-FIRED AIR HEATER. 


One of the disadvantages of some heating systems 

for factories or large buildings is that the heat is 
without adequate movement or changes of the air. 
This drawback is largely overcome, apparently, by the 
self-contained oil- or gas- burning heater, illustrated on 
this page, which can be stood on any floor without 
special foundations or fixings. The unit is called the 
Dephair air heater and is “a by Messrs. Prior Stokers, 
Limited, 1-3, Brandon-road, York-way, London, N.7, 
under licence from Messrs. Etablissements Wanson, 
Brussels, to provide and discharge warm air at ceiling 
height in directions selected according to the require- 
ments of the site. Heat is transferred from the hot 
ases and ucts of combustion to the air needed 
or space heating or other purposes. The unit is 
designed to supply 500,000 B.Th.Us. per hour to the 
air and to deliver or change the air at the rate of 
6,000 cub. ft. per minute. 

The unit consists of a steel-plate combustion chamber 
surmounted by a block or stack of vertical heater tubes 
through which the hot gases pass, and heat is transferred 
to the air which is blown over them and disc 
at the top by an electrically-driven fan mounted below 
the chamber. The air to be warmed may be drawn 
in from floor level and discharged directly through exit 
louvres at the top, or ducting may be used to draw in 
fresh air from outside the building or to deliver the 
warm air at different points. There is no danger of 
the warm air being contaminated by the combustion 
products, since these all pass upwards through the 
heater tubes to a smokebox and thence to the exit 
flue. The overall height of the heater is 10 ft. 2 in., 
and it weighs about 1,450 lb. The electric motor for 
driving the horizontal fan or impeller is a totally 
enclosed 2-h.p. induction machine of the squirrel-cage 
type, and is designed to run at 930 r.p.m. off a 440-volts 
three-phase supply, or to suit the voltage available. 
It is fixed with its shaft in line with the vertical axis 
of the heater, and the fan, which is uppermost, is keyed 
to the shaft. 

As now designed, the welded or steel combustion 
chamber may be used for the burning of coal gas or oil 
fuel. The chamber is cylindrical in shape and is made 
from steel plate # in. thick. Inclusive of the lower 
section for housing the burner equipment, it is about 
4 ft. 8 in. high by 2 ft. 2in. in diameter. It is mounted 
centrally, so that an annular gap, 34 in. wide, is formed 
between the chamber wall and an inner liner which is 
} in. clear of the outer steel casing of the heater. The 
incoming air is driven upwards through this gap and 
thus keeps the combustion chamber walls comparatively 
cool. This arrangement also keeps the outer steel 
casing of the unit sufficiently cool to touch, and mini- 
mises radiation losses. In the gas-fired unit some of 
the incoming air is bled through vents in the lower 
section of the combustion chamber to provide the 
necessary air for combustion. 

Although the incoming air is warmed when it reaches 
the top of the combustion chamber, most of the heat 
reaches it through the vertical heater-tubes centrally 
mounted on the top of the chamber, as previously 
mentioned ; there are 51 of these tubes. e tubes 
are arranged so that the hot gases and products of 
combustion pass directly into them and thence through 
a smokebox to the exit flue. The tubes, which are 
2 ft. 9 in. long, } in. thick, and of 2 in. outside diameter, 
are evenly spaced, their outer ring having a pitch-circle 
diameter of about 1 ft. 9 in. Thé stack of tubes can 
be installed or removed as a single unit, since the tubes 
are welded into two horizontal circular plates, one at 
the top and the other at the bottom. The lower plate 
is flange-bolted through a gasket to the wall of the 
combustion chamber, thereby sealing this from the air 
to be warmed. To assist in the extraction of the heat 
from the gases in the heater tubes, a retarder is fitted 
in each. The retarder consists of a flat steel 
strip 2 ft. 9 in. long by 14 in. wide, which is twisted 
helically through four turns about its longitudinal axis. 
The air to be warmed, after passing up the annular 
gap around the combustion chamber, is deflected into 
the tube block by a baffle bolted to the outer casing 
of the unit, and located nearly half way up the block. 
After it has passed through the tube block, it flows 
into a surrounding annular space or chamber above 
the baffle, and thence outwards through the louvres 
at the top of the unit. These exit louvres are set in 
frames bolted around an octagonal facing. Each frame 
is fitted with five horizontal slats, which are mechanic- 
ally coupled and tilt about their longitudinal axes to 
control, in the usual way, both the rate and direction 
of the discharged air. This control is effected manually. 
The frames are interchangeable and may be replaced 
by a flat metal plate if so desired. Thus if warm air 
is required in certain directions only, some of the louvres 
can be replaced by plates; this need may arise, for 
example, when the heater has to be installed near the 
corner of a building, and when all the outlet louvres 
cannot be utilised. Above the tube block itself is 
the circular smokebox, the top of which can be un- 





screwed for inspection or cleaning. The smokebox 
leads directly to the vertical outlet flue, the axis of 
which is offset from the main axis of the heater, as shown 
in the illustration. 

Factors such as the relative lengths of combustion 
chamber and heating tubes, the number and diameter 
of the tubes required, the type of retarder, and the 
speed and form of the fan, are all inter-dependent and 
they have been selected so as to secure a high thermal 
efficiency under the various conditions in which the 
heater may be used. Apart from space heating, the 
heater may be installed to supply warm dry air for 
any purpose. As already mentioned, the fan handles 
air at the rate of 6,000 cub. ft.{persminute ; the effici- 

















ency of the heat transfer is estimated at over 80 per 
cent. Although both the oil- and gas-fired units are 
designed to deliver 500,000 B.Th.Us. per hour to the 
air, thermostats are fitted to cuted ae gas or oil 
supply automatically according to the temperature of 
the air being discharged at the exit louvres or required 
in other parts of the building. For this purpose, the 
outlet temperature is controlled by a thermostat in the 
outlet chamber. 

Various safety devices are incorporated. A flame- 
failure control is fitted to all models, and for the gas- 
fired heater, a pilot flame-failure safety device is also 
incorporated since the burner is provided with a pilot 
jet. All the main control equipment is arranged on a 
small vertical panel fixed to one of the octagonal faces 
of the louvred cover at the base. 





INCREASE IN PRICE OF LEAD.—The Ministry of Supply 
has announced that as from August 9, the price of good 
soft pig lead has been increased by 21. 2s. 6d. per ton, the 
present price being 871. 5s. per ton, delivered. 





RoyaL AERONAUTICAL SocteTy.—The fifth British 
Commonwealth and Empire Lecture will be delivered 
under the auspices of the Royal Aeronautical Society, 
4, Hamilton-place, London, W.1, at 6 p.m., on Thursday, 
September 15, at the Institution of Civil Engineers, Great 
George-street, London, S.W.1. The lecturer will be Mr. 
E. H. Atkin, F.R.Ae.S., chief designer, Airframe Division, 
A. V. Roe (Canada), Limited, and his subject will be: 
“Inter-City Transport Development on the Common- 
wealth Routes.” 





30-TON UNIVERSAL TESTING 
MACHINE. 


Messrs. W. anp T. Avery, Limrep, Soho Foundry, 
Birmingham, 40, have recently constructed a vertical 
30-ton universal testing machine for the Royal Aircraft 
Establishment, Farnborough, required for investigat- 
ing the properties of special high-tensile steels (90 to 
100 tons per square inch) in tubular and flat form, 
as proposed in certain aircraft developments. For its 
rating of 30 tons, the machine is of unusually large 
dimensions, to permit very large pe yag none to be tested, 
and for the possible addition a high-temperature 
electrical furnace or refrigeration coils for measuring 
strains over a wide temperature range, under a constant 
rate of load or a constant rate of strain. The machine, 
which is illustrated in the makers’ works in Fig. 1, 
on page 166, has a minimum overall height of 17 ft. 
lin. It incorporates a middle crosshead, the position 
of which can be varied to suit the length of the speci- 
men, an upper straining crosshead for applying tension 
to a specimen held between it and the middle crosshead, 
and a compression table for applying a compressive 
force or bending force to a specimen placed between it 
and the middle crosshead. 

The straining unit is of the vertical type, and com- 

rises a hydraulic cylinder and ram for applying the 
oad, and a rigid frame which supports the crossheads. 
A cast-iron base carries a pair of cast-iron columns 
which are machined to provide guide ways for the 
crossheads, and are tied at the top by a fixed crosshead, 
which supports the main cylinder and carries the motor 
and gearing for adjusting the middle crosshead, through 
a pair of vertical screwed shafts. An adjusting speed 
of 12 in. per minute is available in either direction. 
The middle crosshead is fitted with backlash eliminators 
which relieve the weight of the crosshead and eliminate 
wear in the nuts. The ram, which has a stroke of 
2 ft., is ground to a close sliding fit in the cylinder ; 
no packing is employed. The force exerted by the 
ram is transmitted through a ball seating to the top- 
most (ram) crosshead, from which depend four main 
tension rods. 

The rods are provided with holes to receive shear 
pins for connecting the upper tension crosshead and the 
compression table, which are guided in the main columns 
by anti-friction rollers. The top tension crosshead is 
adjustable along the tension rods, so that short tension 
specimens can be brought to a convenient operating 
height. The crosshead can be located in the different 
positions by means of the shear pins. The power 
adjustment of the middle crosshead is used to carry 
out this operation; the maximum distance between 
the two crossheads is 6 ft. The compression table is 
attached to the tension rods by shear pins, and can 
be disconnected when the middle crosshead is used in 
the lower 2 ft. of its travel. When disconnected, the 
table rests on machined on the base. The 
resultant change of balance, which might affect the 
accuracy of the load indication, is compensated as will 
be described later. 

Tension specimens of any unstretched length up to 

ft. can be accommodated. A clear width of 2 ft. is 
available for the whole length of the specimen, and the 
full ram stroke of 2 ft. can be used with any length of 
specimen. The grips are of the open-fronted type, and 
are fitted with guides to constrain them to open when 
released, and with grip-lifting gear to open and close 
the grips together. It is impossible for the grips to 
fall out when a specimen breaks. Sets of grips are 
provided for round specimens from ¥ in. to 2 in. in 
diameter, and for flat specimens up to } in. thick by 
2 in. wide, and between } in. and 1 in. thick by 4 in. 
wide. One set of quick-acting bayonet-type holders, 
with wedge blocks and one set of adaptors, are provided 
for specimens screwed j in. B.S.F. The compression 
space is adjustable up to 5 ft. in height between the 
compression platens. The full ram stroke of 2 ft. is 
peer or for all specimens longer than 2 ft., and a clear 
width of 2 ft. is available for the whole length of the 
specimen. The removable spherically-seated platens 
are fitted with hardened and ground steel faceplates, 
10 in. square, inscribed with concentric circles. The 
two parts of the platens are loosely coupled together, 
and a central spigot is provided for location. Fig. 2, 
on page 166, shows the B weston Provision is also made 
for three-point and four-point loading in bending tests, 
as shown in Fig. 3. Two bending dogs 6 in. high are 
adjustable from 9 in. to 36 in. span by 3 in. steps. 
For four-point loading, an upper beam may be attached 
to the underside of the middle crosshead. Itis provided 
with a pair of bending dogs which are adjustable from 
6 in. to 24 in. span by 3 in. steps. One of the bending 
dogs may be attached centrally to the middle crosshead 
for three-point loading. The dogs are fitted with 
captive semi-cylindrical specimen supports, to allow 
for the inclination of the specimen under load. The 
working width of the transverse specimen is 8 in., and 
the height is 4 ft. 6 in. for four-point loading and 
5 ft. for three-point loading. 

Adjacent to the straining unit is a self-contained 
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30-TON UNIVERSAL TESTING MACHINE. 


MESSRS. W. AND T. AVERY, LIMITED, BIRMINGHAM. 


Fic. 
control cabinet, embodying the load-measuring gear 
and the control valves, together with the hydraulic 
pumping unit. The electrical control gear is housed 
mm a separate floor-mounted cabinet. The applied 
load is measured by a load indicator, which meas- 
ures the force exerted by the hydraulic fluid on a 
small “ proportional” ram, using a pendulum to 
counterbalance the load. The pendulum has adequate 
power to eliminate the effects of friction in the dial 
mechanism, and to operate recording devices if neces- 
sary. The same pendulum is used for all load- 
capacity ranges, thus providing equal sensitivity and 
accuracy throughout. Capacity change is effected by 
modifying the leverage ratio between the proportional 
ram and the pendulum unit, by means of a handwheel 
which also brings into view the correct chart gradua- 
tions. The heavy pendulum mechanism is of proved 
accuracy and reliability ; it is unaffected by tempera- 
ture and hysteresis, and has been shown, by independent 
calibration to give the highest degree of accuracy 
achieved by any self-indicating testing machine. No 
springs or Bourdon tubes are employed, so that the 
mechanism will retain its accuracy indefinitely. 

The load-indicating chart is arranged with two rings 
of graduations to suit the four chart ranges, which are : 
0 to 30 tons by 0-05 ton, 0 to 15 tons by 0-025 ton, 
0 to 6 tons by 0-01 ton, and 0 to 3 tons by 0-005 ton. 
The sub-divisions have been selected to avoid awkward 
quantities, such as 0-04 ton, but finer divisions can 
readily be estimated with high precision. The chart 
numbering and capacity designation are automatic- 
ally changed by 1 goer the capacity control, thus 
obviating error of reading. No change in the zero 
setting is brought about by a change of capacity. 
A balance adjustment is provided tc allow for the 
weight of specimens, and to enable the variation 
introduced by the column of oil in the cylinder to be 
corrected. This correction amounts to about one 
division for the full stroke of 2 ft. on the smallest 


i. 





Macutng ERecrep my Makers’ Works. 


chart range. To compensate for 
the major change in balance due 
to disconnecting the compression 
table when testing long tension 
specimens, a balance change lever 
is provided for counterbalancing 
the changes in zero setting. A 
“ maximum ” pointer is supported 
on the chart glass, and an overload 
trip mechanism operates just 
beyond full ‘omy 2 on each chart Fie. 3. 
capacity. The load indication is 

guaranteed to be accurate to 0-5 per cent. of the 
indicated load, for all readings above one-fifth of the 
maximum load of the range in use. 

Hydraulic pressure is provided by a self-contained 
pumping unit mounted behind the main indicating 
cabinet. The high-pressure pump is of the multiple 
plunger type, of high volumetric efficiency, and provides 
@ maximum straining speed of 3 in. per minute under 
load. A low-pressure pump gives a quick-setting speed 
of about 15 in. minute. Both pumps are enclosed 
in a tank which forms the main oil reservoir and supports 
the driving motor. A pump-delivery control is provided 
to reduce the pump output when using slow speeds for 
long periods, to avoid heating the oil. It enables the 
pump output to be reduced to two-thirds or one-third 
of the normal. 

The controls comprise a lever-operated piston-type 
control valve, and three other valves, of which two are 
fitted with back-geared indicating dials. The lever- 
operated valve has three positions : load, sustain load, 
and unload. In the loading position, the oil passes to 
the machine through the loading rate valve. This 
valve is designed to give a constant rate of flow of oil 
to the machine for each setting, regardless of any 
change in pressure or variation in pump delivery. A 
graduated dial indicates the degree of opening of the 
valve to enable settings to be repeated. The surplus 








ARRANGEMENT FOR BENDING TESTS. 


oil is by-passed at a pressure which is only slightly in 
excess of the working pressure, thus minimising oil 
heating. Thus, the rate of straining the specimen is 
constant, modified only by the ram leakage which is 
equivalent to a small proportion only of the maximum 
straining rate. With the valve lever in the sustain- 
load position, the load is maintained by trapping the 
oil in the cylinder. Toss of oil due to leakage is 
balanced by setting the sustaining-valve needle. 
When the lever is moved to the unloading position, the 
load is removed at a rate determined by the setting of 
the unloading-rate control. This valve has the same 
straight-line characteristics as the loading-rate control. 
Quick setting is provided by a separate valve controlled 
by a lever on the right-hand side of the cabinet. 
It has three positions: upward (quick setting from 
low-pressure pump), neutral (valve closed position), 
and eae (allowing ram to return under gravity). 
Each of the needle valves may be pre-set at any par- 
ticular setting, and need not be adjusted when changing 
from loading to unloading, or vice versa. Only one 
needle is in operation at a time, and a clear indication 
of the one which is in use is given by the position of the 
valve lever. 

The automatic straining-rate control attachment is 
designed for controlling the rate of movement of the 
straining crosshead. It comprises a control panel 
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with the mechanism to give the required 
speeds, and for controlling the rate of flow of oil into 
the main cylinder. It is mounted on one of the fixed 
columns of the machine, and operates sensitive switches 
carried by the moving crosshead. The panel is fitted 
with two controls for selecting the required speed. 
The major change provides for five separate ranges, 
together with a setting position, neutral and reverse. 
The minor speed control gives infinitely-variable con- 
trol within each range. The total speed range is from 
0-000017 in. to 0-6 in. per minute, or 0-001 in. per hour 
to 0-010 in. per second. The speeds are the rates of 
travel of a timing screw which projects below the box. 
The remainder of the mechanism is for automatically 
synchronising the crosshead movement with the move- 
ment of the screw. Speeds from 0-6 in. to 3 in. per 
minute are provided by the straining-rate valve. In 
order to provide maximum flexibility, so that optimum 
operating conditions may be selected for various speeds, 
and, having in view the extremely wide range of speeds 
called for, two separate adjustments and two separate 
indicators have been provided. Synchronism between 
the timing screw and the moving crosshead is indicated 
by a micrometer dial gauge, which records the amount 
of lead or lag in 0-0001-in. units. In addition, a pair 
of indicating lamps show the operation of the control- 
switch contacts. A “‘ regulation control ” regulates the 
sensitivity of the control switches. The adjustment 
provided alters the amount of lead or lag necessary to 
operate the switches over a range of about 5tol. A 
fine hand adjustment allows small increments of strain 
to be — or removed by hand. It may also be 
used to facilitate the initial manual synchronisation. 
It is that the displacement reached at any 
time will be within + 5 per cent. of the theoretical 
figure, for crosshead displacements in excess of 0-05 in., 
and for speeds from 0-0002 to 0-1 in. per minute. For 
speeds from 0-1 to 0-6 in. per minute, the accuracy will 
apply with crosshead displacements in excess of 
0-2 in. Using the same mechanism, but with the 
timing gear in neutral, the apparatus will maintain any 
given ram displacement indefinitely. 

An automatic loading-rate control attachment, 
similar in principle to the straining-rate control des- 
cribed a , is also provided. The control panel is 
fitted to the indicating cabinet, and produces a con- 
trolled rate of movement of a synchronising pointer, 
concentric with the main load-indicating pointer. 
Synchronism between the main indicator and the 
synchronising pointer is shown by the two pointers 
appearing in line. The ranges of loading speeds are: 
for the 3-ton , 0-0004 ton to 2-5 tons per minute ; 
for the 6-ton range, 0-0008 ton to 5-0 tons per minute ; 
for the 15-ton , 0-002 ton to 12-5 tons per min- 
ute; and for the 30-ton range, 0-004 ton to 25-0 tons 
per minute. 

Thus, a working range of 0-004 ton to 2-5 tons per 
minute will be available, regardless of the chart range 
in use. The load reached is within + 5 per cent. of the 
theoretical for loads in excess of 20 chart divisions at 
speeds not exceeding 50 divisions per minute. At 
higher se more than 20 divisions may be required 
for synchronisation. With the timing gear in neutral, 
the apparatus will hold any given load indefinitely. 








British INDUSTRIES Farr, 1950.—It is stated that 
applications for more than half the total space available 
at Earl’s Court and Olympia, London, have been received 
by the organisers of the British Industries Fair. In 
Birmingham, where a similar proportion has been 
received by the Chamber of Commerce, extensions 
to the outdoor section are being made. The 1950 Fair 
will be held from May 8 to 19; it will be the 29th of the 
series. 





WELDING CHART.—The Suffolk Iron Foundry (1920), 
Limited, Sifbronze Works, Stowmarket, have sent 
us a copy of a new welding chart issued by them. This 
gives useful data such as the size and type of welding 
tod, the type of flame, the blowpipe size, the acetylene 
consumption, the angle of rod and torch, and the flux to 
be used in the welding of mild steel, cast iron, aluminium 
and copper of various thicknesses. Tables giving the 
melting points of metals and flame colours and tempera- 
tures are also included. Oxy-acetylene welders may 
obtain a copy of the chart on application to the firm. 





ALUMINIUM WIRES AND CABLES.—Formed by the 
British Aluminium Company, Limited, Tube Invest- 
ments, Limited, and the Hawker Siddeley Group, 
Limited, to meet the growing demand for aluminium 
wire, the Aluminium Wire and Cable Company, Limited, 
have a large new factory at Port Tennant, Swansea. 
This produces aluminium and aluminium-alloy rod, 
wire, and steel-cored overhead conductors. A brochure 
describing the activities of the company has been pub- 
lished recently. Views of works processes and typical 
applications of the company’s products are given in the 
brochure, copies of which are obtainable from the firm’s 
sales office, 10, Buckingham-place, London, 8.W.1. 





MODERN TRENDS IN COAL-MINING 
PRACTICE IN GREAT BRITAIN.* 


By the late Prorzssor Dovatas Hay, B.Sc., 
M.I.Min.E., W. F. Ricuarpson, M.I.Min.E., and 
H. H. Wisow, A.R.T.C., M.I.Min.E. 

Prior to 1914, British mining engineers were leading 
the way in coal-mining technique. The advent of the 
1914-1918 war, however, severely retarded progress. 
During this war the development of coalfields in other 
countries was sharply accelerated, principally due 
to the cessation of supplies of coal from Britain, and at 
the end of the war British colliery owners were faced 
with a diminishing export market. For many years 
this restricted the development of the coal mines in 
Britain, and few colliery companies were in a position 
to undertake the heavy cost of modernisation and 
reconstruction. The commencement of the recent war 
again severely interru progress. In 1942, the 
Government took over the operational control of all 
the coal mines in Great Britain. Production of coal 
became a matter of the highest priority, and, be- 
tween 1940 and 1945, as much new machin as 
possible was introduced. Towards the end of 1944, 
a committee consisting of expert mining engineers, 
under the chairmanship of Sir Charles Reid, was set 
up to examine the existing techniques of coal production 
and to advise on the technical changes necessary. 
1945, the Reid Report was published. It advocated 
considerable changes in traditional methods. On 
January 1, 1947, the coal mines of Britain became the 
property of the nation. Approximately 800 separate 


TABLE I.—Coal Cut and Conveyed. 
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A, — unproductive manpower. In many cases, 
thi require the deepening and widening of existing 
shafts or replacement by new ones. Outputs of from 
3,000 to 6,000 tons a day are being planned. In 
addition, shafts will be sunk in virgin areas to develop 
new collieries, planned for outputs of from 4,000 to 
8,000 tons a day and equipped for direct winding 
of large mine cars or, alternatively, the use of skips. 
So far as possible, the following mining systems will 
be employed: (i) horizon mining where the geological 
formation is suitable; seams worked in descending 
rotation via staple shafts and level roadways driven 
in stone; (ii) semi-horizon or level haulage roadways 
in stone to which the coal will be conveyed by trunk 
conveyors ; (iii) roadways in flat seams, as at present, 
but with locomotive haulage and/or trunk conveyors ; 
and (iv) drifts from the surface equipped with conveyors 
and/or large mine cars. 

An intensive boring programme has been planned 
to give comprehensive information relating to the coal 
seams. Two years ago, the boring equipment in this 
country was quite inadequate, but much of it has been 
modernised and new rigs have been imported. The 
programme deals with borings in areas where the 
coal measures are concealed under younger rocks of 
uncertain thickness and where little or nothing is 
known about the distribution and thickness of individual 
seams ; in areas where the thickness of overlying 
younger rocks is fairly well known and the general 
distribution and development of the coal seams can 
also be inferred, but where details of individual seams 
are desired; in areas where the coal measures lie 
at the surface and their succession is known in detail, 
but where detailed information is required regarding 
local geological structures; and in areas where under- 



































Per Cent. A 
Per Cent. |Output per| Output per | ground bores will best meet requirements. 
Year. Sat te — aa ~~ ye For quick exploratory work, oilwell rotary mud-flush 
Machine. _ methods are quite suitable. They are particularly 
aS useful in drilling through a thick series of barren 
Tons Tons strata, but they are not sufficiently definitive for obtain- 
1927 . 22 11 (1928)] 2-50 1-03 | ing detailed records of the actual coal measures; for 
1935 . 50 42 2-90 1-17 _ | this purpose the diamond core-drill is . The 
a 4 { 4 1:06 | importance of obtaining a recovery of seams without 
1947 74 5 2-86 1-07 disintegration of the core fully justifies the use of a 
double core-barrel. 
TABLE II.—CoNvVEYORS AND COAL CUTTERS, 1943-1948. 
Conveyors. 
Coal Cutters. 
Belt. Chains, Scrapers and Shakers 
Year. 
In Use for In Use for In Use for 
Delivered to Delivered to Delivered to 
Whol Part Whole or Part Whole or Part 
oe Year Collferies. of Year, * of Year. Collieries. 
1943 6,419 Not available 2,915 Not available 7,792 — 

1944 6,769 756 3,807 397 8,216 560 

1945 7 812 437 592 292 539 

1946 8, 1,212 4,122 734 691 778 

1947 9,828 1,564 4,417 797 10,028 818 

1948 Not available 2,367 Not available 941 Not available 914 
companies, owning some 1,500 collieries, were trans-} During the 20 years, and particularly since the 


ferred to one single ownership, vested in the National 
Coal Board. The Board have now begun a radical 
reorganisation of the coalmining industry, involving 
the reconstruction of many existing collieries and the 
sinking of new ones. This, in effect, means the imple- 
mentation of many of the recommendations in the 
Reid Report. 
In the past, British collieries have been developed 
around the use of rope haulage and small tubs, with 
the roadways driven in the seam. This has restricted 
concentration of large tonnages. In many collieries 
several seams were—and still are—worked at the same 
time from too great a number of districts and with too 
many separate haulage systems and loading points. 
In an industry se te some 1,500 collieries, no 
general plan of development can be laid down for all 
areas. In some, there will be a combined system of 
horizon mining and present-day methods and, in others, 
where gradients are suitable, locomotives and/or trunk 
conveyors in the seam roadways. The trend of plan- 
ning has been divided into two parts: short-term and 
long-term policy. The first includes reorganisation 
of those collieries of shorter life. The methods to be 
adopted are: (a) installation and extension of trunk 
conveying schemes and locomotive haulage with large 
mine cars ; (b) concentration of production at. individual 
collieries ; (¢) improved efficiency by the introduction 
of mechanical appliances at loading points, pit bottoms 
and pit tops ; modernisation of s ing arrangements 
and surface plant ; and (d) extension of power loading, 
both of coal and stone. 

The long-term policy envisages the concentration 
of output, where possible, at one central winding shaft 





# Paper presented at the Fourth Empire Mining and 
Metallurgical Congress, held in Lendon and Oxford, 
July 9 to 23, 1949. Abridged. 








latter years of the recent war, output produced from 
mechanised faces has more than trebled without an 

corresponding increase in the output per man-shi 

at the face or overall. The icture can be 
observed from Table I, while Table II gives the rate 
of installation of underground equipment over the past 
five years. The gross increase in the quantity of equip- 
ment in use is not consistent with the negligible varia- 
tion in the results achieved. By far the major portion 
of British coal output is got from longwall faces, and 
mechanisation has been confined, to a large extent, 
to coal cutters and conveyors desi imarily for 
this method of work. The longwall system has the 
inherent defect that the immediate roof strata are 
subjected to concentrated loading at the site of coal- 
getting operations. The use of high-speed machines 
with removal of support in the form of coal renders 
control more difficult, and the introduction of such 
machinery increases, rather than decreases, the persons 
employed at the face, although there is a reduction in 
the number of effective coal getters. It introduces 
large teams of men operating on a cyclic system of 
work, since the conveyor is in a separate track from 
the coal getters; and operations automatically sepa- 
rate into defined cycles of filling, moving conveyors, 
and packing and cutting. These result in loss of 
individuality, with reduced effort, difficulty in co- 
ordination of the various cyclic teams—as the ten- 
dency is to each individual operation for its 
effect on itself rather than its effect on the whole— 
and the aggravation of labour difficulties. Unless 
knowledge of the technique of maintaining narrow 
roadways improves, the proportion of the a apie 
by room and pillar mining will remain relatively small 
Experience with American equipment, introduced 
during the war to stimulate output, does not suggest 
extensive application. in general, the output 
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per man-shift is better than by conventional longwall 
working, in few cases does the total output justify the 
heavy er nme on the equipment involved. Tables 
III and IV give the general results. Nevertheless, the 
system should be considered as an alternative to long- 
wall, and research on the problem of control and narrow 
drivages must be rigorously pursued. 


TABLE III.—Room and Pillar Mechanisation Projects. 


Man shit to 


Loading Point. 





No, of 


Year. Projects 


Output. 





1945 .. 
1946... 
1947 .. 
1948 .. 














TABLE [V.—Output for 1948, by Type of Equipment. 





Output 
2a 
ing 
Point. 


No. of 
Projects. 


No. of 


Equipment, Output. Man-Shifts. 





Tons. 
1,321,709 
411,187 


287,239 
94,708 


Tons. 
4-60 
4-34 


47 
94 


3-75 
4-07 


2,095,360 
3,828,256 


558,936 
940,883 




















During the past 20 years, the large increase in face 
mechanisation in Britain occurred without correspond- 
ing changes in the methods of haulage. On the Conti- 
nent, where the system of working is reasonably com- 
parable to Britain, much better results have been 
obtained, and this is mainly attributed to the system of 
“ horizon ” layout, whereby larger mine cars and loco- 
motive haulage can be employed. The reconstruction 
of transport contemplated for British mines will 
provide wider scope for the application of face machin- 
ery, since it will be more capable of dealing with high 
peak loads and allow of greater concentration of output. 

It was not until the beginning of the last war that 
any substantial progress was made in the mechanical 


TABLE V.—Performance of Huwood Loaders, and A.B. 
Meco-Moore Cutter-Loaders. 





Average 
Number of 
Loaders 
at Work. 


Output per 
Man-Shift 


to Loading 
Point. 


| Total 


Man-Shifts 
| Output. 


Worked. 





Huwood. 


Tons. 
129,043 34,013 
837 69,354 
551,523 134,991 
524,108 119,289 





. Meco-Moore Cutter-Loaders. 


Tons. 
7-51 
7-57 
6-69 
7-01 


1945 67,005 
1946 1, 5 185,019 
1947 2,158,740 322,747 
1948 338 3,007,325 429,149 

















loading of the coal on the conveyor. The problem 
was considered from two angles—namely, the design 
of a simple loading machine, and the design of a 
machine capable of both getting and loading. Several 
types of machines were, and are, being tried; two 
that have survived initial test and are now regarded as 
ag: units are the Huwood loader and the A.B. 

eco-Moore cutter-loader. Information on their 
SS during the past five years is given in 

‘able V, herewith. 

(To be continued.) 





ALUMINIUM PRODUCTION IN CANADA AND BRITAIN.— 
The production of aluminium ingots from basic ores in 
the works of the Aluminium Company of Canada, 
Limited, one of the operating companies of Aluminium 
Limited, totalled 333,000 metric tons in 1948, compared 
with 270,000 tons in 1947, and 176,000 tons in 1946. These 
figures are quoted in the recently-issued annual report for 
1948 of Aluminium Limited, Montreal, where it is also 
stated that the firm’s British operating company, the 
Northern Aluminium Company, Limited, produced, in 
1948, 73,000 metric tons of semi-fabricated products. This 
total was 11 per cent. above the figure for 1947 and was 
higher than that of any of the firm’s other subsidiary 
companies. Aluminium Limited employ 31,130 persons, 
of whom 13,345 are in Canada and 8,670 in the United 
Kingdom. 


NOTES ON NEW BOOKS. 


Jigs, Tools and Fixtures. By Pamir Gates. Fourth 
edition, revised. The Technical Press, Limited, 
Gloucester-road, Kingston Hill, Surrey. [Price 
17s. 6d. net.] 


Tue first edition of this book appeared in 1925 and the 
third in 1944. The preface states that the introductory 
chapter on “‘ Mechanical Drawing ” has been revised ; 
but in spite of the author’s remark that “ it is customary 
to insert the centre lines of bores, holes and important 
parts at an early stage,” it seems that the revision has 
not extended to the illustrations, in which the use of 
centre lines is rather exceptional. The other chapters, 
apparently, have been left unaltered, apart from the 
replacement of a few tables by others, and a slight 
modification in the description of taps. Two illustra- 
tions (Figs. 101 and 102) have been sacrificed to that 
modification, but the subsequent illustrations have not 
been renumbered; the eliminated shell taps still 
appear in the index, and one of the illustrations now 
omitted—that of a double tap—is still referred to in 
the text. The book is also marred by some unsightly 
tables, which would have been better set in type. The 
equivalent cone angles on page 201 should be erent 
in degrees and minutes, or degrees and decimals of a 
degree, instead of the very mixed vulgar fractions 


on the same page which, in association with the gener- 
ally slipshod appearance of the tables, does not 
encourage faith in their accuracy, though we have not 
checked this at every point. As this book is a fairly 

pular treatise on the subject, the publishers may 

ve an opportunity to revise the text for another 
edition before very long. The opportunity should 
certainly be taken. 


Jigs and Fixtures. By Frep H. Cotvrn and Lucan L. 
Haas. Fifth edition. McGraw-Hill Book Company, 
Incorporated, 330 West 42nd-street, New York 18, 
U.S.A. [Price 4-50 dols.}; and McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 27s. net.] 


THE previous edition of this well-known work ap 

in 1943, but relatively few copies found their way to this 
country, so that, for most English users of the book, 
the t edition should be compared with the third, 
published in 1938. Much of the material has been 
rearranged and the text has been partly reset. The 
ent is in six main sections, dealing, respec- 
tively, with the standardisation of fixture design, details 
of fixture design, accuracy in drilled holes, methods for 
production milling, the handling of large sub-assemblies, 
and inspection and tool-room systems. New material 
has been added in the chapters dealing with the design- 
ing and the details of jigs and fixtures, and in the 
chapters on clamps and clamping methods ; this latter 
chapter contains the statement that “the captions 
explain the illustrations,” but in many cases it would 
be more true to say that the illustrations (which are 
excellent) explain the captions. The chapter on drill- 
jig bushings contains the new American standards. 
A novel indexing fixture for milling aero-engine con- 
necting rods, and the Wharton and Olding system of 
built-up jigs and fixtures (described on page 608 of 
our 16lst volume, 1946) are included, for some reason 
that is not obvious, among pneumatic fixtures for 
holding work. In the chapter on grinding-machine 
fixtures, an illustrated note has been added on special 
fixtures for use in railway shops, although the text 
shows that they are fixtures for either planing or milling. 


Radio-Frequency Heating. By Dr. L. HarrsHorn, 
AM.LE.E., A.R.C.S., D.I.C. George Allen and 
Unwin, Limited, Ruskin House, 40, Museum-street, 
London, W.C.1. [Price 21s. net.] 


Tuere is already a fairly full literature on various 
aspects of radio-frequency heating, a subject sur- 
rounded with a certain air of mystery on which con- 
siderable development has taken place in recent years. 
A book, such as Dr. Hartshorn’s, however, which 
gives a systematic account of the principles and prac- 
tice of its two main branches—induction and dielectric 
heating—is welcome ; and its value is enhanced by the 
fact that it is written not only for specialists, but for 
those scientists and technicians who may be interested 
in the applications of these forms of heating to their 
particular work. The author defines radio-frequency 
heating as the generation of power in the form of 
periodic electric and magnetic fields of some fre- 
quency in the radio range (using that term in the widest 
possible sense), the transfer of that power to the work, 
and its subsequent appearance in the form of heat. 
The book is, in fact, devoted to a detailed consideration 
of these'three subjects, beginning with descriptions of 
the various methods by which the necessary power can 
be generated. The principles and applications of 
induction heating are then considered at some 





length from both the theoretical-and practical aspects 


actually used; and there is a careless error of spelling Pp 


and a briefer treatment is accorded to dielectric heat. 
ing. As a result, the conscientious reader will obtain 
a good grasp both of underlying phenomena and of the 
ways in which these are being utilised. A concluding 
chapter on cost and history, two matters not usually 
placed in such close juxtaposition, is worth study, 
Those who wish to stndy the subject further wi!! find 
useful the bibliographies at the end of each chapter. 


Alloy Steels. By J.Wrxxinc. Emmott and Company, 
Limited, 31, King-street West, Manchester. | Price 
(2s. 6d. net.] 


Tuts little book of 72 pages, bound in stiff-paper covers, 
is No. 49 in the series of Mechanical World monographs, 
Its aim is to deal with the properties and applications 
of alloy steels and to give some explanation of the 
underlying principles upon which the engincering 
applications of alloys are based. There are five chap. 
ters, concerned, respectively, with structural steels, 
carburising steels, tool and special-purpose steels, 
stainless and heat-resisting steels, and the manceuvrabi- 
en | ofsteel. In order to keep his subject within reason- 
able limits, the author has confined his remarks, in the 
main, to materials contained in standard specifications, 
such as the En series of B.S. No. 970-1947. The 
chapters on carburising steels and on tools and special. 

urpose steels are particularly well done, bearing in 
mind the narrow éompass in which these subjects are 
dealt, and, in these chapters, as well as throughout the 
work, the author has striven to convey his meaning 
in as simple a language as possible. The ground which 
he has attempted to cover, admittedly, is extremely 
wide but he has wisely dealt, as far as possible, with 
t rather than with individual alloys. Thus, 
although no index is provided, the book will be found 
useful as a little work of reference. 





CATALOGUES. 


Closed-Circuit Fire-Alarm System.—Details of their 
closed-circuit fire-alarm system are given in a pamphlet 
recently issued by Standard Telephones and Cables, 
Limited, Connaught House, Aldwych, London, W.C.2. 

Plate-Trepanning Tool.—A trepanning tool which fits 
on an ordinary drill and will cut § in., 2 in., 1 in. and 1} in. 
holes in }-in. plate, has been introduced by Messrs. 
Fry’s (London), Limited, 56, Southwark-street, London, 
8.E.1. It is intended for cutting holes to take conduits 
of the sizes mentioned. 


Fans.—A booklet, No. 2202, prepared by the Sturte- 
vant Engineering Company, Limited, Southern House, 
Cannon-street, London, E.C.4, illustrates and describes a 
considerable number of fans designed for a wide variety 
of purposes. They include paddle-blade and propeller 
fans for high, medium and low pressures. 

Portable Generating Sets.—A series of leafiets issued by 
Auto Diesels, Limited, Uxbridge, Middlesex, describes 
their range of portable generating sets. Several models 
are available with outputs ranging from 0-5 kW to 
50 kW. Many of the sets can be supplied for battery 
charging or may be fitted with floodlights. 


Mobile Cranes.—An outline of their range of petrol- 
electric or Diesel-electric mobile cranes is given in a 
booklet issued recently by Messrs. Ransomes and Rapier, 
Limited, 32, Victoria-street, London. Two further leaf- 
lets provide the full technical specification of the 8}-ton 
super mobile crane and describe a few of its uses. 
Automobile Transmissions.—The latest edition of the 
book on automobile transmissions, issued by Messrs. 
David Brown and Sons (Huddersfield), Limited, Hudders- 
field, incorporates a technical supplement which gives 
drawings and details of the various transmission units 
manufactured by the firm. Apart from this, the book is 
mainly a reprint of the earlier edition, which has been 
mentioned in our columns previously. 
Gear-Hobbing Machines.—A brochure issued by Messrs. 
Craven Brothers (Manchester), Limited, Vauxhall Works, 
Reddish, Stockport, gives particulars of the firm’s 
gear-hobbing machines. Those of moving-table and 
fixed-column construction are capable of dealing with 
wheels ranging from 3 ft. 4 in. to 7 ft. 6 in. in diameter, 
and the turbine-gear hobbing machines are built with 
capacities ranging from 5 ft. to 21 ft.in diameter. Hori- 
zontal-type pinion-hobbing machines are also made, and 
creeping tables can be fitted to the turbine-gear hobbing 
machines. 
Mechanical Handling Plant.—Two booklets have been 
sent to us by J. Collis and Sons, Limited, Regent-square, 
Grays Inn-road, London, W.C.1, which describe in some 
detail their stacking machine and “ Motaveyor ” equip- 
ment. The stacking machine is made in several sizes 
and may be of the manual-hydraulic or electro-hydraulic 
type. Various accessories for use with the stacker are 
described. The “ Motaveyor” is a powered belt con- 
veyor of unit construction which has been made so that 
it may be adapted to many purposes by the provision of 





alternative types of stand, belt and cradle. 
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VIBRATED CONCRETE.* 
By D. A. Srewart, A.M.LC.E. 
(Continued from page 148.) 

Tue application of surface vibration to precast 
concrete is a technique which is in the process of 
development. As a consequence of the increasing 
use of prestressing, this development is likely to be 
much accelerated in the next few years, because 
it allows for the satisfactory compacting of much 
drier concretes than can be undertaken by internal 
vibration or by the use of vibrating tables as gener- 
ally employed in this country. For this purpose, 
the high-frequency electric hammer is of great 
value, because it can be applied directly to the 
concrete, and also to the sides of the form, without 
damaging them. The frequency of impact is 
6,000 per minute, while the calculated acceleration 
of the hammer head or plate is as much as 25g 
when actually compacting, or 60g when running 
light. 











Surface vibration applied to confined volumes of 
concrete produces densities as high as 156 lb. per 
cubic foot with river gravels and up to 159 Ib. per 
cubic foot with granites. This implies that quite high 
pressures are developed during compaction, which 
must be resisted by the moulds or formwork. 
Robust construction is essential, therefore, other- 
wise serious distortion and leakage of grout will 
occur. 

Where vibrators are attached to the outside of 
moulds or forms, the same robust construction is 
required ; not only because of the high density 
attained by the concrete, but because, in trans- 
mitting its vibrations to the concrete, the vibrator 
drags the formwork back and forth, making any 
weak joints open and close. Furthermore, the con- 
crete is usually considerbly wetter than that used 
with surface vibration, and hence grout can easily 
be lost through cracks only a few thousandths of an 
inch wide, while air is readily sucked in by the 
pump-like action of the formwork and concrete. 

The sound construction and stiffness of mould 





Fig. 11. 


This form of compacting can also be effected with 
pneumatic-hammer vibrators such as are used for 
road work. The low-frequency heavy type should 
not be applied directly to moulds and formwork as 
the energy per blow is large enough to be destructive. 
Good results have been obtained with these tools 
when applied to the surface of the concrete in the 
mould. When consolidating concrete in this way, 
in @ mould carrying top and bottom reinforcement 
which has to be placed at the same time, as in 
prestressed work, provision should be made for an 
adequate surcharge of material above the top steel. 
Care should be taken, also, to ensure that the 
vibrator never comes into direct contact with the 
wires, as this might cause them to slacken or break, 
and it will certainly disrupt the concrete round them 
over a considerable length. 





* This article is based on a series of four lectures, 
forming the fifth annual course of lectures on “ Topical 
Civil Engineering Problems,” delivered by the author 
in the Department of Civil Engineering, King’s College, 
University of Durham, in November and December, 1948. 








CONCRETE MIXER AND VIBRATING TABLES. 


which are to be used with vibrating tables is also of 
importance, as the whole of the mould and a con- 
siderable part of the concrete is subject to quite large 
accelerations, in some cases as much as 10g. The 
forces generated cause marked distortion of sections 
of some moulds, particularly of those that are long in 
relation to their depth. Moulds of this type that are 
insufficiently supported over their length (should this 
be greater than the length of the vibrating table) may 
set up a high-amplitude oscillation at a sub-harmonic 
of the table frequency, when the velocity attained 
by the concrete may be sufficient to cause it to break 
up or even to throw it out of the mould. On the other 
hand, the overhanging sections of the mould, being 
insufficiently stiff to transmit the vibration, may lie 
dead, when no compaction will take place. 

Moulds should be designed, therefore, from a 
knowledge of the physical properties of the materials 
to be used in their construction, the value and dis- 
tribution of the concrete load, the frequency, and 
the acceleration to be employed. The method of 
clamping the mould to the vibrating table must be 


determined, and also the points of support and the 
fixing conditions. 

The maximum deflection of the mould between 
supports will be 

cEr ¢ 
where C is a constant depending on the fixing condi- 
tions and 6 is equal to the amplitude of the vibra- 
tion. This, in turn, depends upon the acceleration 
and the frequency ; therefore 


5 = < and P, the deflecting force, = Ma, 
a 





therefore, 
a. See 
g 
~ But 
pee n 
g 
where a=acceleration; w=2af; f= fre- 


quency; and W = weight of the part of the 
mould and contents being considered. 

Therefore, combining (1) and (2), 

PrP OBt 
oe?" 

It will be observed that this is a specialised case 
of beam design. There are, however, three points 
that require careful attention. Firstly, if the con- 
crete is to be arrelerated at the same rate as the 
vibrating table, then the stiffness of the mould be- 
tween the supports must be sufficient to make the 
natural period of the length of mould under con- 
sideration, not less than that of the table. Secondly, 
if the natural frequency of this section of the mould 
is equal to the table frequency, control of the mould 
amplitude may be difficult. It is best, therefore, to 
select a higher frequency and thus to guarantee ade- 
quate stiffness and control at the same time. Thirdly, 
in designing any structure or similar object which is 
to be subject to vibration involving alternating 
stresses, careful consideration must be given to the 
fatigue characteristics of the materials employed at 
the stress that may be developed. With mild steels 
this should not exceed 10,000 Ib. per square inch, 
while 4,000 Ib. per square inch is usually safe in the 
majority of aluminium alloys used for structural 


purposes. 

Vibrating tables are used in the concrete industry 

exclusively for the production of precast units. 
There is no doubt that a uniformly compacted con- 
crete can be produced with greater speed and con- 
sistency in this way than in any other. There are 
numerous makes of table on the market, the majority 
of which rely for their effect upon the rotation of an 
eccentric mass. There are also two makes which 
are operated magnetically. This method of pro- 
ducing vibration has two outstanding advantages, 
the first being the complete lack of rotating parts, 
and the second, the ease with which the amplitude 
and acceleration can be controlled. It is also 
possible to design the table so that the frequency can 
be changed at will; the table can thus be operated 
at the frequency of supply or at double that fre- 
quency. A typical plant with a mixer supplying two 
mechanically-vibrated tables is shown in Fig. 11, 
herewith. The electromagnetic type of table made 
by Messrs. E. P. Allam, Limited, and used by the 
London Passenger Transport Board (now the London 
Transport Executive) for casting signpost standards, 
is illustrated in Fig. 12, on page 170, and Fig. 13, 
on the same page, shows the same type of table with 
a mould in place. 
Some of the tables on the market are of consider- 
able size, having a surface area of 6 ft. by 3 ft., or 
more. The loads that they are said to be capable 
of handling are of a comparatively large order, being 
1 to 1} tons. As can be seen from the foregoing 
investigation into mould design, the stiffness coeffici- 
ent of such a table, operating at 50 cycles per second 
and an acceleration of as low as 3 g, is very consider- 
able. 

Assuming that the table top, the mould and con- 
crete weigh 1-5 tons, the modulus will be 


P 1:5 x 2,240 x (27)® x 25 x 10* 
has 386 
= 86,000 ; 
so that, for a distributed load over a beam supported 








at, say, 5 ft. centres, the moment of inertia I is of 
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the order of 


86,000 x L? 
7%-8xE° 
Substituting numerical values for E and L, 


86,000 x 5° x 12% ‘ 
t= 76-8 x 90 x10" ~ °*™ 

The above calculation is for minimum stiffness 
and assumes that the vibration is applied at the 
reaction points of the table acting as a 5-ft. beam. 
If, however, the vibrator is placed so as to act at the 
centre of the table, the required moment of inertia 
will be much higher. In designing a table of this 
type, the stiffness should be calculated on a basis of 
third-harmonic frequency, if adequate uniformity 
of vibration transmission is to be expected. 

Most commercial vibrating tables operate at 
between 3,000 and 4,500 cycles per minute, with 
accelerations between 0-5 g and 10 g, depending on 
the load. Where the loads are of such a value as to 
permit an acceleration of three or four times that of 
gravity, it is essential to secure the mould rigidly 
to the table, otherwise the vibration will be only 
partly effective. The installation of a high-fre- 
quency table capable of an acceleration of several 
times g, on which moulds, if not clamped, may 
bounce about, is about as sensible as installing an 
air compressor and allowing it to run with the 
cylinder cover loose. 

This country is well behind Continental practice 
at present in the use of vibration for precast work, 
but a more venturesome spirit is beginning to arise 
in this industry; it is being realised that the 
engineer, the physicist and the chemist, if given the 
opportunity, can convert the making and casting of 
concrete into an undertaking as precise as the 
manufacture of a steel girder from the essential raw 
materials. As research and development proceed 
in the concrete industry—and, for that matter, 
in the building industry as a whole—it will be 
found not only advantageous, but essential, to 
invite the collaboration of these two great allies 
of the engineer to assist him in obtaining a more 
intimate understanding of the materials with which 
he works. Thus he will gain a greater control 
over them and ensure their more economical 
utilisation. 

In designing a concrete mix, a number of assump- 
tions have to be made. Perhaps the greatest of 
these is that the concrete will be brought to that 
state of compaction which justifies the assumption 
that the law relating strength to water/cement 
ratio will be fully operative. From consideration 
of the curve, Fig. 14, opposite, relating percentage 
voids to percentage loss of strength, it will be 
evident that, in many circumstances, to assume that, 
a concrete will attain a particular strength at 28 days, 
because the concrete as made contained a specific 
water/cement ratio—for instance, 0-48—is ex- 
tremely rash, particularly where the compacting is 
dependent upon unassisted manual effort. 

Three other assumptions of some importance are, 
firstly, that samples of aggregates drawn from stock 
piles are representative, when converted to concrete 
on a small scale, of the behaviour of the bulk 
material when used in quantity ; it is very noticeable 
when examining the characteristics of a dry con- 
crete, that small quantities are much harder to 
bring to a plastic condition than are large quantities. 
Secondly, that variations in cement strength, 
delivery to delivery, will permit the ratio of water 
to tes to remain at or about the level of that 
selected at the time the mix was designed ; for, if 
the cement strength falls off appreciably, the enforced 
reduction in water content may be great enough 
to reduce the concrete to below the workable limit, 
unless the mix proportions are reduced also. 
Thirdly, there is the assumption that variations 
in the grading of the sand will not be in excess of 
a few points at any sieve size. This again affects 
workability, though not so much with ordinary 
hand-placed concrete, which is usually fairly fluid, 
its workability value lying on the flatter portion of 
the workability curve ; but it does so very definitely 
with vibratable mixes, the values of which normally 
lie on the steepest portion of the curve. 

With hand placing, the ratio of coarse to fine 
aggregate is not by any means as important as 
when vibration is used as the compacting agent. 
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Fie. 13. ELECTROMAGNETIC VIBRATING TABLE WITH MOULD IN POsITION. 


This is largely because the work done by the 
vibrator is so much greater and more effective 
than that which can be applied manually. What 
has been found, as the result of a large number of 
experiments, is that, given time and a reasonably 
workable concrete, any commercial vibrator will 
“design” a mix to suit its capabilities; that is 
to say, if the mix contains an excess of water, cement 
and sand, these will be forced out, and the coarse 
aggregate will be closed up, the voids being filled 
with just the requisite amount of mortar. On the 
other hand, if the coarse aggregate is in excess, the 
available mortar will be precipitated and held in the 
lower part of the formwork, while the excess stones 
will be left lying bare upon the surface. 

The design of a concrete suitable for vibration 
requires that a study should be made of the voids 
contained in a specific volume of coarse aggregate, 
and that the weight of sand required to fill these 
voids should be determined ; thus it is necessary 
to determine the loose density of both coarse and 
fine aggregates. The cement content may be 
determined arbitrarily or by a calculation involving 
a determination of the density of the cement paste 
for a specific water/cement ratio. 





If the cement content is determined arbitrarily 
on the basis of an aggregate/cement ratio of, say, 
6: 1, then care must be taken to find a water/cement 
ratio which, while giving sufficient workability, does 
not produce an “‘ overfat ’’ paste that has a volume 
noticeably in excess of the voids remaining after 
the aggregates have been compacted. The suita- 
bility of the water/cement ratio, from the point of 
view of vibration only, may be found most easily by 
experiment. When making these tests, an endea- 
vour should be made to reproduce the conditions 
in which the bulk concrete will be handled, particu- 
larly as regards frequency and intensity of vibration. 
If these precautions are not taken, disappointment 
may result in actual production. 

The better method of design is to determine a 
suitable water/cement ratio, having regard to the 
strength required from the cured concrete, and an 
aggregate/cement ratio from considerations of 
workability and economy. Then, by applying the 
equation given below, a value may be obtained for 
the bulk density of the combined aggregates. The 
equation is based on absolute volume, and was origin- 
ated by Mr. L. F. Marston, of Messrs. John Ellis and 
Son, while he was engaged with the author on 
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research in the Department 4 of Civil and Mechanical 
Engineering, University of London. 


¥ 
me STU 2 

tu*a** 
where A = bulk density of sain aggregates ; 
B= average density or specific gravity of coarse and 
fine aggregates ; Y = aggregate/cement ratio; and 
x = water/cement ratio. A value for A having been 
obtained, a combined aggregate may be made up 
which will have the requisite volume of voids in it. 
Table I, herewith, gives suitable values of A for the 


TABLE I.—Bulk Density of Various Mixes and 
ethoenemmnnen Ratios. 


Water/ 


Cement/Aggregate Ratio, Y. 
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solidation, in relation to the ratios of coarse aggre- 
gate to cement, show the rapid reduction in energy 
consumption as the concrete changes from a 1 : 1-74 
mortar to a 1:4-6 concrete. With the addition 
of further coarse aggregate, the energy consump- 
tion begins to rise once more ; this time, however, 
the reduction in workability is due to the low 
water content of the mix—in fact, to lack of 
lubrication. The weight of the mix vibrated was 
5 lb. and the frequency was 6,000 per minute, the 
acceleration being 4 g. 

The three curves of time plotted against coarse 
aggregate/cement ratio are of interest, as showing 
the effect of changing the water/cement ratio and 
of changing the type and grading of the coarse 
aggregate. Considering the point at which the 


__ Fig. 14. 
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Ratio, 

z. 1:3 1:4 1:5 1:6 1:7 

0-4 | 1-62 | 1-79 | 1-98 | 2-01 | 2-00 

0-5 | 1-54 t 1-72 | 1-86 ° 2-02 

0-6 1-46 | 1-64 | 1-70 | 1-88 ‘ 

0-7 | 1-89 | 1-66 | 1-78 | 1-68 | 1-08 
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qqocted satus of mix proportions at various 
water/cement ratios, with B = 2-65. The values to 
the right of the heavy line will be found, as a rule, 
to be too dry for commercial use. Multiplying A by 
62-5 gives the density in Ib. per cubic foot. 

It is now necessary to examine the effect of packing 
upon the bulk density of aggregate. It is quickly 
apparent that this density is a very variable quantity, 
depending on how the container, used for measuring 
a given volume of aggregate, is filled. The means 
adopted in filling the container must bear some 
relationship to the method of compacting the con- 
crete. For instance, if the concrete is to be hand- 
rammed, vibrating the aggregate into the container 
will produce a much smaller void content than 
will be reached in the actual placing of the concrete ; 
hence the coarse aggregate will be short of filler, 
the mix being dry and harsh. If the reverse proce- 
dure is adopted, and the bulk density for a vibrated 
mix is obtained by hand ramming, the resulting 
concrete will be cohesive, over-sanded and likely to 
segregate. 

The figures in Table II, herewith, give a very fair 


TABLE II.—Comparison of Hand-Filled and Vibration- 
Filled Aggregates. 


Bulk Density Bulk Density 
ot Coarse vt Fine 
Aggregates. | 


Agena. 


| 
a 
| 

| 


Size. 
Not Not | 
\Vibrated | vi ibrated, | Vibrated. \virrated, 


white aes, see 
1-63 1-86 i- 


| 


1-48 Rounded river 
| | sand, 
fin. | 1-55 | 1-38 | 1-76 | 1-52 | Crushed and 
| washed granite 
| sand. 
tin. | 1-51 1-34 1-89 1-59 | Crushed un- 
| — granite 
| 1-67 1-54 Crushed — 
sand, 8 y 
| washed a 
| graded. 





comparison between the bulk density of simila™ 
aggregates when the container is hand-filled, and 
vibration-filled. Vibration filling was carried out 
in the following way. The container was clamped 
to the vibrating table, set up to run at 6,000 vibra- 
tions per minute and 2g. The aggregate was 
loaded into the container, to form a flat cone above 
the level of the edge. The vibrator was then 
switched on and run for 30 seconds, after which the 
surplus aggregate was removed and the contents 
of the container weighed. After consideration of 
this table it is not diffisult to understand how it is 
that segregation appears when vibration is used to 
compact concrete designed on a basis suited only 
to hand ramming. 

From considerations of workability, a mix may 
be divided into two components: a matrix con- 
sisting of mortar, and a‘ mass of relatively large 
particles suspended in it. Of these two, the mortar 


appears to absorb the larger part of the energy 
used in the process of consolidation. The curves 
in Fig. 15 show the time required to obtain con- 
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hump appears in the two top curves, a and 6: these 
are curves for similar concretes, the being 
} in. to *% in. river gravel, but the water/cement 
ratio in the case of curve a is 0-45, while in the 
case of curve 6 it is 0-5. Curve c is again for a 
0-45 water/cement ratio, but the aggregate in this 
case is single-sized glass marbles. These marbles 
make a concrete of a very high workability and have 
the further advantage that their behaviour is 
extremely consistent, which is a great boon to the 
research worker. 

This remarkably workable concrete is also of 
interest from another point of view, which brings 
in once more the question of grading. Present 
practice in mix design is based on hand-rammed 
concrete, and, for concrete of this type, the voids 
are not closely controlled, either by grading-curve 
selection, or in the manner of compacting. It is 








only because mortar contents are high and com- 
paction only partly effective that aggregates which 
contain # in., # in. }in. and sand running ¥ to 5 per 
cent. through 100 mesh, can be comfortably accom- 
modated. This, however, is not the case with 
vibrated concrete, for there single-sized }-in. aggre- 
gate becomes so closely packed that the next size of 
particle which can be fitted in without disturbing 
a nicely interlocked system is probably not in excess 
of 4 in. or even 4 in. 

The same probably applies to sands. In fact, 
it has been found that sand with a predominance of 
material lying between B.S. sieves 25 and 52 is 
extremely useful for increasing the density and 
workability of mixes. Undoubtedly, it will be found, 
as research proceeds, that the grading sieves having 
the higher numbers carry the material that increases 
the value of the desirable properties of vibrated 
concrete, particularly if the maximum size of 
the coarse aggregate can be increased also, so as to 
reduce the total mortar content of the mix. 

Some consideration may now be given to concrete 
for roads and runways, which is a dangerous subject 
to tackle, because there are so many and varied 
opinions on this aspect of concreting. The greatest 
controversy, however, exists in regard to concrete 
to be compacted by vibration. 

There are a number of good reasons for divergence 
of opinion. Firstly, there is the experience of the 
engineer in regard to concretes generally. Secondly, 
there is the performance of the vibrating equipment 
he has employed—and here it should be said that 
each machine, whether large or small, will give its 
best performance with one particular consistency of 
mix. This alone will tend to prejudice his views 
in regard to the most suitable mix for use in putting 
down a road slab. 

Concrete compacted by surface vibration is a 
specialised case of vibrated concrete. This is 
because the concrete, while undergoing treatment, is 
more or less confined on all sides. Under these 
conditions, it should be possible to work down to 
very low void values. That this is so is shown 
by laboratory tests made on 4-in. cubes in which 
the concrete was compacted with a high-frequency 
high-acceleration vibrator. The first of these was 
a@ concrete 1:7 by weight, made with irregular 
river gravel; the density immediately after making 
was 156 Ib. per cubic foot. The second concrete 
was 1:7 by weight of crushed granite and granite 
sand, and had a density immediately after making 
of 159 Ib. per cubic foot. 

Densities of this order cannot be expected under 
field conditions, but it should be quite possible to 
reach a value between 150 Ib. and 153 Ib. per 
cubic foot. It is important, in ing the 
mix, to ensure a mortar content that is sufficient, 
and only just sufficient, to bind in the surface 
aggregate. Excessive mortar has two unfortunate 
effects: it tends to make the concrete plastic and 
difficult to consolidate, while allowing flow and 
deformation, and it also produces a layer of material 
of high water/cement ratio at the exposed surface. 
On setting and drying out, this may become porous 
and cracked, leaving it subject to frost attack. 

In determining a suitable concrete for vibrated 
road construction, the designer must satisfy himself 
as to the degree of compaction that can be reached 
under working conditions. Until this is decided, 
there is no means by which he can strike a balance 
between the quantity of coarse aggregate and the 
amount of filler required to knit the whole into a 
sound concrete, of maximum density. The degree 
of compaction will depend on three factors, namely, 
the depth of concrete to be compacted ; the antici- 
pated rate of travel of the vibrator over the bed ; 
and the intensity and frequency of the vibration. 

It is obvious that, on a basis of work done, the 
depth of concrete is of importance for two reasons : 
the larger the volume or weight to be compacted, 
the greater the energy required; and the greater 
the depth of concrete, the lower the uniformity of 
compaction taking place between the surface in 
contact with the vibrator and the formation base. 

The rate of decay of the vibration waves in 
concrete is not yet known, but it is reasonable 
to suppose that it might behave in the same way 
as waves propagated in air or water; that is, 
their effectiveness falls off at some power of the 
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distance. The effectiveness of the vibration is 
also reduced by dispersal and reflection, due to 
the presence of the irregular aggregates ; thus the 
depth of bed is of the highest importance in the 
design of a mix. 

The rate of travel of the vibrator over the bed 
can be controlled within limits; that is to say, 
it must not move faster than it can compact, and, 
at the same time, its lowest speed must be within 
the economic range of the number of cubic feet of 
concrete compacted per hour. Many vibrators oscil- 
late at about 3,000 vibrations per minute, the 
effective width of the beam or screed being about 
12 in. This being so, every point on the surface 
will receive 1,500 impacts if the machine is travel- 
ling at 2 ft. per minute. This is not a very large 
number of vibrations, and the effective period of 
contact of the vibrating surface with the concrete 
does not exceed 0-01 second per cycle. Thus the 
workability of the concrete must not be allowed to 
fall below a well-defined minimum if satisfactory 
compaction is to be attained. 

The frequency and intensity of the vibrations 
are obviously closely connected with the rate of 
travel. It is clearly an advantage if the number 
of impacts per minute, as well as their intensity, can 
be increased ; as, by this means, the rate of travel, 
or the degree of compaction, can be improved. It 
must be noted, however, that the depth of pene- 
tration of the vibration may fall off appreciably 
with increased frequency unless the intensity— 
that is, the acceleration—is materially increased 
also. It is not practicable to design a satisfactory 
concrete for vibration-placing on a basis of high 
workability and low water-content alone; it is 
necessary also to know something of its compact- 
ability in relation to the compacting means avail- 
able. 

Surface vibration may be applied to precasting 
with very satisfactory results, particularly where 
it is desired to make use of as small a water/cement 
Tatio as possible with the object of obtaining a high 
early strength, and also where it is desired to 
remove the cast from the mould immediately after 
filling. When immediate demoulding is employed, 
a practice initiated in France about 1930, it is 
important to design a concrete which, when unsup- 
ported by the mould, will not slump or distort. 
Concrete having initial rigidity should contain as 
little mortar as possible, since the presence of 
mortar gives a plastic or jelly-like characteristic to 
the concrete. This is due to the mortar wedging 
between adjacent pieces of coarse aggregate and so 
producing a semi-liquid cushion which can be 
distorted fractionally but quite easily. The excess 
mortar also prevents the interlock between neigh- 
bouring pieces of large stone which would otherwise 
take place. 

It has been found, by experiment, that the 
rigidity of newly-cast concrete increases with the 
increase of frequency of vibration. It also increases 
as the maximum size of the aggregate in the mix 
increases. The rigidity of granite or of other similar 
erushed-stone concrete is greater than that of 
flint aggregates of the same size. 

In investigating this subject, some interesting, 
results were observed. For instance, a newly cast 
4-in. cube was placed in a suitably low-loading 
compression machine, and dial gauges were set up 
in contact with two opposite surfaces at right angles 
to the direction of compression. Load was applied 
and readings of the dial gauges were made with each 
increment of load. When the total distortion 
reached a value of 0-12 in., the load was gradually 
reduced, when it was observed that the distortion 
diminished to within 0-02 in. of the original condi- 
tion. 

The explanation of this phenomenon is a little 
difficult, because it is hardly possible to regard 
concrete, in the condition of that under test, as a 
homogeneous and elastic substance. It may be 

, however, that the pressure produces a 
form of dilatance, inducing small vacuum pockets 
within the cube which, when the external force was 
removed, drew back the dilated particles approxi- 
mately into their original positions. 

An interesting piece of apparatus has been deve- 
loped by an Austrian civil engineer, a Dr. Fritsch, 
who was engaged on some large reconstruction 


work in the American sector of his country. Dr. 
Fritsch pointed out that the practice of vibrating 
concrete in cubes, on site, using the heavy and 
powerful vibrators employed on the contract, does 
not give any real indication of the effectiveness of 
the compaction obtained in the forms. He there- 
fore, designed a large container, holding a representa- 
tive quantity of concrete, in relation to the size and 
power of the vibrator, and having in its base two 
detachable cube moulds at such a distance from the 
source of vibration that the intensity at their 
centres was commensurate with the average intensity 
in the form work. This arrangement involves a 
certain amount of guess work, but by experiment a 
series of observations could be made which would 
reduce the possible error to within reasonable 
limits. 

Once the container has been loaded and the 
vibrator placed in position, a heavy lid is located 
on the top of the concrete. This lid represents the 
pressure on the concrete in the form work at the 
mean depth of the lift. A light cable running over 
pulleys connects the lid to a stylus working on a 
rotating drum, on which the value and rate of 
consolidation of the concrete are recorded. 

By the use of this device, various mix designs 
can be tested at the commencement of a contract, 
and, when a suitable mix is found, its characteristics 
are noted. As concreting proceeds, tests are made 
on batches drawn from the mixers and adjustment 
is made to maintain uniformity in the consistency 
of the concrete. It will be noted that this appa- 
ratus bears a close resemblance to the Swedish 
Ve Be tester. It has, however, certain advantages 
from the engineer’s point of view, in that it is more 
closely related in its action to site conditions. 

(To be continued.) 
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Convection de la Chaleur en Régime Permanent: Confér- 
ences au Centre d’Btudes Supérieures de Mécanique. 
By R. LEGENDRE. Dunod, 92, Rue Bonaparte, Paris 
(6e) [Price 580 francs.] 

PRoBLEMs involving the transmission of heat arise 
in nearly every branch of industry and mostly in 
too complicated a form to admit of complete mathe- 
matical solution. Formal analysis is more readily 
appliable to heat transfer by conduction and radia- 
tion than to heat transfer by convection. Convec- 
tion must, however, be taken into account whenever 
fluids play a part in the transmission of heat, which 
is in the majority of industrial processes. Convection 
may be of two kinds, free and forced. In the former, 
the internal motion of the fluid is due to the buoyancy 
resulting from local heating, while in the latter the 
motion of the fluid is maintained by independent 
mechanical means providing a pressure difference. 
It is mainly with forced convection in the steady 
state that this book is concerned and the subject 
matter of it was originally presented as a course of 
lectures, which probably explains why most of the 
chapters are followed by appendixes containing 
derivatives of equations and other developments 
and data that would doubtless have interrupted the 
smooth thread of discourse. 

M. Legendre begins by considering the simplest 
practical problem involving direct heat transfer from 
one fluid stream to another through a plane solid 
conducting wall and defining certain dimensionless 
transmission coefficients, in terms of which the 
solutions can be most conveniently expressed. 
He then discusses parallel flow, counter-fiow, and 
cross-flow heat exchangers in which variously 
arranged arrays of pipes are employed, compares 
their respective efficiencies, and establishes the 
corresponding formule. Fourier’s law provides 
the theoretical basis for the attack on problems in 
heat conduction. This is considered in Chapter HI 
and applied to steady-state and also to variable- 
state situations where the relevant physical property 
is the thermal diffusivity. It is followed by a useful 
selection of numerical data rela*ing to the thermal 
properties of water and various gases. Heat trans- 
fer by convection obviously must depend upon 
the nature of the fluid flow, which may be laminar 
or turbulent and with or without eddies. The 








equation, when they can be written down, jointly 
determine, when they can be solved, the velocity 
and temperature distribution corresponding to 
assigned initial and boundary conditions. 

One of the few cases admitting of rational solution 
concerns the convection accompanying the laminar 
flow of an incompressible fluid through a tube of 
circular section. Solutions are derived, subject to 
certain explicitly stated simplifying assumptions, 
and exhibited in graphical form. When the flow is 
turbulent, theoretical considerations have to give 
place to empirical or semi-empirical methods, and 
the results so obtained are summarised. The 
principle of similarity, extended to include thermal 
as well as mechanical systems, affords a valuable 
method of correlating experimental data on convec- 
tion under different conditions. The simplification 
introduced by arranging the parameters concerned 
in dimensionless groups is exemplified in Chapter VI 
and, as these parameters are functions of tempera- 
ture, the necessity for a judicious choice of their 
values is pointed out. In certain instances, how- 
ever, this method leads to equations containing a 
number of factors with fractional exponents that 
are awkward to handle, so that it is often preferable 
to use this principle as a guide in a search for 
empirical relations having a simpler and more 
directly applicable form. Despite all legitimate 
simplifications, the nature of the subject demands 
considerable use of mathematics and M. Legendre 
in these lectures was clearly addressing an audience 
of mature mathematical attainments. His exposi- 
tion is specially valuable on the theoretical side. It 
might, with advantage, have been supplemented 
with a selection of worked examples, illustrating 
typical recuperator problems encountered in prac- 
tice. Some account of regenerators might also have 
been included. 





Soil Mechanics for Civil Engineers. By PROFESSOR 
BERNARD H. Kwnicut, D.Se., M.I.C.E. Edward 
Arnold and Company, 41, Maddox-street, London, 
W.1. [Price 21s. net.] 

Durtne the past few years, there has been such an 
outpouring of papers, reports, theses, and articles 
in the technical Press on the subject of soil mechanics 
that the average civil engineer who is not intimately 
concerned with the study may be at a loss to extract 
from the mass the essentials that he may require 
on @ specific contract. As an introduction to a 
developing science, he should find this compact 
manual of considerable service. The author is 
professor of highway engineering in the University 
of the Witwatersrand and approaches the subject 
rather from the highway engineer’s viewpoint. 
For instance, peat, which a highway engineer would 
naturally avoid, is classified under “‘ Soils to be 
avoided,”’ though Dutch soil-mechanicians (if the 
term is permissible) have been obliged to study peat 
and peat-sand deposits fairly intensively because 
they cover considerable areas of Holland. This 
work appears to receive no mention; admittedly, 
however, it is of rather a special nature. The 
problems associated with clay, sand, and silts, all 
of which materials are much more widely distri- 
buted, do receive due consideration. 

Following an introductory chapter on the basic 
mathematics of the subject, the author proceeds to 
discuss the properties, sampling, testing and 
classification of soils, their drainage and compaction, 
design to meet the intended loads on soils, soil 
stabilisation, and the problems associated with 
cuttings, retaining walls, embankments, etc. Liberal 
use is made of published work, and it is a point in 
favour of the book that a large proportion of the 
99 references in the bibliography are to sources 
that any good technical library might be expected 
to file, or to obtain on request. There is an adequate 
general index and also an index to the authors cited 
in the text. Since, however, all of the authors 
presumably figure also in the bibliography, in which 
the sources are numbered, these numbers being 
given in the text as they occur, it seems strange 
that the compiler of the author index did not make 
use of the same numbers. As it is, the author 
index provides a page number, and reference to 
this page gives the reader the serial number in the 
bibliography, A direct reference from author in- 





equations of hydrodynamics and the diffusivity 


dex to bibliography would seem to have advantages. 
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ELECTRONIC CONTROL OF MACHINE TOOLS. 
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ELECTRONIC CONTROL OF 
MACHINE TOOLS.* 
By S. A. Guatrs, B.Sc.(Eng.). 


GENERALLY speaking, the results obtained in in- 
creased output and improved finish by the use of 
electronics in the machine-tool industry are not as 
spectacular as in other industries, and yet the appli- 
cation is increasing. Most applications fall into the 
following groups, namely, variable-speed drive, feed 
control, or automatic machining of a given profile. 

There are two distinct categories of variable-speed 
drives: where speed accuracy is of secondary import- 
ance, and where extreme accuracy is essential. The 
great majority of applications in the machine-tool 
industry fall into the first category. The work-head 
drives of grinding machines and the tables of planers 
require variable speed over a range of approximately 
10 to 1; the spindles of lathes and of milling machines, 
and the tables of boring mills, may require a speed 
range of anything up to 100 to 1. In none of these 
cases is a high degree of speed regulation with varying 
load icularly important ; a regulation of approxi- 
mately 2 per cent. or 3 per cent. of the full speed 
between no load and full load is usually adequate. 

The load on the motor is due partly to friction and 
partly to removing metal. Friction is either sensibly 
constant or increases slightly with speed. Removing 
metal requires more or less constant horse-power at 
all speeds, and such a characteristic, combined with 
wide age range, necessitates a large motor-frame 
size. To obtain, say, | h.p. at all speeds over a range 
of 100 to 1 would necessitate the use of a motor frame 
capable of giving 100 h.p. at the top speed. In practice, 
therefore, a limited number of gears is used, and the 
8 of the motor is reduced to about 5 or 10 
tol. The problem in this category can be stated as the 
control of a motor over a speed of 5 or 10 to 1, 

erably stepless, with a regulation of approximately 

per cent. of the full speed. The supply available is 

almost invariably alternating current. A further 

uirement in most cases is that it must be possible 

to pre-set the speed and to control the machine tool 
by push- buttons. 

The most common systems in use are the alternating- 
current commutator motor with movable brush gear 
or induction regulator, which can be operated manually 
or through a pilot motor for remote control; the 
Ward-Leonard generator; or electronic control of a 
direct-current motor. With the first-mentioned me- 
thod, the speed regulation with varying load is very 
good at the high speeds, but poor at low speeds, 
and the need for a pilot motor for remote operation is 
a disadvantage. Additional control gear is required 
to enable the speed to be pre-set and the starting 
current to be limited to a pre-determined value, with 
the result that the control equipment tends to become 
bulky and complicated. The Ward-Leonard generator, 
supplying the armature of a direct-current motor, 
meets the requirements quite well, particularly at the 
higher speeds. The power required by the generator 





* Paper presented to the London Section of the In- 
stitution of Production Engineers at a joint meeting 
with the British Institute of Radio Engineers, held on 
February 17, 1949. 
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field is comparatively small and, therefore, can be 
controlled conveniently by means of a rheostat. If 
the speed is pre-set and the motor is started by the 
operation of a push button, the current is limited only 
by the inductance of the circuit. More positive current 
limitation is seldom used, as it would require additional 
complicated control gear. 

With electronic control, a variable direct-current 
voltage is obtained from the alternating-current supply 
by the use of grid-controlled rectifiers. It is possible 
to obtain variable speed many times greater than 
10:1, with accuracy better than 3 per cent. The 
object of the design for this type of application, how- 
ever, is not to aim at the best possible ormance, 
but rather to take advantage of the relatively low 
degree of accuracy permissible and to simplify the 
circuit to the utmost. 

In ey anes manufactured by the Metropolitan- 
Vickers Electrical Company, Limited, and illustrated 
in Figs. 1 to 5, on this page and on 174, the 
electronic portion is reduced to grid-controlled rectifier 
valves, the remainder consisting of simple components, 
such as resistances, chokes, condensers and metal 
rectifiers to enable the apparatus to be readily main- 
tained by electricians. Fig. | shows a lathe fitted with 
a two-motion automatic copying attachment, its - - 
ating motor, gearbox and control cubicle being illus- 
trated in Fig. 2. In Figs. 3 to 5, on page 174, are 
shown some of the components and the layout of typical 
control cubicles, those shown in Figs. 3 and 4 being 
for a 3-h.p. and a 25-h.p. motor, respectively. A cover 
normally encloses the thyratrons shown at the top of 
the unit in Fig. 4. Fig. 5 illustrates the mounting of an 
amplifier chassis within a typical cubicle. 

tt cannot be claimed that, for this particular appli- 
cation, the inherent superior performance of electronic 
control has any great advantage. The conversion from 
alternating to direct current, however, is carried out 
with high efficiency and with static equipment, which 
requires no routine maintenance. §S control is 
stepless, or infinitely variable, and is obtained through 
a small potentiometer which can be located at the most 
convenient position for the operator. The equipment 
can be built into the machine without introducing 
vibration. Armature current can be limited to any 
pre-determined value under all conditions. 

One disadvan of the electronic method is the 
“‘ peaky ” form of the motor current. With Ward- 
Leonard control, the motor current is smooth direct 
current, but with rectifiers there is at present a certain 
amount of ripple, which gives rise to extra heating 
of the motor. This can be quite serious in single-phase 
equipment, as the r.m.s. current may be 50 per cent. 
greater than the average current. By the use of a 
smoothing choke, however, this figure can be reduced 
to 5 per cent. of the full-load current. Apart from 
being derated by this amount, the motor does not 
require any special feature and a perfectly standard 
motor is used. In multi-phase equipment, the ratio 
of the r.m.s. to the average current is even better than 
5 per cent. and the extra heating is negligible. For 
motors up to about 5 h.p., two of the hot-cathode 
rectifiers known as thyratrons are used. Motors from 
6 h.p. to about 12 h.p. use three thyratrons, and those 
from 12 h.p. to 25 h.p. use six thyratrons. For motors 
of larger size, mercury-pool rectifiers are used. 








Controt Cusiciz, Motor anpD GEARBOX. 


For any given machining operation, there is an 
optimum cutting speed. In surfacing or machining 
work of varying radii, if the speed of the work-piece 
is kept constant the cutting speed varies with the 
radius and the optimum cutting speed is only obtained 
at one radius. The tool can be used more effectively 
and the machining time reduced by maintaining the 
cutting speed at its optimum value.. This can be 
achieved by varying the speed of the work-piece 
inversely as the radius. The electronic equipment has 
a distinct advantage over the Ward-Leonard system 
and the alternating-current commutator motor in 
such a case, as the desired result can be obtained by 
operating a small linear potentiometer by the cross- 
movement of the tool. e Ward-Leonard equipment 
would require a relatively large and specially graded 
theostat, while the alternating-current commutator 
would either require a complicated link-mechanism 
between the tool carriage and the brush gear or the 
induction regulator, or, alternatively, it would require 
large rheostats and a pilot motor to operate them. The 
saving obtained in the machining time by maintaining 
the cutting speed constant is appreciable. 

Balancing machines are good examples of the second 
category of variable-speed drives, where high accuracy 
is desirable. In balancing rotating machines, the motor 
is driven gradually up to resonant speed. This speed 
has to be accurately maintained, within 1 r.p.m. or 
2 r.p.m., during the balancing process. The motor is 
then brought to rest, balancing weights added, and 
the motor is again driven up to the resonant speed so 
that the balance can be checked. With electronic 
equipment, it is possible to maintain automatically 
the resonant speed within the accuracy required, even 
with varying supply frequency and voltage. Further- 
more, once the resonant s has been found, the 
speed-control potentiometer can be left at that setting 
for repetition work. The machine can then be started 
and stopped by means of push buttons. The acceler- 
ating and decelerating torques can be controlled to 
any desired value by means of small potentiometers, 
to suit rotors of different sizes. The control stations 
can be conveniently duplicated for operation from either 
end of the machine. e alternative methods cannot 
maintain the speed with the same degree of accuracy 
as electronic equipment, and may have to be trimmed 
oe during the balancing process. Control 
of the accelerating and decelerating torque and push- 
button operation, with these methods, complicate the 
control gear so much that they are seldom used in 
practice. Because of the ease of starting and stopping 
and the accurate speed control with electronic equip- 
ment, the operating time is appreciably reduced. 

The problem with feed control.on planers is to move 
the rst poten ir in the cross-traverse direction, by 
a pre-determined amount, at the end of each return 
stroke of the bedplate. The amount of feed has to 
be easil adjustable over a range as high as 75:1, in 
steps of 0-016 in. or less. One simple method is to 
energise the feed motor, which may be of the alter- 
nating-current or direct-current type, for a pre-deter- 
mined time, and then to apply dynamic braking. By 
varying the setting of the timer, the amount of feed 
can be altered. The main disadvantages of this scheme 
are that an error in the timer results in an error in the 
feed, and that, even with a perfect timer, any variation 
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in the friction, supply voltage, and frequency affect 
the acceleration, deceleration and speed of the feed 
motor, and hence the amount of feed. It is more 
satisfactory to measure the actual feed and to control 
the motor accordingly. There are various mechanical 
methods of achieving this, but they are usually of 
a complicated character. 

This is a particularly good instance of how the use 
of a simple electronic circuit—in fact, one single valve 
—can provide a complete solution. The feed motor 
is fitted with a small tachometer generator, the output 
voltage of which is proportional to speed. If this 
voltage is in ted, it is then proportional to the 
number of revolutions of the motor and hence to the 
féed. The integration is carried out conveniently and 
accurately by means of a valve. When the integrated 
output reaches a predetermined value, dynamic brak- 
ing is applied to the motor. The feed can be varied 
by a small potentiometer in the integrator, which can 
be located in any convenient position for the operator. 

The advantages of automatically machining a given 
section are obvious. Two-motion automatic control is 
a particularly difficult problem, as the tool has to follow 
even the most complicated profiles at high rates of feed 
with extreme accuracy. Whether the profile is circular, 
slightly tapered or of re-entrant form, the finish of the 
machined surface should be perfectly smooth and free 
from steps. Two important features of electronic- 
control equipment make it particularly suitable for this 
application, namely, high amplification without impos- 
ing a load on the measuring device, and the ease of 
eee oe networks to ensure smooth 
operation from “ hunting ” or oscillation. 

Automatic machining is achieved by fitting an 
electronically-controlled motor to each of the two 
motions, longitudinal and crosswise. A “head” with 
a stylus is rigidly connected to the cross slide and has 
two Sener ¢ itive devices, at 
a right el to the motions of the tool 

a ee operation of the stylus produces voltages 
enema to the resolved deflection in the two planes ; 
these are applied to the amplifiers and control the speed 
of the corresponding motors. A template of the 
section to be machined is fixed in such a position that 
the stylus.can be in contact with it during the machin- 
ing operation. The speeds of the two motors are 
pre-set, but are automatically modified by the deflec- 
tion of the stylus. A deflection of less than 0-001 in. 
in either plane is sufficient to reverse the corresponding 
motor. The stylus thus automatically follows the 
profile of the template. The pre-set speeds are altered 
where there is an appreciable change in the curvature 
of the template, in order to prevent both motors from 
coming to rest simultaneously. 

Single-motion control of the tool in a direction 
oblique to the longitudinal motion sets certain limita- 
tions to the sections which can be machined auto- 
matically, but, technically, it is an easier problem than 
two-motion control. Because of this, the advantages 
of the electronic method compared with hydraulic, pneu- 
matic or electromagnetic methods are not so great; 
nevertheless, the electronic equipment can be built as 
a neat and compact unit that requires no routine main- 
tenance. The type of valves used have long life and 
their replacement is cheap and simple. 

Electronic control is inherently a precision control, 
and, generally speaking, its advantages in the machine- 
tool industry are really evident where some difficult 
requirement has to be met. In the majority of the 
applications, however, it is just an alternative to other 
well-known methods. In such cases, it is of the utmost 
importance that the equipment should be simplified in 
the extreme, when its reliability can then be raised to 
a high order. Being static equipment, it requires no 

maintenance, and on this score it is superior to 
the alternative methods. The only consumable com- 
ponents are the grid-controlled rectifiers, and efforts 
are constantly being made to increase their life. If 
this can be raised to, say, 100,000 hours, which is 
approximately 12 years at 24 hours a day, then, 
aaa. electronic control would be used for its 
reliability alone. The present-day life varies from less 
than 2,000 hours, in about 10 per cent. of the cases, to 
over 30,000 hours for thyratrons and 50,000 hours for 
mercury-arc rectifiers. 








Raltway COMMUNICATION BETWEEN GENOA AND 
GrERMany.—aAccording to the Railway Gazette for August 
5, 1949, the Italian Government are considering a number 
of projects for improving the railway connections between 
Genoa and Germany. One of these is for a line between 
Genoa and Piacenza and thence via Bergamo, and a 
new railway under the Stelvio Pass to the Malles-Pfunds- 
Landeck line, which the Germans nearly completed during 
the war. An alternative scheme provides for the improve- 
ment of the existing line between Piacenza and Brescia 
and the conversion of the light railway between Brescia 
and Edolo into a main line, whence connection would 
be made with the Stelvio line. A third possibility is to 
construct a line from Tirano to Stelvio. 
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NEw FLYING BOAT FOR THE UNITED STaTES NAavy.— 
The Iron Age for July 28 records that the Consolidated 
Vultee Aircraft Corporation have completed the first of 
two experimental high-performance patrol flying boats, 
designated XP5Y-1, for the United States Navy. This 
60-ton aircraft, is a high-wing monoplane, with single fin, 
and is powered by four Allison propeller-turbine engines. 
The hull has a high length to beam ratio. The flying boat 
is intended for long-range day and night reconnaissance, 
rescue, and anti-submarine operations. 


RESEARCH WORK AT THE FRANKLIN INSTITUTE IN 
1948.—In their Annual Report for 1948, published in the 
July issue of the Journal of the Franklin Institute, the 
Board of Managers report a steadily increasing industrial 
demand on the facilities of the Franklin Institute Labora- 
tories for Research and Development. Work done on 
behalf of industry during 1948 includes research on 
thermo-couples, carbon-film resistors, photo-conductivity, 
friction and wear, stress corrosion and fatigue; the 
application of new techniques with the electron micro- 





scope to metallographic and other problems; the 
properties and preparation of synthetic rubber of im- 
proved quality, the development of rubbers for low- 
temperature applications, and research on asphalts, 
sealing compounds, abrasives, and on the application of 
ultrasonics to polishing castings; gaseous ignition and 
combustion and the thermal properties of gases; the 
development of sensitive and stable infra-red detectors 
and the application of infra-red techniques ; basic studies 
on magnetic recording; the development of an auto- 
matic recorder of voltage and current levels for use in 
electrolytic research ; the construction of a machine for 
determining the magnetic characteristics of samples ; 
development of a resonance method for testing the 
quality of abrasive wheels ; the design of an interlocked 
air-traffic control system ; determination of the stresses 
in plates of spot-welded joints by means of electrical 
strain gauges and brittle-lacquer techniques; photo- 
elastic studies of stress trajectories and isoclinics in 
models of spot-welded joints; and the application of 
photo-elasticity to gear teeth problems, etc. 
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THE COLD-WORKING OF METALS.* 
By C. H. Dzsou, D.Sce., F.R.S. 
(Concluded from page 161.) 


Tue remarkable influence of even very small quan- 
tities of impurities on the mechanical properties of 
metals is well seen in aluminium. The difference 
between two samples of aluminium containing, respec- 
tively 0-010 per cent. and 0-002 per cent. of impurities 
(iron, silicon, copper and zinc) would seem to be trivial, 
yet after being cold-worked they differ widely in hard- 
ness and ductility and even more widely in the manner 
of variation of those properties with temperature. 
The purer metal recrystallises spontaneously at atmo- 
spheric temperatures, while the other has to be heated 
to 200 deg. C. to produce a similar change. The greater 
the degree of cold-working to which the metal has been 
subjected, the greater becomes the difference between 
the two specimens of aluminium. On the other hand, 
the less pure specimen can stand ten times as much 
impurity without showing any further marked deterio- 
ration. Such results would be incomprehensible if 
these minute quantities of impurity were evenly 
distributed throughout the metal, but it is not difficult 
to appreciate their influence if the foreign element— 
whether present as a free metal or as an intermetallic 
compound—be concentrated in layers, perhaps only a 
few atoms thick, at the grain boundaries or at those 
less well-defined sub-boundaries which mark the 
“mosaic structure’ within the grains. The further 
thickening of such a layer would produce only a small 
change in the mechanical properties. Layers a few 
atoms thick would be quite invisible under the micro- 
scope. They may reach such a thickness as to be 
detectable by means of the electron microscope, but 
its use involves the preparation of a plastic replica, with 
all the attendant risks of the production of false struc- 
tures in the process of stripping. 

A great advance in metallographic technique was 
made when Jacquet introduced the method of elec- 
trolytic polishing. This gives a completely undistorted 
surface, while even the most careful mechanical 
polishing causes superficial flow which may cover over 
fine detail. While the electrolytic method gives 
admirable results with aluminium and several other 
metals, it is less satisfactory with steels. 

In America, t claims have been made for the 
improvement of deep-drawing steels by adding tita- 
nium. This element has such an affinity for carbon 
that if added to the extent of four times the weight of 
carbon in the steel the only carbide found is TiC, 
accompanying ferrite, that is, virtually carbon-free iron. 
The structure tends to be coarse-grained, but by 
keeping the normalising temperature low, excessive 
grain growth can be prevented. The yield-point of 
such a steel is like that of a non-ferrous metal. The 
strength is little greater than that of pure iron, but 
the material is ductile and does not exhibit the strain- 
ageing characteristic of most low-carbon steels. It 
also resists the embrittling effect of caustic soda, which 
is important when the steel is used in chemical plant. 
If the amount of carbon in the steel be greater than 
can be completely combined with the titanium, the 
marked yield point promptly reappears. Vanadium 
has an influence similar to that of titanium. 

There is, a close connection between strain-ageing in 
steels and the effect known as “ blue-brittleness.” 
Steels showing this property increase in tensile strength 
as the temperature a tin is raised, reaching a 
maximum value in the neighbourhood of 200 deg. C. 
At the same temperature, the ductility reaches a 
minimum. Within the blue-brittle range, the oscilla- 
tion round about the yield stress, due to the localised 
slipping of some of the grains, is very conspicuous, 
while at either higher or lower temperatures the steel 
may give a smooth stress-strain curve. Several ele- 
ments have been blamed by different authorities for 
this defect, and of all of them nitrogen seems to be the 
most probable, although the relative shares of it and 
of other elements remain to be determined. It is 
much more common in steel made by the Bessemer 
process than in open-hearth steel, a fact which supports 
the suggestion that nitrogen is responsible. 

Under the high local pressures which are frequently 
involved in cold working, chemical reactions become 
possible which would not occur under ordinary pres- 
sures. In the drawing of wires or the hollow-pressing 
of sheets some form of lubrication is essential. This 
may be purely mechanical, as when french chalk 
{magnesium silicate), with its smooth flat particles, is 
used, but more often there is some form of chemical 
action. Thus oils containing free fatty acids are often 
used as lubricants, and then reaction occurs to form a 
fatty metallic soap, one molecular layer of which is 
enough to have a Ci desiien action. On glass, which 
is chemically inactive under such conditions, fatty 
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acids are no better lubricants than the inactive para- 
ffins. Thin layers of oxide or sulphide, chemically 
deposited on metals, are used as lubricants. The 
plating of wire with copper to facilitate drawing is a 
amiliar practice, and more recently indium has been 
found to have special advantages for that purpose, but 
these metallic films are more easily broken through 
than the usual fatty substances. Many bearing metals 
contain free lead, as this soft metal is readily caused 
to flow over the surface, and it is found that those in 
which the lead areas intercommunicate are more 
effective than such as contain lead only in isolated 
globules, on account of the more ready formation of 
such a continuous film. Clean surfaces of similar 
metals, as is well known, readily adhere to one another, 
and sliding friction between them is correspondingly 
high. A monomolecular layer of oxide reduces the 
friction, and removing that film has been found to 
increase the friction 20 times. 

When a metal is cold-worked, a part of the energy 
used in deformation appears as heat. Another part of 
the work done is absorbed by the metal, increasing 
its internal energy. It is therefore to be ——— that 
the cold-worked metal will show a change of properties 
and especially an increased heat of solution in solvents 
and a shift of the electrolytic potential in the anodic 
direction. This has been verified in several ways. This 
difference between the electrolytic potentials of the 
worked and unworked portions of the same metal is 
one of the important factors in corrosion. Around a 
punched rivet hole, for example, there is a zone of 
deformed metal, and in contact with an electrolyte, 
such as an industrial water, an electrolytic couple is 
set up. Certain reagents are particularly effective in 
revealing the effects of cold-working. Thus, when soft 
iron or low-carbon steel is etched with an acid solution 
of cupric chloride, the greater attack on the cold-worked 
regions makes it possible to map them out clearly. 
Cold work does not merely alter the intensity of attack 
by a chemical reagent ; it may also change the charac- 
ter of the reaction. Thus Whiteley and Hallimond 
showed that when cold-worked steel was dissolved in 
33 per cent. nitric acid it liberated more nitrogen and 
ammonia and less oxides of nitrogen than the same 
steel in an annealed condition. This is consistent with 
the greater energy content of the cold-worked metal, 
and this reaction affords a convenient means of studying 
processes of deformation. 

It is often useful to seek for bone to metallurgical 
processes in the operations of Nature. In the meta- 
morphic rocks, whether derived from sedimentary or 
igneous deposits, one finds the effects of non-uniform 
pressure under very high hydrostatic pressure, owinz 
to the depth below the earth’s surface. Movement of 
the mass as a whole is prevented by the overlying and 
surrounding rocks. A longitudinal section of such a 
metamorphic rock as a mica-schist and one of cold- 
rolled cupro-nickel show a remarkable similarity, both 
having been produced under conditions of shearing 
stress producing flow. In both there can be seen the 
overall elongation of crystals, the development of lines 
of slip along preferred crystal planes, and the align- 
ment of foreign included particles. 

The hardening of metals by cold-working is a very 
ancient practice. The Egyptian builders of monuments 
used bronze tools hardened by cold working, by 
hammering out the edge of a chisel from a thicker 
casting, and so on. Such a work-hardened tool, used 
on the hard stones of the monuments, would have a 
short life, and would be thrown aside when blunt. 
Hence the large numbers of bronze tools, in various 
conditions of edge, found in those places where the 
stone for the monuments was carved. 

At the present day, by far the largest applications of 
hardening by cold-working are machine processes. 
Cold-rolled strip and sheet, ferrous and non-ferrous, 
form the material of many industries, such as the pressing 
of automobile wings and domestic articles, the drawi 
of wire, etc., the aim being to produce an object o 
given shape and accurate dimensions, having greater 
stiffness than could be obtained from the material in a 
hot-rolled or hot-pressed condition. Very often work- 
hardening can take the place of alloying with relatively 
costly elements. The properties so obtained are per- 
manent, at least in such materials as steel and the 
alloys of copper. Some metals of low melting point, 
especially when in a state of exceptional purity, are 
self-annealing, that is, they can lose their im 
hardness and return to the normal crystalline condition 
at atmospheric temperatures, but such recovery is 
confined to them, and there is no risk of spontaneous 
loss of strength of structural materials, unless caused 
by corrosion or by cracking under the action of unevenly 
distributed internal stresses. Owing to the practical 
importance of the subject for industry, much work 
has been done with the immediate object of controlling 
some manufacturing process so as to obtain a product 
which can undergo very extensive deformation by 
pressing, spinning, wire-drawing, etc., resulting in 
in resistance to further deformation, while 





avoiding the risk of brittleness under shock or liability 





to crack, either spontaneously with a slight change of 
temperature, or under the influence of an accidental 
scratch or a local attack by some corroding reagent, 
such as sea water, ammoniacal vapours, ete., all of 
which are more active towards metals in a cold-worked 
condition. 

It is perhaps true that the fields of study of the 
physicist and the metallurgist have been too widely 
separated. Some of the more academic theoretical 
work appears to the works metallurgist to be remote 
from actual experience, when the deductions from 
physical theory have not been checked by the use of 
the microscope. The knowledge of microscopical 
technique, using high-power optical objectives, is such 
that no experienced worker is now likely to be led 
astray by the appearance of false structures. Much 
more care is needed in the interpretation of structures 
revealed by electron microscopy, but the sources of 
error in this method are well known. A structure seen 
under a high magnification must be regarded as real, 
and no conclusions based on other methods of research 
can be accepted without question if they appear to 
contradict the evidence of the microscope. 





GROUP APPRENTICE TRAINING. 

Many small firms engaged on specialised engineering 
work are not able to provide comprehensive facilities 
for the all-round engineering training of their appren- 
tices. To meet such cases, an interesting joint-training 
scheme is described in the July-August issue of the 
Journal published by the British Association for Com- 
mercial and Industrial Education. The scheme has 
been developed by the Enfield District Manufacturers’ 
Association, under the leadership of their chairman, Mr. 
E. D. Clarke ; the administration of the scheme is to be 
carried out by the Apprentices’ Sub-Committee of the 
Association. Fifteen firms are taking part in the 
scheme, among them being such firms as Murex Welding 
Processes, Sangamo Weston, Enfield Rolling Mills, 
Enfield Cables, and the Tottenham and District Gas 
Company. The basic idea of the scheme is to give 
apprentices the opportunity of acquiring varied 
experience in the engineering crafts by serving in other 
factories in the district for certain limited periods during 
the course of their main apprenticeship. Ultimately, 
it is hoped to provide specific training leading to 
qualification for executive posts. As an example 
of the type of firm who could make profitable use of 
the scheme, a small firm engaged in manufacture and 
process work would need maintenance engineers on 
its staff; apprentices in such a department would 
require to have tool-room experience, possibly special- 
ised training on welding equipment, a wide experience 
of mechanical and electrical equipment, and possibly 
a knowledge of the operation of process and service 
equipment by steam, compressed air, and other fluids. 
Such wide training facilities might be quite outside the 
scope of one firm, but under the transfer scheme above 
referred to a@ knowledge of the various speciali 
sections could be obtained by recognised periods of 
training with other co-operating firms. 

In a statement by the Association, the following 
terms are specified:—The company by whom the 
apprentices are employed to be known as the parent 
company; the company which the apprentices are 
visiting in order to receive training to be known as the 
accepting company; and the apprentices receiving 
training in any company other than the nt company 
to be known as visiting apprentices. gerbe ad 
regulations provide that parent companies of appren- 
tices visiting other firms will be responsible for their own 
apprentices, their responsibilities to include all pay- 
ments of wages, employers’ liability insurance, etc., and 
any out-of-pocket expenses that the apprentice ma 
incur; educational training at technical college will 
be arranged by the parent company; visiting appren- 
tices will be subject to the conditions of employment 
and remuneration for apprentices of the accepting 
company; the apprentice supervisor of the parent 
company will have the privilege of visiting the accepting 
company in order to ensure that the visiting appren- 
tices are receiving satisfactory training; workshop 
notes taken by visiting apprentices will be subject to 
examination by the apprentice supervisor of the accept- 
ing company, who will have the right to edit and amend 
the notes; transfer of visiting apprentices to the 
accepting company shall be subject to the written 
consent of the apprentice and his parent or guardian ; 
at the termination of a period of supplementary train- 
ing, the accepting company shall submit a progress 
report on the work of the apprentice to the parent 
company; no —- may be transferred to 
another works until he is 18 years old. 





INTERNATIONAL TRADE Fair, TORONTO.—The next 
Canadian International Trade Fair will be held in 
Toronto from May 29 until June 9, 1950. Particulars 
may be obtained from Miss M. A. Armstrong, Canadian 
Exhibition Commission, Canada House, Trafalgar-square, 





London, 8.W.1. 


176 


ENGINEERING. 








BOILER-FEED PUMP FOR POWER 
STATIONS. 


Tue Harland Engineering Company, Limited, B.E.P. 
Works, Alloa, Scotland, have developed a pump for 
feeding power-station boilers, incorporating some novel 
features designed to obviate the effects of high tem- 
peratures and pressures. Known as the Harland 

* compensated ” boiler-feed pump, the discharge from 
the final stage passes along an annular space between 
an outer barrel casing and the multi-stage pump 
assembly, thus reducing the number of external pressure 
joints to one, and ensuring that stresses due to tempera- 
ture variations are small. The photographic illustra- 
tions on this page and on page 180, show the prototype 
four-stage pump, whereas the drawings ee on 
the opposite page in Figs. 2, 3 and 4 show Icngitudinal 
and transverse sections and a half end elevation of a 
seven-stage pump. 

In modern boiler practice, a feed supply of high- 
temperature water is required at the regulator inlet, 
whatever the temperature at the pump inlet may be. 
It has become usual to supply water to the pump at or 
near the atmospheric boiling point, 212 deg. F. After 
leaving the pump, the water is heated by bled steam to 
about 300 to 450 deg. F., and then passed through the 
economiser into the boiler. Power-station pressures 
have been increasing, and during the 1930’s an attempt 
was made in certain power stations to place the feed- 
water heaters before the feed pump, so that the pres- 
sure in the heaters was reduced; that had the effect, 
however, of subjecting the gp to feed water at 
much higher temperatures. In some power stations, 
difficulties in the operation of the pumps were experi- 
enced, and, as a result, there has been a tendency, at 
these stations, to revert to the practice of supplying the 
feed pumps with water at 170 to 250 deg. F. Although 
this has been reasonably satisfactory for boilers working 
at a turbine stop-valve pressure of 600 Ib. per square 
inch, recent increases to 900 lb. per square inch, and on 
larger boilers to 1,500 Ib. per square inch, have imposed 
high pressures on the feed heaters. Thus, a demand 
arose for a feed pump capable of handling water at 
temperatures up to 450 deg. F., so as to enable the 
heaters to be installed on the low-pressure side of the 
feed pump. 

Most of the difficulties which occur in this connection 
are due not so much to high feed temperatures as to 
fluctuations in temperature. With the usual type 
of multi-stage pump, in which several chambers are 
held together by end covers with long through-bolts, 
the pump will operate satisfactorily at a high tempera- 
ture, but when the temperature of the feed drops 
suddenly, differential contraction of the various parts 
of the pump is liable to cause joint failure. In order 
to prevent the feed flashing into steam, an inlet pressure 
slightly greater than the saturation pressure (corres- 
ponding to the temperature of the feed), must be main- 
tained. This presents a problem in the design of 
glands, which was overcome, in earlier pumps, by the 
“leak-in ”’ method using an injection of de-aerated 
water. The disadvantages were the waste of de- 
aerated water, and, in some cases, the need for separate 


pumps. sect 

In designing a pump to overcome these difficulties, 
to operate successfully at high temperature and pres- 
sure, and to withstand violent temperature fluctuations, 
the Harland Engineering Company, Limited, considered 
the various factors which have affected pump operation 
adversely in the past. It was found that lack of sym- 
metry of the end covers caused distortion during 
variations in temperature; early barrel designs were 
weakened by the insertion of branches; sh which 
were too thin were liable to whip, causing excessive wear 
and opening joints, and, owing to the high contact pres- 
sure on internal chamber bushes, resulting in seizure 
whenever the pump ran “ steam-| .”’ There were 
other weaknesses due to faulty design, but the major 
problem was probably the differential expansion due to 
temperature variations. After a period of constant 
operation, the temperatures of the various parts of 
a pump became stabilised, and if there were a sudden 
change to cooler water the pump chambers contracted 
sooner than the main bolts, thereby reducing the tension 
in these bolts. Thus, joints leaked, and although this 
may have persisted only for a short time, damage was 
done due to erosion by the high-pressure water. Con- 
versely, sudden temperature rises caused excessive 
stresses in the bolts. The suspension of the pump 
raised difficulties due to lack of freedom of movement 
to allow for temperature changes. A case has been 
recorded in which the bearings of a pump that had 
been turned on to hot liquid, deflected downwards 
fs in. owing to local expansion between the branches, 
which were in a plane containing the shaft. 

The new Harland pump, as will be seen from Figs. 
1 and 2, and from Figs. 5, 6 and 7, on page 180, 
consists of a slab-steel end cover, between 12 in. and 
15 in. thick, and incorporating the inlet and outlet 
branches; the pump proper, of several stages, which 
is fixed at one end to the cover; and an outer barre] 





Fig. 1. 


casing which is also fixed to the cover, and forms an 
annulus between itself and the pump. Water is 
admitted round the shaft to the first stage, and is 
discharged from the last stage into the annulus, where 
it flows back, around the stages, to the outlet in the 
end cover. By surrounding the pump assembly in 
this way, expansion and contraction due to changes 
in the feed temperature occur uniformly, so that there 
is no tendency for the pump to bend. The holding- 
down bolts for the pump are tightened down on bushes 
which fit inside the holes in the pump brackets, the 
bushes are slightly longer than the thickness of the 
brackets, so that there is a fine clearance to allow for 
expansion. Radial clearance is also allowed, and the 
pump is registered in position by keys on the end cover 
and barrel casing, which allow longitudinal and lateral 
expansion. The keys at a (Fig. 2) register the pump 
in the longitudinal direction, but allow lateral expan- 
sion, while the keys at 6 (Figs. 2, 3 and 4) function 
in the opposite manner. The pump is thus suspended 
on the plane of its axis, and exact alignment with the 
drive is maintained at all temperatures. At all points 
in the construction of the pump where contact occurs 
between stationary and moving parts, care has been 
taken to make the masses more or less similar to ensure 
similar rates of heating when the temperature varies. 
The mild-steel closing plates at each stage are 
vided with corrugated Monel-metal joint rings. 
e joint pressure is enhanced by the action of the 
water under pressure in the annulus. Light stage-to- 
stage bolts are fitted, as shown in Figs. 2 and 7; 
they are designed to withstand the initial surge of 
pressure in the —_ before the pressure in the 
annulus has been built up, and, due to their position, 
they respond simultaneously with other parts to 
changes in temperature. The impellers and guide ports 
are of stainless steel or bronze, depending on the stage. 
Longitudinal expansion of the pump stages, relative 
to the barrel casing, is allowed for by supporting the 
final guide port on a turned part in the barrel casing, 
so that sliding can take place. The diameter of this 
support is made as small as possible so as to minimise 
the effect of differential radial expansion. Sufficient 
clearance is allowed in an axial direction, between the 
stationary and rotating parts, to permit the largest 
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possible movement likely to occur in practice. The 
single main joint between the end cover and the barrel 
casing is of corrugated Monel metal, and is held by 
short high-tensile steel bolts. 

The barrel casing, of forged mild steel, is symmetrical, 
and is not subjected to distortion due to the incorpora- 
tion of suction and delivery branches. These are 
integral with the end cover, and because they may 
have to bear the weight of the pipes—although every 
endeavour is made in power stations to avoid this— 
they are designed with a rib, so that such weight 
will be transmitted directly to the bedplate. ll 
auxiliary pipe joints, for connections such as balance 
pipes, pressure gauges, etc., which transmit suction or 
delivery pressure, are bolted to flange facings machined 
on the solid face of the cover, thus avoiding screwed 
joints and the risk of breaking welded-in pipes. 

The impellers, balance disc and shaft are of stainless 
steel, the shaft possessing approximately twice the 
rigidity of those normally used in boiler-feed pumps. 
This ensures a low bearing pressure in the internal 
bushes between stages, which considerably reduces the 
chance of seizure in the event of the pump running 
“steam-logged.”” The impellers are separately and 
collectively balanced dynamically during assembly. 
Sleeves between impellers are eliminated by fitting 
each impeller on to a separate step on the shaft ; this 
arrangement also simplifies erection and dismantling, 
reduces the risk of damaging the shaft, since it is not 
necessary to force impellers along the length of the 
shaft, and transmits the thrust from each impeller 
directly to the shaft. Tackle is provided for with- 
drawing the impellers, the method adopted obviating 
the use of en holes which might cause erosion. 
The continuously falling characteristic (head against 
capacity), which is essential for boiler feeding, is 
obtained by using impellers of the same design 
throughout, thereby also simplifying maintenance. 
The chambers, chamber bushes and neck rings are all 
of cast iron. 

The disadvantages of the leak-in system for stuffing 
boxes have already been noted. Inthe Harland pump, 
raw water is used for cooling the stuffing boxes. It 
passes down a helical groove on the outside of a Monel- 
metal bush (shown separately in Fig. 8, on page 180), 
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which surrounds the packing and is itself surrounded 
by a fitted oylinder. The bore of the bush has a 
nominal clearance on the shaft sleeve. Hot water 
leaking along this clearance moves in the opposite 
direction to that of the cooling water, so that the 
difference between the two temperature gradients is 
substantially constant, and when the leaking hot water 
reaches the end of the bush it is cooled sufficiently to 
avoid damage to the packing due to the combination 
of temperature and pressure. A trickle of cold water is 
supplied to the gland to “smother” any wisps of 
steam, and to assist in preventing the conduction of 
heat along the shaft, thus keeping the bearings cool. 
The glands at each end of the pump are stationary, 
and axial expansion can take place without causing 
leakage of the cooling water, or distortion. The 
bearings at the ends of the shaft are of bronze lined 
with white-metal, and they are provided with oil rings. 
One end of the shaft is tapered and has a keyway for 
—s to the motor. 

The design of the pump facilitates dismantling and 
assembly. The prototype pump has been completely 
dismantled in less than four hours. After removing 



































the free-end bearing bracket, the barrel casing can 
be taken off with only a short distance beyond the end 
of the shaft to work in; the stages can then be stripped 
individually, or the whole inner pump may be removed 
in one assembly. Servicing is also greatly facilitated 
by the corrugated-metal joints, which enable a joint to 
be remade without additional machining, and by the 
arrangement of the suction and delivery branches 
which allow the pump to be stripped completely 
without breaking the branch connections. Other 
features in the design of the pump are the provision 
of means to limit the rise in pressure between no load 
and full load, and the avoidance of cavitation (and 
excessive height of de-aerators) by careful design of 
the suction-passages. 

The prototype pump was built and subjected to 
a number of tests. In the early stages, some diffi- 
culty was experienced in obtaining suitable packing 
and satisfactory operation of the stuffing boxes at an 
inlet pressure of 800 lb. per square inch, an outlet 
pressure of 1,400 Ib. per square inch, and a temperature 
of 500 deg. F. On one occasion, owing to a sudden 
failure of inlet pressure when the test alternator 





SECTION BB 








driving the booster set fell out of step, the pump ran 
“ steam-logged ” for a few minutes at a temperature 
of between 490 and 505 deg. F. With normal designs 
of feed pumps this would have caused immediate 
seizure, but the new pump is stated to have suffered 
no damage. During the early tests it was also found 
that, on reducing the temperature suddenly from 
500 deg. F., a slight weep occurred momentarily at the 
main joint. The design of the joint was therefore 
modified ; it has been tested many times subsequently, 
under violent temperature fluctuations, but has 
remained perfectly tight. 

The prototype was designed with four stages for a 
capacity of 420,000 lb. per hour at a discharge pressure 
of 1,280 lb. per square inch and with water at deg. F. 
At a specific gravity of 0-78 this corresponds to a capa- 
city of 920 gallons per minute. The generated pressure 
during high-temperature test runs was 610 lb. per 
square inch at 500 deg. F. (780 lb. per square inch on 
cold water). To avoid a “steam-logged” pump, a 
suction pressure of 725 lb. per square inch was provided 
by two Harland multi-stage booster pumps in series, 
thus making a total discharge pressure of 1,335 Ib. per 
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square inch at the full temperature (1,500 Ib. per square 
inch cold). The pump casing was also tested to a 
pressure of 3,100 lb. per square inch. The pump was 
driven by a 750-h.p. test-bed motor at 2,980 r.p.m., 
this motor being somewhat larger than is normally 


aired. 
e° the absence of feed water at a suitable tempera- 
ture, the motor was used to provide heat by raising 
the temperature of the water on a closed delivery 
valve at an initial rate of 15 deg. minute. Satura- 
tion ure rises steeply in the region of 500 deg. F. 
and during the high-temperature run it was essential 
not to allow the pump to fall below the saturation 
pressure of 665 Ib. per square inch while running at 
500 deg. F. Allowance was also made for temperature 
fluctuations and for a pressure drop between the suction 
branch and impeller eye. Means were provided for 
the introduction of small quantities of cold water 
to control the temperature in the pump during the 
tests. On both occasions, the unit was run for about 
an hour at 500 deg. F. in order to stabilise the tem- 
peratures throughout the pump. At the end of this 
time a sudden flow of cold water was introduced. The 
temperature dropped initially at a rate correspond- 
ing to 280 deg. F. per minute on the first test and 
300 deg. F. per minute on the second test, but there 
was. no indication of failure or loss of efficiency either 
in the main joint or in other parts. The — was 
run for a further hour, and subsequently completely 
dismantled. The severe treatment had not damaged 


the glands, sleeves, joints, bearings or any other parts. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Analysed Samples for Metallurgical Analysis.—For 
many past analysed samples in the form of 
metals, alloys and oxides, have been available for 
comparison purposes, in connection with metallurgical 
analysis, and in recent years the demand for such 
samples has increased owing to the industrial demand 
for greater analytical control. The p e of a new 
British Standard Specification, B.S. No. 1548-1949, is 
to outline the general conditions for the preparation 
of such samples and their analysis, packing, and 
storage, which conditions must be complied with in 
order to ensure homogeneity. Samples meeting these 
conditions to the satisfaction of the Mark Committee 
of the Institution may be marked with the B.S.I. 
certification trade mark by manufacturers who have 
obtained a licence from the Institution. [Price 1s., 
postage included. ] 

Capacitors for Intrinsically-Safe Circuits—In re- 
sponse to a request from the Ministry of Fuel and 
Power, the Institution have issued B.S. No. 1551, 
which covers the construction of capacitors primarily 
intended for incorporation in intrinsically-safe circuits. 
When the request was made, small capacitors were 
used chiefly as a means of spark suppression in remote- 
control circuits that were designed to be intrinsically 
safe. As an outcome of research, alternative methods 
of spark suppression have been found for these circuits, 
but there are other applications, such as the coupling 
of an intrinsically-safe telephone circuit to the G.P.O. 
system. The capacitors for such an application are 
covered by the new specification, which deals with the 
dimensions of the containers and gives full details of 
the tests to be applied to the apparatus. [Price 2s., 
postage included.]} 


Fusion-Welded Steel Air Receivers—A revision of 
B.S. No. 487, covering fusion-welded steel air receivers, 
has now been issued. The specification, which forms 
one of a series for steel air receivers, was first published 
in 1933 and revised in 1937 and 1939. The present 
1949 revision has been necessitated by representations 
from several quarters relating to discrepancies in 
permissible working pressure as between the require- 
ments of the 1939 edition and those of other authorities 
in the United Kingdom. The specification applies to 
receivers for design pressures not exceeding 500 Ib. 
per square inch, and one important amendment is 
that the term “ design pressure,” and not operative 
at working pressure, is used throughout. Design 
pressure is defined as the highest pressure to which 
any safety or relief valve is to be set to lift. Possibly 
the amendment which will make the most difference 
both to makers and to users is the series of constants 
affecting the thickness of the shell plate which impose 
definite conditions on the results of heat treatment 
and weld tests. New illustrations have been included 
and, several of the previous illustrations have been 
modified, and the notes to them made more informa- 
tive. [Price 3s., postage included.] 


BOOKS RECEIVED. 


Field Engineering. A Handbook of the Theory and Prac- 
tice of Railway Surveying, Location and Construction. 
By WiILLiaM H. SEARLEs and HowarpD CHAPIN IVEs. 
Twenty-second edition. By Proressor Pamir Kis- 
saM. Volume I. Tert. Volume II. Tables. Bound 
together in one combined volume. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 6.50 dols.} Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 39s. 
net.] 

Machine Design Drawing Room Problems. By PROFESSOR 
C. D. ALBERT. Fourth edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5 dols.]; Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
30s. net.) 

Cost Accounting. By J. H. Marcu. McGraw Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 5 dols.] McGraw-Hill Pub- 
lishing Company, Limited, Aldwych House, Aldwych, 
London, W.C.2. [Price 30s.] 

Refrigerating Principles and Practices. By N. SHARPE. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 4 dols.)} 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 24s.] 

Locomotive Practice and Performance in the Twentieth 
Century. By C. J. ALLEN. W. Heffer and Sons, 
Limited, Cambridge. [Price 21s. net.] 

The British Shipbuilding Research Association. Reports. 
No. 2. The Fatigue of Bolts and Studs Under Combined 
Bending and Tension. Survey of Existing Data. By 
A. M. Baxter. No. 3. The Distribution of Load 
Along Nuts, with Particular Reference to Heavy Loads. 
Survey of Existing Information. By A. M. BAXTER. 
No. 5. The Expansion of Boiler Tubes Into Tube 
Plates. Survey of Existing Information. By A. M. 
BaxXTER. Offices of the Association, 5, Chesterfield- 
gardens, Curzon-street, London, W.1. ([Gratis.] 

Newnes Engineer’s Reference Bvok. Edited by F. J. 
CamM. Third edition. George Newnes, Limited, 
Tower House, Southampton-street, Strand, London, 
W.C.2. [Price 45s. net.] 

Barrages et Canalisation d’aprés le Cours Professé a ’Ecole 
Nationale des Ponts et Chaussées. By J. AUBERT. 
Dunod, 92, Rue Bonaparte, Paris (6). [Price 3,200 
francs.] 

Dampfturbinen. By Dr.-INnG. C. PFLEIDERER. Wissen- 
schaftliche Verlagsanstalt K.G. Hannover, Wolfen- 
bittel, Germany. [Price 9-60 D.M.] 

Handbibliothek fiir Bauingenieure. Part I. 
schaften. Volume 4. Vermessungskunde. Third re- 
vised and enlarged edition. By Dr.-INnc. Martin 
NABAUER. Springer-Verlag, Jebensstrasse 1, Berlin- 
Charlottenberg 2, Germany. [Price 38-40 D.M.] 

Industries of Enfield. The Secretary, The Enfield Dis- 
trict Manufacturers’ Association, Limited, 6, Palace- 
gardens, Enfield, Middlesex. [Price 5s. 6d., post free.] 

Australia. Council for Scientific and Industrial Research. 
Aeronautical Research Report ACA-42. Observation 
of the Lubricating Oil Film Between Piston Ring and 
Cylinder of a Running Engine. By R. L. Brooks and 
M. L. ATKIN. Offices of the Council, 314, Albert- 
street, East Melbourne, C2, Victoria. [Gratis.] 

United States Department of the Interior. Bureau of Mines. 
Technical Paper 716. Tests on the Ignition of Natural 
Gas-Air Mixtures by Permissible Explosives in the 
Experimental Coal Mine. By H. P. GREENWALD, 
H. C. HowarTH, JOHN NaGy and IRVING HARTMANN. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
15 cents.] 

British Iron and Steel Research Association. .A Summary 
of the Proceedings at the Conference on the Non-Destruc- 
tive Testing of Steel Castings. Held at Ashorne Hill, 
Leamington Spa, September 8 and 9, 1948. [Price 
10s.] A Summary of the Proceedings of the Conference 
on Foundry Core-Bonding Agents. Held at Ashorne 
Hill, Leamington Spa, October 21 and 22, 1948. 
[Price 10s.] Offices of the Association, 11, Park-lane, 
London, W.1. 

The British Electrical and Allied Industries Research 
A iati Technical Reports. No.A/T100. Deter- 
mination of Chloride Content of Capacitor Tissue Paper. 
By H. F. Courcn. [Price 6s. 6d. net.) No. A/T 102. 
Report on Microscopic and Micro-Electric Study of 
Imperfections in Capacitor Tissue Paper. By H. F. 
CuurcuH. [Price 12s. 6d.net.] No. S/T 53. A Tripping 
Circuit for a Multi-Stage Surge Generator. By E. L. 
Ware. [Price 2s. 6d. net.] No. T/T 46. Parasitic 
Forces Existing in Induction Watthour Meters. Third 
Interim Report, by G. F. SHorrer. [Price 21s. net.) 
No. T/T 47. Mathematical Notes on the Parasitic 
Forces in Induction-Pattern Watthour Meters. By Dr. 
G.F.Taaa. [Price 12s.net.] Offices of the Association, 
15, Savoy-street, Strand, London, W.C.2. 

Metallic Creep and Creep Resistant Alloys. By Dr. H. 
SuLLY. Butterworths Scientific Publications, Bell- 


Hilfswissen- 








yard, Temple Bar, London, W.0.2. [Price 25s. net.) 


PERSONAL. 


Mr. Cec, BENTHAM, C.B.E., M.I.C.E., M.I.Mech.§., 
M.Inst.T., has now retired from the board of Messrs, 
Henry Simon (Holdings) Limited, but is continuing 
engineering and industrial work on his own account. 
A new company, MEssrs. CECIL BENTHAM LIMITED, hag 
now been formed with registered office at Ashbourne 
House, 334, Wellington-road North, Stockport. In 
addition to Mr. Cecil Bentham, the other directors are 
Mr. Max BENTHAM, M.Sc., A.M.I.C.E., A.M.I.Mech.E., 
Mr. R. ANDREW BARKER, A.M.I.P.E., and Miss Ros 
BENTHAM, M.A. 

Mr. T. M. HERBERT, M.A. (Cantab.), M.I.Mech.E., 
who was appointed research manager of the London 
Midland and Scottish Railway in 1932, has now been made 
director of research to the Railway Executive. Mr, 
T. W. Brown, M.B.E., M.I.Loco.E., who joined the 
London and North Western Railway at Crewe in 1505, 
has been appointed materials inspection officer to the 
Railway Executive. Mr. G.M. LEacn, hitherto assistant 
marine superintendent, Harwich Services, has been made 
assistant to the chief officer (Continental) Railway 
Executive. 


Mr. J. R. LAMBERTON has been elected to the board 
of directors of Messrs. The Mirrlees Watson Company 
Limited, 45, Scotland-street, Glasgow, C.5. MR. J. M. 
LAUDER has been appointed secretary of the company. 


Mr. STANLEY D. CANVIN, M.I.C.E., general manager, 
Glasgow Corporation Water Department, has been 
co-opted as a member of the Standing Committee of the 
British Waterworks Association on Water Regulations, 
for the ensuing year. 


On his return from India where, for some years, he has 
been director and chief engineer of Associated Electrical 
Industries (India), Limited, Mr. R. L. CHANTRILL has 
been appointed chief technical engineer of the British 
Thomson-Houston Export Company, Limited. 


Mr. G. R. Marsa, hitherto sales director, has now been 
appointed assistant managing director to Messrs. A. C. 
Wickman Limited, Coventry. He has been connected 
with the engineering industry since 1912, joined Messrs. 
Wickman in 1934, and was made a director in 1940. 


Mr. A. P. QUARRELL, A.M.I.Mech.E., a director of 
Associated British Oil Engines, Limited, has been 
appointed a director of the British Oilfield Equipment 
Company, Limited. 


Mr. V. R. PREHN, M.I.P.E., has been elected a director 
of Rustan-Bucyrus, Limited, Excavator Works, Lincoln. 
He has been a director of the firm’s associate company, 
Ruston and Hornsby, Limited, since March, 1947. 


Mr. FREDERIC R. M. DE PavuLa, O.B.E., has been 
elected a director of the Brush Electrical Engineering 
Company, Limited. He is a director of Electrical and 
Musical Industries Limited and other companies and is 
also on the Grand Council of the Federation of British 
Industries and a member of a committee set up by the 
Board of Education to deal with ‘“‘ education for com- 


merce and the related professious.”’ 


Mr. A. H. Tanpy has arrived in Brussels to take up 
his appointment as Cc Hor (C cial) in succession 
to Mr. E. J. Jomr, C.M.G., O.B.E., who is going to 
Buenos Aires as Minister (Commercial). Mr. J. G. 
Lomax, C.M.G., M.B.E., M.C., former Minister (Ccm- 
mercial) at Buenos Aires, has been appointed, H.M. 
Minister at La Paz, Bolivia. 


Mr. J. V. GREENSMITH, & wining graduate of the 
University of Sheffield, has obtained the Peake travelling 
scholarship awarded by the Midland Institute of Mining 
Engineers to study coal mining in the United States. 


Messrs. Cyc-Arc LIMITED, manufacturers of stud 
welding equipment, Stelmar House, 27-29, New North- 
road, London, N.1, have concluded arrargements with 
Messrs. BUEHRLE & Co., Oerlikon Machine Tool Works, 
Ziirich-Oerlikon, Switzerland, whereby this firm are 
appointed licensees for the manufacture and sale of 
Cyc-Are products in some twenty countries. 


Three district offices of the BOARD OF TRADE in the 
London and South-Eastern Region, namely, at 3, Pierre- 
point-road, Acton, W.3; 1, Banstead-road, Purley, 
Surrey ; and 20, Court-road, Eltham, S.E.9, are to be 
closed as from August 31. 











THE SOLUTION OF ENGINEERING EQUATIONS : ERRATA. 
—A correspondent has called our attention to an error 
which occurred in Mr. W. R. Mitchell’s article on “‘ The 
Solution of Engineering Equations,” published in our 
issue of July 8, 1949, on page 28. In solving the equation 
e* —22 —1=0, near the bottom of the right-hand 
column, the first line in the working should be 2 = 2-°303 
log 3-2 = 1-163, not 1-173 as printed; the second 
approximation should have been 1-202 instead of 1-208. 
It may be of interest to note that these errors have not 
affected the accuracy of the final result. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—During July, the Scottish steel industry 
kept pace with that of the country as a whole, increasing 
its contribution to the national output, as compared 
with a year ago. The production of ingots and castings 
for the month averaged 27,610 tons weekly, an annual 
equivalent of 1,435,700 tons, in contrast with 26,020 tons 
and 1,352,800 tons, respectively, in July, 1948. On 
account of the holidays the total was, of course, con- 
siderably below the June rate of 2,545,400 tons per 
annum. Pig-iron production last month was likewise 
higher than a year ago, the annual equivalent being 
781,900 tons as against 733,300 tons in July last year. 
The output fell short of the rate of 841,500 tons per 
annum for June, but this also conformed closely to the 
pattern of 1948, when, in June, the rate was 811,200 tons 
per annum. The condition of the industry after the 
holidays can be gauged from the performance at one 
plate mill, which, immediately on resuming, broke its 
previous record weekly output. Orders for plates in the 
early part of August were curtailed by holidays, but the 
total booked is fairly substantial, and the outlook, in 
the short-term view, is encouraging. Firm contracts for 
heavy plates and boiler plates represent full-scale opera- 
tions till the end of October, while there is reasonable 
certainty of further orders accruing later. Heavy 
sections and bars are less active, but there is little fear 
expressed regarding the prospects for capacity production 
at the mills for the remaining months of 1949. The 
smaller mills of the makers and re-rollers have about 
six weeks’ work on hand, this less reassuring position 
being ascribed to the increase in Belgian imports. On 
the export side several substantial inquiries are circu- 
lating on Argentinian account, and Australian buyers 
display eagerness to expand business. 


Scottish Coal.—With the colliery holidays now com- 
pleted, production is recovering. Apart from the loss 
of one. day’s output for the Autumn Holiday, which 
will be spread over September and October, no further 
official interruptions are scheduled until the New Year. 
The supplies currently available for consumers appear 
adequate for immediate purposes. Industrial activity 
is still well maintained, and consumption is correspond- 
ingly high. Graded sorts remain in short supply. Public- 
utility undertakings and house coal merchants are 
making relatively good progress with their stock-building 
programmes. Exports from Scottish ports during July 
totalled 62,603 tons, compared with 121,397 tons in 
June and 119,134 tons in July last year. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Sales of coal] to Italian buyers, 
for delivery up till the end of June next, have been 
reported on the Welsh steam-coal market during the 
past week. It is stated that acceptances already 
received from Italy have brought the quantity con- 
tracted for up to about 500,000 tons, but this includes 
coal previously sold for delivery before the end of 1949. 
This will ensure that the rate of shipment attained in 
the first half of this year will be maintained. For the 
country as a whole it is understood that sales to Italy, up 
till June next, are to reach a total in the region of 2,000,000 
tons, which will mean some expansion in deliveries from 
certain districts. South Wales exports of anthracite 
to Canada last year, according to figures issued this week 
by the Canadian Minister of Trade and Commerce, were 
more than treble the quantity sent in 1947. Deliveries 
were 175,000 tons, which were the highest reached since 
1944. Welsh cobbles sell in Canada for the equivalent 
of 61. 108. per ton, roughly 11. per ton more than American 
anthracite, but, in spite of this, Welsh coals come in for a 
sustained demand on account of their higher quality. 
There has been some falling off in the Portuguese trade 
during the past week owing to a slowing up in deliveries 
to the railways. Steady progress, however, continues 
to be made in programmes for France and South America, 
while some cargoes have gone forward for Spain. Home 
requirements last week were again very heavy and sales 
ahead were substantial and sufficient to ensure the 
absorption of the bulk of potential outputs for a long time 
to come. Bunkers were in very short supply while 
patent fuel continued to attract a good foreign interest 
and cokes were kept fully employed. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was steady 
and that a fair volume of business was transacted for the 
home market. The export market was unchanged ; the 
demand was good but the quantities sold were not heavy. 
Steel sheets continue to be in demand and the makers, 
being heavily committed, are unable to accept all the 
orders offered them. Iron and steel scrap is still in 


strong demand, but, as deliveries owing to imports 
have been heavy, suppliers have been asked to hold 
back for a time. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Steel production continues at a high 
level, and in some qualities, such as high-carbon sheet 
and strip, deliveries have been on a more ample scale. 
Order books are well filled, but steel manufacturers are 
disinclined to predict how long the boom conditions will 
continue. There is a falling-off in new business, especially 
in export branches. The Board of Trade, after several 
representations, have sanctioned a fuller supply of steel 
to makers of scissors blanks. The makers have been 
unable to supply scissors manufacturers with all the 
blanks required for the production of the larger types of 
scissors used in various trades, and manufacturers have 
been unable to meet the demand for large scissors. 
Recommendations of the Regional Board of Industry 
provide for a shorter period of staggered hours of working 
to conserve power this winter. The period is to be 
15 weeks instead of 23 as before. At the same time, 
it is pointed out that if industrial and commercial users 
do not exercise strict economy it may be necessary to 
prolong the period. The chairman of the Board, Mr. 
G. H. Fletcher, states that the arrangements are designed 
to limit the inconvenience caused by switching off 
electricity, witbout warning, during peak-load periods. 


South Yorkshire Coal Trade.—There is still some 
absenteeism, particularly among the younger colliery 
employees, and consequently production has fallen at 
some pits. At others, targets have been reached and in 
some cases exceeded. The demand is strong except for 
inferior grades, such as unscreened opencast. Gas coal 
moves freely, and there is an ample supply of gas coke. 
Coking coal is very active and the make of hard coke is 
being well maintained. It is expected that coal shipments 
will be resumed on a satisfactory scale when the supply 
position has further improved. The demand for best 
steams for shipment is a feature of the market. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The adverse effect on iron and 
steel production resulting from the absence of employees 
on holiday has been considerably increased this week 
by the usual cessation of operations at works during 
the annual local race meeting. The opportunity has 
been taken to execute much needed repairs to plant 
that has been running at capacity limit. The belief 
that the end of the rising spiral of costs is in sight is a 
welcome feature of the present situation. Supplies of 
raw material are fairly satisfactory and the drop in 
freights should give an impetus to the already large 
intake of foreign ores. Pig iron is still wanted in greater 
quantities than are available. Scrap, fortunately, is 
plentiful and the continuance of big imports from 
Germany is assured by the agreement of large purchases 
of steel scrap for delivery before the end of the year. 
The branches of industry providing semi-finished and 
finished commodities have good orders. 


Foundry and Basic Iron.—Little other than Midland 
common foundry pig iron is obtainable for use at North- 
East Coast consuming plants. Owners of basic blast 
furnaces continue to retain all the output for the needs 
of their own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—While 
supplies of East-Coast hematite are still very limited, 
regular customers are receiving rather better deliveries 
than of late. The demand for low- and medium-phos- 
phorus grades of iron absorbs the production. Manu- 
facturers of refined iron are still able to deal satisfactorily 
with consumers’ actual requirements. 


Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron have a good deal of work in hand and 
inquiries circulating encourage the hope that they will be 
able to maintain their plants actively engaged for a 
considerable time. The various descriptions of semi- 
finished steel are obtainable in quantities that meet the 
demands. Finished-steel producers have an impressive 
volume of work to carry out, and, in some cases, are over- 
sold for the current delivery period. The requirements for 
home purposes continue heavy and there are numerous 
large inquiries from overseas customers which promise to 
mature if export quotas are increased. Shipbuilding 
material is in unabatedly strong request and distributable 
parcels of railway equipment are readily taken up, 
while the export demand for sheets continues heavy. 





ALTERATIONS IN IRON AND STEEL PRICES.—The 
maximum prices of certain iron and steel products 
have been altered as from Tuesday, August 16, by the 
Control of Iron and Steel (No. 73) Order, 1949, issued by 
the Ministry of Supply. The principal alterations 
comprise reductions in the prices of galvanised sheets, 
tubes, wire nails, terne-plate and alloy-steel black 





bars, and an increase in the price of alloy-steel bright 


NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Graduate Section: Saturday, Septen: ber 3, 9.15 a.m. 
to 5.30 p.m., Birmingham University, Bristol-road, 
Birmingham. All-Day Conference on ‘“‘ Training and 
Leadership in Production Engineering.”” Wolverhampton 
Section : Wednesday, September 7, 7 p.m., Wolverhamp- 
ton and Staffordshire Technical College, Wolverhampton. 
Discussion on “‘ Atomic Physics.” 





LAUNCHES AND TRIAL TRIPS. 


8.8. “Crry oF MANCHESTER.”—Single-screw cargo 
liner, carrying twelve passengers, built by Messrs. 
Joseph L. Thompson and Sons, Limited, Sunderland, for 
Messrs. Ellerman Lines, Limited, Liverpool. Main 
dimensions: 450 ft. (between perpendiculars) by 
61 ft. 6 in. by 33 ft. 3 in. to upper deck; deadweight 
capacity, 10,800 tons on a draught of 28 ft. 8 in. Parsons 
impulse-reaction steam turbines, to develop 7,200 s.h.p. 
at 115 r.p.m., constructed by the Wallsend Slipway and 
Engineering Company, Limited, Wallsend-on-Tyne, and 
single-reduction double-helical gearing cut by the Par- 
sons Marine Steam Turbine Company, Limited, Wallsend- 
on-Tyne. Launch, August 9. 

M.S. “ TRELOSKE.”—Single-screw cargo liner, built and 

engined by Messrs. William Doxford and Sons, Limited, 
Sunderland, for the Hain Steamship Company, Limited, 
London, E.C.3. Last vessel of an order for five. Main 
dimensions: 443 ft. (overall) by 56 ft. 6 in. by 29 ft.; 
deadweight capacity, 9,250 tons on a draught of approxi- 
mately 25 ft. 10} in. Four-cylinder opposed-piston 
Doxford marine oil engine of 3,300 b.h.p., to give a service 
speed of 13 knots. Launch, August 9. 
S.S. “ GLEssuLA.”—Twin-screw tanker to carry oil 
in bulk, built and engined by Messrs. Smith’s Dock 
Company, Limited, South Bank-on-Tees, for the Anglo- 
Saxon Petroleum Company, Limited, London, E.C.3. 
Sixth vessel of an order for eight. Main dimensions: 
382 ft. (between perpendiculars) by 62 ft. 6 in. by 18 ft. 
9 in. to harbour deck; deadweight capacity, 6,300 tons 
on a draught of 16 ft.9in. Twin set of triple-expansion 
surface-condensing engines and two Babcock and Wilcox 
water-tube boilers. Speed,12 knots. Launch, August 9. 
S.S. “‘ GaTEHOLM.”—Single-screw trawler, built by 
Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for Messrs. Neale and West, Limited, Cardiff. Main 
dimensions: 137 ft. 6 in. (between perpendiculars) by 
25 ft. by 13 ft. 6 in.; gross tonnage, 320. Triple- 
expansion engines developing 680 i.h.p. at 125 r.p.m., 
and one oil-burning boiler, constructed by Messrs. Amos 
and Smith, Limited, Hull. Launch, August 10. 


M.S. “Exris Haven.”—Single-screw cargo vessel, 
carrying twelve passengers, built by The Burntisland 
Shipbuilding Company, Limited, Burntisland, Fife, for 
A/S Inger (Jacob Kjéde A/S), Bergen, Norway. Main 
dimensions: 414 ft. (overall) by 55 ft. 6 in. by 36 ft. to 
shelter deck; deadweight capacity, 7,980 tons on a 
draught of 25 ft. 0§ in.; gross tonnage, 4,316. Four- 
cylinder opposed-piston Scott-Doxford Diesel engine, to 
develop 4,400 b.h.p., supplied by Messrs. Scotts’ Ship- 
building and Engineering Company, Limited, Greenock. 
Speed, 144 knots. Trial trip, August 10. 

M.S. “ British Caprarn.”—Single-screw tanker, for 
carrying petroleum in bulk, built and engined by Messrs. 
Harland and Wolff, Limited, Govan, Glasgow, for the 
British Tanker Company, Limitef, London, E.C.2. 
Main dimensions: 463 ft. (between perpendiculars) by 
61 ft. 6 in. by 34 ft.; deadweight capacity, about 12,300 
tons. Six-cylinder single-acting four-stroke Harland- 
B. and W. Diesel engine. Launch, August 11. 

M.S. “ Hamter.”—Single-screw tanker, for carrying 
oil in bulk, built by the yGwend Shipbuilding Company, 
Limited, . gow, for Messrs. Bruusgaard, 
Kidésterud & Co., Drammen, Norway. Main dimensions : 
495 ft. (bet perpendiculars) by 67 ft. by 36 ft. 9 in. ; 
deadweight capacity, about 15,500 tons. Four-cylinder 
two-stroke opposed-piston Doxford reversible oil engines, 
to develop 4,500 b.h.p., constructed by Messrs. David 
Rowan and Company, Limited, Glasgow. Mean speed 
on trial, approximately 14 knots. Trial trip, August 11. 

S.S. “ PrvELAND.”—Single-screw vessel, for the car- 
riage of timber and general cargo, built by the Caledon 
Shipbuilding and Engineering Company, Limited, Dun- 
dee, for the Currie Line, Limited, Leith. Main dimen- 
sions: 320 ft. (overall) by 46 ft. by 23 ft. 3 in.; timber 
deadweight capacity, 3,900 tors on a draught of 
20 ft. 9 in.; geueral-cargo deadweight capacity, 3,600 
tons on a draught of 19 ft. 6 in.; gross tonnage, 2,759. 
Triple-expansion engines and two cylindrical oil-burning 
boilers, supplied by Messrs. John G. Kincaid and Oom- 
pany, Limited, Greenock, to give a speed of 12 knots. 


tot 











bars. 





Trial trip, August 12. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
gmilar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMr.e Bar 3663 and 3664. 


All editorial co mdence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘““ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
pe tists aetna 


| EI I RR SEE 


Subscribers receiving incomplete copies through 

ts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

i of “Appointments Open,” “ Situations 

Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls, per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post on Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
Teceived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Proofs for approval. 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 





CONTENTS. 


PAGE 
.... 169 


Vibrated Concrete (Z1lus.).000.0.0.0.0.....020ccecceeceeee 
Chaleur en Régime 


Literature.—Convection de la 


Permanent: Conférenees au Centre d’Etudes 

Supérieures de Mécanique. Soil Mechanics for 

Civil Engineers EN sae aco Gt Nan ek Fouhededcatbcreey 
Electronic Control of Machine Tools (Illus.) ........... 173 
The Cold-Working of Metals 2200020002000... 175 
Group Apprentice Training ..2.0...000000..0.00.0..:ecee- 175 
Boiler-Feed Pump for Power Stations (Illus.) . 176 
British Standard Specification: eS 178 
Books Received ees 178 
Personal .... Bien 178 
Notes from the North FY 179 
Notes from the South-West 179 
Notes from South Yorkshire bth ioddphtin . 179 
Notes from Cleveland and the Northern Counties... 179 
Notices of Meetings ... : ie : .. 179 
Launches and Trial Trips ‘ “ 179 
Employment and the Professional Engineer 181 
The Principles of Scientitic Research é' 182 
on PE ED Se at So i iB BEAD YES iG REGED 183 


Fundamental Units of Length. Systems of 


Orthographic Projection ................. 184 
Oem SN 2 Samer teene terion arenys 184 
Weemaee TEIN iis sacs sk accskncbaihscctscaeverestes 184 


Extraction, Alloying and Fabrication of Magnesium 

The Pectosol-Cement Process for Soil Stabilisation 

The “ Python ” Propeller-Turbine Aircraft Engine 
ae : 5 

Labour Notes : 

Norfolk Corn Mills (Illus.) ................ 

Notes on New Books biccs 

Catalogues . 


ee 


ENGINEERING 


FRIDAY, AUGUST 19, 1949. 











Vou. 168. No. 4360. 








EMPLOYMENT AND THE 
PROFESSIONAL ENGINEER. 


For a considerable period, it has been the practice 
of the Ministry of Labour and National Service to 
prepare, at quarterly intervals, a return showing 
the numbers of vacancies outstanding on the books 
of its Appointments Offices in England, Scotland 
and Wales. The survey is not all-embracing, but 
relates only to a selected list of some 47 categories 
of occupation, mainly of a professional character. 
Perhaps a third of the categories represent occupa- 
tions in which a professional engineer might engage 
without risk of feeling that he was drifting away 
from the engineering profession ; but some of these 
are equally open to suitable men who might have 
no engineering training at all—for instance, many 
executive and managerial posts in commercial engi- 
neering undertakings. Without a much more 
exhaustive search of the Ministry’s records than 
would be justifiable, it is not possible to say, there- 
fore, how many engineers are actually included in 
the table as it is published in the Ministry of Labour 
Gazette; moreover, several of the obviously engi- 
neering categories in the list are distinguished by 
an asterick which indicates that ‘‘ None of these 
vacancies is of Technical and Scientific Register 
standard.”” Some overall figures are given sepa- 
rately for the operations of the Technical and 
Scientific Register, but there is no division into cate- 
gories which might be studied in conjunction with 
those given for the Appointments Register. 

The presentation of these statistics in the Ministry 
of Labour Gazette is under the heading, “‘ Work of 
Appointments Department”; and the brief sum- 
mary or explanation which introduces the table 
(and which is in identical terms, quarter by quarter, 
except for the changes in the figures quoted) begins 
by explaining the differences between the Technical 
and Scientific Register and the Appointments 
Register. The former, which is assisted by six 
advisory committees dealing, respectively, with 
architecture and public utilities, chemistry, civil 
engineering, mechanical engineering, electrical engi- 
neering, and scientific research, *‘ provides a placing 
and advisory service for persons holding the neces- 





sary qualifications, these being, in general, posses- 
sion of a university degree or membership of the 
appropriate ised professional institution.” It 
is further stated that ‘‘ the services of the Register 
are available to physicists, mathematicians, chem- 
ists (other than pharmacists), metallurgists, agri- 
culturists, biologists and all other scientists, profes- 
sional engineers, architects, surveyors, town plan- 
ners, estate agents and valuers.” The list is worth 
quoting to show how general are some of the classi- 
fications and how narrowly specific are some of the 
others. No direct comparison appears possible with 
the categories used in the return from the Appoint- 
ments offices. 

The Appointments Register (to quote again from 
the Ministry of Labour Gazette) “‘is concerned with 
the placing of persons having professional, adminis- 
trative, managerial or executive experience or 
qualifications, and those having technical quali- 
fications not appropriate to the Technical and 
Scientific Register.”’ It will be seen, therefore, that, 
while there is a measure of mutual exclusiveness 
between the two organisations, it-is not necessarily 
absolute in both directions; a “registrant ”’ (to 
use the Ministry’s precise but rather pedantic term) 
who has not the academic or other qualifications 
for inclusion in the Technical and Scientific Register 
will find admission to it almost impossible to gain, 
however technical may be his actual employment, 
current or past. There are, however, categories in 
the Appointments Register classification in which 
a technical man might obtain employment without 
necessarily vitiating his right to be included in the 
Technical and Scientific Register if he should so 
desire ; in fact, it is stated that the number (5,392) 
enrolled as ‘“‘available’’ by the Technical and 
Scientific Register at June 13 included 884 who 
were also registered with Appointments Offices. 
The figure of 5,392 included 3,948 who were in 
employment but desired a change, 520 students 
provisionally enrolled, and 924 who were unem- 
ployed. In the preceding five weeks, 790 vacancies 
had been notified, 606 were cancelled or withdrawn, 
and 192 were filled. The corresponding figures 
notified in the Ministry of Labour Gazette in January 
were: 5,405 available, including 4,131 already in 
employment, 164 students, and 1,110 unemployed. 
We do not quote figures for vacancies notified and 
vacancies filled, because they are not comparable, 
the period covered being only three weeks. 

In their endeavours to fit round pegs into round 
holes, it is not quite clear whether the Ministry of 
Labour are working on a “‘ peg basis” or a “‘ hole 
basis ’’; they seem, indeed, to be trying to do both 
with the Appointments Register, which is probably 
more adaptable to such treatment than is the more 
specialised Technical and Scientific Register. No 
indication is given of the number of appointments 
which were made through the actual agency of 
either Register ; it must be supposed that an appre- 
ciable proportion were previously negotiated be- 
tween the parties concerned and were then passed 
through the books of the Register because the 
regulations required this to be done. We criticised 
the Technical and Scientific Register on similar 
grounds not long after it was established, holding 
that the case for its formation might be established 
by considerations of war-time needs, but that there 
was not as strong an excuse for its continuance, 
since a large percentage of its apparent successes 
would certainly relate to “‘ registrants” who would 
have obtained a transfer or a new appointment 
fairly speedily in any case, either by personal 
approach or through advertisements in the Press. 
To a great extent, we still hold that view. Admit- 
tedly, our first-hand experience of the Registers in 
operation has been small compared with their 
combined scope, and the cases in point were of a 
nature not readily to be fitted into the somewhat 
rigid schedules of the Ministry’s occupational 
classification. At June 13, it may be noted, the 
Appointments Register recorded 37 vacancies under 
the heading of ‘‘ Editorial Staff” and had 380 
*‘ registrants” on their books, of whom 163 were 
unemployed ; but it is possible, and even probable, 
that not a single one of the 380 would have been 
suitable for an editorial post with a journal such as 
ENGINEERING, though many of them might be per- 





fectly good journalists in the Fleet-street sense. 
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The Gazette list notes that many had only “free- 
lance ” experience. 

On the other hand, it is fair to say that we have 
heard the Technical and Scientific Register highly 
spoken of by some engineers who have had dealings 
with it; and not only by those who have been 
successful in obtaining posts through its agency, 
but by some who have not. A point particularly 
commended was the. trouble taken by the staff of 
the Register to notify applicants for posts of the 
results of their applications, instead of leaving them 
to assume, by the absence of any communication, 
that they had been unsuccessful. At the same 
time, it must be remembered that the filling of 
vacancies and the obtaining of new posts proceeded 
reasonably satisfactorily on a very wide scale before 
ever the Register was established, by the well-tried 
means of advertising situations vacant and wanted. 
There is no reason to suppose that the efficacy of 
this method has d'minished. 

In one respect, the finding of professional engi- 
neering employment and of engineers to fill the 
vacancies that occur is on a somewhat different 
plane from that of many of the other categories 
with which the Ministry’s Registers are concerned, 
in that it is usually much more definitely on either 
a “‘ peg basis ” or a “‘ hole basis,” and the number 
of cases in which both methods are applicable is 
correspondingly reduced. In probably a majority 
of cases, either an employer asks for someone with 
certain precise qualifications and experience, or 
an applicant seeks a post of an equally narrowly 
specific nature. Quite often there is no real need 
for an employer to set such precise limits to the 
kind of experience that he is prepared to consider, 
or the limitations of age that he is willing to accept ; 
if a little more latitude could be induced in this 
respect, there might be less heard about the diffi- 
culties encountered by the man over 40—a very 
real problem, the solution to which is not yet in 
sight. It is true also, however, that many men, 
especially of that age and upwards, appear to be 
afraid to undertake any work differing materially 
from what they have been doing previously ; yet 
particular attention has been given for many years, 
by educational authorities and the qualifying insti- 
tutions, so to frame their syllabuses that a man 
who has passed their examinations and conformed 
to their other requirements ought to be useful in a 
wide range of occupations. 

The fault in this case appears to lie with the 
thdividual engineer rather than with the compilers 
of syllabuses of training; and, so far as our own 
experience goes, this rigidity of mind and _ hesi- 
tancy about tackling something different appears 
to be more noticeable among civil engineers than 
among their mechanical and electrical confréres. 
Why this should be so is not clear ; though possibly 
it may be connected with the long-standing require- 
ment of the Institution of Civil Engineers that any 
candidate for admission to corporate membership 
must have served his pupilage under a member of 
the Institution. We would not suggest that the 
requirement should be abandoned, for it has evident 
advantages, proved by long experience ; but there 
is a distinct possibility that it may induce a certain 
narrowness of outlook, cumulative in its effect when 
extended over several generations. Reading be- 
tween the lines of the annual reports of the Profes- 
sional Engineers’ Appointments Bureau, we are led 
to wonder whether the difficulty of -placing men 
over 40 is not due more to the men themselves than 
to the potential employers in at least half of the 
cases, even after making allowance for the generally 
reduced mobility of the man in early middle age. 
The Gazette list notes under “‘ Remarks,” against 
the category “‘ Civil and Structural Engineering and 
Building,” that, ‘‘ The demand for civil engineers is 
poor”; but these “civil engineers ” are not neces- 
sarily up to the Technical and Scientific Register’s 
standard, though some of them may be. The latter 
Register, as stated, publishes no list comparable 
with that of the Appointments Register, but it 
might be useful if it were published. The two 
together might then provide a good topic for dis- 
cussion by th gineers’ Guild and other bodies, 
some of whose members are apt to hold forth at 
length on the subject of employment difficulties, on 
a somewhat insufficient basis of hard facts. 





THE PRINCIPLES OF 
SCIENTIFIC RESEARCH. 


Anyone who argued at the present time that 
the value of scientific research was not recognised in 
this country, or that Britain was backward in its 
conduct and in making the most of its results, would 
be confronted with a formidable mass of opinion to 
the contrary. It was not always so. We remember 
an occasion, now some 25 years ago, when Sir J. J. 
Thomson, after listening to an eminent politician 
preaching to an audience of what he mistakenly 
believed to be the unconverted, expressed his 
surprise, with characteristic explosive gesture, that 
anyone should have any doubts on the subject. 
Nevertheless, the weight of evidence was probably 
on the side of the eminent politician ; though, had 
he the temerity and the opportunity to repeat his 
words at the present time, his remarks would be 
received with disapproval if not hilarity. In fact, 
the pendulum has completed a full swing in the 
opposite direction, and research, a term which has 
more than one meaning, has come to be regarded 
not only as an absolute necessity in both science and 
industry, but as the one sure long-term remedy for 
the world’s present ills. This opinion is held not 
only by the general public, who are hypnotised by 
the glamour of much that has been done during the 
war, but by many scientists and engineers: an 
attitude of mind which is particularly true of those 
of the younger generation who see in ‘‘ research” a 
proper scope for their talents and a road to glittering 
prizes, ranging from an F.R.S. to financial com- 
petency, or even both. 

Feeling rather less sure than these enthusiasts 
that “‘research”’ should be elevated to so high a 
position in the national life, we welcome a book 
on The Principles of Scientific Research,* which 
has been written recently by Mr. Paul Freedman, 
head of the lamp research department of Messrs. 
Crompton Parkinson, Limited ; for the author, in 
setting out to give what the dust-cover calls an 
“honest picture of what the scientist whose life 
is to be devoted to research may expect,” at least 
succeeds in instructing the reader in what research 
is not, as well as what it is. It is possible, too, that 
he may succeed also in dispelling many illusions 
about the life of the research worker and in showing 
that, at the outset, it involves as much drudgery 
as most other human activities. If the book can 
do anything effective to counteract the too-common 
impression to the contrary and to reaffirm the 
traditional proportion between inspiration and 
perspiration, it will serve a very useful purpose. 
We may agree, therefore, quoting the dust-cover 
again, that it is a book “‘ which every potential and 
comparatively inexperienced worker and those who 
are largely to control their destinies should study.” 
They should derive a lot of information from it. 

Mr. Freedman has specifically limited his argu- 
ments to scientific research. He begins by defining 
science as “‘a form of human activity through the 
pursuit of which mankind acquires an increasingly 
fuller and more accurate knowledge and under- 
standing of nature, past, present and future, and an 
increasing capacity to adapt itself to and to change 
its environment and to modify its own characteris- 
tics ”; and scientific research as ‘‘a continua] 
search for scientific knowledge and understanding 
by scientific methods.” This type of research is 
essentially composed of two elements—observation, 
by which a knowledge of certain facts is obtained 
through sense-perceptions; and reasoning, by 
which the meaning of these facts and their relation- 
ship to the existing body of scientific opinion are 
ascertained. These concepts are elaborated at some 
length with the assistance of many historical 
examples. Most of the examples will be already well 
known, at least to the older readers, but they illus- 
trate successfully many of the factors that are 
inherent in research and throw much interesting 
light on human idiosyncracies, as exemplified in the 
lives of the outstanding pioneers. This part of 
the book might be studied in conjunction with 
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Mr. H. T. Pledge’s Science Since 1500, published 
by H.M. Stationery Office. In general outlook, the 
respective authors seem to have much in common, 

This somewhat lengthy prologue to the inain 
part of the book, a prologue which Mr. Freedman 
hopes the reader will not ignore, is intended 1s an 
introduction to a discussion of such difficult ques. 
tions as those of the correct mental approach to 
scientific research, the attributes by which a true 
research scientist may be known, and whether such 
things are solely the fruits of natural genius or ace, at 
least partly, a consequence of development. Real 
achievement in scientific research, Mr. Freedman 
declares, perhaps a little obviously, requires the 
possession of a number of qualities, among which 
are clarity of mind and combinations of imagination 
and caution, receptivity and scepticism, and patience 
and thoroughness, not necessarily ensured by the 
possession of even a good university degree. Ability 
to ‘‘ finalise,” intellectual honesty, a love of dis- 
covering new knowledge, and understanding and 
singleness of purpose are further desiderata. Fortu. 
nately, young men are not usually cynics ; other. 
wise, the research worker in embryo, studying this 
specification, might be tempted to compare it 
with W. S. Gilbert’s well-known statement of the 
qualities essential for a modern major-general, and 
laugh or despair as his temperament dictated. This 
is not to aver that much of what Mr. Freedman 
says about the mental approach is erroneous. It is 
rather intended to emphasise the opinion that the 
qualities required by the junior research worker 
may not be so esoteric as he supposes, and that 
determination to carry out to the best of his ability 
what must initially be mainly a routine job may do 
much to outweigh the absence of some of the other 
and more spectacular characteristics. 

That the hard way is the best way in research, as 
in so many other walks of life, is, in fact, emphasised 
by Mr. Freedman in his detailed description of how 
the work should be planned and organised ; and in 
what he says about the conditions under which 
experimentation should be carried out and how the 
readings which have been obtained should be dealt 
with. In writing this part of the book, Mr. Freed- 
man has drawn upon his own experiences, good and 
bad. It should be studied by the heads of existing 
research organisations, as much of it is well worth 
using as a basis for reform; for research institu- 
tions have frequently grown up in a haphazard 
fashion and with no definite plan in view, a state of 
affairs which has been accentuated, in many cases, 
by war-time conditions and by commercial and 
political influences. A recognition of this fact, 
for which no single individual is usually to blame, 
would be timely, and in a search for remedies much 
of what Mr. Freedman has to say should be of great 
assistance. Some of it, perhaps, is rather strong 
meat for junior research workers, and, if translated 
into action by them, might have repercussions of a 
kind which we are sure he does not intend ; never- 
theless, The Principles of Scientific Research is to 
be recommended as a book in which a most 
important subject receives the consideration which 
it has long merited, but has not received. Regarded 
merely as a book, incidentally, it is not entirely 
free from imperfections. The blame for two of 
these must be shared by author and publisher. 
The index is quite inadequate and we are not 
impressed by the statement, which heads what 
is virtually a list of names, that something a little 
more satisfactory could not be provided. There 
is, moreover, no bibliography. 

A final point concerns the title. The book, it is 
true, deals with principles of a kind, but it is not 
wholly concerned even with those. To discuss the 
principles of research fully would, in fact, require 
more space than the author has devoted to them, 
and the approach adopted would have to be more 
philosophical than that which he has used; for 
the term “ principles’ connotes a consideration of 
fundamental concepts, and their discussion should 
include attempts, at least, to discover the true 
nature of many difficult questions, not primarily 
concerned with organisational methods or the 
characteristics of research workers, important 
though these may be. Perhaps, some day, Mr. 
Freedman may be persuaded to continue his 
researches into these largely unexplored fields. 
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As previously mentioned in our columns, the 
meeting of the British Association for the Advance- 
ment of Science is taking place this year at New- 
castle-on-Tyne. The inaugural general meeting 
will be held in the City Hall on Wednesday evening, 
August 31, when Sir John Russell, 0.B.E., F.R.S., 
will deliver his presidential address on ‘‘ World 
Population and World Food Supplies.” The 
sectional meetings will commence on the following 
morning, most of the sections being accommodated 
in King’s College; Section G (Engineering), with 
which we are mainly concerned, will meet in the 
engineering lecture theatre of the College. Sir 
Arthur Fleming, C.B.E., is President of the Engi- 
neering Sec icn this year and the Recorder is Dr. 
H. S. Rowell, O.B.E., whose address is 40, New-road, 
Ware, Hertfordshire. Mr. D. H. McPherson is 
secretary, and Mr. R. Hiscock is the local secretary. 
A full programme of papers and discussions has 
been prepared for the meeting, each session being 
devoted to one subject, as far as possible. The 
session on Thursday morning will deal with new 
materials and their engineering significance. The 
first paper, by Dr. R. W. Sillars, is entitled ‘‘ Insu- 
lating and Semi-Conducting Materials,” and this 
will be followed by a paper by Dr. F. Brailsford, 
whose subject will be “‘ Magnetic Materials for 
Electrical Power Plant.” Both these papers will 
be followed by a brief discussion, after which Dr. 
R. W. Bailey, F.R.S., will speak on ‘‘ Metals for 
High Duty.” After a short discussion on Dr. 
Bailey’s paper, Dr. W. G. Radley will open a 
general discussion on the three papers. Two visits 
have been arranged for Thursday afternoon, but 
papers are also to be delivered : one by Mr. Haswell 
Alder, Mr. A. Walker and Mr. E. L. J. Potts on 
“Yield-Pillar Technique in Deep Coal Mining,” and 
one by Professor H. Cotton on “ Lighting of the Coal 
Face.” The meeting of Friday morning, September 
2, will also be devoted to mining problems, the 
subject for discussion being ground subsidence. 
Various aspects of the subject will be dealt with in 
papers by Mr. E. L. J. Potts, Dr. T. Robertson, 
Dr. J. Charlesworth, and Mr. George Raw, and the 
papers wil] be followed by a discussion in which Mr. 
J. E. Lewis, O.B.E., and Major P. L. Capper will 
take part. In the afternoon visits will be paid to 
some local shipyards, etc., and later, Professor L. C. 
Burrill will deliver a paper entitled ‘‘ Marine 
Propulsion—the Designer’s Problem.” Saturday, 
September 3, will be occupied by a visit to the 
Billingham Works of the I.C.I. Sir Arthur P. M. 
Fleming, C.B.E., will deliver his presidential 
address, entitled ‘‘ Bridging the Gap Between 
Science and Industry,” on Monday morning, Septem- 
ber 5, and a discussion on the address will be opened 
by Sir Andrew McCance, F.R.S., and concluded by 
Sir Henry Tizard, G.C.B., F.R.S. After visits to 
places of technical interest in the afternoon, a paper 
on “Electronics *’ will be delivered by Dr. A. L. 
Whiteley, and in the evening the members of the 
section are invited to a conversazione given by 
the North East Coast Institution of Engineers and 
Shipbuilders. Most of the Sections, including 
Section G, will complete their programmes on 
Tuesday, September 6. The following papers by 
young engineers will be read at the morning session : 
“Recent Developments in the Use of Coke,” 
by Mr. E. Murphy; “Settlement of Structures 
on Clay Foundations,” by Mr. A. Chisholm; 
“Propulsion of Ships by Jets,” by Mr. H. Watson ; 
and “* Electrical Methods of Inducing and Detecting 
Vibrations,” by Mr. G. Snowball. Visits will be 
paid to some engineering works in the afternoon, 
after which Dr. J. C. Weston will deliver a lecture, 
with a sound film, on ‘Heating Research for 
Houses.” A visit in the evening to the laboratories 
of the Applied Science Department, King’s College, 
where demonstrations and exhibits will be shown, 
will complete the programme. The offices of the 
Association are at Burlington House, London, W.1, 
and the secretary is Mr. D. N. Lowe, O.B.E. The 
local honorary secretaries for the Newcastle Meeting 
are Mr. John Atkinson (Town Clerk), and Professor 
W. Fisher Cassie, King’s College. 





tinue to be open daily (Sunday excepted) from 
11 a.m. to 9 p.m. until Saturday, August 27. The 
Exhibition was declared open by Sir Frederick 
Handley-Page, who, having been introduced by 
Mr. Kenneth Garcke, outlined some of the technical 
advances, especially in aircraft design, in the evolu- 
tion of which the use of models had played an 
important part. The general public, he said, do 
not know how much they owe to the model-maker, 
without whom the Royal Air Force could not have 
won the Battle of Britain. The Wright Brothers, 
in their pioneer work, soon found a need for know- 
ledge of a kind only to be obtained by experiment, 
and they built a small wind-tunnel in which they 
tested model aircraft-wings of 6-in. span and 1-in. 
chord. The making of models, Sir Frederick con- 
tinued, was in itself a wholesome discipline for the 
maker, and must have a beneficial effect upon his 
attitude towards his daily work, whatever it might 
be; and, in many occupations, the manual skill 
thus acquired was an additional asset. He noted 
that fully 10 per cént. of the models entered for 
competition were the work of constructors who 
were still in their teens. A tour of the Exhibition 
left the impression that the average standard of 
workmanship is continuing to improve; but the 
continuing high prices of various tools must be a 
handicap to the amateur whose pockets are not 
well lined. It is evident, however, that many of the 
model-making fraternity regard this as merely 
another difficulty to be overcome, by making their 
own tools or managing with only the simplest. The 
cult of the very miniature proceeds unabated ; 
which, perhaps, is another sign of the times. 


CONFERENCE ON RATIONAL ALLOCATION OF COAL. 


The Combustion Engineering Association are 
organising a conference on ‘‘ The Rational Allocation 
of Coal,” to be held at the Palace Hotel, Buxton, 
on Thursday and Friday, September 8 and 9. The 
conference opens at 10 a.m. on the first day, when, 
after a civic welcome by the Mayor of Buxton, a 
discussion will be held on the Association’s report 
on the ‘‘ Training of Combustion Engineers,” and 
on the ‘‘ Review of the Facilities Available for the 
Training of Boiler Attendants and Firemen of 
Grade I,” by Mr. J. Price Walters. The object of 
the second session, which begins at 2.30 p.m., on 
September 8, is to consider a factual account of the 
technical advisory services available for semi- 
industrial and industrial combustion-engineering 
equipment, what future developments may be desir- 
able in the interests of fuel economy, and what form 
liaison with makers of this equipment may most 
advantageously take. The papers presented at this 
session will include: ‘‘The Technical Advisory 
Service and the Industrial Coal Consumer,” by 
Mr. W. J. Dickie ; ‘‘ The Coal Distributors’ Position 
in Servicing Appliances,” by Mr. L. G. Locket and 
Mr. W. H. Gamble ; ‘‘ Mechanical Stokers for Shell- 
Type Boilers: After-Sales Service,” by Mr. H. E. 
Pearsall; ‘‘Underfeed Stoker* Makers’ Advisory 
and Operational Services,” by Mr. E. L. Tinley; 
and “‘ Service After the Sale of Automatic Tempera- 
ture Controls,” by Mr. R. W. Towers. Contributions 
on behalf of various trade and professional associa- 
tions will also be made. The objects of the third 
and fourth sessions, at 10.30 a.m. and 2.30 p.m., on 
September 9, are to show that the greatest possible 
contribution which could be made to fuel economy in 
the United Kingdom would be the development of a 
system of allocation based on consumer demand. 
The papers to be presented will include: ‘‘ The 
Economics of Rational Allocation,” by Mr. A. Coe 
and Mr. E. C. Mills; ‘*The Case for a Rational 
Allocation of Coa] from the Point of View of the 
Design of Water-Tube Boilers,”” by the Water-Tube 
Boilermakers’ Association ; ‘‘ Coal for the Electrical 
Supply Industry,” by Dr. A. Alan Taylor; ‘‘ The 
Rational Allocation of Coal in Relation to Shell-Type 
Boilers,” by Mr. G. T. Blackwood; ‘“‘ Rational 
Allocation in Relation to the Availability of Shell- 
Type Boilers,” by Dr. E. G. Ritchie and Mr. D. C. 
Gunn ; ‘‘ The Choice of Coal for Mechanical Stokers 
for Shell-Type Boilers,” by Mr. H. E. Pearsall; 





Grate Stokers,” by Mr. B. Marks. Further contri- 
butions on rational allocation in relation to vertical- 
type boilers, papermaking and other branches of 
industry, will also be made. Membership of the 
Conference is open to all interested, and application 
should be made to the Association, 24, Tottenham 
Court-road, London, W.1. 


Om In ALBERTA. 


The late Sir Vivian Lewes, justly regarded in his 
day as one of the world’s foremost experts on 
mineral oils, expressed the opinion, more than 
30 years ago, that Canada was a country likely to 
prove rich in oils, though he remarked that the 
oil reserves thus far sampled were rather undesir- 
ably high in sulphur content. His estimate of 
Canada’s oil-richness has been confirmed during the 
past few years by the discovery of new fields in 
Alberta, which, according to a survey in the July 
issue of the Monthly Review of the Bank of Nova 
Scotia, have ‘‘ transformed Canada’s oil outlook.” 
At the beginning of 1947, most of the Dominion’s 
production of mineral oil was from the Turner 
Valley field, but the production was then declining 
and, in any case, amounted to less than 10 per cent. 
of the total requirements. The rest had to be im- 
ported from the United States, and made heavy 
inroads on the available dollar resources. On 
February 13, 1947, however, ‘‘a new era began in 
Canadian oil history ’” with the bringing into pro- 
duction of a well at Leduc, Alberta; since when 
more than 700 miles of bores have been drilled. At 
the present time, Alberta has some 860 wells 
actually producing oil and the oil output of the 
Dominion has trebled, as compared with that of 
two years ago. The proved reserves in Alberta 
now amount to nearly a thousand million barrels, 
and some geologists ‘‘talk of Alberta as possibly 
one of the world’s major oil fields.” These are 
very general statements, but the figures behind 
them are certainly impressive. When, in 1947, 
the Leduc well struck oil at a depth of rather more 
than 5,000 ft., about 8,000,000 acres of Crown oil 
rights in Alberta were let under permit or were on 
lease ; this total has been more than trebled, and 
considerable areas in Saskatchewan and Manitoba 
have also been taken up. The number of geo- 
physical prospecting crews at work has increased 
from 15 to 70, and some 90 drilling rigs are in use ; 
and whereas the aggregate depth of the borings in 
1946 was about 400,000 ft., the figure for 1948 was 
1,660,000 ft., and, in the first five months of the 
present year, the bores totalled nearly 1,200,000 ft. 
In the latter part of 1948, too, a new major field 
was discovered at Redwater, Alberta, and encour- 
aging prospects are reported from a number of 
other districts in the Province. In the early part 
of 1947, the output from the Alberta wells amounted 
to about 535,000 barrels a month, but, by the middle 
of the year it had risen to a million barrels and, by 
April, 1949, to 1-7 million barrels. The refineries 
in Alberta and Saskatchewan are now operating 
almost entirely on Alberta oils and it has been 
necessary to restrict production at times because 
@ greater output could not be handled with the 
resources available. Schemes are now in hand to 
pipe the oil to centres where it can be used. A 
refinery at Whitehorse, in the Yukon Territory, 
was removed to Edmonton, Alberta, and further 
developments are in progress which will raise the 
refining capacity in Alberta to about 50,000 barrels 
a day. Seventy miles of pipeline have been laid 
from the Leduc-Woodbend and Redwater oilfields 
to Edmonton, and a 16-in. pipeline is projected to 
transport crude oil from Edmonton to Regina, a 
distance of 450 miles, with a further extension to 
the Great Lakes. This 16-in. pipeline is not yet 
constructed, and a scheme is being considered to lay 
it with 20-in. pipes instead of the 16-in. originally 
planned. Hopes are entertained that, in due course, 
the Alberta fields may make Canada self-sufficient 
as regards oil supplies, though it may prove to be 
economically impracticable for the Canadian oil to 
compete with Californian seaborne supplies on the 
western side of the Rocky Mountains. 
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LETTERS TO THE EDITOR. 
TECHNICAL DICTIONARIES. 


To THe Eprror oF ENGINEERING. 

Sm,—I have read with interest the article on 
“Technical Dictionaries,” by Mr. P. E. Erikson, 
which appeared in your issue of July 1, on page 4, 
and Mr. R. Sewell’s letter on the same subject 
which appeared on page 64, in your issue of July 15. 

The World Power Conference is not, at present, 
contemplating the appointment of a committee to 
investigate the problem of the preparation of inter- 
national dictionaries. However, I should like to 
point out that our daughter organisation, the 
International Commission on Large Dams of the 
World Power Conference, has been engaged, for a 
good many years, upon the preparation of an inter- 
national dictionary of terms employed in connection 
with the construction of dams. The first edition of 
this dictionary will be issued next year. It will be 
in French, English (British and American versions), 
and German. Further languages will be added in 
future editions. 

Mr. Erikson mentions the international dictionary, 
or rather, vocabulary, prepared by the Permanent 
International Association of Navigation Congresses. 
The central office of the International Commission 
on Large Dams of the World Power Conference has 
been in touch with this Association, in order to 
avoid unnecessary duplication or, worse, the employ- 
ment by one organisation of definitions for the same 
term differing from that adopted by the other organi- 
sation. 

Yours faithfully, 
C. H. Gray, 
Secretary, International Executive Council, 
The World Power Conference. 
201-2, Grand Buildings, 
Trafalgar-square, London, W.C.2. 
August 4, 1949. 





FUNDAMENTAL UNITS OF LENGTH. 


To THe Eprror or ENGINEERING. 


Sm,—I am obliged to Messrs. Gould and Barrell 
for the courteous way in which they devote some 
hundreds of words, on page 136, ante, to the dis- 
cussion of a brief sentence of mine on page 16, ante, 
and I am much gratified by the conclusion at which 
they arrive in agreement with the discrepancy 
quoted by me. But I do not agree with all their 
statements, and, since these are made under the 
cachet of the National Physical Laboratory, it may 
be desirable in the interests of accuracy that com- 
ment should be made. I referred to “‘the metre 
used technically in Germany ” and Messrs. Gould 
and Barrell at once write: ‘‘ The fundamental unit 
of the metre is, in fact, the same for all countries 
. . . Which adhere to the Metric Convention of 
1875.” They then proceed, after some elementary 
commonplaces, to state : “‘ It is important to realise, 
however, that a fundamental unit of length is an 
absolute measure of linear distance which is entirely 
independent of any temperature consideration, 
although the unit has to be ascertained in terms of 
the defining standard in conditions which were 
prescribed to render it reproducible.” I understand 
these matters with great clearness, but I doubt if 
many people will grasp what is implied by “‘an 
absolute measure of linear distance.” 

Every schoolboy knows that the metre is not, as 
its creators intended, the ten-millionth part of the 
Earth’s meridian quadrant, and it is well known that 
the present metre standards are not what they were, 
even at the same temperature. The platinum- 
iridium alloy from which the standard metres are 
made is not so constant as its sponsors had hoped, 
and variations have been observed between the 
various national copies of the original metre bar. 
As a result, the metre was evaluated in 1906 in 
terms of the wave length of the red cadmium line, 
t.e., 1 M = 1,553,164-13 A, at 760 mm. mercury, 
15 deg. C., and 60 per cent. humidity—correct to 
1 in 10’. In time it may be established whether 
the lengths of the metre bars relatively to A, are 
changing and then we may be nearer towards “ an 
absolute measure of linear distance.” 


I must now explain that my unduly brief phrase, 
“‘the metre used technically in Germany,” was not 
intended to connote any standard metre bar for 
technical measurements, but the sum total of all 
the measuring machines, jig borers, gauges, jigs, 
etc., which, in steel or iron with an average coefficient 
of expansion of 11-15 x 10-* per deg. C., are, and 
have for years been, based, at 20 deg. C., on “the 
metre.” These “‘technical metres,” if brought to 
0 deg. C., are about 0-223 mm. short. 

In other words, I had wished to point out that 
precision engineers, using the much vaunted modern 
metric system, may easily encounter discrepancies 
of 1 in 4,500 due to temperature datums, whereas 
the English and American Inches, despite the 
Mendenhall Order of 1893, agree to about 1 in 
300,000 or better. The 1931 standardisation of 
20 deg. C. for adjustment purposes cannot at once 
affect a great deal of existing equipment and it will 
be years before these irregularities have vanished. 
Yours faithfully, 

H. 8. Rowe tt. 
Ware. 
August 9, 1949. 





SYSTEMS OF ORTHOGRAPHIC 
PROJECTION. 
To THE Eprror oF ENGINEERING. 

Smr,—Dr. Abbott’s historical review of geo- 
metrical projection, appearing on page 121, ante, 
is a timely reminder of the fact that, although pro- 
gress may and generally does involve change, change 
may not result in progress ; then it merely becomes 
change for change’s sake. 

Certain sections of the engineering industry are 
being pressed by Government establishments to 
introduce, along with other changes, third-angle 
projection as a standard draughting procedure. 
Although genuine and weighty objections have been 
cited against its adoption, none is so cogent or has 
its basis of argument so firmly fixed as those 
described by Dr. Abbott. His contribution brings 
a reinforcement which industry badly needs. 
Would it be too much to hope that this article will 
come to the notice of the interested authorities who, 
having read, will take second thought and consign 
the ‘‘ third-angle ” idea to the waste paper basket ? 
It is a duty they owe to the student and to industry. 

Yours faithfully, 
Artuur Hoare. 
** Overcombe,” 
Nodgham-lane, 
Carisbrooke, I.o.W. 
August 10, 1949. 





DR. G. S. BAKER, O.B.E. 


As we close for press, we have learned with great 
regret of the death, on August 15, of Dr. G. 8S. 
Baker, O.B.E., M.I.N.A., formerly Superintendent 
of the William Froude National Tank at Teddington 
and a vice-president of the Institution of Naval 
Architects. A memoir will appear in next week’s 
issue. 





W. E. HIGHFIELD SHIELD CoMPETITION.—The examin- 
ing board for the 1948-49 competition for the W. E. 
Highfield Shield, held under the auspices of the Associa- 
tion of Supervising Electrical Engineers, 54, Station-road, 
New Barnet, Hertfordshire, have awarded the first prize 
of 51. 5s., and the Shield, to Mr. A. Carpenter, Green- 
hithe, Kent, for his paper, “‘ The Utilisation of Electricity 
in Quarries.”” The second prize, of 31. 3s., was awarded 
to Mr. G. M. Dunbar, Kalgoorlie, Western Australia, for 
his paper, “‘ Electric Power for the Fluorescent Lighting 
of Merchant Ships.” 

RETURN OF LOCOMOTIVES FROM MIDDLE East.— 
Thirty-nine Class 8, 2-8-0 freight locomotives, of the 
former L.M.S. standard design, which were surplus to 
War Bepartment requirements in the Middle East, were 
returned to country some time ago, and the first 
to be overhauled at Crewe works has recently been 
placed in traffic. Ten of the locomotives were originally 
L.M.S. stock, and formed part of a total of 51 locomotives 
of this type which were sold to the Ministry of Supply 
in the early war years. The other 29 were built to 
L.M.S. designs by private firms and purchased directly 





by the Ministry. 





POLARISED HEADLIGHTS. 


Tue advantages which would attend the fitting 
of polarised headlights to all motor vehicles would 
be considerable, but the difficulties in the way of 
carrying out such a programme are manifest, 
Assuming that the fitting of such lamps was made 
compulsory, which would appear to be the only 
way in which a complete change-over could be 
attained within a reasonable period, there would 
still be an interval of some years during which cars 
and lorries with and without polarised lights were 
on the road together. Dealing only with conditions 
in the United States, Dr. Edwin H. Land, of the 
Polaroid Corporation, suggests that, assuming old 
cars were not converted, then in the fifth year of 
the transition stage, ‘‘ over three out of four of the 
cars you would meet on the road at night would 
be glareless.”’ This estimate is based on the assump- 
tion that 10 per cent. of old cars are taken off the 
road each year. If a “really attractive conversion 
system can be offered to the old-car drivers ” then 
after five years 95 per cent. of all cars would be 
equipped. He states that the 10°per cent. of with- 
drawals a year is “normal,” but in view of the 
present meagre flow of new cars to the home market, 
it does not appear likely that this proportion applies 
in Great Britain. Dr. Land also does not make it 
clear whether his estimates include commercial 
vehicles. Actually, however, neither this nor the 
rate of change-over are of fundamental importance ; 
if mixed fleets of polarised and non-polarised head- 
light cars can be tolerated on the roads for five years, 
they can be tolerated for ten, or more. 

These quotations from Dr. Land are taken from 
Bulletin No. 11 of the Highway Research Board of 
the National Research Council of the United States. 
This contains communications by Dr. Land, Mr. 
J. H. Hunt, Secretary of the Engineering Liaison 
Committee of the Automobile Manufacturers’ Asso- 
ciation, and Mr. Val J. Roper, of the General 
Electric Company. Dr. Land naturally deals with 
the advantages of polarised headlights and the 
weakness inherent in the present system. The 
basic problem is posed by the condition that, at 
night, a driver requires powerful headlights to 
illuminate the road in front of him. These, how- 
ever, dazzle the driver of an oncoming car and his 
headlights correspondingly dazzle the driver of the 
first car. The matter is dealt with by directing the 
beam away from the oncoming car, deliberately 
avoiding lighting up a part of the road which it is 
desirable to illuminate. With the Sealed Beam 
system, a foot button is provided which allows 
drivers to switch from an upper to a lower beam, 
but, Dr. Land continues, even on a level road, 
and most roads are not perfectly level, the oncoming 
driver is still confronted by a beam of 900 candle 
power; with an angular elevation of 3 deg. and a 
curve in the road, he may be subjected to 20,000 
candle power from the lower beam of a Sealed 
Beam system. Even when the lower beam is 
correctly used by both drivers, there is a blind 
zone to the right (in this country it would be to 
the left) of the oncoming car. A pedestrian in dark 
clothes in this zone may not be seen soon enough 
to avoid an accident. Full consideration of this 
matter requires an investigation into the relation 
between seeing distance and stopping distance. 
Mr. Roper, in his communication, gives the results 
of tests carried out by “ observer-drivers ’ which 
led to the conclusion that, even when the Sealed 
Beam system is used properly, there are short periods 
when, at 40 m.p.h., the seeing distance is somewhat 
less than the stopping distance for the critical 
case of a pedestrian dressed in dark clotiung. 

The details of the polarised-light equipment were 
dealt with by Mr. Hunt. The essential components 
are the viewer and the polarised headlamps. The 
viewer is used to cut off polarised light from an 
oncoming car, but transmits enough of the reflected 
light from the roadway, which originates in the 
car’s own lamps, to provide adequate vision. The 
arrangement may consist of a thin sheet of Polaroid 
protected by transparent plastic and carried in 4 
light metal frame which can be adjusted to be 
perpendicular to the plane of polarisation of an 
oncoming car. It can be moved into and out of 
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the plane of vision by rotating it about its upper 
edge. The viewer absorbs about 25 per cent. of 
the light from the car’s own lamps which has been 
reflected from dark objects without depolarisation, 
and 63 per cent. of any light depolarised in the 

rocess of reflection, depolarisation occurring to a 
high degree in reflection from light-coloured objects. 
The result of this is that the roadway appears much 
brighter when the viewer is not in use. 

The polarised headlamps, of 125-watt capacity, 
are provided with a polarising sheet protected by 
glass and mounted on the front of a flat lens. The 
standard lamps of the upper beam in the Sealed 
Beam system are of 45 watts capacity and the size 
has been increased in the polarised-light system to 
make up for 60 per cent. loss in polarising the beam, 
and the additional losses in the viewer. Mr. Hunt 
states that, even with this additional candle power, 
when the viewer is in use, dark objects are only seen 
with the same clarity as that provided by ordinary 
Sealed Beam installations. Lighter-coloured objects 
are not seen so well as with Sealed Beams, but this 
is not a controlling factor in safe driving, as light 
objects are always visible at greater distances than 
dark ones. In addition to the polarised headlamps, 
cars are fitted with a pair of 60-watt “‘ city beam ” 
lamps. These are not polarised and are intended for 
use on country roads when a polarised car meets 
one fitted with normal lamps. The lower beam 
lamps in the Sealed Beam system are of 35 watts 
capacity and to increase to 60 watts for the “‘ city 
beam ”’ lamps does not provide better vision owing 
to the light absorbed in the viewer. Driving in a 
town with street lighting, the ‘‘ city beam ” lamps 
would be used and the viewer moved out of the line 
of sight. As a result of the increase in capacity of 
the lamps, the Polaroid system requires an electric 
generator of about twice the present capacity, and 
the use of relays. The total increase in weight “‘ for 
one of the smaller cars” is 26 Ib. It is estimated 
that on the basis of 1947 costs, the selling prices of 
cars would be increased by from 30 dols. to 80 dols. 

If all cars were fitted with polarised headlamps, 
then when two cars met at night the drivers could 
see almost as well during the whole time of passing 
as when driving with the viewer in place and meeting 
no opposing traffic. Even supposing, however, that 
polarised lighting was fitted to all new cars, and the 
conversion of existing cars was made compulsory, 
which Mr. Hunt does not believe to be possible, 
there must be an interval of some years during which 
mixed fleets would be on the roads. Dr. Land deals 
with this transmission period in his communication. 
The Sealed Beam system was introduced in 1940. It 
has a maximum beam candle power of 60,000, and 
cars fitted with it are on the road at the same time 
as old bulb-and-reflector cars varying from 5,000 to 
40,000 beam candle power. Dr. Land contends 
that the transmission from Sealed Beam to polarised 
lights will be far safer than transmission from pre- 
Sealed Beam to Sealed Beam. 

As already mentioned, cars with polarised head- 
lights will be fitted with additional non-polarised 
lamps for driving in lighted streets and for use when 
passing old cars. The polarised headlamps are not 
arranged to be dipped and when passing old cars 
the permanently-dipped non-polarised lamps are 
used. Dr. Land’s simple rule for drivers of all cars 
is ‘‘depress for white light.”” The meaning of this 
is that polanised headlights have a bluish appearance 
when seen through the viewer, and the driver of a 
polarised-light car meeting another of the same type 
is not required to take any action. Meeting a 
Sealed-Beam car, however, he switches to the “ city 
lamps.” The driver of a Sealed Beam car will 
switch to the lower beam for all meetings, as at 
present. On many occasions this procedure will 
not be followed, but Dr. Land contends that the 
results of misuse by the driver of a polarised-light 
car will not be more dangerous than misuse of the 
Sealed Beam under present conditions. The worst 
situation arises when a Sealed-Beam car switches 
to the lower beam, but an oncoming Sealed-Beam 
car continues to use the upper beam. The driver of 
the first car, if travelling at 40 m.p.h., then passes 
through a blind-driving period of some 12 seconds, 
during which he travels about 725 ft. This is very 
undesirable, but it frequently happens. If the driver 
of a polarised-light car similarly fails to dip when 








meeting a dipped Sealed-Beam, the conditions from 
the safety point of view are not worse, “although 
sometimes less comfortable ’’ than in the case of the 
meeting of the two Sealed Beam cars. Dr. Land also 
points out that in this latter case, the driver who 
uses his Sealed Beam correctly has no remedy, but 
he could protect himself against an improperly used 
polarised-light system by fitting a viewer to his car. 

Mr. Hunt deals with an extensive investigation 
carried out by the Engineering Liaison Committee 
of the Automobile Manufacturers’ Association. The 
results of the investigation were unfavourable to 
polarised lighting. It was pointed out the complete 
system would provide glare-free meetings only on 
rural roads and then only when all cars involved 
were equipped. Benefits during the early intro- 
ductory period would result only for a small per- 
centage of night meetings on rural roads and some 
owners might react unfavourably owing to being 
exposed to glare by Sealed Beam drivers using 
viewers who could employ their upper beams when 
meeting polarised lights. Accident records showing 
the percentage due to glare were incomplete and 
apparently inaccurate. It was thought that they 
were a@ much smaller percentage of the total than 
was frequently assumed. The owner of a polarised- 
light equipment would be required to give more 
attention to the operation and maintenance than 
is necessary with a Sealed Beam system; more 
adjustments would be required. After three years 
a large percentage of cars are in the hands of new 
owners, who would not be influenced by any 
instructions which had been given to the original 
purchasers. Under present conditions, owners of 
old cars in areas where there is no official periodic 
inspection, permit their lighting equipment to get 
into a defective condition and it would seem likely 
that the use of defective polarised-light systems 
would involve more danger than the use of defective 
Sealed-Beam systems. Careless use of polarised 
lights ‘‘seems certain” to cause more complaint 
against glare than is caused by carelessness in 
handling Sealed Beam lamps. There is continued 
complaint that a proportion of the public fails to 
use the depressing switch properly. The increased 
skill required to handle polarised lights during the 
introductory period would make matters worse. 

It is suggested that some Sealed Beam drivers 
would use viewers to protect themselves against 
glare from polarised-light drivers who fail to depress 
properly and would be tempted to retaliate against 
them by using their upper beams. Viewers will 
reduce the vision of drivers using ordinary lighting, 
but if polarised lighting is in use, it will be impossible 
to prevent any driver from purchasing a viewer 
and attempting to use it. 

The Engineering Liaison Committee, after con- 
sideration of all the facts available, reached the 
conclusions that the full benefits afforded by 
polarised headlights when driving on rural roads 
can only be obtained when all cars are fitted; that 
such universal use could not be secured quickly as 
there did not appear to be any practicable way of 
quickly converting the 30 million cars on the roads ; 
that introduction of polarised lighting on new cars 
would be followed by a lengthy period of the mixed 
use of the new and the present system ; and that 
during the period of mixed use drivers of higher- 
priced cars with polarised lighting would be dis- 
appointed at the long delay in obtaining proper 
advantage from their increased expenditure ; that 
the percentage of drivers of polarised-light cars who 
would be careless or discourteous would be as large 
as it is with drivers of Sealed Beam cars and just 
as difficult to control; that glare would continue 
to be a problem, and, particularly during the first 
part of the period of mixed driving, might build up 
public resentment against polarised lighting and 
might result in the repeal of permissible legislation 
in some States, interfering seriously with inter- 
State motoring and the distribution of mass- 
produced automobiles. This matter of different 
motoring laws in different States is naturally of 
great importance to American manufacturers. 

As a result of these considerations, the Engineering 
Liaison Committee ‘‘ has recommended against the 
adoption of polarised headlighting at this time,” and 
both the Automobile Manufacturers’ Association 
and the Ford Motor Company have concurred. 


EXTRACTION, ALLOYING AND 
FABRICATION OF MAGNESIUM.* 
By Mason C. J. P. Batt, F.R.Ae.S. 

(Concluded from page 126.) 


Durine 1925, Dr. Beck, of Griesheim-Elektron, dis- 
covered that the addition of manganese to magnesium 
greatly improved corrosion resistance and that, when 
present to the extent of 1-6 per cent. the corrosion 
resistance of the resultant alloy was the highest so far 
achieved. It was then found that, by treating the 
molten alloy of magnesium, aluminium and zinc with an 
excess quantity of manganese, impurities could be 
precipitated, and the corrosion resistance of the 
resultant quaternary alloy greatly increased, the final 
amount of manganese remaining in the alloy not exceed- 
ing 0-3 per cent. The British Air Ministry recognised 
the progress made and in 1926 granted the first pro- 
visional specification, D.T.D. 59, for the now famous 
alloy A.8. 

Tables II and III, on page 186, show the compositions 
and properties of the original alloys, divided into cast 
and wrought applications. At first, both the Germans 
and the Americans favoured a casting alloy with high 
zinc, of the composition 6 Al, 3 Zn, and the Americans 
continued to use it long after the Germans and British 
had decided that the more reliable alloys for all pur- 
poses were those of higher aluminium content and low 
zine. ing the recent war, and largely as the 
result of English work, the Americans also decided that 
the low zinc content gave more reliable performance. 

As a result of pressure exerted upon the manufac- 
turers of aluminium during the war by the aircraft 
constructors of all countries, new wrought alloys were 
discovered in the aluminium field, with mechanical 
properties greatly in advance of those which had ruled 
up to 1939. It was essential for magnesium producers 
to discover new alloys which would do for magnesium 
what the latest discoveries had done for aluminium. 
In the same way, the continuing e ion of jet- 
engine production has created a demand for magnesium 
alloys which retain their properties at elevated tem- 
peratures and have a high resistance to . The 
magnitude of the problems involved can be better 
understood when it is realised that, in the 20 years, 
scarcely any new magnesium alloys outstanding 
merit have been discovered and developed, although 
many hundreds of patents have been taken out. 

During 1938 and 1939, the results of alloying experi- 
ments with the ent zirconium, which the author 
saw at the I.G. Farbenindustrie works at Bitterfield, 
convinced him that zirconium had the greatest grain- 
refining effect upon magnesium of any element yet tried. 
Efforts were made immediately to introduce this new 
technique into Britain, but without success, as the 
alloying, melting, and fabricating problems had not 
been solved effectively. Indeed, so difficult did 
these prove that, in 1939, I.G. Farbenindustrie recom- 
mended Magnesium Elektron, Limited, to cease work 
on this problem and, as has since been learned, them- 
selves abandoned it as hopeless, about 1942. It was 
obvious, however, that further progress must be closely 
tied to in grain refinement, and so the study 
of these problems was continued by Magnesium 
Elektron, Limited, as time and opportunity offered. 

The optimum properties of a magnesium alloy con- 
taining zirconium cannot be obtained unless the effec- 
tive zirconium content is maintained at about 0-75 per 
cent. to0-7 percent. Special salts have been developed 
which allow the foundry personnel quickly and simply 
to replace the zirconium which is lost by precipitation 
each time the alloys are melted. Special fluxes have 
been developed, the use of which completely eliminates 
any of persistent chloride inclusions and ensures 
that all types of magnesium-zirconium alloys so treated 
are obtained completely flux-free. 

In the cast field, ternary alloys of magnesium, zinc, 
and zirconium have been developed having proof 
stresses of nearly double those of the magnesium- 
aluminium-zince series, while, as regards fatigue, values 
as high as 5} tons per square inch for 50 million reversals 
for Wohler fatigue tests have been achieved, both in 
the un-notched and notched conditions, when using a 
semicircular notch having a depth of 0-047 in. and 
giving a calculated stress concentration factor of 
a 2. Castings made from these alloys are 
so from micro-porosity that test pieces cut from any 
part will generally give at least as good figures as the 
test bar. 


Quaternary alloys of magnesium, zinc, rare-earth 
metals, and zirconium have been developed which main- 
tain their room temperature properties at 200 deg. C. 
These can be cast pressure-tight, in most complicated 
shapes, to withstand high pressures without . any 
impregnation of the castings, and have already shown 
themselves capable of standing up to very heavy duty 





* Paper presented at the Fourth Empire Mining and 
Metallurgical Congress, held in London and Oxford, 
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on full load at elevated temperatures. In the wrought 
field, ternary alloys of magnesium, zinc, and zirconium 
have been developed which show substantial improve- 
ment in mechanical properties over the magnesium- 
aluminium-zine ag and magnesium-manganese 
ranges. The most marked improvements resulting 
from the use of zirconium are the elimination of stress 
corrosion in these high-strength wrought alloys, a greatly 
reduced tendency to directionality and very much 
greater ease of working. All the zirconium-containing 
alloys can be welded satisfactorily by the Argonarc 
process. 

In the D.T.D. specifications for zirconium-containing 
cast alloys, proof stress is mandatory, for the first 
time in the history of light alloys. A magnesium-zino- 
zirconium alloy has been cast successfully into ingots 
in a normal steel ingot mould measuring approximately 
70 in. by 20 in. by 20 in., and then rolled down in one 
heat by the cogging mill and following mills of a 
Dorman Long steelworks to give nearly 300 ft. of 
2-in. square bar without loss, in exactly the same way 
as the steel ingots aor This bar was later rolled 
on the high-speed mills of the Darlington rolling mills 
into sections at a speed of 500 ft. per minute. 








TABLE II.—CHEMICAL AND PHYSICAL PRO 


refinement. C. H. Mahoney, chief metallurgist of 
Basic Magnesium, and his team, first 
investigated the ibility of grain refining by carbon 
inoculation, and esium Elektron, Limited, follow- 
ing up their work, were eventually successful in estab- 
lishing a process of grain refinement by carbonaceous 
materials. 

Of magnesium alloys alone, it may be said that the 
higher the cutting speed, the better the results. These 
phenomenally free-cutting qualities, due to the high 
thermal conductivity of the metal and the low-cutting 
pressure required, are indicated by the comparative 
cutting speeds shown in Table IV, on this The 
feeds can be up to the maximum capacity of the 
respective machines. 

Experience has proved conclusively that, treated 
correctly and with due observance of the necessary 
but simple precautions, magnesium alloys can be 
handled as safely as any other light alloy; and 
insurance companies do not ask for higher premiums. 
Solid magnesium-alloy parts cannot be ignited below 
the melting point, 650 deg. C. If intense heat is applied, 
the metal will melt locally and will burn at that spot 
only so long as the flame impinges. When the flame 
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PERTIES OF ELEKTRON CASTING ALLOYS. 
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* With one exception (136 B), the lower ultimate tensile strength and the figures 
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for elongation per cent. are the D.T.D. and B.S. 


TABLE ITI.—CHEMICAL AND PHYSICAL PROPERTIES OF ELEKTRON WROUGHT ALLOYS. 
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+t In general, the lower figures in the ranges are the D.T.D. and B.S. specification minima. 


The process of refining by fluxing, discovered by 
Griesheim Elektron in 1923, was the first great step 
forward towards the achievement of easy melting and 
pouring. Salt mixtures of high viscosity when molten, 
the viscosity of which is further increased by additions 
of thickening substances, are used to remove the 
impurities, chlorides, oxides, nitrides, and sulphides, 
by absorption, the salts remaining sufficiently viscous 


to stay at the bottom of the pot when the metal is | Aluminium 
after i 


refining. Magnesium alloys can be melted 
in crucible furnaces, or in resistance- or high-frequency 
. Since magnesium oxidises readily, special 
fluxes must be used to cover the surface, to minimise 
losses by burning. When the charge begins to melt, 
flux is added and any inflammation smothered by small 
quantities of flux. When all the metal is melted, the 
surface is then covered with a thin layer of flux. The 
temperature of the melt is raised to approximately 
750 deg. C. and the metal cleansed by adding small 
quantities of a refining flux and stirring vigorously 
with an iron bar until the melt has a bright surface. 
It is then covered with a thin layer of flux as a protective 
coating. 

The new alloys containing zirconium require a 
different treatment. To produce as fine a grain as 
possible, the former practice was to superheat to about 
950 deg. C. and then allow the melt to cool to i 
temperature. Since the fine grain structure indu 
by superheating persists even on re-melting, the greater 
the quantity of fine grain scrap in the crucible the 
lower can be the temperature of superheating, down to 
a bottom limit of deg. C. Because the high tem- 
peratures of superheating materially shortened the life 
of crucibles and extended the melting period, efforts 
were made to discover an alternative method of grain 





TABLE I[V.— Machining Speeds for Elektron and Other 
Metals, Ft. per Min. 
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..| 60-200 | 100-300 | 

-| 200-2,000 | 400-4,000 | 200-1,300 
Up to Up to | 400-1,700 | 

4,000 8,000 | 


40-80 40-200 
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is withdrawn, ignition ceases and the surrounding metal 
remains unharmed. Swarf can be ignited only by an 
open flame. Dust is inflammable, but can be safely 
handled by the methods recommended. 

The experience of the past 25 years has proved 
magnesium alloys to be very resistant to atmospheric 
attack, except in salt-laden areas. The corrosion rate 
is much lower than for mild steel, being of the order 
of 0-05 mg. per square centimetre per day, and there is 
little or no pitting. There is no intercrystalline corro- 
sion, and, generally, magnesium alloys behave like 
steel. Using the protective coatings recommended, 
these alloys have given excellent service in many 
high-duty applications all over the world, not only 
on land, but on many aircraft and vehicles operating 
under marine conditions. Stress corrosion has been 
encountered as transcrystalline fractures in highly- 
stressed wrought alloys when used in thin sections, 
but alloys of the new magnesium-zirconium range are 
immune from this weakness. By eliminating impuri- 
ties—iron, nickel and phosphorus, in paticune-— 
magnesium alloys can now be made possessing resistance 
to sea water in the unprotected state. 
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THE PECTOSOL-CEMENT PROCESS 
FOR SOIL STABILISATION. 

A SOIL-STABILISING process, which is suitable for 
making roads cheaply and quickly in undeveloped 
territories overseas, has been evolved by the A.S.P. 
Chemical Company, Limited, Bulstrode, Gerrards 
Cross, Buckinghamshire. It has the advantaye of 
making use of certain vegetable materials whic! are 
normally wasted, such as sisal “ flesh,” groundnut 
husks and palm-kernel husks. 

Research carried out by the company since 1939 
has shown that almost the whole of the materia! left 
when the fibre and tow have been extracted from sisal 
plants can be treated so as to provide a wide range 
of useful products. For the soil-stabilisation process, 
which has been developed since the latter part of 
1948, the “‘ flesh” left over from the sisal leaves js 
ground and treated; it is then mixed in with the 
soil, using about three parts to 100 parts of soil, 
which has an optimum moisture content for maximum 
load-bearing capacity. The ground is then rolled, 
By this means the optimum moisture content, and, 
therefore, the load-bearing capacity, are retained, 
irrespective of the climatic conditions. The soil. 
stabilisation investigations have been carried out b 
the company in co-operation with the Road Researe 
Laboratory, Harmondsworth, Middlesex. Subse- 
quently, it has been found that groundnut husks, 
large quantities of which will be available on the 
Overseas Food Corporation’s estates in Tanganyika, 
as well as palm-kernel husks and other waste vegetable 
materials, are as effective as, or even better than, 
sisal flesh for this purpose. The vegetable-waste 
stabilising material prepared by the company has been 
named Pectosol, and has been patented. 

A method of soil stabilisation which has been in use 
for a number of years in the United States and other 
countries, including Britain, where it is being used to 
a limited extent for making roads on new housing 
estates, is the mixing of about 10 per cent. of Portland 
cement with the soil. It was therefore decided to 
experiment at Bulstrode with mixtures of Pectosol 
and cement. Laboratory tests have given very satis. 
factory results with a mixture of 14 parts of Pectosol 
and 1} parts of cement to 100 parts of soil and stabiliser 
together. In addition to stabilising the moisture 
content, the process was found to increase the bearing 
capacity of the soil above that of the untreated soil. 
Clay, chalk, brick earth and laterite (a red soil common 
in Africa and India) have been treated satisfactorily 
in this way. Prolonged field trials, however, are 
still required to prove that the Pectosol-cement 
process can provide roads which will withstand heavy 
traffic and severe climatic conditions. Arrangements 
have therefore been made for the Overseas Food 
Corporation, which has co-operated in the investiga- 
tions at Bulstrode by sending samples of soil from 
Tanganyika, to lay several miles of Pectosol-cement 
road in East Africa. The United Africa Company, 
also, will construct an experimental section near 
Lagos, Nigeria, where the local alluval soil is particu- 
larly difficult to stabilise, and in Kenya the Public 
Works Department propose to lay a road treated with 
Pectosol. 

For large-scale road-making by the Pectosol-cement 
process, a soil-stabilising machine such as that described 
in ENGINEERING, page 114, vol. 167 (1949), would be 
used. For smaller projects, the same principles apply, 
but the ground is tilled to a depth of about 6 in. with a 
rotary hoe, or any other suitable machine, and the 
Pectosol-cement mixture is afterwards worked in by 
the same machine. Sufficient water is added to give 
the optimum moisture content (previously determined 
by tests), after which the roadway is rolled, and sealed 
with a fluid bitumen or tar emulsion at the rate of 
a gallon to 7 or 8 square yards. Finally, a carpet of 
gravel or rough ballast is laid, rolled and sealed. 

At a recent demonstration at Bulstrode, a small 
area consisting of the overburden from local sand pits 
was processed, using Pectosol prepared from groundnut 
husks. The soil was almost non-cohesive, and had a 
density of 118 lb. per cubic foot at an optimum moisture 
content of 12} per cent. About 18 lb. of mixture per 
square yard was applied. The demonstration did not 
include the application of bitumen, and after the 
surface had been rolled it was not particularly difficult 
to mark the surface by scraping the heel. This condi- 
tion, however, is not significant; the company state 
that it is practicable, and, indeed, desirable, to allow 
rubber-tyred traffic to use the road as soon as possible 
after it has been made, because by this means the 
stabilised soil is thoroughly compacted. In this 
country, farm roads could readily be made by the 
Pectosol-cement process, using the implements and 
labour at hand. A sealing layer covering the stabilised 
soil would be necessary to the road against 
frost, but it is not necessarily required in favourable 
climates. The cost of roadmaking would depend on 
local conditions, but it is estimated that the cost in 





this country would be approximately 3s. a square yard. 
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“PYTHON ” 


PROPELLER-TURBINE AIRCRAFT ENGINE. 


MESSRS. ARMSTRONG SIDDELEY MOTORS, LIMITED, COVENTRY. 
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THE ‘* PYTHON’? PROPELLER- 
TURBINE AIRCRAFT ENGINE. 


Tue photograph reproduced on this page shows the 
powerful ‘“‘ Python” gas-turbine propeller engine, 
manufactured by Messrs. Armstrong Siddeley Motors, 
Limited, Coventry, details of which have recently 
been released for publication. This 4,100-h.p. engine, 
which, fully equipped, weighs no more than | Ib. per 
horse-power, is fitted in the new naval strike-fighter, 
the Westland Wyvern, which first flew in March this 
year. The Python made its first air-borne appearance 
on January 3, in the two outboard nacelles of a 
Lancaster aircraft converted for use as a flying test-bed ; 
over 6,000 hours of development and test-bed running 
have now been completed. 

The Python, which is constructed on the reverse- 
flow principle, consists basically of a 14-stage axial 
compressor delivering air to 11 combustion chambers, 
and a two-stage turbine which is directly coupled 
to the compressor. The contra-rotating propeller 
is driven from the front end of the compressor shaft 
through an epicyclic reduction gear. Owing to the 
use of reverse-flow, the engine is a compact unit, 
with an overall length of 156 in. and a maximum dia- 
meter, over the engine cowl, of 544 in. The net dry 
weight is 3,150 Ib. and the estimated installed weight, 
including the 11-ft. diameter eight-bladed contra- 
rotating propeller, is 4,100 lb. 

The performance figures for the engine at sea-level are 
as follows: at take-off, the speed of rotation is 8,000 
t.p.m., and, at zero forward speed, the shaft horse- 
power at the propeller is 3,670, with a net thrust from 
the jet of 1,150 lb. ; the fuel consumption under these 
conditions is 355 gallons per hour. Under climbing 
conditions, the engine runs at 7,800 r.p.m., at a 
forward speed of 200 m.p.h., and develops 3,450 
shaft horse-power and 660 1b. net jet thrust, with a fuel 
consumption of 329 gallons per hour; at a forward 
speed of 300 m.p.h., the engine gives 3,800 shaft horse- 
power and a net jet thrust of 490 lb., with a fuel con- 
sumption of 342 gallons per hour. For continuous cruis- 
ing the engine is rated at 7,600 r.p.m.; at 300 m.p.h., 
it develops 3,260 h.p. and 390 Ib. jet thrust with a 
fuel consumption of 304 gallons per hour ; at 400 m.p.h., 
3,680 shaft horse-power are developed with 220 lb. 
net jet thrust, and the fuel consumption is 321 gallons 
per hour. Under idling conditions at sea-level, at 
4,000 r.p.m., the combined static thrust of propeller and 
jet is less than 200 Ib. 

Air enters the intake throat, which is divided radially 
into 11 ducts, through a forward-facing intake, and is 
turned through 180 deg. and led into an annulus at the 
entry of the compressor. After passing through the 
compressor, which has a 5 to 1 compression ratio, the 
pressure of the air has risen to 60 Ib. per square inch 
and its temperature to 230 deg. C. At the compressor 
outlet, the air is deflected radially outwards aonah 
90 deg. by the diffuser-casing guide vanes, and is split 
up into 1] streams in the diffuser elbows and again 
turned through 90 deg. to flow aft into the 11 combus- 


tion chambers, which are hollow tubes containing the 
flame-tubes. The fuel is fed into a mixing chamber in 
the flame tube at a pressure of about 14 lb. per square 
inch above the pressure of the chamber. About one- 
fifth of the air from the compressor enters the flame 
tube through this mixing chamber, and since the exit 
of the mixing chamber faces upstream, the hot gases 
resulting from the combustion of the fuel and the 
primary air flow back through the flame tube over the 
mixing chamber, thus causing the fuel to vaporise. 
Further air enters the flame tube through the flame-tube 
nose and, deflected by a flat plate, cools the front part 
of the flame tube; some air enters through flutes on 
the flame-tube nose, and some through holes in the 
flame-tube downstream from the mixing chamber. 
Finally, secondary air flowing between the outside wall 
of the flame tube and the inner wall of the combustion 
chamber, mixes with the hot gas in four scoops attached 
to the combustion tube casing about } in. downstream 
from the flame tube. The total weight of air consumed 
is about 65 times that of the fuel, the mixture strength 
within the flame tube being about 15 to 1 by weight. 
From the 11 combustion chambers the gases pass 
through 11 manifold pipes, between the air-intake ducts, 
to the turbine. The pressure of the gases entering the 
two-stage turbine is 57-5 Ib. per square inch, with a 
velocity of 1,890 ft. per second and a temperature of 
827 deg. C.; at the turbine outlet, the gas pressure has 
fallen to 3 lb. below atmospheric pressure ; the velocity 
of the gas at the exhaust cone is 777 ft. per second and 
the temperature is 527 deg. C. The turbine develops 
about 10,000 h.p., of which 6,300 h.p. is absorbed by 
the compressor. After leaving the turbine, the gases 
pass out through the exhaust cone and the propelling 
nozzle. 

From the constructional point of view, the engine 
comprises the front cover and reduction-gear casing, 
seen on the right-hand side of the illustration aft of 
the spinner. These carry the auxiliaries and enclose 
the reduction gearing and the two propeller shafts ; 
the diffuser casing, which houses the main thrust 
bearing, and is bolted to the compressor stator casting. 
The latter is not visible in the illustration, since it 
is surrounded by the 11 combustion chambers. The 
air intake body, to which is attached the forward- 
facing air-intake throat, is bolted to the rear end of 
the compressor casing. At the back of the intake 
casing, 11 brackets form the ring-type engine-mounting 
attachment points. To the rear end of the intake 
body is the turbine housing and, finally, the exhaust 
cone and propelling nozzle. 

The turbine and compressor rotate as one unit, 
in a clockwise direction as seen from the cockpit. 
The two-stage turbine is made up of a forged disc of 
heat-resisting steel, into which the turbine blades, of 
a high nickel and chromium heat-resisting alloy, are 
fixed. Both sides of the turbine disc are cooled by 
air from the compressor. The 14-stage compressor 
rotor consists of a two-piece drum of forged aluminium 
alloy, with high-tensile steel extension shafts at the 
front and the rear. Aerofoil-section rotor blades of 











aluminium alloy are arranged on the drum in five 
rows of 36 low-pressure blades and nine rows of 
70 high-pressure blades. With a compression ratio of 
5 to 1 at normal r.p.m., the compressor can deliver 
about 14 tons of air per minute, at a speed of about 
500 ft. per second. The front extension shaft of the 
compressor rotor is carried in a double-row ball thrust- 
bearing, which takes the compressor thrust, amounting 
to about 5} tons. This bearing is oil cooled. Attached 
to the turbine disc is a sleeve splined to the rear 
extension shaft of the compressor rotor, which is 
supported in a ball-and-roller bearing. This turbine 
bearing is cooled by air drawn fi the fifth stage of 
the compressor. Immediately in trout of the turbine 
bearing assembly, a labyrinth seal, under pressure 
tapped from the compressor, prevents leakage of air 
to the compressor intake. The compressor casing is a 
two-piece aluminium-alloy casting, jointed on the 
horizontal-plane, and to this the 14 rows of aluminium- 
alloy stator blades are fixed. 

The contra-rotating propeller is driven through two 
stages of speed-reduction gearing, with an overall 
reduction ratio of 0-135. From the front end of 
the compressor shaft, a torsion shaft drives a sun- 
wheel which drives planets meshing with a stationary 
geared ring. Forgings of 3}-per cent. nickel-chrome 
steel are used for the sun and planet wheels. As 
in the Mamba engine (described on page 583 of our 
165th volume (1948)), the stationary ring is used 
to measure the engine torque ; the ring is anchored by 
two link rods which are attached to two nitrided-steel 
pistons working in hydraulic cylinders; the pistons 
are automatically balanced by oil pressure, which, 
recording on a gauge in the pilot’s cockpit, gives an 
indication of the torque reaction. The planet gears 
are attached to a forged-steel cage, which carries a gear 
driving four layshaft gears equally spaced around it. 
Each layshaft gear transmits the drive to two driving 
gears; one set of these driving gears engages exter- 
nally with a gear on the rear end of the front propeller 
shaft, while the second set of driving gears meshes 
with an internally-toothed ring on the end of the rear 
propeller shaft, and provides a clockwise drive to 
the front propeller and an anti-clockwise drive to the 
rear propeller, as seen from the cockpits. A duplex 
ball and roller bearing support and takes the thrust 
of each propeller shaft. The epicyclic gears run on 
phosphor-bronze bushes, and the layshafts are sup- 
ported on ball and roller bearings. 

On the forward side of the front cover are carried 
the auxiliary drives to the tachometer, switch governor, 
propeller constant-speed unit, fuel pump and governor, 
engine starter, metering pump for lubricating the rear 
main bearing, remote-drive box, oil pressure- and 
scavenge-pumps, high-pressure oil pump for the torque- 
meter, compressor blow-off valve servo control, and 
the scavenge oil filter. 

The combustion chambers are of light gauge stainless 
steel, and the flame tubes are of Nimonic 75. To 
equalise pressure, balance pipes connect the flame tubes 
with the combustion tubes, The fuel vaporisation 
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process, already described, has been developed by 
Armstrong Siddeley, and a similar principle is yoy ta 
in their Mamba engine. The designers claim that fuel 
vaporisation gives better combustion at part-throttle 
and altitude conditions than does the spray-injection 
system used on most gas-turbine engines. Two of the 
combustion chambers are fitted with torch igniters, 
consisting of combined igniter plugs and paraffin jets, 
for starting combustion. 

A gas starter is provided for rotating the compressor, 
up to a speed of 2,600 r.p.m., for starting the engine. 
For starting, compression in the compressor casing is 
reduced by a servo-operated blow-off valve which is 
automatically controlled by the pilot’s throttle-lever 
movement. This blow-off valve closes at engine speeds 
above 5,000 r.p.m. On the same lines as the Mamba, 
the fuel system consists of a Pulsometer-type fuel pump 
in the aircraft fuel tanks, which feeds fuel through a 
Tecalemit low-pressure filter to the engine fuel pump, 
which is a Lucas “ C ”-type variable-stroke pump with 
an — a governor and a maximum-pressure relief 
valve, e stroke of the pistons in this pump is deter- 
mined, through a hydraulically-operated servo control, 
by the pilot’s throttle setting and by altitude conditions. 
The engine fuel pump supplies fuel through the throttle- 
and-altitude control unit, in which the amount of fuel 
required by the engine is metered through an orifice. 
From the control unit, fuel passes through the main 
fuel shut-off valve to the fuel distributor in which the 
metered fuel is divided into 11 equal parts and fed into 
each combustion chamber. This distributor also em- 
bodies starting and slow-running jets. The pilot has 
a single control lever which controls both the fuel 
supply to the engine and the constant-s unit of the 
propeller. The relationship between fuel supply and 
engine revolutions is controlled by a hydraulic cam box, 
in a manner very sircilar to that on the Mamba engine. 

Lubricating oil is fed by the main pressure pump at a 
pressure of 70 Ib. per square inch to the reduction-gear 
bearings and oil jets, the propeller constant-speed unit, 
the high-pressure pump which — oil at 350 Ib. per 
square inch to the torquemeter cylinders, and the com- 
pressor blow-off valve servo piston; all this oil drains to 
the bottom of the front cover and is returned to the oil 
tank by the scavenge pump through a scavenge filter. 
The pressure pump also fi the front main ball thrust- 
bearing through a restrictor jet, and the Tecalemit 
metering pump, which supplies oil to the turbine ball 
and roller bearing at the rate of 4 pint per hour, this 
oil then draining to atmosphere. The oil to the 
front thrust-bearing drains from the diffuser casi 
and is returned by the scavenge pump to the tank. 
At maximum conéinuous cruising revolutions, the 
estimated oil consumption is from 2 to 4 pints per hour. 
Normal oil temperature is 70 deg. C., with a maximum 
limitation of 90 deg. C. At 8,000 r.p.m., the oil circu- 
lates through the engine at a rate of 680 gallons per hour. 





2,000-H.P. Gas TURBINE FOR MIssIssipP!I RIVER FUEL 
CorPORATION.—According to the Canadian Engineering 
Journal for July, a 2,000-h.p. high-temperature gas tur- 
bine, built by the Westinghouse Electric Corporation, has 
been installed for experimental purposes by the Mississippi 
River Fuel Corporation. The turbine, which has already 
completed 1,000 hours successful test running at the 
manufacturers’ plant, will be used to pump natural gas 
through the Corporation’s pipelines from the Monroe, 
Louisiana, fields. The turbine operates on fuel oil 
sprayed into compressed air and burned in a specially- 
designed combustion chamber. The manufacturers claim 
that the turbine has a higher power/weight ratio than 
any other industrial plant, is quickly installed with a 
minimum of building and foundation work, needs no 
cooling water and very little lubricating oil, and presents 
few maintenance problems. 


RECORDING TACHOMETER FOR MoTOoR VEHICLES.—In 
the second issue for the current year of Swiss Technics, 
it is announced that Christian Gfeller, Limited, of Berne, 
have developed a recording tachometer for motor 
vehicles, which registers average speed, the actuation of 
the brakes, and the operation of horn or visual signals. 
Only those operations taking place over the last 300 m. 
of the run are retained. Each operation is registered 
by an electromagnet on a rotating ring, which can be 
magnetised ; in the case of the speed-measuring ring, 
the polarity of the ring is automatically changed every 
0-9 second by an automatic timing system, and the ring 
rotates once for every 300 m. travelled by the vehicle. 
Thus, the angle between two adjoining changes of polarity 
is proportional to the average speed of the vehicle. 
When the ring has completed one rotation and starts on 
another, fresh magnetisation overlaps the magnetisa- 
tion of the previous cycle and wipes out the record. 
When a permanent record is desired, the vehicle driver 
operates a crank, which causes moving magnetic feelers 
to pass over the rings. These feelers transmit their 
Position electrically to small recording systems, which 
record on a paper strip. Such records could be used as 
evidence in the event of an accident. 





LABOUR NOTES. 

Fottowrne lengthy discussions with Ministry of 
Labour officials in London, on Monday and Tuesday, 
the executive committee of the Colliery Winders’ 
Federation of Great Britain decided on Wednesday 
to rescind their resolution of last Friday, which called 
upon their members to come out on strike as from 
to-morrow. The resolution had been passed because 
the Federation disapproved of the ruling of the Minister 
of Labour that their dispute with the National Coal 
Board, over wages and recognition, should go to arbitra- 
tion. The Minister of Labour, Mr. George Isaacs, 
had warned the executive committee that, as a result of 
his ruling, the provisions of the Conditions of Employ- 
ment and National Arbitration Order would render the 
proposed strike ill The committee were invited 
to meet officials of the Ministry and, following the 
ensuing discussions, the committee agreed to call off the 
proposed strike and submit the Federation’s case to 
the National Arbitration Tribunal, in accordance with 
the Minister’s ruling 


The Yorkshire Winding Enginemen’s Association, 
and the association of the Lancashire winding engine- 
men, both constituent bodies of the Federation, had 
passed resolutions in support of the executive’s decision 
of last Friday to take strike action. Their officials 
had paathaiees | some disapproval at the resumption of 
discussions with the Ministry. Meetings of the con- 
stituent associations of the Federation have been 
taking place during the past two days. Local feeling is 
reported as being strong but there is some difference of 
opinion, and the danger of local strike action by one or 
two sections of the Federation has by no means é 
The Federation claim to have a membership cf 1,580 
enginemen, chiefly in Yorkshire, Lancashire, Durham, 
and North Nottinghamshire, out of a total of some 
4,000. The National Union of Mineworkers, tc whom 
most of the remainder belong, has challenged these 
figures, and there is probably some duplication of 
membership. 

The National Coal Board does not recognise the 
Federation and regards the N.U.M. as the only body 
—— the miners, including the enginemen. 
Although officials of the Board have sometimes had 
talks with representatives of the Federation, it is 
understood that the latter have always had it made 
clear to them that they were received only in their 


casing | individual capacities as employees of the Board. The 


attitude of the Board will be awaited, therefore, with 
some interest. They will be invited, no doubt, to 
give their views to the Tribunal and, if they do — 
such evidence, that might be taken as acknowledging 
the Federation. In either event, whether the Board 
states a case or not, they will, presumably, be obliged 
to discharge any obligations which the decisions of the 
Tribunal may impose upon them. In addition to 
claiming recognition by the Board, the Federation are 
asking for payment of 35s. a shift, in place of the 
present rates of from 21s. 10d. to 26s. a shift. 


Unemployed persons in Great Britain, registered at 
employment exchanges as seeking work, numbered no 
fewer than 243,041 on July 11, in spite of a decrease 
by 20,602 during the preceding four weeks. Even so, 
the figure on that date was the lowest for any four- 
weekly period since September, 1945. The Ministry 
of Labour estimates that this represented 1-2 per cent. 
of the total number of emplo insured under the 
national insurance schemes. e number of men and 
youths unemployed was 185,655, representing approxi- 
mately 1-4 cent. of insured persons. Women and 
girls unemployed numbered 57,386, representing about 
0-8 per cent. of insured persons. Much of the decrease 
in unemployment, which occurred during the four 
weeks ending on July 11, was due to the seasonal 
demands of the hotel and catering trades. Some 
14,000 more persons were engaged in the professional, 
financial and miscellaneous employment group, which 
includes the hotel and catering trades. Employment 
in transport and communications was in by 
4,000 and an additional 4,000 persons were engaged in 
agriculture. 


Employment in the metals, engineering and vehicles 
group, which includes the shipbuilding and ship- 
repairing industries, declined by some 12,000 ns 
during the four-weekly period. A decrease of about 
7,000 in the number of persons in Government employ- 
ment was rted, but employees in the service of 
local authorities increased by some 2,000. The employ- 
ment position improved most in the North-Western 
region, where the total of persons in work rose by 
5,475, and in the London and South-Eastern region, 
where the total rose by 4,967. The Ministry records 
that 890,000 employees in the manufacturing industries 
were engaged on overtime, working an average of 
seven hours a head, during the week ending on June 25 
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but that no fewer than 20,000 persons were employed 
on short time, losing an average of 11 hours each, 


The total working population at the end of June 
numbered 23,193,000, a decrease of 16,000 persons 
since the end of May. This decrease occurred wholly 
in the figures for men, the total for whom declineq 
from 16,039,000 to 16,023,000. The working popula. 
tion of women remained stationary on both dates at 
7,170,000. Persons in civil employment increased jp 
number during May by 37,000, and there was a further 
increase of 21,000, 9,000 men and 12,000 women 
during June, thereby raising the total at the close of 
the latter month to 22,157,000. On the other hand 
the size of the Armed Forces, men and women together. 
was 769,000 at the end of June, having fallen by 
7,000 during that month. Persons employed in the 
basic industries, which include mining, quarrying 
agriculture and fishing, together with the gas, elec. 
tricity, water and transport services, increased by 
8,000 during June to a total of 4,256,000. The total 
for the manufacturing group of industries declined, 
by 5,000, to 8,252,000. The working-population figures 
include all ons over the age of 15 who are in work 
or available for work. Part-time employees are 
counted as full units. The Ministry reports that no 
directions were issued under the Control of Engagement 
Order during June. There have thus been no directions 
under the Order for nine successive months. 


The desirability of maintaining a reasonable ratio 
between the numbers of apprentices and journeymen 
in each works has been the policy of the United Pattern. 
makers’ Association for many years. A letter from 
the secretary of the Swansea branch of the Association, 
published in the Association’s Record for August, 
suggests that whenever an apprentice commences his 
apprenticeship in any workshop, the matter should be 
reported promptly to the local branch of the Associa. 
tion. The writer of the letter states that the Swansea 
branch “ cannot understand how so many apprentices 
have been taken on in some shops,” as the adoption of 
his suggestions, which has been the practice in Swansea 
for a number of years, enables the branch to keep 
control of the ratio of apprentices to journeymen. 
Mr. W. B. Beard, O.B.E., the Association’s general 
secretary, in his monthly editorial to the Record, 
states that he publishes the letter because “ it contains 
the germ of an idea which could be very well a 
of the Association’s policy to deal with the excess of 
apprentices which exists in certain shops.” 


ee 


Mr. Beard says that the Association, when presenting 
their case to the employers’ organisation a short time 
ago, supplied details of instances where the Association 
considered that the number of apprentices was exces- 
sive. Mr. Beard states that he has particulars of many 
such cases in his files. The excess of apprentices in 
some shops is no new difficulty, but one which has been 
developing for years. It is only when the trouble 
becomes acute, he says, “‘ that someone wakes up to the 
fact that there are too many boys.” It is nobody's 
business until it becomes a problem. He suggests 
that the practice of the Swansea branch of the Associa- 
tion, that every apprentice starting work in a pattern- 
shop, whether within the normal run or not, becomes 
the subject of a report to the local branch committee, 
should be adopted as the settled policy of every branch 
and district of the Association. If this were done, 
their organisation is such that, to a large extent, the 
Association could control the entry of apprentices. 
They could certainly control any excessive ratio of 
apprentices to skilled men. Mr. Beard concludes by 
saying: “ We could do more, we could make appren- 
ticeship a condition that the boy should enter our 
Union immediately.” 


The railway board of conciliation, which has been 
dealing with the claims of the railwaymen, other than 
the staffs of railway workshops, are expected to conclude 
their sittings this week and an early announcement of 
their findings may be e Meetings of the board 
with tatives of the Railway Executive and 
officials of the three railway unions have been in 
progress throughout the past fortnight. The main 
point at issue is the men’s claim for an overall increase 
of 10s. weekly. The Confederation of Shipbuilding 
and Engineering Unions, whe are concerned only in the 
claims of the railway shopmen, are still opposed to the 
establishment of a conciliation board to deal with these 
and sent representatives to meet Mr. Isaacs on Monday. 
The Minister has promised to consider their representa- 
tions and to communicate with them later. The 
Confederation held a ——— in York on Wednesday 
to consider what action shall be taken regarding the 

claims of the N.U.R. respecting railway shopmen 
who belong to that Union. e Confederation claim 
that the proper negotiating machinery for dealing with 
claims of railway shopmen has not been used. 
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NORFOLK CORN MILLS.* 
By Rex Wares, F.S.A., M.I.Mech.E. 


At the summer meeting of the Newcomen Society, 
held at Norwich in 1926, the author met the late Mr. 
H. O. Clark, and was encouraged by him to visit and 
to photograph the Norfolk windmills. This work 
commenced after the meeting and was continued in 
1927. After the conclusion of a technical survey of 
Suffolk windmills in 1939 for the Society for the 
Protection of Ancient Buildings, it was decided to 
continue in Norfolk. The invasion of the Low Coun- 
tries stop the work in 1940, but it was taken up 
again in i. 1945, and completed in 1947. In 
1940, Mr. k presented the author with his books 
of windmill notes in which Norfolk windmills have a 
large place and these have been collated with the 
author’s own notes to present as complete a picture as 
possible. 

Figures quoted in The Miller in 1931, and based on 
directories, gave the number of corn mills at work by 
wind in Norfolk as being, in 1870, approximately 350 ; 
in 1883, 250; in 1892, 229; and in 1931, 34. Kelly’s 
Directory for 1926 gives the figure as 45, but there were, 
in fact, only 36 in 1926, comprising two post mills, 
two smock mills, 31 tower mills and one composite 
mill. To-day, only Billingford tower mill, Fig. 1, 
remains at work by wind. This paper is based on notes 
made of nine post mills, seven smock mills, 69 tower 
mills and two composite mills. Photographs of many 
others have been studied and notes have been gleaned 
from millers, millwrights and Press cuttings. 

_ Judging from mills and photographs examined, 
it would be fair to say that the post mill most typical 
of Norfolk had a two-storied roundhouse with a white 
painted buck (or body), patent sails, and a fantail 
mounted on the end of the tail pole instead of on the 
ladder, as in Suffolk practice ; yet the statement must 
be qualified by saying that there were just as many 





* Paper presented at a meeting of the N 

















Fig. 2. Torrenniity Minx. 




















Fic. 3. Bannam MILL. 


post mills in the Suffolk tradition. 
was that at Sprowston, Norwich, of which a superb 
model was by Mr. H. O. Clark and acquired by 
the Science Museum just before his death in 1944.* 

The bucks were not all painted white. That at 
Forncett End was tarred, and was plastered all over 
inside. 
found at Tottenhill, Fig. 2, Dersingham and Great 
Massingham in north-west Norfolk. Fine full-width 
balcony porches were to be found at Catfield, Gissing 
and Great Snoring mills. Kenninghall mill has a 
curved porch, Sprowston had a gable porch and Topcroft 
a lean-to porch. The largest mill was at Catfield (21 ft. 
by 12 ft.), and the smallest, at Kenninghall (17 ft. by 
9 ft.). Most mills had an extension of a few feet 
beyond the rear corner-post, and the framing showed 
considerable variation. Roundhouses were more often 
added than co-eval with the mill. That at Forncett 
End was built when the mill was moved across the road 
in 1824, 39 years after it had been built, and Great 
Snoring had no roundhouse. Brick walls and boarded 
roofs were the rule, the roofs of Garboldisham and 
Gissing being plastered inside. Catfield had a round- 
house in flint and brick, and that at Tottenhill is of the 
local carstone. 

Substructures are usually of oak. The post at 
Forncett End was from a tree grown in a field adjoining 
the site. Sizes varied from 32 in. square at the base to 
25 in. across at the top at Garboldisham mill, down to 
25 in. square to 14 in. at the top at Topcroft. Crown- 
trees were from 22 in. to 24 in. square. Cast-iron 
samson-heads were favoured. At Tottenhill, the 
is also encased in a cast-iron corset of plates 9 in. deep 
and 20 in. wide and has a large iron collar on the 
crowntree, the whole weighing three-quarters of a ton. 
At Topcroft, instead of the usual collar where the post 
passes through the lowest floor of the buck, there was 
a circular frame which carried two rollers; one bore 
against an iron ring on the post and the other on a 
horizontal track built up off the quarterbars. At 


By far the finest 





Society, held at the Science Museum, London, S.W.7, on 
April 13, 1949. Abridged. 





* For an illustrated description of this model, see 
ENGINEERING, vol, 159, page 157 (1945). 


Galleries at the level of the eaves were to be | K 





Sprowston, there was a ball-bearing collar resembling 
a deep groove thrust-bearing and 52 cast-iron balls, 
2} in. in diameter. Crosstrees, on which the post rests, 
varied from 16 in. by 13 in. deep, at Gissing, to 10 in. 
by 9 in. deep at Topcroft; while quarterbars were 
from 10 in. by 14 in. deep at Catfield to 8 in. square at 
enninghall. 

Fantails were universal, six or eight blades being used, 
and there were about as many mills with fantails on the 
tailpole as there were with fantails on the ladder. 
Final worm-drive to the carriage wheels was the 
rule, but at Gissing it was by bevel to two cart wheels 
5 ft. in diameter. One post mill, long since demolished, 
had twin fantails mounted on the ladder. 

With the exception of Great Snoring, which retained 
two common sails, double-shuttered patent sails turni 
right-handed (or anti-clockwise, viewed from the front) 
were universal. It has been claimed that the post 
mill at Horning was the first to have Cubitt’s patent 
sails, which were 28 ft. by 9 ft. and 72 ft. span, with 
iron shutters. The probability is that they were the 
first patent sails on a post mill. The patent sails at 
Sprowston had an angle of 2 deg. at the top to 27 deg. at 
the heel, and were 63 ft. span and 8 ft. wide. Stocks 
were from 46 ft. to 53 ft. long and 12 in. to 10 in. square 
at the centre, and clamps, when used, were about 22 ft. 
long by 10 in. by 6 in., as at Gissing. 

Shutters were usually wire-framed and 12 in. wide, 
and varied in number from two rows of 18 in. bays of 
two at Catfield, to two rows of 27-in. bays of three at 
Forncett End. When the latter mill was pulled down 
in 1932, the author was able to secure the four sails 
and one sound stock, and presented two sails and the 
stock to Outwood mill, Surrey, and two sails to Herne 
mill, Kent ; all are still in use. A post mill at Feltwell, 
which stood close to the tower mill, had an annular 
sail with eight spokes and 120 vanes. 

triking gear by rack and pinion and chain wheel was 
almost universal; the chain wheel might be outside 
the mill, as at Catfield mill, inside as at Sprowston mill, 
or half in and half out, as at Garboldisham mill. At 
Tottenhill mill, a rocking lever was used, operating 
from inside and with a swinging catch, similar to a 
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NORFOLK CORN MILLS IN 1926 AND 1949. 





Condition in Condition in 
1926. 1949. 


Condition in 
1926. 


Condition in 
1949. 


Condition in 


Name of Mill. 1926 


Name of Mill. Name of Mill. 





TOWER Mitis.—Conid. TOWER MILIs.—Conid. 


Catfield ... Burnham en Staithe Dwelling house Dwelling house | Mattishall . Derelict Stump 


Forncett End 
Garboldisham 
Gissing ... 
Kenninghall 
Ridlington 
Swayfield 

Great Snoring 
Sprowston 
Topcroft 
Tottenhill (Fig. 2) 
Whimpwell Green 
Whissonett 
Woodton 


.-- Derelict 
... Working 
... Derelict 
--- Working 
. Remains 
- Remains 


COMPOSITE MIZLIs. 


Banham (Fig. 3) 
Thornton 


. Working 
- Derelict 


Smock Mirris. 


Bressingham.... 
Claxton (Fig. 9)... 
Lots Bridge 
Mulbarton 


Strumpshaw 

Welney ... 

Winfarthing 

Wymondham, Browich 
Mill 


.-. Derelict 
... Working 
... Stump 

os -.- Derelict 
Salter’s Lode (Fig. oe 


Derelict 


-- Derelict 
- Derelict 


. Working 
Working 


Wymondham, North Mill Working 


(Fig. 11) 


ToweER Miis. 


Aslacton 

Aylsham 
Blackborough End 
Blakeney 7. 
East Braddenham 
Besthope 
Billingford a: sy 
Great Bircham . 
Blofield ... 

Bixley ... 

Old Buckenham (Fig. 7) 
Burgh St. Peter.. 
Burnham Overy 


... Working 
... Shell 
. Derelict 
--- Derelict 
.. Shell 
... Working 
. Working 
-. Working 
--. Derelict 
-. Water tower 


Derelict 


. Working 
- Derelict 





Burston ... 
Carbrook 


Carleton Rode ... 
Cawston, 2 mills 
Little Cressingham 


— -Sea 
Croxton . 
Denver 
Deopham we 
East Dereham ... 


Dilham (near Stalham) 
Dilham (nr. Yarmouth) 
Diss 5 
Ditchingham 7 
Great Dunham ... 
Great Ellinghain 


Feltwell . A 
Great Fransham | 
Gayton (Fig. 12) 


Gooderstone 
Haddiscoe 
Hales 
Halvergate 
Harply 
Hempnall 


Hempton 
Hickling 
Hindolveston 
Hingham 

Holt 

Honing ... 
Honingham 
Horsford 
Ingleborough i. 8) . 
Ingham . ° 
Kenninghall 
Lakenham 
Litcham ... 
Ludhan ... 


. Derelict 
. Working 


.. Working 
.. Derelict 
. Worked by 


engine 


. Dwelling house 
... Derelict 
-.. Working 
.-- Derelict 

. Worked by 


engine 
Derelict 
Working 


. Working 
.. Derelict 
. Worked by 


engine 


..- Derelict 
. Worked by 


engine 


... Derelict 
... Working 
... Derelict 

. Working 


. Corn store 
.. Derelict 
..- Derelict 
... Working 

. Derelict 


. Working 


... Working 
... Working 
... Store 

. Derelict 


Demolished 
Worked by 
engine 
Derelict 
Derelict 
Worked by 
engine 
Dwelling house 
Demolished 
Preserved 
Shell 
Derelict 


Demolished 
Demolished 
Derelict 
Derelict 
Stump 
Derelict 
Derelict 


Store 
Not seen 
Derelict 


Stump 
Derelict 
Derelict 
Derelict 
Demolished 
Woodworking 
shop 
Corn store 
Store 
Derelict 
Stump 
Corn store 
Derelict 
Derelict 
Not seen 
Derelict 
Stump 
Derelict 
Store 
Demolished 
Garage 





Methwold 
Methwold 
Mileham 
Mulbarton 
Mundford 
Neatishead 


Nocton 
Newton Flotman | 


Oxborough 
Palling ... 
Paston ... 
Potter Heigham _ 


Ringstead . 
Rockland St. Peter 
Runhall ... 

East Runton 

East Ruston 
Saham Toney .... 
Stalham Staithe 


Swanton Abbott 
Swanton Morley 
Sedgeford ae 
Scole 

Scoulton 
Shouldham Thorpe 
Long Stratton ... 
Sedgeford 


Stokesby... 

Sutton 

Tharston.. ‘ 
Tivetshall St. Mary 
Thurton . 

Walpole Highway 
West Walton 
Watlington 

West Winch 
Weybourne 

East Wrotham ... 
Wicklewood 


Yaxham 


... Shell 

... Shell 

--.» Derelict 

--- Derelict 

-.. Derelict 
. Working 


... Store 
. Worked by 


engine 


.-. Derelict 
... Working 
... Working 

. Working 


.«- Derelict 
. Derelict 
... Derelict 
... Derelict 
.. Working 
-.- Derelict 
. Working 
... Working 
.. Shell 

. Store 
... Derelict 
... Stump 
... Stump 

. Stump 
.. Working 
... Derelict 
Stoke Ferry (Fig. 10) at 
... Derelict 
... Working 
... Derelict 

. Working 
... Store 

. Working 
... Derelict 

.-. Derelict 

. Derelict 
... Dwelling house 
«.. Derelict 

. Working 

- Derelict 


Working 


Demolished 

Stump 

Shell 

Derelict 

Shell 

Worked by 
engine 

Stump 

Not seen 


Demolished 
Demolished 
Dwelling house 
Worked by 
engine 
Dwelling house 
Demolished 
Shell 
Shell 
Derelict 
Shell 
Demolished 
Shell 
Not seen 
Not seen 
Stump 
Not seen 
Demolished 
Store 
Demolished 
Derelict 
Derelict 
Stump 
Derelict 
Demolished 
Demolished 
Stump 
Derelict 
Store 
Demolished 
Derelict 
Dwelling house 
Shell 
Derelict 


Store 
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Fig. 10. Stroxe Ferry MI. 


brake catch, to hold it with the shutters open if the 
mill was out of use. 

Composite mills are post mills removed from their 
posts and substructure, and mounted on short towers. 
Norfolk possessed two. The smaller, at Thornham, 
on a short tower, was presumably pushed round by a 
tailpole, as there was no rack on the curb. It collapsed, 
but the large mill at Banham still stands on its two- 
storied tower. Both had white-painted bucks and 
balcony porches (Fig. 3). Banham is 15 ft. 6 in. by 
10 ft., and 40 ft. high and was winded with a six-bladed 
fan, driving down to a rack on top of the tower, engaged 
by twin spur pinions on opposite ends of a horizontal 
shaft. Internally, arrangements were the same as 
in @ post mill. 

Windshafte¥were of iron, with the tail journal cast 
separately and bolted on with a flanged coupling. 
The average size was 10 in. in diameter at the Sake 
wheel, tapering to 6 in. in diameter at the tail. Neck 
journals{were from 10 in. in diameter with “‘ swing-pot ” 
self-aligning (bearings. Gissing mill had a wooden 
windshaft 16 in. in diameter with a cast-iron poll-end 











Fie. 11. Norra Mitt, WymMonpHamM. 
to carry the sails. Thornham had an all-wood wind- 
shaft, now in the Bridewell Museum at Norwich, with 
wrought-iron strips let into the journals to form a 
wearing surface. A similar shaft at Great Snoring 
mill broke through at the poll in 1876 when the mill 
was running ; it was replaced by an iron windshaft. 
Brake wheels were all of wood, of clasp-arm construc- 
tion, and were usually hung with folding -wedges on 
squares on the shaft. At Topcroft, flanges, and at 
Garboldisham, horns, were cast on the shaft instead 
of squares. Wood cogs have been replaced by iron 
teeth, cast in segments and bolted on, in some cases. 
At Forncett End and Banham, two rows of cogs were 
provided, the outer to drive the stones and the inner to 
drive the sack hoists and machines. At Banham, this 
arrangement took the place of a single row of wooden 
cogs, and the outer row of iron segments are bolted 
to the extreme edge of the rim of the wheel. The size 
of wheels varied from 7 ft. 8 in. in diameter at Great 
Snoring to 9 ft. 10 in. at Forncett End. Brakes were 
of wood except at Garboldisham, where the brake was 
of iron, and there is an iron brake-lever at Tottenhill 














Fie. 12. Gayton Mm. 


mill. The pitch of the cogs varied from 3 in. to 4 in. 
and the face from 34 in. to 5 in. 

Tailwheels, to drive stones in the rear of the mill, 
were found only in Banham, Catfield and Gissing mills. 
At Gissing, the wheel had been re-cogged in 1886 
and the cogs were still sound 40 years later. Wallowers 
were usually of iron, with the teeth cast solid. Kenning- 
hall mill has an iron mortise wheel (i.e., with wood cogs) 
and Tottenhill mill has a solid wood wallower mounted 
on top of the great spur wheel. Upright shafts, on 
which the wallowers were mounted, were of iron and 
4 in. in diameter. Great spur wheels were of cast iron 
as a rule, but Banham and Forncett End had wooden 
clasp-arm wheels. At Sprowston, the iron wheel was 
cladded on the rim sides and spokes with wood. To it 
was bolted, on the upper side, an iron bevel rim, 
driving a bevel pinion. The shaft on which this pinion 


was mounted passed through a hole in the crown-tree 
and extended to the rear of the mill to drive one pair 
of stones. 

Stone nuts were all of wood, as at Forncett End mill, 
all iron as at Catfield mill, or iron mortise gears, as at 
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Tottenhill mill. The stones at Catfield, Gissing and 
Tottenhill mills were overdrift and the drive was 

i by means of a glut-box which allowed the 
cap of the bearing at the top of the quant to be released 
and the quant to be swung aside out of gear. In the 
case of underdrift stones, the nuts were mounted on a 
taper on the stone spindle and raised up out of gear 
by means of a rack and pinion. 

Two pairs of stones in the breast were the usual 
practice, and both round and octagonal vats were used. 
At Catfield, there were three pairs—one each in the 
breast, tail and roundhouse, the latter being engine 
driven. At Gissing there were, most unusually, one 
pair of 5-ft. diameter overdriven stones in the breast, 
and two pairs of underdriven stones in the tail; and, 
at and Sprowston, there were two pairs in the 
breast and one in the tail, all underdriven. No hoppers 
were used at Forncett End, the grain being fed to the 
shoes direct from an extension of the bins below to 
floor level. This mill once ground and dressed 99 sac 
of flour with ag 8 ope of stones in six working days. 
At Gissing, the alarm was mounted on a pivoted 
lever and operated by the wallower cogs. At Sprowston, 
the bells were operated by the damsels. A wooden 
crane to lift the runner stones is provided at Tottenhill. 
This is unusual in a post mill, where the lifting is usually 
done by wind power with a rope round the windshaft. 
A 4-ft. stone would weigh over a ton when new. 

Governors to te the distance between the 
stones, were usually driven by belt from the stone 
spindle and were of the normal type. At Great 
Snoring mill, however, trailing governors were used, 


and at Tottenhill, lag-type governors. At this, as well | 


as at Kenninghall and Sprowston mills, the governors 
were driven from the upright shaft. Those at Tottenhill 
controlled two pairs of stones. The most usual form 
of sack-hoist drive was by spur pinion, e ing with 
the inside of the brake-wheel cogs and then drivi 
upwards by a slack belt to the chaindrum. At Catfield 
mill, a double slack-chain drive was used; at Gissing 
mill, the drive was taken from the tail wheel, and then 
by a single slack chain ; while, at Sprowston mill, the 
final drive was by cone clutch. At Garboldisham and 
Kenninghall mills, the drive was by slack belt from a 
pulley in front of the windshaft, in the Suffolk manner. 

Bolters and wire machines were both found, the most 
usual drive being by skew gear from the brake wheel 
and then back by belt to the machine, across the tail 
of the mill, as in Suffolk. However, the bolters in 
Sprowston and Forncett End mills were driven from the 
sack-hoist drive and, at the latter mill, a bolter and 
wire machine faced each other on either side of the taii 
of the mill just below the ceiling of the first floor. 
The Sprowston bolter, a standard model, had a six-bar 
reel and six beater bars. A chute from the hopper 
above had a shaking action by a four-part cam on the 
bolter shaft. The meal supply was regulated by a 
metal slide on the hopper, controlled by a two-ball 
governor through a quarter-twist belt from a pulley 
on the bolter shaft. 

The crowntree at Tottenhill mill is inscribed 


Joun Birp 1823. 
R. Horme 1816. 


Gissing mill bore the date “ W. P. 1778.” 
mill bore a beautifully carved inscription 


Bourut ror Joun ByGrove MILLER 1770 
By Joun Bowen Mri Wricut c 


This mill was demolished in 1937. Sprowston mill 
was built in 1780 at the cost of 2,000/., and was burned 
down in 1932. The post-mill portion of Banham mill 
was hauled from Hingham to the present site by ten 
horses. It was to have been built on top of the slope, 
but the wheels of the drag became embedded in the 
ground, so the mill was removed and the tower built 
on the spot. 


(To be continued.) 





AIRCRAFT - ENGINEERING APPRENTICESHIPS. — The 
Society of British Aircraft Constructors announce that 
their 1949 educational grants, covering apprenticeships 
with the principal aircraft-engineering companies of the 
United Kingdom, have been awarded to Mr. R. E. Catter- 
well, of Lydd, near Ashford, Kent; Mr. A. D. England, 
of Hamble, Hampshire; Mr. N. L. Filleul, of Southamp- 
ton; Mr. D. L. Hawkes, of Papworth Everard, Cam- 
bridgeshire ; Mr. Peter Arthur, of Halifax; and Mr. 
W. E. Stanbridge, of Westway, London, W.12. Messrs. 
Catterwell and Filleul will be trained by Vickers-Arm- 
strongs Limited ; Messrs. Hawkes and Stanbridge by the 
de Havilland Aircraft Company, Limited; Mr. England 
by Folland Aircraft, Limited, Hamble; and Mr. Arthur 
by A. V. Roe and Company, Limited. Although the 
grants are made by the Society of British Aircraft Con- 
structors, administration is in the hands of the Royal 
Aeronautical Society, who interview candidates and 
make the final selections. 


Catfield , 
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NOTES ON NEW BOOKS. 

Locomotive Practice and Performance in the Twentieth 

Century. By Cxcm J. ALLEN. Messrs. W. Heffer 

and Sons, Limited, Cambridge. [Price 21s. net.] 
THERE are many books written for locomotive engineers, 
and many, too, for interested laymen (who are probably 
more numerous), but there are few which are likely to 
appeal to both classes of reader. Mr. Cecil J. Allen’s 
book is one of these ; in fact, anyone who is genuinely 
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out in a form which confidently invites critical study, 
and the reader is bed Wy logical steps from the basic 
assumptions to the results, which are then com. 
pared with the experiments. Methods for applying the 
results to practical design are given, with numerical 
examples. The illustrations are clear and the English 
is unimpeachable. While the report is not on sale to 
the general public, we understand from the Ro 

Institute of Technology that copies can be supplied to 
those professionally interested, at the price of 10 Swed. 

ne. 





interested in locomotives, whether he is a professional | ish kro! 


or an “ enthusiast,” will enjoy reading it. It is true 
that most of the logs of notable runs originally appeared 
in The Railway Magazine, but in this volume the author 
reviews the past fifty years and every event of import- 
ance is seen in perspective. To the chapters dealing 
specifically with ormance, he has added others, of a 
“popular” character, on locomotive design and 
building, locomotives in service—under test, at the 
shed and on the road—and two introductory chapters 
on developments in design during the half century. 
Some notable performances in France and Germany, 
the United States and Canada, are recalled, and the 
“rivals of steam ” (electric and Diesel-electric traction) 
are accorded chapters which do credit to an author 
whose natural interest is in steam locomotives. There 
is also a chapter on “ the art of train timing,” and 
an appendix giving the ient profiles of the main 
lines of this country. e book is well illustrated 
with a few line and perspective drawings and numerous 
reproductions of excellent photographs. 


British Intellig Objecti: Sub-Committee Overall 
Report No. 16. The Railways of Germany During 
the Period 1939-1945. By H. Hotcrorr. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
3s. net.] 


Tuts overall report, an illustrated booklet of about 
70 , is a summary of certain field team reports, 
some, but not all, of which have been published. The 
field team reports related to specifically railway sub- 
jects and to subjects of railway interest. Being a 
summary, the gist of every important development 
on the Reichsbahn during the war is presented suc- 
cinctly, without the elaboration of the field team 
reports. It is therefore impracticable, in a short notice, 
to give examples of the many developments reported, 
but an indication of the scope of the report may be 
given. The author reviews track construction ; steel, 
wood and concrete sleepers, and concrete sleeper 
blocks ; track maintenance and renewal; permanent- 
way shops; bridges, stations, locomotive depots and 
other structures ; the painting of structural steelwork ; 
soil mechanics (including electrosmosis); piles; tun- 
nels; signalling; telecommunications; suburban 
railways; locomotives; and coaching and freight 
rolling stock. The review undertaken by the author 
“corrects any impression which may have been held 
pre-war that the Nazi Government tended to neglect 
the railways in order to develop super-highways 
(Reichsautobahnen).” Nevertheless, regarding tech- 
nical development in general, the railways “ have done 
no more than attempt to keep abreast with the times. 

. . The.Reichsbahn was found to be a very efficient 
system of high capacity, but its practices were conven- 
tional. Such improved meth of construction as 
were developed during the war were largely influenced 
by the necessity of using a high proportion of unskilled 
labour.” 





Behaviour of Buckled Rectangular Plates Under the 
Action of Shearing Forces. By Srmn G. A. Brroman. 
Institution of Structural Engineering and Bridge 
ta ing Royal Institute of Technology, Stockholm, 

jweden. 


Tuts report constitutes what might be termed the 
“mathematical underpinning” for the experimental 
work reported by Professor Georg Westlund and Mr. 
Sten G. A. Bergman in 1947 and reviewed on page 387 
of our 164th volume (1947). In the previous report it 
was shown that the “linear” theory of plates is 
inadequate to describe the behaviour of web-plates in 
girders, which were demonstrated by experiment to be 
capable of withstanding considerably higher loads than 
those predicted by the simple theory. In the present 

, the buckling of plates in shear, in deep I girders, 
is dealt with theoretically on the basis of the non-linear 
theory of plates, both for initially plane conditions and 
for plates which are initially buc and solutions are 
derived for some important special cases, such as square 
and infinitely long plates with varying boundary con- 
ditions. The theory is shown to give good agreement 
with the experimental and, in view of the 
logical basis provided by the theory, it is concluded that 
further reductions, of about 10 to 20 per cent., are 
justified, in addition to the reductions recommended in 
the previous report. The mathematical treatment, 
though beyond,most practical engincers, is lucidly set 








CATALOGUES. 


Self-Contained Gyro-Compass.—A folder issued by the 
Sperry Gyroscope Company, Limited, Brentford, gives 
brief particulars of the Sperry Minor gyro compass, 
which has been developed to meet the need for a compact 
and self-contained unit which may be mounted in the 
wheelhouse of small vessels. The folder is being issued in 
several languages. 

Diesel Tractor.—Messrs. Turner Manufacturing Com- 
pany, Limited, Wulfruna Works, Villiers-street, Wolver- 
hampton, have issued a leaflet which gives brief details 
of their new tractor. This is driven by the Turner 
4-cylinder V-type Diesel engine which develops 40 brake 
horse-power at 1,500 r.p.m. The tractor was exhibited 
at the Royal Agricultural Show held recently at Shrews- 
bury, and was described on page 77, ante. 

Ventilation.—Two enclosed-type electric fans for 
direct mounting in walls or windows are the subject of 
a@ new leafiet sent to us by Messrs. Keith Blackman, 
Limited, Mill Mead-road, London, N.17. These fans, 
which have diameters of 6 in. and 9 in., displace 10,500 
and 18,500 cub. ft. of air per hour, respectively. They are 
constructed of aluminium throughout and operate on a 
200 to 250-volt alternating-current mains supply. 

Self-Priming Pumps.—Portable self-priming centri- 
fugal pumps are described in a series of leafiets issyed by 
Auto Diesels, Limited, Uxbridge, Middlesex. Models are 
available for the delivery of 4,000 to 24,000 gallons of 
water per hour, and the open type of impeller which is 
used in all pumps can handle up to 25 per cent. solid 
matter. The standard units are supplied with Diesel 
engines, but electric-motor or belt drive can be fitted if 
required. 

Multi-Purpose Diesel Engines.—The R.P.L. series of 
Diesel engines, manufactured by Messrs. Davey- Paxman 
and Company, Limited, Colchester, is described and 
illustrated in a folder recently issued by the firm. A high 
degree of interchangeability has been ensured by using 
@ common bore and stroke in all models. The range 
includes engines of both cast-iron and welded-steel con- 
struction, which are intended for industrial, marine and 
traction duties. 

Initial Lubrication of Equipment.—Messrs. Acheson 
Colloids, Limited, 9, Gayfere-street, London, S.W.1, 
have issued a folder which deals with the use of colloidal 
graphite for the lubrication of engines, gears and other 
mechanical equipment during assembly and the period of 
running-in. The lubricating film of graphite may be 
formed on the rubbing surfaces either before or after 
assembly and techniques suitable for this purpose are 
described in the folder. 

Miniature Crucible Furnace.—Particulars of their 
miniature crucible furnace, fired by a self-contained 
paraffin burner, are contained in a leaflet issued by the 
Morgan Crucible Company, Limited, Battersea Works, 
Battersea Church-road, London, 8.W.11. The furnace, 
which is designed to melt rapidly all the common non- 
ferrous metals, is intended for foundry and laboratory 
test melts, technical schools, engineering societies and 
clubs, and also for use in the field. . 

Metallurgical Furnaces.—Messrs. Birlec Limited, Ty- 
burn-road, Erdington, Birmingham, 24, have issued four 
publications of interest to engineers. Of these No. 44 
refers to salt-bath furnaces for quenching, tempering and 
other purposes ; No. 55, describes the firm’s Lectromelt 
are furnaces for metal melting ; No. 72 relates to white- 
heart malleable-iron annealing furnaces, in which 4 
gaseous process is employed, and No. 73 concerns mesh- 
belt conveyor heat-treatment furnaces. 

Industrial Diesel Engines.—We have received from 
Messrs. Sentinel (Shrewsbury), Limited, Shrewsbury, 
two illustrated brochures which give details of some of 
their Diesel engines. The first brochure refers to the two- 
cylinder Sentinel-Ganz engine which has an output of 
26 brake horse-power, while the secoud describes the 
four- and six-cylinder engines with outputs of 90 and 
135 brake horse-power, respectively. The latter are 
fitted with the standard C.A.V. injection system. 





“ ALLOY STEEIS”’: ERRATUM.—We regret that in our 
reference to the book on Alloy Steels by Mr. J. Winning, 
in “‘ Notes on New Books,” on page 168, ante, the word 
“‘ manoeuvrability ” (of steel) appears. This, of course, 
is a misprint for ‘‘ machinability ’’. 
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ENGINEERING AND 





MARINE 
AT OLYMPIA, 


EXHIBITION 


INCORPORATING THE WELDING EXHIBITION. 


A review of the exhibits at the 16th Engineering 
and Marine Exhibition suggests that most engineer- 
ing firms, after developing new designs during the 
immediate post-war period, are now concentrating 
on production. The series of articles in ENGINEER- 
na, of which this is the first, will therefore describe 
machines and tools which are representative of 
present-day practice. 

The exhibition was opened yesterday, Thursday, 
August 25, and will remain open on each week-day 
from 11 a.m. to 9 p.m. until Saturday, September 10. 


Rt. Hon. Sir John Anderson, G.C.B., F.R.S., M.P., 
and the exhibition has the ‘‘ patronage and active 
support of the British Engineers’ Association, 
the Society of Motor Manufacturers and Traders, 
Limited (Marine Section), the British Electrical and 
Allied Manufacturers’ Association, the Institute of 
Welding, and the British Acetylene Association.” 
The organisers are Messrs. F. W. Bridges and 
Sons, Limited, Grand Buildings, Trafalgar-square, 
London, W.C.2. They state that the theme of this 





year’s exhibition is ‘‘ production efficiency is the 
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50-K VA Diese, ALTERNATOR SET; Messrs. JoHn I. THORNYCROFT AND CoMPANY, LIMITED. 
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Fic. 6. 300 B.H.P. Stx-CyLinperR Martine DieseL Enarne; Messrs. CrossLEy Brotuers, Limirep. 


Its full title is the 16th Engineering and Marine 
Exhibition, incorporating the Welding Exhibition, 
and we pro to describe the notable welding 
exhibits in a Jater article. The exhibition has been 
held biennially since 1906, except for the war 
periods, and that held in 1947 was the first since 
1937. All the halls at Olympia, London, are occu- 
pied, and the space available is 25 per cent. greater 
than in 1947. Over 500 firms are exhibiting, and the 
organisers claim that the exhibition is the greatest 
periodical display of engineering capital goods and 
equipment which is organised in the world to-day. 
The Honorary President of the exhibition is the 





road to national recovery,” and, with this in mind, 
they have organised a scheme whereby parties of 
employees from factories and offices will be admitted 
to the exhibition free. By this means they hope to 
stimulate the interest of individual workers in the 
finished products, and give them an opportunity of 
comparing their own work with that of other firms. 

There is little doubt that the Diesel engine con- 
tinues to gain in popularity, and for some time now 
there has been an increasing demand for this type 
of engine from both marine and industrial users. 
As @ consequence, many exhibitors are showing 
engines of this type and it may be appropriate, 





therefore, to commence our report of the exhibition 
by describing some of these. 

Messrs. H. Widdop and Company, Limited, 
Greengate, Keighley, have several single- and 
multi-cylinder Diesel engines on exhibition at 
Olympia, one of these being their type EMB4 
which has a maximum output of 200 brake horse- 
power at a speed of 400 r.p.m. It is illustrated in 
Fig. 1, on Plate I, which accompanies this issue, 
and is a four-cylinder two-stroke unit with a 
solid fuel-injection system and a mechanically- 
driven blower. The water-cooled cylinders are 
constructed as separate units and each has a bore 
of 8} in. and a stroke of 13} in. ; the cylinder heads 
are separately-detachable and completely water- 
cooled. The box-section crankcase is provided 
with doors through which the main and crankpin 
bearings may be inspected, and is mounted on a 
cast baseplate, which carries the main bearings 
and the ball thrust-bearing. The camshaft is 
carried in ball and roller bearings and is chain- 
driven from the engine crankshaft. The engine 
bearings are lubricated with oil which is delivered 
under pressure by positive-action plunger pumps, 
and the cylinders and pistons are lubricated by 
a mechanical sight-feed lubricator. Plunger-type 
cooling-water and bilge pumps are driven at half 
the engine speed thrdugh reduction gearing and the 
bilge pump can be connected to the cooling system 
for use in emergencies. Compressed air is used for 
starting the engine from cold, and is supplied from 
storage cylinders, which are charged by @ com- 
pressor on the engine ; a centrifugal-type governor 
controls the speed. The engine is of the direct- 
Teversing type and is suitable for working on any 
standard Diesel-engine fuel. 

The two principal exhibits on the stand of Messrs. 
A.E.C. Limited, Southall, Middlesex, are a ship’s 
auxiliary Diese] generating set and a stationary oil 
engine coupled to a wire-line coring reel, used in 
oil-well drillings. The auxiliary generating set is 
illustrated in Fig. 2, on Plate I. The engine is an 
A.E.C. indirect-injection Comet Mark IIT six-cylin- 
der unit having a capacity of 9-65 litres and de- 
veloping 100 brake horse-power at 1,500 r.p.m., 
this being the maximum continuous rating. The 
crankcase is cast in two parts, the lower portion of 
which forms the sump while the upper half sup- 
ports the seven main-bearing housings. The 
cylinder block is a single iron casting, the cylinder 
bores being fitted with dry-type cast-iron liners ; 
it is held to the crankcase by extended studs, 
which also pass through the main bearing caps. 
Two identical and interchangeable cylinder heads 
are fitted, each of which covers three cylinder 
bores. The A.E.C.-Ricardo Comet Mark III com- 
bustion chambers, the valve gear, injectors and 
heater plugs are fitted to the heads, the valve gear 
being enclosed by cast-iron removable covers. 
The valves are operated by push rods and rocking 
levers in the usual way, the camshaft being driven 
by helical timing gears, situated at the forward end 
of the engine. The big-end bearings and the bottom 
halves of the main bearings are of the steel-backed 
lead-bronze type but the top halves of the main 
bearings are lined with whitemetal. The pistons 
are of aluminium alloy, each being fitted with three 
compression rings and one oil-control ring. The 
engine is fresh-water cooled on the closed system, 
the water being circulated through the engine by 
two centrifugal pumps; the temperature is con- 
trolled by a thermostat, which regulates the 
amount of water passing through the heat exchanger. 
Lubrication is on the wet-sump principle, the oil 
being fed under pressure to the main and big-end 
bearings and the timing gear by a submerged gear- 
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type pump. A further pump draws the oil from 
the sump and circulates it through an external oil 
filter and a multi-tube oil-cooler supplied with sea 
water. The engine shown in the illustration is 
coupled directly to a B.T.-H. 40-kW 115-volt direct- 
current marine-type generator designed to operate 
at 1,000 r.p.m.; the engine and generator are fitted 
to a common bedplate of fabricated steel construc- 
tion, as will be clear from Fig. 2. 

Several paraffin and Diesel marine engines are 
displayed on the stand of Messrs. Morris Motors, 
Limited, Cowley, Oxfordshire, the most interesting 
being the new six-cylinder four-stroke marine 
Diesel engine manufactured under Saurer licence. 
This unit, which is illustrated in Fig. 4, on Plate I, 
is of the direct-injection type and develops approxi- 
mately 46 brake horse-power at its usual running 
speed of 1,500 r.p.m., and 60 brake horse-power at 
the maximum speed of 2,000 r.p.m. The engine 
is equipped for marine use and is fitted with a 
closed fresh-water cooling system and a _ heat 
exchanger cooled by sea water; an oil cooler 
is also incorporated in this system. Diesel oil is 
delivered by a C.A.V. fuel-injection pump to Saurer 
injectors in the cylinder heads and injected into 
cavities in the crowns of the aluminium-alloy 
pistons. The bore and stroke are 85 mm. and 
125 mm., respectively. Each piston is fitted with 
four compression and two scraper rings, and is held 
to an H-section connecting rod by a fully-floating 
case-hardened steel gudgeon pin. The big-end 
bearings are lead-bronze lined, while the small 
ends are fitted with phosphor-bronze bushes. The 
aluminium-alloy cylinder block is cast as a single 
unit and is fitted with detachable liners of centri- 
fugally-cast iron; the cylinder head is also a 
one-piece chromium-alloy iron casting. The alloy- 
steel crankshaft runs in seven lead-bronze lined 
main bearings, which, together with the crankpins 
and rockers, are lubricated by means of a submerged 
gear-type oil pump. A triplex roller chain drives 
the fuel-injection pump and the overhead camshaft, 
the latter running in five plain bearings and one ball 
bearing at the front end. The hardened cams run 
partly submerged in an oil bath and operate the 
silicon-chrome steel valves through hollow chilled 
cast-iron tappets, steel push rods and rockers. 
The engine is designed for hand starting through a 
two-to-one reduction chain drive at the rear end, 
and is provided with reduction and reversing gears 
for driving the propeller, the thrust from which 
is taken by a large ball race at the rear of the 
reduction gearcase. 

Messrs. John I. Thornycroft and Company, 
Limited, Thornycroft House, Smith-square, Lon- 
don, S.W.1, are showing their RTR/4 direct-injection 
marine engine and their NR/6 Diesel-driven alter- 
nator set. The RTR/4 engine is used extensively for 
propelling ship’s lifeboats ; it is a four-cylinder unit 
having a bore and stroke of 3§ in. and 4} in., respec- 
tively, and developing 30 brake horse-power at 
1,750 r.p.m. Although it can be started by hand, 
an electric starter is fitted, together with two 
dynamos, one for charging the starter-motor bat- 
teries and the other for providing current for the 
lifeboat’s wireless set and searchlight. The NR/6 
alternator set is illustrated in Fig. 5, on page 193. 
The engine is a six-cylinder direct-injection unit 
having a bore and stroke of 44 in. and 6 in., respec- 
tively, and a continuous output of 68 brake horse- 
power at 1,500 r.p.m. The engine is of straight- 
forward design; it is fitted with overhead valves 
operated through push rods and rocking levers and 
fitted to detachable cylinder heads, one head for 
each three cylinder bores. It is water cooled, a 
radiator, fan and centrifugal pump forming integral 
parts of the unit. A fuel tank is supplied also, 
together with a semi-rotary pump for filling the 
tank from barrels or drums. The alternator is a 
G.E.C. Witton frame machine having a rotating 
armature which runs in ball and roller bearings. An 
exciter is mounted directly above the alternator 
and is driven through V-belts. The alternator is a 
415-volt three-phase 50-cycle machine designed to 
run at 1,500 r.p.m. and having a continuous output 
of 40 kW at a power factor of 0-8. An Isenthal 
MS type automatic voltage regulater is coupled 
directly to the exciter shaft ; the regulator is of the 
vibrator-contact pattern and maintains the voltage 





constant to within +1-5 per cent. from full load 
to no load, assuming normal speed variation. The 
complete plant is mounted on a bedplate constructed 
from rolled-steel channels, the overall dimensions 
being: length, 9 ft. 4in.; width, 2 ft. 9in.; and 
height, 4 ft. 11 in. The weight is approximately 
24 tons. 

This year the exhibits of Messrs. Crossley Brothers 
Limited, Manchester, are being shown on two 
stands, the first of which is displaying a selection of 
their marine and locomotive engines, while the other 
has a small cinema and a sectioned model of their 
12-cylinder V-type engine. All the engines exhi- 
bited are of the two-cycle type, but Messrs. Crossley 
Brothers also manufacture a large range of four- 
cycle engines. The engines exhibited have three 
sizes of cylinder bores, namely, 7 in., 104 in., and 
14} in., the output of the largest engine, an eight- 
cylinder unit, being 1,500 brake horse-power. One 
of the marine engines being shown, the ERL 6, is 
illustrated in Fig. 6, on page 193; it has a cylinder 
bore of 7 in. and a stroke of 9 in., and is capable of 
developing up to 300 brake horse-power at a speed 
of 750 r.p.m. Like the other engines on their stand, 
it is arranged to operate on the Crossley exhaust- 
pulse pressure-charging system. In this system, the 
sudden release of the exhaust gases from one 
cylinder, and the consequent rise of pressure in 
the exhaust manifold, is used to prevent the escape 
of fresh air from the exhaust ports of another 
cylinder. At the same time, the pressure of the 
exhaust gases, by acting through the exhaust ports 
of the cylinder being filled with air, imparts a degree 
of supercharge, and pressures as high as 12 Ib. per 
square inch have been recorded before the com- 
pression stroke has commenced. The design of 
the engine is simple and straightforward, special 
attention having been paid to accessibility. The 
cylinder block and crankcase form a single casting, 
the cylinder bores being provided with renewable 
liners. The scavenge pump, which is of the tandem- 
piston reciprocating type, is situated at the forward 
end of the engine and is driven by a separate crank- 
shaft bolted to the main crankshaft through a 
flanged coupling. The engine is started and reversed 
by compressed air, the air for this service being 
provided by a compressor built into the engine and 
operated from the crankshaft. The output varies, 
of course, with the speed, but at 450 r.p.m. the 
engine develops 180 brake horse-power, the maxi- 
mum output, as previously mentioned, being 300 
brake horse-power at 750 r.p.m. The length of 
the engine, measured to the face of the coupling, 
is 11 ft. 8 in., the width over the bearers 3 ft. 1 in., 
and the height 4 ft. 8 in. It is suitable either for 
driving the propeller directly, with the engine 
running at 450 r.p.m. to 500 r.p.m., or at 600 r.p.m. 
to 750 r.p.m. when driving through reduction gearing. 

The English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, are exhibiting 
a dual-fuel engine, of which a brief description 
follows, an auxiliary generating set for marine use, 
a Diesel engine for oil-well drilling rigs, and a rail- 
traction Diesel engine. They also have a stand in 
the Welding Exhibition. The dual-fuel engine, 
which is illustrated in Fig. 7, opposite, is the 
smallest of a range of six engines of this type. It 
has three cylinders and a British Standard rating of 
165 brake horse-power. The other engines in the 
range have four, five, six, seven and eight cylinders ; 
the eight-cylinder engine develops 440 brake horse- 
power. When using town gas, sewage gas or natural 
gas, with calorific values of 450, 650 and 1,100 
B.Th.Us. per cubic foot, respectively, the power of 
each engine is the same as that when the engine is 
run wholly on Diesel oil. When using producer gas, 
with a calorific value of 120 to 140 B.Th.Us. per 
cubic foot, the output is reduced by 10 per cent. 
The engines are generaily similar to the English 
Electric type RK engines, and are denoted by the 
addition of a suffix P for use with producer gas, 
and by a suffix D for town-gas, sewage-gas or 
natural-gas operation. They have cylinders of 
10-in. bore, with a stroke of 12 in. ; they are natur- 
ally aspirated and run at 600 r.p.m. 

For dual-fuel operation, the normal fuel-injection 
equipment is used to provide a pilot injection of 
liquid fuel to ignite the gas. Gas-admission valves 
are fitted to the cylinder heads and are connected 





to the engine governor. The gear is easily accessible 
and adjustable, and is arranged so that close govern. 
ing is possible with either oil or gas-and-oil opera. 
tion. The compression ratio is the same as that of 
the standard Diesel engine, as also are the brake 
mean effective pressure, and the exhaust, oii and 
water temperatures. The quantity of fuel ojl 
required for pilot injection is equivalent to approxi- 
mately 5 to 10 per cent. of the calorific value of the 
gas consumed, and the average combined fue! con. 
sumption at full load is about 7,200 B.Th.Us. per 
brake horse-power per hour. The engine is started 
on Diesel fuel, and can be changed over, while 
running, to dual-fuel operation. It is also possible 
to vary the amount of fuel required for pilot ignition 
while the engine is running. This system of using 
Diesel fuel for pilot ignition enables a more efficient 
use to be made of the gas, owing to the fact that the 
engine has a high compression ratio. In addition, 
it obviates the laborious changing of the compression 
ratio and the substitution of ignition apparatus for 
injection equipment, both of which would be neces. 
sary if the Diesel engine had to be converted to a 
gas engine. 

Messrs. W. H. Allen, Sons and Company, Limited, 
Bedford, are exhibiting a selection of independent 
and combined units which represent their range of 
steam turbines, steam engines, Diesel engines, 
pumps, generators, alternators, motors and control 
gear. Among these are a 750-kW marine auxiliary 
turbo-generator, a 180-kW Diesel-engine generating 
set, and a 550-h.p. motor-driven circulating-water 
pump. The 180-kW Diesel engine generating set 
exhibited is illustrated in Fig. 3, on Plate I, and 
comprises a six-cylinder Diesel engine which de- 
velops 266 brake horse-power at 600 r.p.m., and 
a 110-volt direct-current generator. It is typical 
of the smaller four-stroke marine auxiliary gener- 
ating sets manufactured by the firm, whose range 
of Diesel generators is completed by a larger four- 
stroke engine and a smaller two-stroke design. All 
three types of engine are vertical, with solid- 
injection fuel systems, and employ direct combus- 
tion. They are arranged for cold starting on com- 
pressed air. In the engine exhibited, the cylinder 
block and engine bedplate are a single C-shaped 
casting, this being an arrangement which gives 
easy access to the crankshaft. Dry-sump lubri- 
cation is provided by a gear pump driven directly 
from the engine and divided into two sections, one 
for supplying oil and the other for scavenging. 
Extra items, such as an additional self-priming 
cooling-water pump, a fuel transfer pump and 
various protective devices, may be incorporated 
readily, provision being made for their attacnment. 
The generator is a standard compound-wound 
machine and is mounted on a fabricated baseplate 
together with the engine. 

The largest exhibit on Messrs. Allens’ stand is 
the 750-kW geared turbo-generator, which is com 
plete with auxiliary equipment and designed for 
marine use. It is illustrated in Fig. 8, on the 
opposite page, and comprises a multi-stage impulse- 
type turbine, which has a two-stage velocity- 
compounded wheel and seven pressure-compounded 
wheels, driving a compound-wound 220-volt direct- 
current generator through single-reduction double- 
helical gearing. The turbine runs at a speed of 
7,000 r.p.m., and the generator at 900 r.p.m. 
The turbine is designed for use with steam at 
@ pressure of 400 Ib. per square inch, superheated 
to 700 deg. F., but may be operated also with 
steam at 450 Ib. per square inch and 750 deg. F. 
The turbine is mounted on the surface condenser, 
which has an area of 825 sq. ft. and is designed to 
give a vacuum of 27} in. of mercury with a seawater 
temperature of 80 deg. F. A single suction-type 
condensate-extraction pump is fitted, and is driven 
from the turbine through gearing and a flexible 
vertical drive which compensates for unequal 
expansion between the turbine and the condenser. 
Air is removed by a two-stage steam-jet ejector 
with surface-type inter-cooling and after-cooling ; 
the tubes are in the form of a U and the necessity 
for a floating header is thus dispensed with. A 
separate vertical motor-driven pump is employed to 
deliver circulating water at a rate of 1,065 gallons 
per minute against a total head of 20 ft., and is 
driven by a 93-h.p. direct-current motor at a speed 
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750-KW TuRBO-GENERATOR ; 


of 760 r.p.m. The direct-current marine-type gener- 
ator, which is designed for parallel operation, is of 
the compound-wound type and mounted on the main 
fabricated baseplate. The frame and bearings are 
split to facilitate erection and dismantling, and 
lubrication of the bearing which supports the arma- 
ture shaft is provided from the turbine oiling 
system. The bearing pedestal is insulated from the 
baseplate in order to prevent the occurrence of 
circulating currents due to stray magnetic fields. 
Several pumping units are shown by the same 
firm, and notable among these is a vertical motor- 
driven circulating-water pump which is one of 
five such units being installed in the new West Ham 
power station of the British Electricity Authority. 
It is illustrated in Fig. 9, on this page. Each of 
these pumps is designed to deliver 23,700 gallons 
per minute against a head of 61 ft., and is driven 


165-B.H.P. Dvat-Fur.t INTERNAL-COMBUSTION ENGINE; 
ENnGLisH Extectric Company, LIMITED. 








EXHIBITION, 




















Fie. 9. 





Messrs. W. H. ALuen, Sons anpD Company, LIMITED. 


directly by a 550-h.p. squirrel-cage motor, running 
at 589 r.p.m.; three-phase current is supplied at 
3,000 volts and 50 cycles per second. The pump has 
suction and discharge branches, 39 in. in diameter, 
and is of the double-suction type with a cast-iron 
casing, a ‘‘ Staybrite ’ steel impeller, and a nickel- 
steel shaft, which is fitted with renewable ‘ Stay- 
brite ’’ steel sleeves. The shaft rotates in grease- 
lubricated sleeve-type bearings, the lower of which 
is located inside the pump casing, while the upper 
bearing is housed in an external bracket. The pump 
and motor shafts are rigidly connected, and the 
entire end thrust due to the rotating parts is carried 
by a Michell-type thrust bearing in the motor. The 
pump casing is split in a plane passing through the 
centre of the shafts, the suction and delivery 
branches being arranged on the fixed section of 
the pump. This enables inspection of the pump to 








550-H.P. Motor-Driven Pump; Messrs. W. H. ALLEN, 
Sons anD Company, Limrrep. 


be carried out without disturbance of the pipe 
joints. 

Messrs. Ruston and Hornsby, Limited, Lincoln, 
are showing, for the first time, a scale model of their 
new gas turbine, the prototype of which is installed 
in the power-house of the Lincoln works. The 
firm claim that this is the first British gas turbine, 
designed throughout as a prime mover for industry. 
The machine has been developed for genera] purposes 
and has a continuous full-power rating of 1,070 
brake horse-power. It comprises a 13-stage axial- 
flow compressor, which delivers air through a 
contra-flow tubular-type heat exchanger to twin 
combustion chambers. The products of combus- 
tion are led to two separate turbines arranged 
on the same axis, the first of which drives the com- 
pressor while the second forms the power unit from 
which the drive is taken through epicyclic reduction 
gearing, the exhaust gases being led to the heat 
exchanger before escaping to atmosphere. With 
the exception of the frame, each of the main assem- 
blies, such as the compressor, can be dismantled 
without interfering with the rest of the machine. 
Flexible couplings have been fitted in all the gas 
ducts to prevent stresses due to thermal expan- 
sion from being transmitted between the various 
sections ; for the same reason, the heat exchanger, 
which is arranged below the machine, is supported 
so that it can expand freely in any direction. Double- 
helical epicyclic reduction gearing is used, the gover- 
nor and overspeed safety device for the power 
turbine forming an integral part of the reduction 
unit. The safety controls are operated by a hydrau- 
lic system supplied from the main lubricating-oil 
pump and provision is made for protection against 
overspeed of the compressor-turbine rotor, over- 
speed of the power turbine and failure of the 
lubricating system. 

The other exhibits on the stand of Messrs. Ruston 
and Hornsby include a new 100-brake horse-power 
narrow-gauge Diesel locomotive. This is illustrated 
in Fig. 10, on page 196, from which it will be seen 
that it is a six-coupled engine of straightforward 
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design. The power unit consists of a Ruston Mark 6 
VRHL six-cylinder four-cycle oil engine developing 
100 brake horse-power at 1,500 r.p.m. The bedplate 
and crankshaft housing are in the form of a single 
iron casting which is fitted with renewable wet 
cylinder liners and separate cylinder heads. The 
crankshaft and connecting rods are machined from 
steel forgings, the former being supported in white- 
metal-lined bearings fitted to the bedplate. With 
the exception of the piston and gudgeon pin, all 
moving parts are supplied with oil under pressure. 
The drive is transmitted from the engine to the 
gearbox through a scoop-controlled fluid coupling, 
which gives a smooth take-up of the drive and 
eliminates the need for a main friction clutch. 
The gearbox is an 8.8.8. Powerflow unit, giving three 
speeds in both directions of travel. Changes of 
speed are effected through a single lever, the S.S.S. 
clutches ensuring synchronous engagement of the 
gears. As will be seen from the illustration, the 
motion is transmitted to the driving wheel through a 
jackshaft, fly-cranks and coupling rods in the 
usual manner, the jackshaft being located at the 
rear of the locomotive. The front is of welded-steel 
construction. The wheels have cast centres with 
shrunk-on steel tyres and are pressed on and keyed 
to the axles. The axleboxes are of cast iron and 
are fitted with phosphor-bronze bearings having 
cast-iron keeps, the weight of the locomotive being 
transferred to the axleboxes through laminated 
springs in the usual manner. Westinghouse air- 
brake equipment is arranged for operation on all 
the wheels and a hand-operated screw brake is also 
provided. The cab is totally enclosed and the con- 
trols are arranged so that the locomotive can be 
driven with equal facility from either side of the 
cab, the gear-changing lever and brake control being 
duplicated for this purpose. 

The locomotive has an overall length of just over 
14 ft., an overall width of 5 ft. 8 in., and a height 
to the top of the cab, of 9 ft. 3} in. It can be sup- 
plied in gauges ranging by increments of 6 in. 
between the limits of 2 ft. and 3 ft. 6 in. An 
idea of the performance of the locomotive can be 
gained from the following figures, which were sup- 
plied by the manufacturers. The speeds in first, 


second and third gear are 4 miles an hour, 7} miles | 


an hour, and 12} miles an hour, respectively, while 
the corresponding maximum drawbar pulls are 7,550 
Ib., 3,975 Ib., and 2,275 Ib. Assuming a starting 
resistance of 20 lb. per ton and a rolling resistance of 
15 lb. per ton, the locomotive can haul, on the level, 
a load of 377 tons in first gear, 265 tons in second 
gear, and 152 tons in top gear, and when ascending 
@ gradient of 1 in 75, 142 tons, 78 tons and 40 tons 
can be hauled in first, second and top gears, respec- 
tively. 

a John Fowler and Company (Leeds), 
Limited, Hunslet, Leeds, also are exhibiting a new 
Diesel locomotive which is illustrated in Fig. 11, on 
this page, where it is shown operating in one of 
the generating stations of the British Electricity 
Authority. Two types are manufactured, namely, 
a 80 brake horse-power and a 150 brake horse- 
power model, that illustrated being of the latter 
type. The locomotive is fitted with a McLaren 
four-stroke, six-cylinder vertical Diesel engine 
developing a maximum of 150 brake horse-power 
at 1,000 r.p.m. The drive is transmitted from 
the engine to the gearbox through a spring-loaded 
dry-plate clutch actuated by a compressed-air 
cylinder. 'The gearbox is designed to give four 
speeds in both directions of travel. The gears are 
of the constant-mesh type and each set is engaged 
by synchronising ¢ones which work in conjunction 
with internal dog clutches. All the shafts in the 
gearbox are made from high-tensile steel and, with 
the exception of the jackshaft, rotate in either 
ball or roller bearings. A reverse gear of the bevel- 
wheel type is incorporated in the main gearbox and 
the final drive to the road wheels is through a jack- 
shaft and connecting rods in the usual manner. The 
frame is of composite riveted and bolted construction 
and is fitted with cast-iron horn guides; the axle- 
boxes, which also are iron castings, being provided 
with gunmetal bushes. The wheel centres are of 
east iron with shrunk-on steel tyres, the axles 
being pressed and keyed on to the wheel centres. 
Westinghouse air brakes and a hand screw brake are 
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provided ; these two systems operate on all four 
wheels and can be applied either separately or 
together. The cab is exceptionally large, and the 
controls are arranged so that the locomotive can 
be operated from either side. The fittings supplied 
with the standard machine include an engine-driven 
dynamo and storage batteries, electric starter and 
a lighting system, the head and rear lamps being 
duplicated and arranged so that they are changed 
over automatically according to the direction of 
travel. The locomotive weighs approximately 28 
tons in working order, and the length, including 
buffers, is 21 ft. 6 in., the width 8 ft. 63 in., and the 
height 11 ft. 0} in. The wheelbase is 5 ft. 6 in. 
and the radius of curve that can be negotiated 
without difficulty is 80 ft. The maximum speed 
in top gear is 10 miles per hour and, assuming 
an efficiency of 80 per cent., the tractive effort is 
15,000 Ib. in first gear ; 9,6751b.in second ; 5,730 1b. 
in third; and 4,500 lb. in top gear. 

Messrs. Gwynnes Pumps, Limited, 62-64, Chan- 





100-B.H.P. Narrow-GavuGE Dreset Locomorive ; Messrs. Ruston anD Hornssy, LiMirep. 


150-B.H.P. Dreszet Locomorttve ; Messrs. JoHN FowLer anp Company (LEEDS), LiMiTED. 


cellors-road, Hammersmith, London, W.6, who 
celebrate the centenary of their foundation this 
year, are showing examples of their latest designs 
of centrifugal pumps, multi-stage pressure pumps 
and axial-flow pumps. Two of these are illustrated 
and briefly described below. Fig. 12, opposite, 
shows a new design, type CVS, of vertical-spindle 
general-purpose pump, which has a 24-in. discharge 
branch and a 3-in. suction branch. It is driven by 
a 1}-h.p. motor, and all the working parts can 
be examined by simply breaking the joint between 
the motor-supporting stool and the pump body, 
thus leaving the pipe joints undisturbed. The 
pump occupies a comparatively small floor space, 
it is of simple rigid construction, and the inlet 
and outlet branches are in convenient positions 
near the floor. This type of pump is made in various 
sizes with discharge branches from 1 in. to 6 in. in 
diameter. The lower half of the casing incorporates, 
in one casting, the pump volute, the suction and 
discharge branches, and a skirt base for mounting 
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14-H.P. VerticaL-SpPInDLE Pump ; 
Messrs. GwyNnES Pumps, LIMITED. 


on the floor. The upper half embodies the pump 
cover with a similar skirt, and is flanged for receiving 
the vertical-spindle motor and the pump stuffing 
box. The impeller is of the single-entry shrouded 
type, carefully machined and balanced on its spindle, 
and secured by a feather key and a nut which is 
designed so as to minimise turbulence in the impeller 
eye. The stuffing box is fitted with packing and 
with a lantern ring for sealing water, coupled by 
& copper pipe to a suitable point on the pump 
volute. The spindle is connected to the motor 
by a solid coupling. There are no bearings within 


the pump itself, the motor bearings being designed | 


to carry the weight of the moving parts and to 
withstand the hydraulic thrust. Pumps of this 
type are made in various materials to suit fresh 
or salt water and other liquids. Fig. 13, on 
this page, shows a 12-in. vertical-spindle split- 
casing pump, typical of a large number of pumps 
with branches up to 45 in. in diameter which are 
being manufactured for cooling-water circulation 
in power stations at home and overseas. One 
of the largest installations—at the Uskmouth 
360,000-kW power station—will comprise eight 
45-in. pumps with 1,100-h.p. motors. The pump 
shown in Fig. 13, and on the makers’ stand at the 
exhibition, has been designed for pumping about 
3,000 gallons of seawater per minute at a tempera- 
ture of 90 deg. F. against a total head of 130 ft. 
It will be installed at the Kuwait oil refinery. 

The possibilities of gas as a fuel for industry 
form the basis of the Gas Council exhibit. A 
pictorial display of the uses of gas in engineering 
includes examples of forging, the cutting of steel 
by oxy-coal-gas, metal melting, and various forms 
of heat-treatment. As a sample of gas-fired forging 
and heat treatment, an Autogiro rotor-head in 
70/80-ton nickel-chrome-molybdenum steel, de- 
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12-1n. CENTRIFUGAL PuMP; 
Gwynnes Pumps, Limirep. 


signed and produced by Messrs. Firth Derihon 
Stampings, Limited, Sheffield, using the town gas 
supply, is shown. Two broaches, made by gas- 
fired high-speed steel hardening equipment in the 
works of the Lapointe Machine Tool Company, 
Limited, London, N.W.10, are also ori view. The 
equipment includes a preheat furnace, a superheat 
furnace, a quenching tank, and a tempering furnace. 
The broaches are usually made from 18-per cent. 
tungsten high-speed steel, and are roughed to shape 
in the soft condition. After hardening in the fur- 
nace, they are finished by grinding. Products of 
an oxy-coal gas profiling machine on show include 
a pulley block with swivel jaw-head fitting, made 
by Messrs. Loveridge Limited, Cardiff, and used 
for handling ships’ cargo and for general lifting 
purposes. The cutting head of the profiling machine 
was supplied by Messrs. Hancock and Company 
(Engineers), Limited. Other exhibits include a 
model of a gas-fired lip axis tilting furnace, suitable 
for melting cast iron, copper, brass, etc., and the 
G.L.C. gas-fired muffle furnace.. This muffle furnace, 
manufactured under licence from the former Gas 
Light and Coke Company by the Selas Gas and 
Engineering Company, Limited, City-road, Man- 
chester, 15, is used for heating materials in an 
oxidising atmosphere at temperatures up to 
1,000 deg. C., using gas at ordinary low pressures 
of 2} to 3in. of water. Very uniform temperatures. 
are obtained, with a maximum variation of + 5 deg. 
C. In the furnace on view, which is intended for 
experimental and laboratory work and measures, 
internally, 10 in. by 7 in. by 4 in., with 500 B.Th.U. 
gas at 3 in. water pressure, it takes 1 hour to reach 
a temperature of 1,000 deg. C., starting from cold, 
at a gas rate of 75 cub. ft. per hour; to maintain 
this temperature requires a gas rate of 60 cub. ft. 
per hour. Larger furnaces, for temperatures up to 
1,200 deg. C., are used in production for annealing 
and preheating treatments. The aluminium casing, 
comprising sheet body and cast end-plates and 
door, is highly polished to reduce to a minimum 
losses by radiation. The casing is lined with semi- 
insulating refractory blocks of low heat capacity, 
giving rapid heating and high thermal efficiency. 
Fireclay muffles are normally fitted, but silicon- 
carbide or heat-resisting steel] muffles can be pro- 
vided, or, if the work does not require to be treated 
in a totally-enclosed muffle, the muffle can be 
replaced by a refractory or steel tray. A cast-iron 
air-cooled burner with refractory flame nozzles is 
fitted with a natural draught injector which has a 
machined air-regulating plate, giving accurate con- 





trol of combustion. To ensure that firing conditions 
are not affected by gas-pressure fluctuations, a 
G.L.C. gas governor is fitted to the burner inlet. 
The furnace is fitted with pyrometer equipment by 
Messrs. Elliott Brothers (London), Limited. 

Messrs. Carter Gears, Limited, Thornbury-road, 
Bradford, are showing their hydraulic variable- 
speed gears, of which a typical example is illus- 
trated in Fig. 25, on Plate II. This shows a unit 
with a flange-mounted electric motor. For a given 
input speed the design of the unit provides an 
infinitely-variable range of speeds in the forward 
direction from zero up to the input speed, and a 
similar range of speeds in the reverse direction from 
zero to 5 per cent. of the input speed. The gears 
can, therefore, be used as clutches. The drive is 
transmitted by oil under pressure, but owing to 
the construction of the gear the rate of flow of oil 
is much less than that usually required in infinitely- 
variable gears. Thus, wear is minimised and a 
compact unit results. The input shaft is coupled 
to a pump, and the output shaft to a motor. Both 
the pump and the motor consist of pistons in 
radial cylinders, and variation in speed is obtained 
by reducing the stroke of the pump pistons and 
increasing the stroke of the motor pistons, or vice 
versa. 

When the motor-piston stroke is a maximum, 
and the pump-piston stroke is zero, no oil is 
pumped; there is therefore no drive and the 
output shaft does not turn. When, however, the 
pump-piston stroke is increased while the motor- 
piston stroke is decreased, the speed of the output 
shaft gradually rises ; and, finally, when the pump- 
piston stroke is at the maximum value and the 
motor-piston stroke is zero, the system is virtually 
locked hydraulically (except for any slight leakage), 
and the output shaft rotates at practically the same 
speed as the input shaft. At all intermediate 
speeds part of the power is transmitted by direct. 
torque, and part by the flow of oil, thereby reducing 
both solid and fluid friction losses. The gear units 
are made in various sizes, for flange-mounted motors 
or otherwise, for powers up to about 22 h.p., and 
designs for larger sizes up to 100 h.p. are being 
prepared. The standard method of contro] is by a 
small handwheel which requires about 20 turns for 
the full range of speeds from maximum to the 5-per 
cent. reverse speed. Alternatively, a lever control 
can be fitted for rapid speed changing, and the 
units can be equipped for remote electrical control, 
or for automatic operation depending on particular 
factors such as constant-tension winding, etc. 

The exhibits of the Hamworthy Engineering 
Company, Limited, Poole, Dorset, are representative 
of their wide range of pumps and compressors ; 
equipments for marine use predominate but there 
are several for industrial purposes. Three machines 
from the firm’s post-war range of single-acting 
starting-air compressors are being shown for the 
first time. They are a two-stage compressor for 
emergency and auxiliary starting purposes, having a 
continuous rating of 13-1 cub. ft. of free air per 
minute at a pressure of 450 Ib. per square inch ; 
a two-stage compressor for main and auxiliary 
starting duties, direct-coupled to a motor, and hav- 
ing a capacity of 51 cub. ft. of free air per minute at. 
a working pressure of 1,000 Ib. per square inch ; 
and a three-stage compressor which is illustrated 
in Fig. 14, on page 198, and in Figs. 15 and 16, on 
page 199. The other exhibits include two small 
starting compressor sets ; rotary and reciprocating 
compressors for industrial use ; rotary-displacement. 
gear pumps; a 5-in. vertical-spindle marine-pat- 
tern gear pump with a capacity of 60 tons per hour, 
which is being shown for the first time ; the Ham- 
worthy “Transflo” pump; and a new design of 
vertical-spindle centrifugal pump for marine use. 

The three-stage air compressors, series 3TM and. 
3TH, have been designed for continuous running, 
high efficiency, reliability, and a compact accessible- 
layout. Series 3TH comprises two sizes suitable 
for pressures of 1,000 Ib. per square inch. Series 
3TM is designed for a working pressure of 600 Ib. 
per square inch, particularly for supplying starting 
air to Doxford-type Diesel engines. There are 
three sizes, having capacities of 126, 163-5, and 
246 cub. ft. of free air per minute. The 3TM8& 
compressor, which has a capacity of 163-5 cub. ft. 
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per minute, is illustrated in Fig. 14; and Figs. 15} 
and 16 are longitudinal and cross sections, respec- 
tively. The machine is of the single-acting two- 
crank type, and runs at 500 r.p.m. First-stage | 
compression takes place in the annular spaces 
between both sets of pistons and cylinders. The | 
second- and third- ~stage compressions take place | 
above the upper, “buffer” parts of the pistons. | 
The crankcase, cylinder blocks and cylinders are | 
of close-grained cast iron. The two cy linder blocks, 
each with two bores, and the second- and third- | 
stage heads are located by spigots. The crankshaft | 
and H-section connecting rods are machined from 
steel forgings, and the crankshaft journals are pre- 
cision ground to receive the main and big-end bear- 
ings which are of gunmetal lined with high-grade 
whitemetal ; the small-end bushes are of phosphor 
bronze. The pistons are of close-grained cast iron, 
and are fitted with gudgeon pins of case-hardened 
steel. Cast-iron rings are fitted to the pistons, and | 
the first-stage piston skirts are provided with | 
scraper rings. 

Lubricating oil to all bearings is supplied by a 
gear pump driven from the crankshaft. The first- 
stage cylinder walls are lubricated by an oil mist 
in the crankcase, but the second- and third-stage 
walls are supplied with oil by a “T. and K.” 
mechanical lubricator driven from the crankshaft. 
The air inlet is equipped with a Burgess combined 
air filter and silencer. All the valves have plates 
of chrome-vanadium steel ; they are of the low-lift 
pattern, and their accessibility is shown in Fig. 16. 
The external air connections of the first and second | 
stages are flanged, but the connections of the third | 
stage are Ermets forged-steel compression couplings. 
The inter-coolers have extractable elements and 
are bolted pannier-wise to the main frame. The 
tube nests comprise solid-drawn hard-copper tubes | 
expanded into tubeplates of rolled naval brass. 
Owing to the low compression ratio employed, it is 
convenient to air cool the cylinders, so as to maintain 
the walls at a temperature which is sufficient to pre- | 
vent condensation and consequent corrosion and | 
wear. The first-stage valve pockets, the inter- 
coolers, second- and third-stage cylinder heads meal 
the after-cooler are water-cocled, the jackets being | 
fed from a mains supply or from a positive-displace- | 
ment pump driven from the crankshaft. Gauges | 
indicating the stage pressures, and the oil and water | 
pressures, are fitted, together with sight-feed ad 
for the cylinder-lubrication system. 

Messrs. F. J. Edwards, Limited, 359-361, Euston- | 
road, London, N.W.1, are exhibiting a number of 
machines which will be of particular interest to the 
sheet-metal working and allied industries. Three 
of these machines are new to the exhibition and two 
are illustrated in Figs. 17 and 18, on page 200, 
the third being a 36-ton press brake intended for 
production use. 

Fig. 17 shows the “‘ Besco ” production guillotine, 
which is an open-ended shearing machine fitted 
with a self-contained motor and gearing. The 
drive is taken through a multi-jaw clutch, which is 
treadle-operated, and may be adjusted for non- 
repeat or continuous action. The  alloy-steel 
blades are reversible, so that four cutting edges are 
available on each, and an automatic hold-down is 
provided which clamps the sheets during the cutting 
period. Sheets of unlimited length may be trimmed 
to a depth of 3 in., since a gap of this dimension is 
incorporated in each of the end frames of the machine. 
A steel chute which encloses the back of the guillo- 
tine will, if required, deliver the cut sheets dirzctly 
on toatruck. Four models are available which will 
handle }-in. mild-steel sheet in widths ranging from 
3 ft. to 8 ft., and the electric motors range from 
3h.p.to 8h.p. The overall height is 4 ft. 6in.in every 
case, while the guillotines vary in length from 
6 ft. 6in. to 12 ft., the depths being 6 ft. and 6 ft. 6 in. 
in different models. 

The production retary combination machine, 
shown in Fig. 18, may be used for carrying out 
many operations, such as swaging, wiring, jennying 
and flanging. It has two roll shafts which are 
adjustable horizontally, and can be supplied with 
many different types of roll for various purposes 
Unlike most machines of this type, it can be 
employed for strip and circle cutting, the shafts, 
in this case, being fitted with suitable cutters. A 
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Fie. 14. Taree-Stace Startina-ArR COMPRESSOR ; 


1}- -h.p. motor is contained in the base of the machine, 
and is operated by a push-button starter mounted 
on the body. A treadle operates the wet-plate | 
multi-dise clutch which controls the drive to the | 
roll shafts ; these run in phosphor-bronze bearings 
and each is fitted with a bal] thrust bearing. As may 
be seen from Fig. 18, a centring device holds the 


blank while circles are cut or the edges of discs | 


are being wired or formed. The bow which holds 
the blank may be tilted to permit forming of the 
disc edge. Other operations can be carried out 
with the use of special rolls, and two gauges normally 
are supplied, one for cylindrical work, and the other 
for adjusting close to ‘the working face of the rolls. 
The machine is suitable for use with mild steel of | 
14 or 16 s.w.g., the exact maximum thickness 
depending on the operation to be performed, and 
the centring device may be used for cutting discs 
which range in diameter from 12 in. to 30 in. The 
roll speed is 23 r.p.m. 

The ‘‘ 600 ” Group of companies are exhibiting a 
wide range of products, among which are sheet-metal 
working machinery shown by Messrs. George Cohen, 
Sons and Company, Limited, Sunbeam-road, Lon- 
don, N.W.10; woodworking machinery, shown by 
Metalclad, Limited, Stanningley, Leeds; and a 
number of Jones mobile cranes. These are being | 1 
shown by Messrs. K. and L. Steelfounders and 
Engineers, Limited, Letchworth, Hertfordshire, who 
are also exhibiting steel castings. Two sizes of 
petrol and petrol-paraffin engines are being exhibited 


-| by Messrs. Browett Lindley, Limited, Letchworth, 


Hertfordshire. Notable among the sheet-metal 
working machines is the new ‘‘ Weybridge” gang 
slitter, which is available as a light, medium or 


HAMWORTHY ENGINEERING Company, LIMITED. 


heavy model, the light model being illustrated in 
| Fig. 19, on page 200. These machines are readily 
| adaptable for slitting either sheet or strip, and may 
| be used with coiling and de-coiling equipment. The 
slitter consists of a heavy steel bed, carrying vertical 
head and tail end-pieces, between which are mounted 
two feed rollers and the cutter shafts. These are 
driven by an electric motor located behind the bed, 
the cutter shafts themselves rotating in pre-loaded 
taper-roller bearings which carry any end thrust. 
The cutters are located on the cutter shafts by fixed 
spacers, but screwed adjustable spacers can be used, 
to permit micrometer adjustment of the cutter 
| positions. Re-setting of the cutters is carried out 
by slackening the swing bolts and allowing the 
complete tail-end unit to slide outwards, thus 
leaving the ends of the cutter shafts free. The 
bearings, meanwhile, remain sealed, and thus are 
protected permanently against dirt. The light- 
gauge machine has been designed for the tinplate 
and box industries and is capable of making up to 
12 simultaneous cuts in 22 s.w.g. mild-steel sheet. 
The maximum width of sheet that can be handled 
is 30 in. and the cutting speed is 150 ft. per minute. 
The medium machine will make up to six cuts in 
8 s.w.g. mild-steel sheet at a cutting speed of 
100 to 180 ft. per minute. In this case, the 
maximum width of sheet is 36in. Various materials 
can be cut on these machines and it is stated that 
mica can be slit without its laminations becoming 
separated. The heavy model has been designed for 
use in strip mills and will cut 18 in. by 8 8.w.g 
stainless steel at a rate of 100 ft. per minute. This 
machine has an independent worm drive to each 
cutter shaft ; 12-in. cutters are used and the top 
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Fies. 15 anp 16. TaHree-Stace Startina-AtR Compressor; HamwortHy ENGINEERING Company, LIMITED. 


cutter shaft may be adjusted vertically to permit 
the use of cutters re-ground to a diameter as small as 
93 in. 

The principal exhibit on the stand of Messrs. 
C. A. Parsons and Company, Limited, Heaton 
Works, Newcastle-on-Tyne, 6, is one of the 50-kW 
turbo-generators which the firm is presenting to 
universities in different parts of the world. These 
machines, of which a full description was given on 
page 560 of our 167th volume (1949), have been 
constructed for educational purposes and are de- 
signed as far as practicable on similar lines to large 
commercial units. Without repeating our previous 
account, it may be recalled that each set is equipped 
with all the necessary accessories, including surface 
condensers, air ejector and pumps. The turbine, 
which is of the impulse-reaction type, runs at 8,000 
I.p.m., and is coupled through single-reduction 
double-helical gearing to a direct-current generator 
running at 4,000 r.pm. To provide maximum 
instructional facilities, the magnet yoke of the 
generator is supported in roller bearings, so that 
the generator itself can be used as a dynamometer 
for measuring the turbine output. The steam 
pressure before and after the stop valve can also be 
measured, and there are further pressure points in 





the impulse-wheel chamber, in the reaction blading, 
and at the turbine exhaust. 

Another exhibit on this stand is the 150-kVA 
11,000 /440-volt three-phase distribution trans- 
former, illustrated in Fig. 20, on Plate II. The low- 
voltage tappings on this transformer are of the 
helical type and the turns comprise a number of 
paper-insulated conductors, connected in parallel, 
which are transposed to reduce the stray losses. The 
high-voltage windings are of the multi-section layer 
type and consist of a number of coils wound with 
paper-insulated wire. Tappings of + and — 3 per 
cent., + 6 and + 9 percent. are provided in the 
centre of the high-voltage unit and are brought out to 
separate off-circuit tapping switches. The terminal 
connections are insulated with Bakelised paper 
tubes and are led through porcelain bushings on 
the tank cover. The transformer is oil-cooled and 
is contained in a plain sheet-steel tank. 

The stand of the British Thomson-Houston Com- 
pany, Limited, Rugby, is devoted mainly to a display 
of marine propulsion and auxiliary equipment, 
although lamps and lighting fittings for ships and 
dockyards and electrical plant for various industrial 
applications also find a place. Among the first of 
these, mention may be made of the 320-kW direct- 








current generator, which is illustrated in Fig. 21, on 
Plate II. This is one of the four sets which is 
shortly to be installed on the Balgowlah in place 
of reciprocating steam engines. The vessel is a 
double-ended ferry which operates in Sydney Har- 
bour and is owned by the Port Jackson and Mandy 
Steamship Company. A sister vessel, the Barren- 
joey, has already been converted. Each vessel is of 
500 tons gross and has an overall length of 210 ft., 
a designed speed of 16 knots, and accommodation 
for about 2,000 passengers. There is a propeller 
and control bridge at each end. 

The four generators are driven by Diesel engines 
and supply four 615-h.p. direct-current motors, two 
of which drive each propeller through a gearbox, 
so that the speed is reduced from 790 r.p.m. to 
158 r.p.m. A current of 1,000 amperes circulates 
through the generator and motor armatures and is 
maintained within close limits by an Amplidyne, 
which supplies and controls the generator excitation. 
This Amplidyne is visible above the generator in 
Fig. 21. Speed control and reversal are obtained 
by adjusting the motor fields, and overloading is 
prevented by a second Amplidyne, which “‘ bucks ” 
the motor fields. The exhibits also include one of 
the 8}-ton gearboxes for the same vessel. 
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Among the equipment for industrial use shown by 
the B.T.-H. Company, attention may be drawn to the 
geared motor units for alternating- or direct-current 
circuits. These are designed to provide a compact 
combination of electric motor and speed-reducing 
gear and the motor is carried on the gearbox. 
The units are available for speed-reduction ratios 
from 3 to 1 to 25 to 1 inclusive, and are suitable 
for horizontal slow-speed drives of the order of 
70 h.p. at 120 r.p.m. down to 17 h.p. or less at 
25 r.p.m. at the output shaft. The gearbox cas- 
ing is of cast-iron or fabricated-steel construction, 
and is jointed horizontally, so that the top half can 
be removed without interfering with the alignment 
of the gear wheels, motor, coupling and pulley. The 
bearings are of the ball or roller type, while the gear 
wheels are of special quality rolid-forged stee] and 
are of the disc pattern. Helical teeth of involute 
shape are employed throughout, the helix angles 
for the individual gears being selected so that the 
end thrust on the lay shaft is balanced. The thrust 
on the high-speed and low-speed shafts is also well 
within the capacity of the bearings. The hobs used 
to cut the teeth are shaped so as to eliminate the 
possibility of high stresses at the tips when they are 
in engagement. 

Considerable interest is being shown in the working 
demonstration of Emotrol (electronic motor control), 
which is being given on this stand. This consists 
essentially of a biphase grid-controlled thyratron 
rectifier which is used for controlling direct-current 
motors and thus providing automatic speed control 
within + 2 per cent. over a wide range, as well as 
control of the current and acceleration and dynamic 
braking. The complete equipment comprises a 
transformer, which is connected to the alternating 
current mains, the main rectifier, which is con- 
nected to the direct-current motor armature, and 
an auxiliary rectifier, which supplies the motor 
field and speed-control rheostat at a constant 
voltage. The control consists in comparing the 
voltage across this rheostat with a portion of the 
armature voltage in such a way that, when it is 
desired to increase the speed of the motor, the latter 
is raised by advancing the firing points of the 
thyratrons, which conduct in alternate half cycles. 
To maintain the motor speed constant when the 
load increases, the armature voltage is raised by 
an amount approximately equal to the ohmic drop 
in the armature circuit. A voltage derived from 
current transformers and proportional to the arma- 
ture current is impressed across a resistance in series 
with the rheostat, so that the voltage in one lead 
of a phase-shifting controller becomes more positive 
than that in the other as the armature current rises. 
This enables the motor speed to be regulated within 
close limits. The voltage derived from the current 
transformers is also used to retard the firing point 


Fig. 17. Propucrion GumLuotTine; Messrs. F. J. Epwarps, LurTep. 











Fig. 





18. Rorary COMBINATION MACHINE ; MEssRs. 
F. J. Epwarps, Lim1trep. 

















Fie. 19. Gane Suirrrine Macutne; Messrs. GeorGe CoHEen, Sons anp Company, LIMIreD. 


of the thyratrons when the current exceeds a pre- | 
|(E. R. & F. Turner, Limited), Ipswich, are repre- 


determined value. 


The exhibits on the stand of Messrs. Bull Motors 


An illustration of an Emotrol panel for the control | sentative of the firm’s ranges of industrial alternating- 


of motors with outputs up to 3 h.p. is given in Fig. 24, 
on Plate II. In addition, the speed-control station 
incorporates a ‘‘ stop-start ’’ push-button and speed- 
control rheostat. When the “start” button is 
operated the armature contactor closes and the 
motor runs up to a speed which is predetermined 
by the current-limit control. Operation of the 
“stop” button opens the armature contactor and 
applies dynamic braking. About 5 to 7 minutes is 
required from the time of first switching on the 
alternating-current supply until the motors can be 
run, in order to allow the thyratron to warm up. 
The efficiency of a 3-h.p. motor unit, excluding the 
motor, is about 89 per cent. at full load and 82 per 
cent. at half load. The power factor varies from 
0-8 to 0-2 over a speed range of 10 to 1, being a 
maximum at full motor speed. 





current ‘‘ Super-silent ” and fractional horse-power 
motors. The ‘‘ Super-silent ” motors have been de- 
signed for applications, such as driving lifts and 
heating and ventilating installations, where quiet 
running is essential, and include both squirrel-cage 
and slip-ring patterns of the screen-protected and 
totally-enclosed types. The super tandem motor 
for lifts, of which an illustration is given in Fig. 22, 
on Plate II, is a two-speed alternating-current 
machine, which has also been designed for quiet run- 
ning as well as to afford flexible control and accurate 
levelling under all conditions of load. To render it 
suitable for heavy duties, particular attention has 
been paid to ventilation. This is not only provided 
by a fan mounted on the motor shaft in the usual 
way, but by a separate motor-driven propeller fan 
which is placed on the top of the main motor frame. 
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MESSRS. BROOKE MARINE, LIMITED, LOWESTOFT. 








This fan is arranged vertically in a cylindrical hous- 
ing, a8 shown in Fig. 22, and forms a self-contained 
unit, which can be readily attached to the standard 
motor. The additional ventilation induced by the 
action of the auxiliary fan supplements that induced 
by the main fan and is applied continuously during 
the time the lift is likely to be used. It is therefore 
effective while the main motor is stationary as well 
as when it is running. Tests show that with this 
arrangement it is possible for the most arduous 
duties, say up to 250 starts an hour, to be carried 
out without the temperature rise of the motor 
exceeding that laid down in the appropriate British 
Standard specification. The actual motor shown is 
of the screen-protected type with an output of 
15 h.p. at 950 to 160 r.p.m. 

Messrs. Brook Motors, Limited, Empress Works, 
Huddersfield, are showing a range of their alter- 
nating-current motors, with outputs from 0-25 
to 200 h.p. for machine drives. They include 
protected and totally-enclosed surface-cooled pat- 
terns in standard enclosures or for flange mounting 
directly on the machine, as well as low-centre motors 
for the woodworking and bootmaking industries. 
The range of ‘‘ Cub ”’ fractional horse-power motors, 
ef which a typical example is illustrated in Fig. 23, on 
Plate IT, has been specially designed for driving light 
machinery, refrigerators and other similar plant. 
The single-phase motors in this range are either of 
the split-phase or capacitor types, the former being 
designed for light industrial or domestic use where 
the starting torque does not exceed 1} times full 
load, and the latter for drives where a high starting 
torque and low starting current are essential. In 
both cases the extreme range of output is from 
0-1 h.p. to 0-75 h.p., the form of enclosure and the 
speed being limiting factors. Protected, totally- 
enclosed and flange-type two- and three-phase 
direct-starting motors with outputs between 0-166 
h.p. and 1-0 h.p., are also made, and attention 
should be called to the latest addition to the range, 
which has been designed specially for use with 
refrigerators. This motor is very silent and free 
from vibration when running and is mounted in 
@ pressed-steel cradle which conforms to the same 
mechanical fixing dimensions as the standard motor 
with feet. The stators and shields are cast with 
bosses to take the bonded-rubber suspension units 
which are mounted in the cradle. The output 
ranges from 0-166 h.p. to 0-33 h.p. for protected 
single-phase motors of the capacitor type, and from 
0-33 h.p. to 0-75 h.p. for three-phase motors, the 
speed in both cases being 1,500 r.p.m. 

(To be continued.) 
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THE MOTOR TRAWLER 
*¢ JORUNDUR.”’ 


Tue Diesel-driven trawler Jérundur, illustrated in 
Fig. 1, above, was designed and built by Messrs. 
Brooke Marine, Limited, of Lowestoft and Port 
Dinorwic, to the order of Mr. G. Jorundsson, of Iceland, 
and is stated to be the largest vessel of her type 
constructed on the East Coast. Her dimensions are: 
length overall, 167 ft., and between perpendiculars 
150 ft. ; breadth moulded, 28 ft. ; and depth moulded, 
15 ft. (16 ft. at raised quarter-deck). The vessel is 
built of steel to comply with the requirements of 
Lloyd’s Register classification 100 Al for motor 
trawlers, with additional strengthening in accordance 
with the builders’ practice. The double bottom, oil- 
tight and watertight bulkheads, engine seatings and 
deck casings are welded; and the bridge structure, 
including the funnel, is of Noral 65ST and 51SQ 
aluminium alloys. Non-corrosive aluminium allo 
are used also for the lining of the refrigerated fish-hold, 
and for the portable and interchangeable “ boards,” 
by means of which the hold is subdivided; these are 
illustrated in Figs. 2 and 3, on page 204. The fish-head 
has a capacity of 12,000 cub. ft., which can be increased 
to 14,000 cub. ft. by using the fish-meal hold for fish ; 
it is being used in this way at the outset, but provision 
has been made to fit a fish-meal processing plant to 
reduce to meal 10 tons of fish offal daily. We under- 
stand that this plant, which is being supplied by the 
Farrar Boiler Works, Limited, of Newark-on-Trent, 
has still to be delivered. Its use will be doubly advan- 
tageous, not only in affording an additional source of 
revenue, but because the practice of throwing overboard 
the heads and offal from the catch is said to be bad 
for future fishing. The fish meal, when made, will be 
stowed in bags in the meal hold, which is situated 
abaft the main hold. 

The fish-hold is maintained at a temperature of 
35 deg. F. by a refrigeration plant supplied by Messrs. 
J. and E. Hall, Limited, Dartford, the cooling grids 
being located overhead in the hold, and the plant 
situated in the engine room. The aluminium-alloy 
sheets lining the hold are # in. thick, with a 2-in. 
backing of Onazote attached to the ship’s frames ; 
thus there is an air space, of the depth of the frames 
surrounding the hold, which adds to the efficacy of 
the insulation. The light-alloy “ boards” and the 
shelves in the hold are rolled with rounded corruga- 
tions to avoid damage to the fish in contact with them. 
The aluminium pillars supporting the shelves form 
part of the ship’s structure. The bottom of the hold 
is cemented in the customary manner and is sloped to 
drain the slime and water to a central sump; and, as 
will be seen from the illustration, Fig. 2, the portable 
divisions are supported clear of the cement, to permit 
free drainage. 

The vessel is also fitted with a plant for the extraction 
of cod-liver oil, This plant has been supplied by the 
De Laval Company, of Sweden, and is situated on the 
main deck in the starboard side of the casing, forward 








of the main engine casing. It consists of a disintegrator, 
which reduces the livers to the consistency of thick soup, 
a jacketed heater in which the disintegrated liver 
“soup ” is heated, and a tor for removing and 
purifying the oil, which is then delivered to a 20-ton 
storage tank in the double bottom. The plant can deal 
with about half a ton of livers per hour, at which output 
the electric power consumption is equivalent to some 
13 h.p. and the steam consumption about 240 Ib. per 
hour. The oil produced is of high-grade medicinal 
quality and is practically ready for sale without further 
re’ 


The trawl winch is of the “ Arctic ” type constructed 
by Messrs. James Robertson and Sons (Fleetwood), 
Limited, and is hydraulically operated by means of a 
Vickers VSG gear. It is stated to be the largest of 
its kind to be hydraulically driven in any fishing craft, 
and has two drums, taking 1,200 fathoms of 3-in. warp. 
The winch can be seen in Fig. 4, page 204, and is capable 
of exerting a mean pull of 5} tons and of winding at 
200 ft. per minute. The VSG hydraulic pump is 
coupled through a clutch to a Mirrlees TLA 5 five- 
cylinder four-stroke Diesel engine of 225 brake horse- 
power, which also drives a Brush 50-kW generator, 
supplying current at 110 volts. The hydraulic pump 
is at the forward end of the engine and the generator is 
directly coupled to the after end. This unit is placed 
in the engine room, on the starboard side of the main 
engine, the motor or “slave” unit of the VSG being 
in the deck casing on the centre line, with a direct 
shaft drive to the winch, which is located on the main 
deck above the fish-meal hold. A view of the fore deck 
and trawl gallows, as seen from the bridge, is shown in 
Fig. 5, page 204. : 

The main propelling machinery consists of an eight- 
cylinder direct-reversing turbo-charged Mirrlees engine 
of the makers’ HFRBT 8 type, designed to develop 
950 shaft horse-power continuously at 300 r.p.m. 
The drive to the Heliston manganese-bronze propeller, 
supplied by Messrs. J. Stone and Company, Limited, 
is through a Bibby flexible coupling and an 8.L.M. 
oil-operated clutch and 2:1 reduction gear. The 
exhaust gases from the engine pass through a Clarkson 
waste-heat boiler, which is fitted with a burner for 
auxiliary oil-firing. The boiler has a total evaporation 
of 1,650 Ib. per hour (650 Ib. on exhaust gas alone) and 
the working pressure is 75 lb. per square inch; it 
provides all the steam for shipboard requirements. 
The fuel-oil capacity is 100 tons, the oil being carried 
in a cross bunker between the engine room and the 
fish-meal hold, and in double-bottom tanks aft, under 
the engine room. Abaft of these, and also in the double 
bottom, are tanks for 44 tons of lubricating oil; and 
23 tons of fresh water are carried in the double-bottom 
tanks under the forward end of the main hold. Fresh- 
water cooling is used for the main and auxiliary Diesel 


engines. 

"i. addition to the trawl-winch engine mentioned 
above, there are two other Diesel-driven auxiliary 
units. The larger of these consists of a McLaren MR4 
four-cylinder engine, developing 88 h.p. at 1,000 r.p.m., 
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which is directly coupled to a 50-kW Brush generator 
similar to that driven by the trawl-winch engine, The 
smaller set comprises a two-cylinder McLaren MR 2 
engine, developing 44 brake horse-power at 1,000 r.p.m. 
and driving, through clutches, a 5-kW Brush dynamo, 
an air compressor and a general-service pump. The 
pump delivers 48 tons of seawater per hour against a 
head of 40 ft. and is self-prin.ing. e air compressor 
has a capacity of 39 cub. ft. uf free air per minute, with a 
delivery pressure of 350 Ib. per square inch. The other 
auxiliaries, all of which are electrically driven, include 
a bilge and ballast pump, by Messrs. Mono Pumps, 
Limited ; a fuel transfer pump, by Megator Pumps, 
Limited; a fresh-water pump, by James Beresford 
and Sons, Limited; a liver-oil transfer pump, by 
Messrs. Drysdale and Company, Limited;  electro- 
hydraulic steering gear, by Messrs. Donkin and Com- 

y, Limited; and an anchor windlass, by Messrs. 

os. Reid and Sons (Paisley), Limited. An Alfa- 
Laval centrifuge and a Stream-Line filter are provided 
for the lubricating-oil supply. 

The ship’s complement totals 39 officers and men. 
The captain’s suite is situated on the bridge, with 
entrances from the chartroom and wheelhouse. Accom- 
modation is provided for the officers in two single and 
four double cabins, and, fcr the men, in four compart- 
ments forward. e galley is oil-fired, and warm-air 
ventilation is provided in all the accommodation. 
Navigating and deck equipment includes an electric 
submerged log, echo sounders, Kent “ Clear-view ” 
screens, radio equipment and direction-finding appa- 
ratus, a searchlight, electric engine-room telegraphs, 
and a Loudhailer; radar apparatus is to be fitted 
eventually, though this was not in place at the time 
of the trials. On the trial trip, a speed of 12-4 knots 
was attained, with the main engine developing 870 
brake horse-power. Torsional-vibration tests disclosed 
no excessive stresses throughout the full range of 
engine speeds. The manceuvring trials showed that the 
turning circle, at full speed, had a diameter of 70 yards, 
the time taken to complete a full circle being 3 minutes 
15 seconds to port and 3 minutes 28 seconds to star- 
board. Using the full astern power, the vessel was 
—— from full s ahead in 1 minute 21 seconds 
an ahead s was regained in 1 min. 30 seconds. 
A point that was rather noticeable, when our repre- 
sentative visited the vessel, was the intensity of the 
noise in the engine room, even though only one gener- 
ating set was running at the time. In a ship so excep- 
tionally well equipped in all other respects, it is rather 
surprising that no attempt at sound-insulation in the 
engine room appears to have been made, especially 
as the officers’ quarters are immediately above it. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Electric Wiring Systems.—The Council for Codes of 
Practice for Buildings have now issued, in final form, 
Code No. 321.101 dealing with the “ Choice, Installa- 
tion and Maintenance of Electric Wiring Systems (for 
Power, Lighting and Heating Circuits) in Buildings.” 
The Code had previously been issued as a draft for 
comment, and, in the light of the criticism received, 
has been revised by a committee convened by the 
Institution of Electrical Engineers. The Code, which 
should be read in conjunction with Code No. 321 
dealing with “ Electrical Installations—General,” con- 
tains recommendations covering the installation of 
wiring systems during the construction, or after the 
completion, of buildings, and also additions or altera- 
tions to existing installations. The Code deals with 
all reliable wiring systems and with their selection, and 
guidance is given on the location of cables, their pro- 
tection from moisture, heat and other causes of deteri- 
oration, and their segregation from other services. 
[Price 4s., postage included. ]} 

Rust-, Acid- and Heat-Resisting Steel Wire-—A new 
specification, B.S. No. 1554, covering rust-, acid- and 
heat-resisting steel wire, has been published. It is 
an extension of, and should be regarded as a companion 
to, B.S. No. 970 for wrought steels. The publication 
is divided into two sections, the first of which contains 
general clauses relating to manufacture, tensile test, 
tolerances on wire in the drawn condition and “ circu- 
larity.” The second section deals with specific require- 
ments and concerns the chemical composition and 
mechanical properties of En. 56A, B, C and D marten- 
sitic, 12 to 14 per cent. chromium rust-resisting wire ; 
En. 57 high-tensile martensitic, 15 to 20 per cent. 
chromium, 1 to 3 per cent. nickel, rust-resisting wire ; 
and En. 58A, B, C, D, E, F, G, H and J austenitic, 
17 to 20 percent. chromium, 7 to 14 per cent. nickel, acid 


BOOKS RECEIVED. 


Patent Law for L 3, Stud Chemists, and En- 
gineers. By CHESTER H. BIESTERFELD. Second 
edition. John Wiley and Sons, Incorporated, 440 
Fourth-avenue, New York 16, U.S.A. [Price 4 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 24s. net.] « 
Analytical Mechanics of Gears. By PROFESSOR EARLE 
BUCKINGHAM. McGraw-Hill Book Company, Incor- 
porated, 330 West 42nd-street, New York 18, U.S.A. 
[Price 10 dols.] McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 60s.) 
J My t Pl ing and Control. A Managerial Ap- 
proach to Industrial Accounting. By PROFESSOR 
Bitty E. Goetz. McGraw-Hill Book Company, Incor- 
porated, 330 West 42nd-street, New York 18, U.S.A. 
[Price 3.75 dols.] McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
(Price 22s. 6d.] 
Technik und Wirtschaft im Fortschritt der Zeit. Edited 
by Dr. J. Sommer. Carl Hanser-Verlag, Leonhard- 
Eck-Strasse 7, Munich, Germany. [Price 6-90 D.M.] 
Priifen der Zerspanbarkeit durch Messung der Schnit- 
temperatur. By Dr.-ING. M. LanGc. Carl Hanser- 
Verlag, Leonhard-Eck-Strasse 7, Munich 27, Germany. 
[Price 8-20 D.M.] 
Wellington Harbour Board. Statement of Accounts with 
Annual Reports and Other Statistics for the Period 
Ended 30th September, 1948. The Secretary, Welling- 
ton Harbour Board, Wellington, New Zealand. 
United States Army Corps of Engineers. Stages and 
Tributaries, 1946. The President, Mississippi River 
Commission, Vicksburg, Mississippi, U.S.A. [Price 
1 dol.) 
University of Ilinois. Engineering Experiment Station. 
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Circular Series. No. 50. Bibliography of Electro- 
Organic Chemistry. By PROFESSOR S. SWANN. [Price 
1 dol.] No. 53. Papers Presented at the Seventh Short 


Course in Coal Utilization. Held at the University of 

Illinois, September 17-19, 1946. [Price 1 dol.] No. 54. 

Papers Presented at the First Short Course on Hot Water 

and Steam Heating Systems. Held at the University of 

Illinois, September 9-11, 1947. Conducted in Co-opera- 

tion with THE INSTITUTE OF BOILER AND RADIATOR 

MANUFACTURERS. [Price 50 cents.] The Director, 

Engineering Experiment Station, University of Illinois, 

Urbana, Illinois, U.S.A. 

Etude des Ports Belges de la Mer du Nord. Essais sur 

Modéles Réduits. By L. BONNET and J. LAMOEN. 

Laboratoire de Recherches Hydrauliques des Ponts et 

Chaussées de Belgique, Berchemlei 115, Borgerhout- 

Antwerp, Belgium. [Gratis.] 

The College of Aeronautics, Cranfield. Reports. No. 28. 
The Aerodynamic Derivatives with Respect to Rate of 
Yaw for a Delta Wing with Small Dihedral at Supersonic 
Speeds. By SQUADRON-LEADER J. H. HuNTER-Top. 
No. 29. The Buckling in Compression of Panels with 
Square Top-Hat Section Stringers. By W.S. Hemp and 
K. H. GRIFFIN. No. 30. The Time to Achieve Peak 
Output with Special Reference to Aircraft Production. 
By P. J. STANLEY. The Librarian, College of Aero- 
nautics, Cranfield, Buckinghamsbire. [Strictly limited 
issue ; copies free to approved firms, Institutions 
and official bodies. ]} 

The Law of Trade Unions. By H. Samvuets. Fourth 
edition. Stevens and Sons, Limited, 119 and 120, 
Chancery-lane, London, W.C.2. [Price 7s. 6d. net.] 

Deutscher Ausschuss fiir Stahlbeton. WVersuche an Stahl- 
betonbalken zur Bestimmung der Bewehrungsgrenze. By 
Dr.-InG. WILLY GEHLER and others. Die Ergebnisse 
der Versuche und das Dresdner Rechenverfahren fiir den 
Plastischen Betonbereich. By Dr.-ING. WILLY GEHLER. 
Wilhelm Ernst & Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 18 D.M.] 

Zehnteilige Einflusslinien fiir durchlaufende Trager. By 
Dr.-ING. GEORG ANGER. Volume III. Ordinaten der 
Einflusslinien und Momentenkurven durchlaufender 
Trager von 2 bis 4 Feldern. Seventh edition. Wilhelm 
Ernst & Sohn, Hohenzollerndamm 169, Berlin-Wil- 
mersdorf, Germany. [Price 12 D.M.] 

La Pierre Matériau du Passé et del’ Avenir. By PIERRE 
Nog&L. Institut Technique du Batiment et des 
Travaux publics, 28, Boulevard Raspail, Paris (7e), 
France. [Price 250 francs.] 

Wood Specimens. 100 Reproductions in Colour. By H. A. 
Cox. The Nema Press, 33, Tothill-street, Westminster, 
London, 8.W.1. [Price 42s. net.] 

Die Blechabwicklungen. Eine Sammlung praktischer 
Verfahren. By JOHANN JASCHKE. Fifteenth revised 
and enlarged edition. Springer-Verlag, Jebensstrasse 1, 
Berlin-Charlottenburg 2, Germany. [Price 4-80 D.M.] 

Highty-Fifth Annual Report on Alkali dc. Works. 
Proceedings During the Year 1948. By the Cnrer 
Inspectors. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 9d. net.] 

Metallurgy for Engineers. By Dr. E. C. ROLLASON. 
Second edition. Edward Arnold and Company, 41, 





and heat-resisting wire. [Price 2s., postage included.] 





Maddox-street, London, W.1. [Price 16s. net.] 


PERSONAL. 


Mr. A. A. POLLOCK, B.Sc., who joined the staff of 
the British Thomson-Houston Company, Limited, Rugby, 
in 1902, was appointed chief mechanical engineer jn 
July, 1945, and elected to the board of directors in 
March, 1946, has now retired, but will be available in a 
consultative capacity. Mr. K. R. Hopkirkc, M.A., who 
bas been assistant chief mechanical engineer since July, 
1945, has been appointed to succeed Mr. Pollock ag 
chief mechanical engineer. Other changes are that the 
plant engineering department, under the management of 
Mr. L. D. ANSCOMBE, M.A., M.I.E.E., now deals with 
the design of large alternating-current ard direct-current 
machines, excluding turbo-alternators, and that the motor 
engineering department, under the management of Mr, 
B. PRINGLE, will deal with the design of small alternating- 
current and direct-current machines. Rectifier engineer- 
ing has been constituted a separate department, Dr. J. 0, 
READ, M.I.E.E., being appointed manager. 


Mr. E. H. Dovueguty, A.M.I.Mech.E., has retired, 
having completed 19 years of service with Messrs. British 
Timken Limited, Chaston-road, Aston, Birmingham, the 
last 16 of which were spent as chief technical engineer, 
Mr. Doughty’s present address is 286, Birmingham-road, 
Wylde Green, Sutton Coldfield, Warwickshire. 


Mr. A. M. PaTERSON, M.C., M.I.C.E., M.Inst.W.E., is 
to retire from the position of chief engineer to the Bristo] 
Waterworks Company in October, but will continue to 
serve as consulting engineer to the company. Mnr. 
R. W. M. MEtvin, B.Sc. (A’deen), M.I.C.E., at present 
manager of the undertaking, is to become general manager 
and chief engineer on Mr. Paterson’s retirement. 


Mr. G. N. WriGcat, M.I.E.E., who was appointed chief 
electrical engineer to the London Power Company in 
1938, has retired from his post in the London Division of 
the British Electricity Authority. 


Mr. F. R. Booruman, A.M.I.C.E., M.Inst.W.E., has 
relinquished the position of engineer and manager, Cor- 
poration Water Department, Colne, Lancashire, to take 
up that of engineer and manager to the Ilkeston and 
Heanor Water Board. The vacancy at Colne has been 
filled by Mr. L. BrovuGHTON, who was previously deputy 
waterworks and to the Borough of 
Taunton. 


Mr. D. My Lawson, who joined Messrs. Herbert Morris, 
Limited, Loughborough, 16 years ago, and was appointed 
secretary in 1943, and Mr. F. 8S. MARSHALL, general 
works manager of the company, have been elected to the 
board of directors. 


The Council of the Royal Institution of Chartered 
Surveyors, 12, Great George-street, London, S.W.1, have 
confirmed the election, as chairmen of their respective 
branches, of Mr. B. Prick Davies (North Wales); 
CapTaIn Montacu Evans, M.C. (Londor, North West) ; 
and Mr. RoBERT PARKER (Northumberland and Durham), 





Mr. N. G. Bassett SMITH, compositions manager of 
special products, Dunlop Rubber Company, Limited, 
Fort Dunlop, has beer appointed manager of the firm ’s 
flexible plastics division in addition to his present post. 


MeEssRS. METALCLAD, LIMITED, have now centralised 
*the administration and manufacture of their wood- 
working machinery at Stanningley Works, near Leeds. 
The company’s new foundry at Morriston, Glamorgan, 
will produce the iron castings required. All sales are 
to be handled by the parent company, and export 
inquiries will be dealt with by Messrs. GEORGE COHEN, 
Sons AND CoMPANY, LIMITED, Export Division, Wood- 
lane, London, W.12. Home inquiries will be dealt with 
at Sunbeam-road, London, N.W.10, and at other 
branches. 


The Census of Distribution Branch and the Shipping 
and Migration Section of the BOARD OF TRADE Statistics 
Division have removed from Romney House, Trfton- 
street, London, S8.W.1, to 91, Victoria-street, S.W.1. 
The telephone number of these branches is now ABBey 
7898. 





THE INSTITUTION OF PRODUCTION ENGINEERS.—It is 
announced that the Institution of Production Engiueers 
have formed three more local sections, bringing the total, 
at home and overseas, to 41. The three new sections 
are in Dundee, Bombay, and Auckland, New Zealand. 
The inaugural meeting of the Dundee section will be 
held on October 4, 1949. 





HANDLEY PaGE HERMES 5 AIRLINER.—The Handley 
Page Hermes 5 airliner, powered by four Bristol Theseus 
propeller-turbine engines, each developing over 2,200 h.p., 
made its first flight on the evening of Tuesday, August 23. 
This aircraft, which is the largest turbine-driven airliner 
yet built, will be demonstrated at the aunual flying 
display of the Society of British Aircraft Constructors, 
to be held at Farnborough, Hampshire, from Sep- 
tember 7 to 11. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel.—Maximum production is maintained at 
the steelworks for the present, but although it is anti- 
cipated that further output records will be broken in 
some branches of the industry this year, there are signs 
of a falling off in demand in some other sections. Order 
pooks are definitely lighter for bars of 3 in. and under, 
and the position is not very much stronger for heavy 
sections and bars. In the re-rolling mills new orders 
scarcely equal production, this being largely due to 
imports from the Continent, which find their way to 
the stockholding merchants. Plate mills, on the other 
hand, have 18 weeks’ work in hand and a virtual certainty 
of continuing order books. Indeed, orders almost exactly 
balance production. The demand for sheets continues 
unabated and makers are not promising delivery before 
the first quarter of 1950. The tube trade is also very 
busy, but is watching carefully developments in the 
international oil situation which, it is thought, may tend 
to lighten order books. There is an abundance of raw 
materials. Both pig iron and scrap are adequate for 
all steelwork and foundry needs, and, at the moment, 
coal is coming forward steadily enough to cause no 
concern. 


Scottish Coal,—Last week’s coal output was 467,000 
tons against 415,000 in the previous week, and, with 
only a few unofficial strikes taking place, most of them 
of a minor character, this week’s production is likely to 
be maintained at that figure at least. Thus the needs 
of consumers have been fairly well met, although there 
is still a persisting shortage of washed grades. The 
effects have been minimised by the warmer weather, and 
with good management on the part of the suppliers, all 
production needs have been met in the gas works, coke 
ovens, electricity works, and steelworks. Domestic 
stocks are running some 12,000 tons higher than at 
this time last year, and are still growing satisfactorily 
owing to the decreased demand due to the weather and 
lack of money on the part of consumers. This has eased 
the railway position to some extent, and no complaints 
have been made in that quarter, although their stocks 
are now lower than is comfortable and certainly only 
about three-quarters of the levels of last year. Anthracite 
is still tight and likely to become more so in the next 
few weeks. Dross is, as usual, plentiful, and not moving 
as quickly as would be desired. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—Man-power in the South 
Wales mines has dropped by more than 2,000 in the 
past twelve months to 105,936, at which level it is the 
smallest total employed in the industry here since 
nationalisation. Nevertheless, the aggregate output 
this year, up till August 13, namely, 13,600,000 tons, 
shows an improvement of 195,000 tons over the total 
for the same period of last year. As a result of a joint 
meeting between Welsh importers and French exporters, 
in London this week, imports of French pitwood for the 
local mines will be resumed shortly. They came to an 
end in May last after the parties had failed to agree on 
the price and other conditions governing the importation 
of the wood. It was stated at that time, however, that 
no inconvenience was likely to be caused to the mines 
since there were good stocks of wood in hand. The new 
contracts, it was reported, were in respect of a substantial 
quantity of French timber. There has again been a 
sustained demand for all grades on the Welsh steam-coal 
market throughout the past week. The amount of new 
business that could be handled for early delivery remained 
very small, however, as current curtailed outputs were 
being largely absorbed by contract deliveries to inland 
consumers. The principal home users were still showing 
a keen interest and were making heavy forward purchases 
80 that any easing in the present difficult supply position 
still seems remote. On export account there was a 
steady activity, under existing programmes, for France 
and South America. Following the recent activity, new 
business for Italy has been quiet, while deliveries to 
Portugal are still affected by the reduced needs of the 
railways. Occasional cargoes are available for Spain 
but otherwise there is little coal to spare. Patent fuel 
comes in for a good deal of interest on both home and 
foreign account, while foundry cokes are kept very well 
employed. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, a steady business in tin-plate was trans- 
acted with home users. The export market maintained 
its improvement and a more satisfactory number of 
orders has been placed than was previously the case. 
Steel sheets continue in demand and makers, being 
heavily committed, are unable to accept many of the 
orders offered them. Iron and steel scrap is still in good 
demand, more especially the better and heavier descrip- 
tions of material. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Steel production again is at a high 
level and indications are that last year’s record output of 
ingots and castings will be surpassed. Over a million 
tons were produced in the Sheffield area in the first six 
months of this year, the actual tonnage of 1,097,200 tons 
representing a weekly average of 42,200 tons, being 
2,000 tons a week more than in the first six months of 
last year. This gives rise to the belief that, for the 
whole year, the record for 1948 of 2,048,800 tons will 
be exceeded. The home demand for steel and steel 
products is being maintained at a satisfactory level, but 
export business is not easy to arrange except in some 
specialised products. Activity is unabated in engineers’ 
small tools, both on home and export account, while all 
edge-tool factories are fully occupied and have ample 
reserves of orders. Manufacturers of pen knives and 
scissors, in some cases, have more orders than they can 
deal with and are seeking sub-contractors. Colliery- 
engineering firms have many months’ work on their 
books ; the numerous colliery modernisation schemes are 
responsible for a succession of large orders. Makers of 
agricultural machinery parts are receiving orders for the 
next manufacturing season and expect to be very busy 
in machinery parts and edge tools. 


South Yorkshire Coal T'rrade.—Coal production is return- 
ing to pre-holiday levels, and it has been possible to 
dispose of some of the considerable arrears of orders that 
had accumulated. Gas and electricity concerns are 
receiving normal deliveries again. Coke-works are 
dealing with a gradually improving supply of coking coal 
and are able to keep pace with the continued demand for 
bard coke. There are satisfactory reserves of gas coke. 
More house coal is available and the demand has improved 
for best qualities where these are available. The call 
for unscreened opencast coals is dull. Shippers could 
deal with heavier supplies at the Humber ports. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel output has been 
much curtailed by the August holidays. Extensive 
necessary repairs to machinery have been carried out 
during the temporary stoppages at works. Despite the 
financial crisis, manufacturers of Tees-side products take 
a fairly hopeful view of the near future. They have 
substantial contracts to execute and expect that the 
needs of home and overseas customers will compel 
considerable purchasing of many commodities. Raw 
materials are obtainable in fairly satisfactory quantities 
from local sources of supply and imports of good foreign 
ore are large and increasing. Iron and steel scrap 
deliveries are maintained at a high level and users are 
steadily adding to stocks, which, for a considerable time 
past, had been no larger than is considered desirable to 
carry for ordinary needs. There seems little likelihood 
that pig iron supplies will expand sufficiently in the near 
future to meet the demand. Finished-steel products 
continue in strong request. 

Cleveland’s Oldest Mine.—After a record of production 
extending over a century, Cleveland’s oldest ironstone 
mine, at Eston, is to be closed permanently. It was 
the discovery of ironstone at Eston and elsewhere in 
Cleveland which formed the basis of Middlesbrough’s 
development as an iron-producing centre and led to the 
concentration of works on Tees-side. For many years 
the Eston mine was a prolific producer for Tees-side 
blast-furnaces and employed a large number of men, 
but production gradually dwindled and the men employed, 
in recent times, were few. e 

Foundry and Basic Iron.—All available parcels of 
ordinary foundry pig iron are readily taken up and 
buyers continue to call for bigger supplies than are 
coming forward. Production of the basic blast furnaces 
continues to move into immediate use at makers’ adjacent 
consuming plants. 

Hematite, Low Phosphorus and Refined Iron.—Distri- 
butable tonnages of East Coast hematite are promptly 
absorbed by the needs of regular users and larger deliv- 
eries would be welcome. Low- and medium-phosphorus 
irons are in steady request. Refined-iron manufacturers 
have substantial orders to execute. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron producers have contracts that will take some 
little time to complete and they expect that clients’ 
needs will provide work which will maintain their plants 
actively engaged until the end of the year. Billets, 
sheet bars and other semi-finished steel] commodities 
are in supply that meets the demand. Finished-steel 
manufacturers have extensive commitments and experi- 
ence difficulty in coping with heavy delivery claims. 
The pressure for maximum parcels of shipbuilding 
requisites is intense and available parcels of railway 
equipment are eagerly taken up. The large export, 





demand for sheets is unabated. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INCORPORATED PLANT ENGINEERS.—Birmingham 
Branch: Friday, September 2, 7.30 p.m., Imperial Hote), 
Birmingham. ‘“‘ The Preparation of Granite for Roads,” 
by Mr. C. G. Kitchingman. South Wales Branch: Tues- 
day, September 6, 7.30 p.m., Grand Hotel, Cardiff. -(i) Dis- 
cussion on ‘“ Lubrication.” (ii) Film: “The Inside 
Story.” Newcastle-upon-Tyne Branch: Thursday, 
September 8, 7.15 p.m., Turks Head Hotel, Newcastle- 
upon-Tyne. “ Materials Handling Equipment,” by Mr. 
L. Walmsley. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birmingham 
Graduate Section: Saturday, September 3, 9.15 a.m. to 
5.30 p.m., Birmingham University, Bristol-road, Birming- 
ham. All-Day Conference on “ Training and Leadership 
in Production Engineering.” Wolverhampton Section: 
Wednesday, September 7, 7 p.m., Wolverhampton and 
Staffordshire Technical College, Wolverhampton. Dis- 
cussion on “‘ Atomic Physics.” 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ TRELAWNY.”—Single-screw cargo liner, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the Hain Steamship Company, 
Limited, London, E.C.3. Second vessel to go on trial, 
out of an order for five. Main dimensions: 443 ft. 
(overall), by 56 ft. 6 in. by 29 ft.; deadweight capacity, 
9,250 tons on a draught of approximately 25 ft. 10} in. 
Four-cylinder opposed-piston Doxford marine oil engine 
of 3,300 b.h.p., which developed a speed of over 13 knots 
on trial. Trial trip, August 18. 

8.8. “ SaBaRMATI.”—Single-screw cargo liner, carrying 
16 first-class, 24 second-class and 1,200 deck passengers, 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for the Bombay /Persian Gulf service of the Bom- 
bay Steam Navigation Company, Limited, Bombay. 
Second vessel to go on trial, out of an order for four. 
Main dimensions: 343 ft. (overall) by 52 ft. 6 in. by 
28 ft. to upper deck ; gross tonnage, approximately 3,800. 
Parsons triple-expansion condensing single-reduction 
geared turbines, developing 5,700 s.h.p. at 120 r.p.m. in 
service, and two three-drum Yarrow-type water-tube 
boilers. Trial trip, August 18 and 19. 





RoyAL AERONAUTICAL SocreTy.—The Council of the 
Royal Aeronautical Society desire to remind candidates 
for the Society’s Associate-Fellowship examination that 
the December examination will be the last date on which 
papers will be set in the old syllabus. Entry forms, with 
fees, must be received by September 30, but it is pointed 
out that it would help the office organisation if candidates 
would inform the secretary, 4, Hamilton-place, London, 
W.1, as soon as possible of their intention to take the 
examination. Entries for the new syllabus must be 
received by August 31. 





LECTURES ON CONCRETE TECHNOLOGY.—Mr. J. Single- 
ton-Green, M.Sc., A.M.I.C.E., M.I.Struct.E., President 
of the Reinforced Concrete Association, will deliver a 
course of nine weekly lectures on “‘ Concrete Technology ” 
at the London County Council School of Building, Fern- 
dale-road, Brixton, S.W.4, on Monday evenings, at 6.30., 
commencing on October 10. The lectures are intended 
mainly for those responsible for the direction of concrete 
work, and admission to the course will be restricted, in 
general, to those whose technical qualifications or experi- 
ence are such as to enable them to contribute to the dis- 
cussions on the various aspects of the subject. Applica- 
tion for admission to the course should be made to the 
secretary of the School at the address given. 





THE LATE Mr. C. L. BurDICK.—News has reached 
this country of the death of Mr. Charles Lawrence Bur- 
dick, which, we regret to learn, occurred in California on 
June 17. Mr. Burdick was the founder, and for many 
years the chairman and managing director, of The Aero- 
graph Company Limited, manufacturers of spray- 
painting equipment, Lower Sydenham, London, 8.E.26. 
Mr. Burdick was the inventor of a practical air brush for 
artists and established the Aerograph Company to 
manufacture this in 1893. Although various types had 
been made previously, it was Mr. Burdick’s incorporation 
of a pin or needle valve, enabling the delivery of colour 
to be accurately controlled, that made the air brush 
a@ commercial success. After a period of hard pioneer 
work, the use of spray-painting equipment began to take 
hold, particularly in the pottery industry, and the 
Aerograph Company was incorporated on June 18, 1900. 
Mr. Burdick, who was nearly 87 years of age, was 
responsible for other inventions, including an automatic 
rotary stencilling machine, coin-counting and change- 
giving machines and apparatus for the eontrol and mea- 
surement of humidity. 
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THE ENGINEERING AND 
MARINE EXHIBITION. 


Nove years have elapsed since the death of Mr 
Frederic W. Bridges, originator of the Engineering 
and Marine Exhibition, and 90 years since his birth ; 
but we venture to think that his name was the one 
most frequently mentioned at Olympia yesterday 
among the standholders and the numerous guests 
who gathered there for the opening ceremony. 
It is our editorial lot to attend many exhibitions, 
at home and on the Continent, but we know of no 
other, with the solitary exception of the Model 
Engineer Exhibition, which closes to-morrow evening 
at the New Royal Horticultural Hall, that reflects 
so vividly the personality of one man, and continues 
to do this in spite of various changes, with changing 
circumstances, in the character of the Exhibition 
itself. It was easy to dismiss his unfailing friendli- 
ness of manner, as some have thought to do, as a 
professional facade that had become a habit, and 
to observe, as we have heard it done, that anyone 
could be cheerful who was as successful as he. No 
man, however, could have developed his astonishing 
memory for individual names and faces who was not 
genuinely interested in his fellow men and their 
activities, and, if he did ‘‘ do pretty well out of it ”— 
well, he belonged to an era when the making of 
profits (and putting others in the way to do the same) 
was not yet stigmatised as ‘‘ anti-social’; and the 
bequests to engineering charities that his will 
revealed were sufficient evidence that his interest 
in his fellows was, after all, something more than 
just the stock-in-trade of a successful publicist. 
This last he certainly was, and it is because he 
realised so clearly the advantages of bringing people 
together—people who, though engaged in almost 
identically similar occupations, probably met com- 
paratively seldom in the ordinary course of business 
—that the gatherings which he organised at Olympia 
became friendly events to be looked forward to as 
something more than purely commercial incidents 
in a world of constant competition. That charac- 
teristic they still possess, 

Initially, what is now the Engineering and Marine 
Exhibition was the Shipping, Engineering and 
Machinery Exhibition, and we are probably not 
alone in regretting that the great shipping and ship- 
building companies decided, between the wars, to 
discontinue their support of it. Admittedly, the 





shipowner in search of new tonnage has no need of 
an exhibition to teach him where and by whom ships 


are built, nor does the intending ocean voyager or 
shipper of cargo require a display of models to help 
him to make up his mind which line to patronise ; 
but, since the ‘‘ Shipping” disappeared from the 
title of the Exhibition, there has been no regularly 
recurrent occasion affording such an impressive 
review of the magnitude and significance of the 
British mercantile marine—to say nothing of the 
Navy—and we still feel that the public at large have 
lost something, by the change, that was at once an 
inspiration and an education. Nor does it appear 
that these former exhibitors can have benefited so 
greatly by the reduction in their advertising expendi- 
ture represented by the withdrawal, though it is 
more than likely that few of them could point out 
to their shareholders any direct and self-evident 
advantage or loss from exhibiting or from not doing 
so. Like ‘‘invisible exports,” such decisions are 
often difficult to evaluate, but the shipping and 
shipbuilding industries must have gained some 
valuable recruits whose ambitions were first directed 
into those channels as a result of studying the 
models and other exhibits at Olympia. 

That possibility still exists for some of the most 
important branches of the engineering industry, 
over and above the purely “‘ shop-window ” advan- 
tages that a widely representative exhibition can 
offer ; and the educative value in general, intangible 
though it may be, is another function not to be 
lightly dismissed as of negligible importance to 
industry. There is, perhaps, rather too widespread 
a tendency among industrialists to look upon exhi- 
bitions exclusively as the affair of the exhibitor’s 
commercial staff. Admittedly, the primary purpose 
of any trade exhibition is to sell the products of the 
standholders; and, as this is the prime concern 
also of the exhibitors’ commercial staffs, there 
should be in attendance at all material times some- 
one who is imbued with the commercial outlook and 
equipped with the commercial experience, to pro- 
mote sales and cultivate the interest of the potential 
customer. There are, however, very many members 
of technical staffs who might learn a great deal 
about the products of even their own firms if they 
were given more opportunities to take a turn of 
duty at the often tiring, but usually instructive, 
task of manning an exhibition stand. They would 
have to learn to suffer a proportion of fools with 
at least the outward appearance of tolerance, if 
not gladness, but they would find also that the 
proportion is surprisingly low and that many of 
those who do halt to study the exhibits would have 
some pertinent comment to offer, often based on 
practical experience of the kind that designers 
sometimes lack, to the detriment of their designing. 

They would meet an occasional head of a pur- 
chasing firm whose main concern was with first 
cost, and might be led, in consequence, to reflect 
on the factors which make up first cost ; but more 
instructive, as a rule, are the actual users—not 
always of executive rank—who want to know 
why the design could not be modified to make 
transport and erection easier in countries where 
facilities are few, why half a dozen sizes of bolt 
have been used when two would suffice, and whether 
the machine or component exhibited could be 
employed for some purpose not envisaged by its 
designer. They might be induced, perhaps, to 
compare the relative advantages of a superfine 
finish, which may be difficult or impossible to main- 
tain in service, and the rugged strength that will 
withstand years of rough treatment, though at the 
sacrifice of some fraction of test-bed efficiency. 
They might have no immediate opportunity to 
put into practice much of what they would learn, 
but when the opportunity did come, they would be 
better prepared to meet it than if they had never 
stirred away from their drawing boards. The 
Engineering and Marine Exhibition provides more 
facilities than most for technical men to keep in 
touch with progress in a variety of directions and 
to meet their fellow engineers. If, as we have 
suggested, more firms would take advantage of it 
to send selected drawing-office and works technica! 
staff in turn, for a few days each—not merely as 
sightseers, under the special arrangements which 
the organisers have introduced, but as stand atten- 
dants—the usefulness of the Exhibition, and of 





the men selected, should be further enhanced. 
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THE DRY COOLING OF COKE. 


WHEN coke is discharged from a gas retort or 
coke oven, it will contain a large quantity of 
sensible heat ; the coke leaving horizontal retorts, 
for example, contains about a quarter of the heat 
units fed into the producers used for heating the 
retorts. To those who have spent the past ten 
years in seeking to capture and harness the last 
few therms of heat leaving boiler plants or escaping 
as steam from industrial processes, the idea of allow- 
ing such large quantities of heat to escape into the 
atmosphere must appear strange and almost 
unnatural. They will reflect, moreover, that, 
when red-hot coke is quenched with water, there 
escape with the steam certain sulphurous gases 
which, to quote a gas engineer who has lately written 
on the subject, ‘cause immeasurable damage to 
the works.” Wet-quenching plant also entails 
heavy maintenance costs ; and wet-quenched coke, 
because of the water that it contains, which fre- 
quently penetrates into the interior of the pieces, is 
liable to decrepitation when heated in the domestic 
grate. Since the heat in the waste gases leaving the 
heating flues can be recovered in the form of steam 
at useful working pressures, it may well be asked 
why the sensible heat in the hot- coke, which is at 
fully as high a heat potential, cannot be similarly 
recovered. 

This apparently self-evident proposition does not 
admit of a simple answer. In Switzerland, where 
coal costs 10/.a ton and upwards, the recovery of the 
sensible heat of the coke is regularly practised ; 
some 80 per cent. of Swiss coke is dry-cooled. In 
Britain, there have been no more than half-a-dozen 
dry coke-cooling plants built, and only three of these 
are now in operation, namely, at the coke ovens at 
the Ford Motor Company’s works at Dagenham, at 
Burnley gasworks, where the plant deals with coke 
from horizontal retorts, and at Stalybridge gasworks, 
where coke from intermittent vertical retorts is dry- 
cooled. There is also in existence a dry-cooling plant 
at Southall gasworks, London, which is not now in 
operation but may be put back into commission 
shortly. Plants at the Glasgow and Liverpool 
gasworks have been dismantled. 

There are several ways in which the sensible heat 
of the hot coke may be recovered. In continuous 
vertical retorts, the incoming cold secondary air is 
circulated round the lower part of the retort and 
there it extracts much of the heat from the coke. 
In the various systems of static carbonisation— 
horizontal retorts, coke ovens, and intermittent 
vertical retorts—the coke is discharged hot and is 
transferred as quickly as possible to a chamber in 
which it is subjected to a current of cool inert gas. 
The hot gas leaving the bed of coke is caused to 
give up its heat in a waste-heat boiler and afterwards 
is passed again through the coke to repeat the cycle. 
Three arrangements of this principle have been 
built. For the smaller gasworks units, the Sulzer 
chamber type is the most usual; in this, the coke 
is discharged into a container which is itself run 
into the cooling chamber, where it stays with its 
load of coke until the operation is completed. For 
larger plants, there are the Sulzer bunker type and 
the Collin chamber. The Sulzer bunker holds 
some 50 to 90 tons of coke, afid, periodically, cool 
coke is withdrawn from the base to allow more hot 
coke to be put in from the top; any particular 
batch takes about three to four hours to 
through the bunker. The Collin plant, built by 
Gas Chambers and Coke Ovens, Limited, consists 
of a number of cooling chambers, each containing 
@ single batch of coke, through which cooling gas 
flows in parallel, with one or more common boiler 
units. One chamber is provided for each three 
adjoining ovens or retorts in a battery. When this 
system is applied to coke ovens, the cooling chambers 
are placed in front of the ovens, taking the place of 
the coke-car track, and extend the full length of the 
battery. 

In view of the uncertainty with which the 
subject is surrounded, the Fuel Efficiency Branch 
of the Ministry of Fuel and Power sponsored a 
“Working Group,” comprising some well-known 
authorities on the subject, charged with the task of 
reporting “‘on the economic advantages, if any, of 
employing dry coke-cooling processes” and of 





assessing ‘“‘their potential contribution to the 
national economy, as a means of saving fuel.”” The 
Group have now issued their report ; a judicially- 
phrased document, giving the probable economic 
result of installing and working dry coke-cooling 
plant at to-day’s costs. It is free from any bias, 
as would be expected, but, it must be confessed, 
leaves the subject still a matter for debate and for 
consideration in the light of local conditions. There 
does not appear to be any technical reason to suppose 
that the operation of a dry-cooling plant is difficult or 
inconvenient. It is desirable, of course, that the 
cooling plant should be designed at the same time as 
the carbonising plant, so that both can be operated 
together as an harmonious whole. Stand-by 
equipment must be considered, and, if needed, will 
add to the capital cost. It seems to be generally 
regarded as preferable that there should be a stand- 
by steam-raising plant for use in the event of failure 
of the steam supply from the dry-cooling plant. 
This, however, is not a costly item, especially when 
the retorts are also equipped with a waste-heat 
boiler. At Burnley, Mr. J. H. Clegg, the engineer 
responsible for the installation of the dry-cooling 
plant, has recorded that, when the carbonising plant 
was working to full capacity, the whole works was 
run on waste heat. There was a waste-heat boiler 
on the carbonising plant, one on the water-gas 
plant, and the dry-coke cooling boiler, and one boiler, 
fired with solid fuel, used as stand-by to all three. 

Stand-by quenching arrangements are more 
complex. The report points to the difficulty of 
dealing with an overload of hot coke during a period 
following a breakdown on the carbonising plant. 
Overloading is possible, of course, but the coke may 
well be discharged from the cooling plant during 
such periods at a higher temperature than the normal 
with loss of steam. The consensus of opinion seems 
to favour the installation of stand-by wet-quenching 
plant. This becomes necessary when the dry-cooling 
plant is only of sufficient capacity to deal with the 
maximum output and the works, especially if it is 
a coke-oven plant, is operating at a high load factor 
all the year round. It is clearly necessary to 
provide for regular maintenance of the coke-cooling 
installation, and, unless there is some means of 
putting a unit out of commission from time to time, 
this becomes impossible ; failure to do this appears 
to have been the cause of the ultimate breakdown 
of one of the plants erected in this country. One 
method of providing for such contingencies is to 
install one spare coke-cooling bunker, and it is argu- 
able that, if this were done, it would be unnecessary 
to provide also a wet-quenching plant. The 
Working Group appear to agree with this view, 
but considerations of capital cost seem to make it 
desirable to install wet-quenching as a stand-by— 
especially since this need only be of the simplest 
character—rather than an additional dry-cooling 
unit. This opinion is not conclusive, however, 
since no account has been taken of the loss of steam 
during periods of maintenance and of the cost of 
making up that loss from the independent boiler. 
In gasworks, the matter is more simple than in coke- 
oven works, since the gasworks generally has a 
period of the year on reduced output due to the 
varying domestic demand for gas ; that period can 
be, and, indeed, always has been, devoted to 
maintenance. 


One objection to the use of dry cooling has been 


pass | that the yield of coke is thereby reduced, since the 


coke contains no water. Basically, this is a mone- 
tary loss, since, traditionally, some water has 
always been sold for the price of coke, to the extent 
of at least 3 per cent., and often much more. The 
gas industry has no illusions about the undesirability 
of high moisture contents in coke and every endea- 
vour is made to keep the moisture down to a reason- 
able figure ; but it is known also that completely 
dry coke is unsatisfactory, partly because of its 
combustion characteristics, though mainly because 
it is dusty and unpleasant to handle. The Group 
recognised this fact, and caused experiments to be 
made at the Fuel Research Station which have shown 
that dry-cooled coke can be re-wetted without 
detriment by a simple water spray, to a degree 
sufficient to allay the dust nuisance. 

The value of dry-cooled coke is an important con- 
sideration. Apparently, there is no evidence that 





consumers are prepared to pay more for the dry. 
cooled product than for the normal product, but the 
gas industry may well consider that the improvement 
in the quality of the coke, and especially the avoid. 
ance of decrepitation on the domestic grate, would 
be sufficient justification for incurring some small] 
cost in the recovery of the heat contained in the 
hot coke leaving the retorts. One positive feature 
of dry-cooled coke is that it can be screened far 
more accurately; in particular, it is possible to 
remove the breeze very effectively from the larger 
material. The breeze, moreover, can be again 
sub-divided into three or more sizes, and the 
Group have recorded an instance, at Dagenham, 
where the larger fraction of the breeze (j in. to } in.) 
is removed and sold at a price which represents an 
additional 1s. a ton on the whole of the coke output, 
large and small together. In assessing the financial 
effect of dry cooling, the possibility that this gain 
may appear seems to have been neglected ; an extra 
shilling a ton would make a fundamental difference 
to the economics of the process. 

The quality of blast-furnace coke raises quite 
different issues. There is the same possibility of 
re-screening the breeze, but published evidence 
suggests that the value of dry-cooled coke in blast 
furnaces is considerably greater than that of wet- 
quenched coke. This would appear to be due to the 
amount of handling rather than to the moisture 
content of the coke. Dry-cooled coke receives 
much more vigorous treatment and breaks down 
into somewhat smaller pieces, though apparently 
this produces little, if any, more breeze. The 
resulting coke is harder, does not break down in the 
furnace, and is claimed to show much lower fuel 
consumption than wet-quenched coke under equal 
conditions. It cannot be said that this claim has 
been proved, and there are some who dispute both 
the figures and the reasons advanced for the improve- 
ment registered. Until this controversy has been 
settled, there can be no certainty whether or not the 
metallurgical value of dry-cooled coke is higher 
than that of the wet-quenched product. 

The Group have obtained the costs of installing 
and operating modern dry-cooling plant, taking 
due account of the credit for the cost of wet quench- 
ing which is no longer required, and have compared 
the cost of raising steam by the two methods. 
Their finding is that, when the yield of steam is 
750 lb. a ton of coke cooled, the dry-cooling process, 
for gasworks in general, shows a small profit of about 
2 per cent. over normal boiler practice using low- 
grade fuel, such as pond duff or coke breeze at 
35s. a ton. It is held that this profit would be 
unattractive. The ancillary advantages of dry 
cooling, previously mentioned, have not been 
assessed, and might be held to sway the decision 
towards dry cooling; it may well be that the 
effect depends on local conditions. When the yield 
is 1,000 Ib. of steam per ton of coke, the process shows 
@ profit of between 4-4 per cent. and 14-3 per cent. 
Even with a yield of 750 lb., the process may show 
@ profit as high as 6-8 per cent. on the capital 
involved in the dry-cooling plant. The general 
conclusion of the Working Group is that, at none 
of the gasworks installations considered (with a 
steam, yield of 750 Ib. per ton of coke) “‘is the lower 
cost of steam from dry cooling to be regarded as 
sufficient economic incentive to lead on its own to 
the installation of dry cooling plants”; but, 
‘“*For coke ovens having a non-seasonal load the 
case for the installation of dry cooling is strong 
enough to warrant consideration whether the yield 
is taken as 750 Ib. or 1,000 Ib. of steam a ton of 
coke. Even when the marginal cost (i.e., exclusive 
of capital cost) of steam raising in a very large 
boiler is considered, the balance is in favour of dry 
cooling and markedly so when emergency wet- 
quenching facilities are installed as an alternative to 
stand-by cooling capacity.” It is also concluded 
that it is financially advantageous to install dry- 
cooling plant at existing coke ovens. Since the 
potential heat saving over the whole country, 
including larger gasworks and coke-oven plants, 
would be equivalent to some 750,000 tons of boiler 
coal a year, it appears that this is a matter to which 
attention should be given in the interests of fuel 
economy by the Gas Council, the National Coal 
Board and the British Iron and Steel Federation. 
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NOTES. 


THE British Evectricrry AUTHORITY’S 
CONTRACTING PoLicy. 


A STATEMENT of considerable importance to elec- 
trical contractors, in view of the very wide powers 
conferred upon the British Electricity Authority 
under the Act by which it was constituted, has been 
issued by the Authority, to define the policy to be 
adopted by the nationalised industry with regard 
to electrical contracting and retailing. As a basic 
principle, it is stated that “‘ trading activities by the 
14 Area Electricity Boards will be conducted on 
fair and unsubsidised commercial lines and on the 
basis of ‘ good relationship’ with private electrical 
contractors, thereby ensuring healthy competition 
between the Boards and private contractors, which 
will undoubtedly benefit electricity consumers.” 
The Authority are of the opinion, and have advised 
the Electrical Contractors’ Association and the 
Electrica] Contractors’ Association of Scotland 
accordingly, that there should be no restriction on 
the contracting activities of Electricity Boards. 
They express the belief that contracting is “‘ regarded 
as an essential part of the services which consumers 
expect to receive from the electricity supply indus- 
try” and that ‘healthy competition would be 
beneficial both to the Electricity Boards and to 
contractors’; therefore, the contracting depart- 
ments of the Boards “‘ should be run on a sound com- 
mercial basis with a proper allocation of costs ” and 
“the fullest co-operation should be maintained to 
secure close and friendly relationships between the 
Electricity Boards and contractors and the Electrical 
Contractors’ Associations.” The statement then 
proceeds to outline what is described as ‘‘ the defini- 
tion of certain general principles to guide the future 
trading relationships of all electrical contractors, 
including the Electricity Boards”; which, it is 
announced, have been mutually agreed with the 
Associations. These include provisions that, in 
contracting for installations, tenders and charges 
are to be assessed on ‘‘a fair commercial basis,” 
including all costs for labour, materials and over- 
heads, freedom of action being preserved to buy in 
the best market at the best terms available and to 
take deliveries at any desired place. Full list prices 
will be charged for retail sales, subject to the right 
to sell bad stock at reduced prices and to allow 
discounts in certain circumstances, as provided by 
the Fair Trading Policy of the electrical industry. 
Hire purchase and credit facilities are to be based 
on “‘ sound economic and commercial lines,” of which 
a general indication is given ; and, upon application, 
the Area Boards ‘‘ will normally accord full informa- 
tion to contractors as to projected mains extensions ”” 
in time to allow the contractors to participate in the 
development of the localities to be supplied by the 
projected extensions. 


Wortp Power CONFERENCE. 


The list of the papers to be presented by the 
British National Committee at the Fourth World 
Power Conference, to be held in London from 
July 10 to 15, 1950, has now been published. In 
Division I, the Ministry of Fuel and Power are to 
present a National Report, comprising ‘‘ A Survey 
of the Energy Resources of the United Kingdom,” 
and ‘* An Historical Record of the Development of 
these Resources and of Prime Movers for Utilising 
Them Covering the Period since 1924." In Division 
II, which covers solid, liquid and gaseous fuels, 
ten papers will be presented, namely, “‘ The Cleaning 
of Coal,” by Mr. A. Grounds ; ‘‘ Coal Specification,” 
by Mr. D. Hicks, Mr. R. J. Moffat and Mr. J. K. 
Matthews ; ‘‘ Preparation of Coal for Carbonisa- 
tion ; Developments in the Carbonisation of Coals ; 
and Treatment (Purification) of the Gas in the Gas 
and Coking Industries,” by Mr. C. Johnson, Dr. 
G. E. Foxwell and Dr. J. Burns, Mr. W. 8. Hubbard 
and Mr. G. U. Hopton; “ Metallurgical Coke,” by 
Mr. J. P. Graham, Mr. G. E. Hall and Mr. G. W. 
Lee ; “Recent Development in Petroleum Pro- 
cessing,” by Mr. P. Fleming and Dr. T. Tait; 
“The Use of Heavier Distillates from Petroleum 
for the Production of Power,” by Dr. C. G. Williams 
and Mr. A. Wilson ; “Fuels for High-Speed Diesel 
Engines,” by Mr. C. S. Windebank, Mr. L. D. 
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Derry and Mr. E. B. Evans; ‘The Preparation 
and Treatment of Coal Tar,” by Dr. D. McNeil ; 
“The Recovery of Benzole from Coal Gas at Gas 
Works and Coke Ovens,” by Mr. W. H. Hoffert ; 
and ‘‘ Developments in the Manufacture of Pro- 
ducer Gas from British Solid Fuels,” by Mr. R. W. 
Rutherferd and Mr. 8. K. Hawthorn. Division III, 
which deals with boiler plant, internal-combustion 
engines, prime movers and power generation, 
will have 12 papers, eight of which have so far 
been given titles. These are “‘ Steam Raising in 
Large Power Stations,” to be sponsored by the 
Water-Tube Boiler Makers’ Association ; ‘“‘ Modern 
Trends in the Design and Location of Electrical 
Generating Stations,” by Mr. V. A. Pask; ‘‘Com- 
bustion of Low-Grade Solid Fuel in Stokers,” by 
Mr. J. Price Walters and Mr. H. A. Haines ; “‘ Oil- 
Fired Marine Boilers,” by Captain (E) W. Gregson, 
R.N.R. ; ‘‘ Modern Trends in Diesel-Engine Design,” 
by Mr. Ian Wans ; ‘“‘ Land-Type Gas Turbines,” by 
Dr. D. M. Smith; ‘‘ Hydro-Electric Developments 
in the Scottish Highlands,” by Sir A. E. MacColl ; 
and ‘‘ Large-Scale Wind Power in Great Britain,” 
by Mr. T. G. N. Haldane and Mr. E. W. Golding. 
The subjects only of the remaining four papers have 
been settled ; these are: Steam Turbines, by Mr. F. 
Dollin; Spark Ignition and Compression-Ignition 
Engines, by Mr. W. A. Robotham ; Jet and Similar 
Types of Aero-Engines, by Mr. F. Owner and Dr. 
S. H. Hooker; and Atomic Fission, by Sir John 
Cockcroft. 


MERCHANT SHIPBUILDING IN THE UNITED STATEs. 


At the half-yearly meeting of the Board of Mana- 
gers of the American Bureau of Shipping, held in 
New York on August 2, the President of the Board, 
Mr. J. Lewis Luckenbach, reviewed the present 
position of the shipping and shipbuilding industries 
of the United States. Vessels classed with the 
Bureau, he stated, numbered 8,939, totalling nearly 
38 million tons gross, to which would be added in 
due course a further 227 vessels, of rather less than 
1} million tons gross, under construction in United 
States and other shipyards. The figures quoted by 
Mr. Luckenbach comprised all United States ton- 
nage, including craft on rivers and the Great Lakes, 
and barges. Of the new tonnage in hand and 
intended for the Bureau’s classification, 15 cargo 
vessels and a tanker are being built in Japan; and 
five cargo and passenger ships, one tanker and one 
cargo vessel in Italy. During the first half of 1949, 
Mr. Luckenbach continued, the first ten of the 43 
large tankers were completed, which were ordered 
last year ; these vessles have a deadweight capacity 
of 26,000 to 28,000 tons. Two still larger tankers, 
of 30,000 tons deadweight, were also completed, 
together with two of 18,000 tons deadweight. Since 
January 1, 21 ships have been launched from United 
States shipyards and there are indications that 1949 
may establish a new record for peace-time ship- 
building in the country ; but the future prospects 
are causing some concern to the shipbuilders, as they 
are to the British industry, because of the scarcity 
of new orders. At August 1, the merchant ships on 
order in the United States, or still to be completed, 
numbered 55, with an aggregate gross tonnage of 
940,000 ;, but 21 of these, said Mr. Luckenbach, 
would be finished by the end of the year, and of 
the remaining 34, only two would be stil] in hand 
at the end of 1950. The only pending new con- 
tracts of any size are two cargo and transport ships, 
which the United States Maritime Commission pro- 
pose to build as prototypes for mass production in 
any future war emergency ; a large passenger liner 
for the South American trade; two passenger 
vessels for service between San Francisco and Los 
Angeles; and three ferryboats for New York. 
Most of the vessels now building which will be still 
in hand in 1950 are tankers, duplicates of vessels 
already built; these, therefore, will provide little 
employment for design staffs, and the prospects 
of new naval construction are not encouraging. 
The pressure of work is slackening in the ship 
repairing industry also, as the extensive programme 
of post-war reconditioning has now been completed. 
There is, however, a somewhat brighter outlook on 
the Great Lakes, as several of the owners of large 
Lakes vessels have considerable modernisation 
schemes in view. 





THE TRANSPORT OF BITUMEN IN BULK. 


Bitumen is extensively used in industry as well as 
in road construction, and its use in both directions 
is increasing steadily. In Europe, it is obtainable 
both in drums and in bulk, though the bulk ship- 
ment has been somewhat limited in application, 
being almost entirely in small vessels carrying from 
2,000 to 2,500 tons, mainly operating between the 
French Mediterranean coast and North Africa. 
Some deliveries have been made also to Scandinavian 
ports and extensions of the trade are contemplated. 
Bulk distribution by tank wagons is also likely to 
increase ; it has been estimated that about 60 per 
cent. of the Western European demand could be 
made in bulk, thus reducing the cost and handling 
involved in making deliveries of small quantities in 
drums. In developing the bulk transport of bitu- 
men, the Shell Petroleum Company have begun to 
construct depots for receiving and storing the 
bitumen, these being at Copenhagen and at Setubal, 
in Portugal. Each depot will have a capacity for 
about 6,000 tons of bitumen, and they will be used 
as centres for the preparation of the various special 
commercial forms required in industry. The plans 
in hand by the Shell Company, however, extend 
beyond Europe, and provide for the importation 
into European countries of shiploads of bulk bitumen 
from Curacao, in the Dutch West Indies, kept liquid 
as necessary by the use of heating coils in the tanks. 
Three Shell tankers, the Lembulus, Labiosa and 
Liparus, have been adapted for this service by 
fitting heating coils in the centre tanks, which hold 
about 4,500 tons in each case. Special pumps and 
jacketed pipelines have been installed to handle 
the bitumen, which will be carried in the centre 
tanks only, the wing tanks being used for the con- 
veyance of black oils. This method of shipment has 
been employed by the Shell Company for about ten 
years between Curacao and New York, the vessels 
on this service—the Patella, of 12,000 tons dead- 
weight capacity, and the Paludina, of 9,400 tons 
deadweight, having been built specially for the 
purpose. 

Tue INTERNATIONAL NaviGATION CONGRESS. 


The 17th International Navigation Congress 
is to be held in Lisbon from September 10 to 
19, under the auspices of the Permanent Inter- 
national Association of Navigation Congresses and 
the presidency of Sr. José Frederico do Casal 
Ribeiro Ulrich, Minister of Public Works. The 
Secretary General of the Congress is Sr. Duarte 
Abecasis, who occupies the same position in the 
Ministry of Public Works. The programme is 
divided into two sections, dealing, respectively, 
with inland navigation and maritime navigation, 
a series of topics for discussion being provided 
in each. In Section I, these include the acceleration 
of inland transport, and suggested measures to 
promote it ; means for dealing with large differences 
of head; and the function of storage reservoirs in 
regulating water flow. In Section II, there are 
questions regarding the regularisation of natural and 
artificial estuaries, and port facilities for handling 
certain special classes of traffic, especially oils. 
In addition, certain ‘“‘communications”’ will be 
presented, these dealing with the design and con- 
struction of locks, the protection of embankments 
and weirs, the value of large inland navigable 
waterways and means to develop traffic along 
them, protection against coast erosion, measures 
to prevent the disintegration of mortar and concrete 
in sea water, and the penetration of waves and 
swells into harbours. In the week following the 
conclusion of the Congress, the delegates will visit 
various hydro-electric, harbour, and other public 
works in Portugal. 





LECTURES ON VECTOR ANALYSIS AND ELECTRO- 
MAGNETIC THEORY.—A course of lectures on “ Vector 
Analysis and Fundamental Electromagnetic Theory ” 
has been arranged by the Department of Electrical 
Engineering and Applied Physics of the South-East 
London Technical College, Lewisham-way, London, 
S.E.4. The course will be conducted by Mr. M. J. 
Seaton, B.Sc., and will be divided into two parts, the 
first of which starts on Monday, October 3. Applications 
for admission to the course should be made to the head 
of the Department, Mr. C. W. Robson, B.Sc., M.I.E.E., 
at the above address. The fee is 20s. 
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DR. G. S. BAKER, O.B.E. 


In last week’s issue of ENGINEERING, we recorded 
briefly the death, on August 15, of Dr. G. S. Baker, 
formerly Superintendent of the William Froude 
National Tank at Teddington, and, for many years, 
an investigator of international repute into the 
problems of ship resistance and propulsion. No 
more than a very brief reference was then possible ; 
but we give below an outline of Dr. Baker’s 
career. 

George Stephen Baker was born in 1877, the year 
in which the Navy’s first steel ships, H.M.SS. Iris 
and Mercury, were launched, and began his long 
association with naval architecture as a shipwright 
apprentice in H.M. Dockyard, Portsmouth, where 
he spent four years, or rather more, from 1892 to 
1896 ; the first three in the yard and the final year 
in the ship drawing office. As is required of Dock- 
yard apprentices, he attended the Dockyard school, 
whence he obtained a scholarship to the Royal 
Naval Engineering College at Keyham, where he 
qualified to proceed to the more advanced course 
in naval construction at the Royal Naval College, 
Greenwich. He went to Greenwich in 1897 and, in 
June, 1900, was awarded a first-class certificate on 
completion of the course. This distinction, which 
was not often awarded, was followed by an appoint- 
ment as Assistant Constructor at Portsmouth Dock- 
yard, and, six months later, a transfer to the 
Admiralty, where he remained until April, 1901, 
when he was sent to Haslar as assistant to the late 
Mr. R. E. Froude, then in charge of the Admiralty 
ship-model tank. In 1902, he returned to the 
Admiralty and remained there for about a year, 
but then resumed his position at Haslar and con- 
tinued as Froude’s assistant for some five years 
before being transferred again to London, in 1908, 
as professional secretary to Sir Philip Watts, then 
the Director of Naval Construction. Two years 
later, on the completion of the William Froude 
Tank, the gift of Sir Alfred Yarrow, Baker was 
appointed as its Superintendent. It was a post of 
considerable difficulty as well as responsibility, as 
he had largely to train his staff as well as to organise 
the work, which soon began to increase greatly in 
volume. He continued as Superintendent of this 
tank, and of the larger tank constructed in 1932, 
until his retirement in 1942. 

Dr. Baker’s degree of D.Sc. was conferred on 
him in 1936, honoris causa, by the University of 
Durham, the occasion being particularly noteworthy 
in that his son, Mr. D. M. Baker, received his degree 
of B.Sc., with distinction in naval architecture, at 
the same Convocation. During his Admiralty 
service, he was a member of the Royal Corps of 
Naval Constructors. His valuable work for the 
advancement of the science of naval architecture 
in general was recognised in the New Year Honours 
in 1918 by the award of the O.B.E.; and, among 
his colleagues in other countries, by the status which 
he enjoyed in the periodical international confer- 
ences of tank superintendents. He had been a 
vice-president since 1935, of the Institution of 
Naval Architects, which he joined in 1903. The 
first of his many papers to the Institution was 
read in 1911, on the William Froude Tank and its 
equipment, and he was elected to the Council in 
1921. He received the Gold Medal of the Institution 
in 1914 for a paper on ‘‘ Methodical Experiments on 
Mercantile Ship Forms,” and represented the Insti- 
tution on a number of committees, including the 
Marine Oil Engine Trials Committee, the committee 
which investigated the behaviour of “singing” 
propellers, and the Engineering Joint Council. He 
was also a member of the North East Coast Insti- 
tution of Engineers and Shipbuilders. His published 
papers, delivered to the Institution of Naval Archi- 
tects and other societies, were very numerous and 
always marked by a clear and concise presentation 
and an almost rigidly factual style. He was the 
author also of several books, Ship Form, Resistance 
and Screw Propulsion, published in 1914, being 
followed by Ship Design in 1933 and Ship Efficiency 
and Economy in 1942. The last of them, The 
Merchant Ship, was reviewed in our columns as 
recently as June 17. 





VIBRATED CONCRETE.* 
By D. A. Stewart, A.M.I.C.E. 
(Concluded from page 172.) 


To attempt to forecast the trend of future develop- 
ment and practice in concrete engineering may be 
somewhat rash, as a prophet is usually without 
honour in his own profession ; but there is comfort 
in the thought that some considerable time must 
elapse before the prophet can be made to eat his own 
words, and by then, in all probability, they will 
have been forgotten. 

The concrete industry is still very young, and, 
consequently, is developing rapidly. This develop- 
ment is the result of the action of external stimuli, 
consisting of demands for new products and new 
applications ; and this action, in turn, produces 
reactions within the body of the industry which 
endeavours to adjust itself to requirements. 

During the war years, emphasis was placed on the 
need for an increased rate of handling, and mechanis- 
ation became mbre general. Mulberry Harbour 
required the application of special techniques in 
waterproofing and in the use of light-weight aggre- 
gates. Roads and aircraft runways had to be 
put down at speed. Special plant of American 
origin was brought into use. The precast side of 
the industry had to produce shelters and huts, 
structural members for factories, offices and canteens, 
as well as reinforced panels for barges and storage 
tanks. Sometimes the results of this increased 
productivity were unworthy of the industry, 
designs being poor and the concrete worse; but 
this is a phase that always arises with the growth 
of any industry, especially under difficult condi- 
tions as regards labour and materials. 

In 1939, concrete was made, very largely, by 
volume batching, 20 shovels of }-in. aggregate, 
ten of sand, a bag of cement, and water to taste, 
giving a 1:2:4 concrete. Procedure of this kind 
is hardly conducive to the manufacture of a consis- 
tent concrete, except, perhaps, one that is consis- 
tently poor in quality. This system of making 
concrete is still very general, although weight 
batching has taken its place on a considerable 
number of the large contracts being executed to-day. 
Even in the precast industry, where the quantities 
handled are usually smaller, weight batching is 
being gradually adopted where consistency is 
imperative. 

What is the answer to the problem of producing 
high-quality concrete ? Surely there is one answer 
and only one: concrete making must be regarded 
as @ chemical-engineering process in which all 
ingredients, such as coarse aggregate, sand and 
cement, are carefully selected, accurately propor- 
tioned by weight and mixed thoroughly for a speci- 
fied period with the appropriate quantity of water 
and additives. It may even be necessary to pre- 
mix the cement and water under alternating 
pressure to ensure maximum hydration of the 
cement grains. 

It has always seemed somewhat illogical to spend 
large sums of money on carefully regulated plant 
for the production of cement and then to hand it 
over to a concreter who treats it as though it were 
an unnecessarily expensive mud. Much the same 
applies to reinforcement; another carefully con. 
trolled product, which is combined with what is 
often indifferently controlled concrete to form an 
engineering structure which also has been carefully 
planned to resist a predetermined set of loads. 

Extremely high-quality concrete can be made in 
the laboratory because there it is possible to exercise 
very full control. Concretes can be made that | 
vary very little, batch to batch, for the same reason. 
Yet, if it is suggested that this sort of control 
should be employed on site, or even in the factory, 
it is regarded as stupidly academic. This seems a 
somewhat extraordinary attitude to adopt, when 
it is remembered that thousands of tons of highly 
complicated chemical products are manufactured 
annually on a commercial basis. 





* This article is based on a series of four lectures, 
forming the fifth annual course of lectures on “ Topical 
Civil Engineering Problems,” delivered by the author 
in the Department of Civil Engineering, King’s College, 
University of Durham, in November and December, 1948. 
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** But it can’t be done at the price,” is the imme. 
diate reaction. Can it not? If the consistency of 
the concrete can be so improved as to reduce the 
deviation from the mean to 6 or 8 per cent., instead 
of 15 to 25 per cent., as is quite common, there ig g 
very strong case for reducing the factor of safety 
to the value applicable to steelwork. If, besides, 
a high-grade concrete is made, in which shrinkage 
is reduced from a value of 263 x 10-* to 174 x 19-4 
at six months, and creep from 52 x 10-* to 23 x 10-8 
per unit length per lb. per square inch at six months, 
it should be possible to take advantage of the 
improvement in the elastic modulus which accom. 
panies these improvements in quality, especially as, 
with certain mixes, both the bond strength and the 
modulus of rupture tend to improve at the same time, 

If the aggregates are selected with care, a uniform 
quality of cement demanded and obtained, the 
mixes proportioned by weight and the required 
water added by sample-checked judgment, nearly 
every essential condition is present for the produc. 
tion of a first-class concrete product. All that is 
now required is a consistent means of compacting 
this concrete into the moulds or formwork awaiting 
it. This means is available in the vibrator, whether 
it be a vibrating table, a shutter vibrator or an 
internal vibrator; each provides the opportunity 
to produce a well-compacted concrete. 

Admittedly, a considerable time may elapse and 
a considerable amount of money be spent before the 
state of affairs just described can come about, but 
there exists even now a marked tendency towards 
better control, and so towards better concrete. 
Looking ahead once more: it has been shown, by 
research, that the water/cement ratio of the mix as 
introduced into the mould may be quite different 
from the ratio after the concrete has been subjected 
to a period of vibration. The difference in value 
between the initial and final water/cement ratios 
will depend largely upon the unfillable voids in the 
mix; that is, the space occupied by the liquid 
portion of the cement paste in its compacted condi- 
tion. If the cement paste is more than sufficient 
to fill the voids in the combined aggregates, then, 
as compacting proceeds, there will be a concentra- 
tion of the cement due to the closing up of the cement 
grains, with an accompanying expulsion of water. 
This process will take place irrespective of the 
presence of aggregates, as is apparent when cement 
pastes are vibrated alone. The presence of the 
aggregates has the effect of limiting the quantity of 
paste present, of subdividing it into small pockets, 
and of providing minute cavities into which only the 
water can penetrate. 

The final water/cement ratio, therefore, consists 
of the water absorbed by the cement grains, the 
water lying between grains and the water held in 
other cavities, which may be absorbed into the 
cement during chemical action of setting. This 
reduction of water/cement ratio during vibration 
would seem to offer a way out of certain practical 
difficulties in casting and in concrete technique 
generally. For instance, a mix might be made, 
having a 0-6 water/cement ratio, so as to give it 
great fluidity. By applying a sufficiently long or 
intensive vibrational treatment, the excess water 
could be brought to the surface and removed by 
some means or another, such as the application of 
@ vacuum or even of blotting paper. Carrying this 
idea a step farther, it may be found possible to 
exercise such careful control of both grading and 
proportioning that the precise control of water 
contents may be disregarded, provided that the 
vibrational treatment of the concrete is correct. 
This would be of considerable practical value because 
of the large amount of aggregate-borne water that 
is often introduced into the mix, on which a con- 
tinuous check is difficult to maintain. 

One of the great difficulties in obtaining a con- 
sistent concrete is the very large variation in both 
coarse and fine aggregates as delivered from the pits 
and quarries. Even when these aggregates conform 
to B.S. specification, the permitted variation is so 
large as to make a close specification of consistency 
impossible. Furthermore, the sieve sizes in both 
coarse and fine material are too small in number 
and too widely spaced to permit anything but 
a guess at ihe average dimension of even single-sized 
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There is a very real need for close co-operation 
in this matter between the concrete industry, the 
aggregate suppliers and the research organisations. 
It is highly desirable that a substantial financial 
grant should be made by the first two members of 
the trio to the third, so that each may be provided 
with knowledge that would undoubtedly, bring 
about substantial technical and economic benefits 
to both commercial undertakings. 

In the future, the maximum size of aggregates is 
likely to be much increased, both in cast in situ work 
and in precasting, because the use of vibration makes 
the placing of these larger-aggregate concretes com- 
mercially possible ; and the range of sizes of both 
coarse and fine aggregates also will be greatly 
increased, so that suitable gap-gradings may be 
obtained. This type of grading will be extended 
also to those aggregate sizes below the ¥ in. value ; 
that is to say, mortars will come to be regarded as 
concretes in miniature, so producing a logical 
sequence of operations in the design of mixes. 


One more step remains to be taken to ensure the | § 


consistent production of high-quality conerete, and 
that is the provision of cements of consistent per- 
formance. It is difficult for the concrete producer 
whose capital expenditure is relatively small to 
insist that the cement manufacturer shall improve 
the consistency of his product, unless the cement 
manufacturer can be shown that failure to do so 
will be made apparent by the precision production 
of his customers. This precision production can 
hardly be said to be prevalent, and therefore, the 
cement producer cannot be blamed if he refuses to 
increase what must already amount to a very large 
invested capital. 

Happily, the matter of higher-quality concrete is 
not solely in the hands of the concrete industry ; 
the stimulus to improvement is brought to bear 
from outside. The designer is demanding concrete 
with high early strength, low shrinkage and creep, 
and high bond strength, so that he may reduce the 
volume of steel in the members that he designs. 
In prestressed and poststressed reinforced-concrete 
design, ultimate stresses of 9,000 and 10,000 Ib. 
per square inch are required in the concrete in the 
normal curing period of 28 days. ‘This requires a 
concrete which has a low water/cement ratio ; but, 
because of the large number of small-diameter wires 
used in prestressed work, it must also have a high 
workability. These two qualities may be obtained 
by the use of a rich wet mix, in which case shrinkage 
and creep may be excessive, or with a leaner drier 
mix, in which case special precautions must be 
taken with placing and compacting. This last 
difficulty can be solved by the use of vibration. 

Vibration is of the greatest value and importance 
to the manufacture of prestressed concrete for two 
reasons : firstly, it permits him to use a mix having 
a larger maximum sized aggregate than could other- 
wise be used, thus making a more workable mix for 
ahy given water/cement ratio; and, secondly, it 
ensures a densely compacted concrete and a sound 
bond with the pre-tensioned steel. Other advan- 
tages derived from vibration are a reduction in 
the amount of heat required in steam curing, 
because of the lower water content, and the decreased 
time required to reach a predetermined strength. 

The last point to which it is desired to draw 
attention is again one which involves controversy. 
Controversy is a good thing, because it leads to 
analysis of ideas which may appear to be sound at 
first, but hold hidden fallacies. 

It will be admitted that the production of concrete 
within the confines of a factory offers the fullest 
facilities for control ; thus it is possible to make a 
Tange of products of consistently high quality, which 
may be cured in satisfactory conditions. Further- 
more, in a well laid-out and well conducted precast- 
concrete works, production can continue at a steady 
tate all the year round, in spite of climatic variations. 

For these reasons, precasting has a big advantage 
over work that is cast in-situ. There are, however, 
other advantages which are of equal or even greater 
significance. As a rule, precast structural members 
are designed as a repetition job and, because of this, 
it is possible to take into consideration changes in 
stress throughout the member, incidental to its 
Operative loading. These stress changes, or redis- 
tributions, give the designer of precast members 








the chance to adjust the sections so that they may 
be lightened considerably in comparison with the 
same members when cast in situ. 

This reduction in weight has three degrees of 
economic effect, in that it reduces cement consumip- 
tion, transport and handling costs, and the total 
load on foundations. A comparison* is made in 
Table III, herewith, between the estimated quantities 


TABLE III.—Comparison of In situ and Precast Construc- 
tion. 





| 
In situ. Prec Remarks. 





| | 
| ‘Tons. | Tons. | 








Foundations --| 815 174 | Stanchion foundations 
| and precast wall 
for precast c- 
tion. 
Foundation walls ..; 208 
Main walls .. .-| 1,265 | ° 810 
Columns... ai — | 61 See note above. 
Floors and balconies | 522 — | In situ cast constru 
| tion has a slab floor. 
Beam, ribs, slabs, etc. | -- 330 | See note on floors. 
tairs i és 158 | 79 
Totals .. ..| 2,468 | 954 
Tons of structure | . 
cub. ft. of living | | 
space A ms 1-29 | 0-397 





for a reinforced-concrete structure which is all cast 
in situ, or, alternatively, with the minimum in situ 
and the maximum precast. This comparison is 
made without a reduced factor of safety for precast 
construction, and no charge has been included for 
the cost of rental of a town site for curing the in situ 
concrete. 

In comparing the two designs, the following points 
should be noted. The in situ design required 
continuous foundations, and the walls were made to 
carry the distributed load of the superimposed 
structure, whereas, in the precast version, the 
building was designed with a frame requiring 
foundations only at the foot of stanchions. A pre- 
cast foundation or wall plate spanned between 
the outer stanchions, and on this the wall cladding 
was raised. If two framed structures had been 
compared, the net saving in weight gained by the 
use of precasting would not be as great as that 
shown above. 

It must not be thought that the use of a precast 
technique in structural work prevents the develop- 
ment of continuity. This desirable feature can be 
achieved by designing the precast units so that, 
when in position, accommodation is available for 
placing the necessary top steel and a small amount 
of cast in situ concrete in the case of beams and 
interlacing steel, and cast in situ concrete in the 
case of the junction of stanchions and beams. 

Although the use of precast concrete in the forma- 
tion of medium-sized and large structures is open to 
some criticism, so also is the somewhat wasteful 
technique of casting in situ. It is surely to the 
advantage of all concerned to work out a practical 
compromise which will allow the advantages of 
each technique to be combined into a well-organised 
and economic method of construction. 

Concrete can be made to do far more towards 
reducing building costs than any other material. 
It can be made even to compete with brick construc- 
tion, in spite of the fact that, with some hundreds 
of years start, brickwork has ceased to be a tech- 
nique and has become a habit. Even those most 
devoted to the cause of concrete lose some of their 
faith when bricks are mentioned. Bricks will 
always win because, when a job is done in brickwork, 
no one has to think. The estimator does not have 
to think ; he knows the cost of a rod of 9-in. work. 
The agent does not have to think, because the fore- 
man knows the procedure from Ato Z. The foreman 
need not think because the bricklayer can do the job 
“on his head” with 500 bricks a day to spare. 
Finally, the bricklayer himself does not think; he 
could do the job almost in his sleep, anyway. 

Concrete, however, is quite different. From the 
designer downwards, everyone has to think, and 
think hard, to execute the job at a competitive 
price. Thinking is an expensive process, and that 
is why concrete at present does not, as a rule, com- 
pare favourably in price with brickwork. 





* Structural Precast Reinforced Concrete, by Kurt 
Billig, A.M.1.C.E. 





MODERN TRENDS IN COAL-MINING 
PRACTICE IN GREAT BRITAIN.* 


By the late Prorgssor Dovetas Hay, B.Sc., 
M.I.Min.E., W. F. Ricnarpson, M.I.Min.E., and 
H. H. Wison, A.R.T.C., M.I-Min.E. 


(Concluded from page 168.) 


Tue use of the Huwood loader has not been as exten- 
sive as was anticipated, probably the most influential 
factor being that the machine only reduces the labour 
employed on filling. It continues to be improved— 
the latest innovation being replacement of rope haulage 
by a hydraulic arrangement—and can make an 
important contribution to coal production, particularly 
where the output per filler is below average. On the 
other hand, progress with the A.B. Meco-Moore cutter- 
loader has been steady. When it is installed under 
suitable conditions, excellent results are obtainable. 
Recently a machine has been produced capable of 
operation in seams down to 3 ft. in thickness, thereby 


c- | considerably widening the field of application. With 


proper appreciation of improved roof control and 
other factors associated with the successful application 
of this machine, results consistent with the extra 
capital expenditure involved can be obtained. There 
are indications that it is becoming more widely used. 
With both the Huwood and A.B. Meco-Moore ma- 
chines, the conveyor is on a separate track, loading 
being accomplished through a row of props. The 
principle of cyclic working, arising from the need to 
dismantle the conveyor for advancing by hand, remains 
unaltered. 

Possibly the most outstanding development in long- 
wall practice during the past ten years has been the use 
of a plough or planing machine, developed in Germany 
during the war. It represents two primary alterations 
to existing practice in that, instead of the coal being 
cut by high-speed picks on relatively deep cuts, it is 
sheared or planed in narrow strips from the face and 
loaded on to the conveyor, which is placed in the same 
track as the getting medium and, therefore, is capable 
of being advanced by mechanical means. This 
eliminates a cyclic system of work, as continuous 
mining and getting of coal can be achieved, the only 
limiting factors being the rate at which roads can be 
made and the roof controlled behind the advancing face. 

It was early appreciated that the application of the 
German type of equipment, using a plough or “ hobel ” 
hauled by a rope, would only have a limited application 
in Britain, because of our relatively harder coals, and 
designers in this country have been concentrating on 
eliminating the disadvantages arising from the installa- 
tion of large semi-portable haulages near the face, the 
use of a heavy armoured conveyor, and the limitations 
imposed by the use of rope haulage. 

One of the most recent machines is based on the use 
of hydraulics for procuring a thrust of the wedge into 
the coal and at the same time for propulsion along the 
face. This machine, known as the M. and C. “ Strip- 
per,” is capable of exerting a forward thrust of 40 tons 
on a coal buttock. Hydraulic power is obtained from 
an oil pump driven by a 20-h.p. motor. In operation, 
the machine forces a strip of coal up to 2 ft. 3 in. from 
off the face and at the same time loads it on to a speci- 
ally-designed conveyor by means of a plough and ramp. 
Briefly, the machine consists of two wedge heads, spigot- 
mounted to two strong end-plates, and connected by 
two circular guide-bars ; a propulsion unit which also 
carries a hydraulic jack prop, operates between roof 
and floor; and a horizontal cylinder and piston-rod, 
which move either the wedgehead or the propulsion 
unit, depending on whether the vertical jack is pressed 
between roof and floor, or is free. In action, the wedge- 
head is thrust into the coal, reaction to this force being 
obtained from the vertical jack between roof and floor. 
At the end of the stroke, the jack is released, the propul- 
sion unit drawn forward and the operation repeated. 
The length of stroke is 2 ft. 9 in. and speeds of 4 ft. 
per minute can be obtained where the forward thrust 
necessary is under 20 tons. With thrusts in excess of 
20 tons, the speed is reduced to about 3 ft. per minute. 
Two machines of this type are already installed on 
experimental faces and the results are promising. 

Some machines for use on the continuous mining 
principle, such as the Logan “Slab Cutter” and the 
Gloster “Getter,” embody the present orthodox 
principle of getting coal by using high-speed chains and 
picks, but are designed for operation in the same track 
as the conveyor, and are at mt in actual use. 
Others, incorporating the use of both cutting chain and 
wedge and plough, are in process of development. 

So far, power stowing has been chiefly applied to 
specific conditions where solid stowing is necessary or 
where the cost of strip packing is excessive. In such 
cases, the equipment can be applied on an economical 





* Paper presented at the Fourth Empire Mining and 
Metallurgical Congress, held in London and Oxford, 
July 9 to 23, 1949. Abridged. 





basis when related to former costs, but on present 
results it is of doubtful advantage where efficient strip 
packing by hand is practised. There is an extensive 
field for a machine capable of reducing the amount of 
labour employed on this work and at the same time 
maintaining the standard of support; but a suitable 
machine is not yet available. Power stowing in this 
country has been mainly pneumatic, and 25 installa- 
tions are already in use. The actual stowing and use 
of the machine are relatively simple, but many 
other considerations are necessary for successful 
application, such as the provision of a supply of 
suitable materials, its preparation for stowing and 
transport inbye, and an adequate supply of compressed 
air. Where the latter is already available from a mains 
supply, the position is simplified and the installation 
cost reduced accordingly, but where it has to be pro- 
vided, considerations become much more involved, 
owing to the practical difficulties arising from inbye 
compression of the necessary air. Investigations, with 
the object of overcoming these difficulties, are already 
in progress under the direction of a special committee. 

Organised research on strata control has been 
conducted in Britain since 1930, with emphasis on the 
safety aspect, but there is a wide field for research on 
production problems. The National Coal Board are 
to continue further extensive research work, the major 
part of which will be concentrated in the mines, but 
laboratory investigations on the properties of coal- 
measure strata, particularly on behaviour when sub- 
jected to various kinds of forces, and the influence on 
the time element on failure, will be continued and 
extended. Research work in the mines will be co- 
ordinated so far as possible with the laboratory investi- 
gations. Among the subjects for further investigation 
are (a) the maintenance of narrow openings with parti- 
cular reference to the application of yield pillar tech- 
nique, and consideration of “time element” on the 
behaviour of both main and subsidiary roadways ; 
(b) the collection of more information on abutments 
and the relation of such pressures to the maintenance 
of faces and roadways ; (c) consideration of the forces 
incident on the face with regard to the getting 
of coal, which is of vital iraportance in the application 
of new types of machines, particularly in the prepara- 
tion of coal for power loading ; (d) the disposal of main 
developments with due regard to the influence of 
tectonic forces and consideration of layouts, with a 
view to avoiding excessive pressure zones and the 
development of “bumps” at depth; (e) design of 
the most suitable types of support with load charac- 
teristics to suit conditions, and the possibility of 
mechanising the work of prop and chock setting 
and withdrawal; (f) investigation of power-stowing 
methods and the correct distribution and size of packs 
to control and direct the strata forces to the best 
advantage ; (g) investigations in respect of the advan- 
tages that can be obtained from double packing at 
roadsides. 

Most British collieries are at present committed to 
extensive systems of rope haulage, requiring the use of 
small-capacity tubs. Reconstruction of existing trans- 
port systems offers more prospects of increased efficiency 
and saving in manpower than any other individual 
operation. While rope haulage will continue to be 
used in many collieries, in general the trend will be 
towards the use of larger mine cars and locomotives 
and/or belt conveyors. A general survey of the 
position has disclosed that reorganisation of transport, 
based on an increased size of mine car, can be accom- 
plished at collieries covering 75 per cent. of anticipated 
output from new or reconstructed mines. To meet 
these conditions, a range of solid-bottom cars of capa- 
cities from 30 cwt. to 34 tons has been decided on. In 
addition, a specification for a 2$-ton drop-bottom car, 
suitable for surface drift mining, has been prepared. 

Trough belt conveyors have been installed in increas- 
ing numbers over the past three years. They can deal 
with substantial outputs and can be employed in 
widely varying conditions, are reliable in action and 
provide a suitable means of concentrating output at 
one central point, which is an important feature if full 
advantage is to be taken of mechanical aids for loading 
and handling tubs. The capital cost is relatively high, 
however, and may not be justified by the quantity 
of coal available; and separate means have to be 
provided for transport of men and materials in and 
out of the mine. In addition, maintenance costs, 
represented chiefly by belt maintenance, can be 
excessive. Unless the average belt life of 18 months, 
at a cost of 11d. per ton, can be improved, the rate of 
installation may well be restricted. Except in condi- 
tions unsuitable for the use of locomotives, conveyor 
belts are unlikely to be widely used for main road 
transport. The trend of conveyor-belt design appears 
to be directed towards improvement in the quality of 
conventional ply types, or to new design. Stronger 
belts will allow higher horse-power gears to be utilised 
and longer distances traversed, thus reducing the 
number of transfer stations. In practice, economies 
can be made by improved installation, and general 
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maintenance with the adoption of equipment such as 
fluid couplings, speed and sequence control. 

For main haulage, locomotives provide a degree of 
flexibility that can be readily adjusted to meet changing 
conditions at short notice, which leads to better car 
distribution, and, with large mine cars, enables greater 
outputs to be handled. Their utility and high overall 
efficiency have been proved on the Continent and in 
the United States. The limiting factor to locomotive 
haulage is gradient. Two types of mining locomotive 
are at present in use in British mines, namely, Diesel 
and battery, the former being the more popular mainly 
because of its greater operating range. A comparison 
between modern Diesel and battery locomotives of 
similar performance, and suitable for main-haulage 
duty, is given in Tables VI and VII. In each case, 
the figures are based upon a starting resistance of 


TABLE VI.—Comparison of Diesel and Battery 
Locomotives. 
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TABLE VII.—Comparison of Diesel and Battery Locomo- 
tives on Load Basis. 
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20 lb. per ton, a ing resistance of 14 lb. per ton, 
and an adhesion factor of 25 per cent. Considerable 
interest is now being shown in the application of trolley 
locomotives, in all respects the most efficient at present 
available, particularly where steeper gradients are 
encountered. The use of an overhead trolley-wire 
introduces possible hazards, but, with proper safe- 
guards and adequate maintenance, the risks can be 
largely obviated. Recently, the embargo on their use 
in British coal mines has been removed and some pilot 
installations are being planned. 

An extensive programme of roadway construction, 
involving drivage in stone, demands the application 
of the best tunnelling practice, while the mechanisation 
of the various operations requires improved drilling 
technique and machines for stone loading, together with 
adequate means of transport. Modern types of 
machines and drilling rigs are already being used with 
considerable advantage, but many aspects of high-speed 
drifting are still in the experimental stages. The 
proper use of explosives is of primary importance, as a 
satisfactory technique requires the maximum quantity 
of stone to be shot down in loadable condition by each 
round of shots. The use of delay-action detonators 
is now becoming general. In most mines it is necessary 
to use permitted explosives, with a maximum charge. 
This governs, to a large extent, the depth of shot-hole, 
but in specific cases the Mines Inspectorate allow an 
increase in the maximum charge. Dust-preventive 
measures, with ample ventilation, are pre-requisites 
of efficient modern drifting techniques. 

Generally, the older steam winding engines will be 
replaced by modern types and at the same time the 
shaft capacity increased. While conventional direct- 
rope winding will continue to be the dominant system, 
the possibilities of the K system will be considered 
in special circumstances ; for example, at mines where 
it is intended to adopt horizon mining. Opinions vary 
on the relative merits of skip winding and car winding. 
Shaft diameter imposes certain limits on the size of 
car that can be used and the sinking of new shafts 
is a costly procedure, so that alternatives, such as 
skip winding or underground transfer stations, will be 
necessary. Improved winding methods allow re- 
organisation of shaft bottom and surface handling 
arrangements, offering a wide scope for economy in 
manpower; not only by the adoption of skips which 
simplify the handling of coal, but by reducing the 
lengths of circuits and making more use of mechanical 
aids and control devices for handling tubs where cage 
winding is continued. 

Up to 1935, the increase in underground mechani- 
sation, which caused a steady deterioration in the 
quality of the raw coal, was accompanied by a corre- 
sponding increase in the number of coal-preparation 
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plants installed. Since 1935, however, whereas the coq] 
won by mechanical means has increased from 50 rt 
cent. to about 75 per cent. of the total output, and has 
been steadily increasing in dirt content and in the 
amount of fines in the run-of-mine coal, the percentage 
mechanically cleaned has increased only from 43 per 
cent. to 48 per cent. of the total output. The American 
Chance process, using a suspension of sand in water 
as a dense medium, has been adopted in this count, 
as have the two Dutch systems, the Tromp and the 
Barvoys, one using a suspension of magnetite and the 
other a suspension of barytes and clay. The technique 
design and construction of the plants have been 
improved. Comparatively recently, a British process 
the Ridley-Scholes, also using a magnetite suspension, 
has been adopted in this country. Other types of 
dense-medium plant are about to be introduced, 

For coal of easy cleaning characteristics, the Baum 
plant is suitable in most cases, and has been used 
successfully for some years for treating coal of 6 ip, 
to 0 in size. For coals in which increasing propor. 
tions of middlings are present, the general trend to-da 
is to break all coal above 6 in. or 8 in. in size down to 
6 in. or 8 in., and to screen all the coal on a 1-in. screep, 
The coal of 6 in. to 1 in. size is washed in a dense. 
medium bath, the 1 in. to 0 is washed in a Baum box, 
and the slurry of } mm. to 0 is treated by froth flotation, 
giving clean fines of about 7 to 12 per cent. ash content 
instead of the usual dirty slurry of 15 to 30 per cent, 
ash content. One of the problems of froth flotation 
has been the disposal of the tailings, as this fine shale, 
if pumped on to the dirt heap, has given trouble by 
running down the sides or causing channelling. [f 
flocculated, it has required the provision of thickeners, 
flocculation reagents, and rotary vacuum filters—al] 
costly units. Some tailings are extremely difficult to 
filter in any case, and arrangements are now being made 
to try out the solid-bowl centrifuge for this purpose. 

The increasing adoption of dust-suppression measures 
underground is leading to a new set of problems 
connected with an output of wet fines and interference 
with dry-cleaning processes. Screening of this wet 
small coal at fine meshes is impossible, although in 
certain circumstances wet screening may be practised, 
as in a number of Chance plants in South Wales. In 
these, all coal above in. in size is washed in the 
Chance washer, the 4, in. to 0 being fed with about nine 
times its bulk of water to a froth-flotation plant. 
Where the fines do not require cleaning, they may 
be removed by passing, say, the } in. to 0 coal (which 
can be screened out satisfactorily even when the coal is 
damp or wet) through a de-dusting plant of the Lessing 
or other type, through which hot gases are blown. The 
hot gas is admitted at a temperature of about 500 to 
600 deg. C., and, flowing countercurrent to the moist 
coal, emerges at a temperature just above the dew- 
point, so that the recovered fines run from the cyclone 
or other collecting device in a dry condition. 

It is proposed to adopt complete electrification, 
wherever mining conditions permit, and assuming an 
output of 250 million tons per annum, it is estimated 
that the ultimate maximum demand will be 2,250 MW. 
The case for exclusive generation versus purchased 
power is being examined. The factors affecting the 
Issue are the amount of unsaleable fuel which will 
be produced now and in the future at any particular 
mine, the proximity of British Electricity Authority 
stations and main transmission lines, the geographical 
location of the mines in the area in relationship to each 
other, availability of water supplies, and estimated life 
of the mines concerned. The question of standby plant 
has also to be considered. In the case of non-inter- 
connected stations, the percentage of standby plant 
must be increased considerably above that for the inter- 
connected stations. It is expected that the problem 
will resolve itself into combinations of individual col- 
liery generation with its own standby plant, individual 
colliery generation with National Coal Board or 
British Electricity Authority network standby, group 
generation with National Coal Board or British Elec- 
tricity Authority network standby, and supplies pur- 
chased entirely oe the B.E.A. 

The full advantage of modern improved mining 
techniques can only be obtained if the operating 
personnel are adequately trained. Owing to the 
changing mining trend it is necessary not only to train 
new entrants to the industry, but also to re-educate 
the technicians and officials already employed. The 
plan envisages the granting of new Statutory Certifi- 
cates to shotfirers, deputies, overmen, under-managers, 
electricians, mechanics, colliery engineers, and sur- 
véyors, subject to adequate educational and practical 
training. Courses for the higher colliery officials will 
also be arranged. ° 





STATISTICS OF FABRICATION OF MaGNnesium.—The 
Ministry of Supply state that, during the first six months 
of 1949, there were produced in this country 343 tons 
of magnesium-alloy sheet and strip, 32 tons of extru- 
sions, and 1,461 tons of castings. 
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CONTROL OF THE DARLING RIVER. 











CONTROL OF THE DARLING RIVER, 
NEW SOUTH WALES. 


Tue Darling River, 1,700 miles in length, is the second 
longest river in Australia. It rises in the Great Dividing 
Range, near the eastern seaboard of Australia, and flows 
in a generally south-west direction, through the western 
districts of New South Wales, to Wentworth, where it 
discharges into the Murray River, which, in turn, 
flows to the sea near Adelaide. The Darling has a 
reputation of being a totally unpredictable stream. 
Below the point marked 12 in the accompanying map, 
the average gradient is only about 3 in. a mile. The 
river drains 250,000 sq. miles in Queensland and New 
South Wales, and its average annual discharge of water 
is 2,150,000 acre-ft. This amount, however, varies 
considerably from year to year, owing to irregular 
monsoon rains along the mountain catchment. The 
Darling flows through sheep country which 60 years 
ago carried up to 16,000,000 sheep. Successive droughts 
have struck heavily at the Western Division, which 
now carries only about 6,000,000 sheep. Large-scale 
works for controlling the river, which were becoming 
an urgent necessity, are now in hand. They will 
provide a new water supply for the silver-lead mining 
city of Broken Hill, which has a population of 27,000 
and is at present dependent on a supply from rainfall. 

The main plan provides for the creation of water 
storage totalling 2,000,000 acre-ft., by diverting the 
flow of the Darling into Lakes Tandure, Pamamaroo, 
Menindee and Cawndilla at an estimated capital cost 
of 2,300,0001.A. These lakes, usually dried mud 
pans, lie in a group about 300 miles upstream from the 
junction of the Darling with the Murray on the Victorian 
border. They have a maximum depth of 25 ft., and 
form natural reservoirs, readily adaptable for storage. 
In flood time, they are filled through channels from the 
overflowing river, but the water contained in the lakes 
soon evaporates in the inland atmosphere. Under the 
Menindee Scheme, as the new control plan is called, 
the flood waters of the Darling will be diverted into the 
lakes and stored there. Unfortunately, the river is 
practically without a suitable site for a large conserving 
dam. A site was investigated at Johnstone’s Rocks, 
100 miles upstream from Wentworth, where a vast 
storage could be created, but a large proportion of the 
stored water would be shallow and evaporation losses 
would be great. 

The Menindee Scheme will supply water to land- 
holders with grazing properties totalling more than 
1,000,000 acres between Menindee and Wentworth. 
The main diversion of the river will be made by a block 
dam built upstream from Menindee town. The flow 
of water into and out of the lakes will be controlled by a 
system of weirs, regulators and channels. The water 
impounded in the four main lakes, together with the 
water in the river and in three smaller lakes, will total 
2,105,000 acre-ft. The main diversion weir in the 
Darling will be 1,000 ft. long, — peak flood periods 
a stream of water 4 ft. deep will flow over the crest 
into storage. Although natural channels already 
exist to carry flood water into the lakes, some inlets will 
have to be excavated and widened. All lakes, except 
Pamamaroo and Menindee, are connected, and between 
these two a channel four miles long will be cut. 

As the river system is progressively controlled, the 
effect of floods and drought will be diminished. The 
upper Darling and its feeder streams will be kept in 
check by a number of works, the most important of 
which will be at Keepit on the Namoi River, and at 
Burrendong on the Macquarie. Keepit is 252 miles 
from the junction of the Namoi with the Darling, and a 
dam now being built, and expected to be completed in 
three years, will impound 345,000 acre-ft. of water 
for a pastoral and mixed-farming area. At Burren- 











dong, 300 miles from the junction of the Macquarie 
with the Castlereagh, the Macquarie will be controlled 
by a dam which will impound 520,000 acre-ft. Work 
has been started on this dam and it is ex to be 
finished by 1956. Finally, a series of 39 weirs will be 
built along the 1,355 miles of the Darling between 
Mungindi on the Queensland border, and Wentworth. 
These weirs, which are shown numbered in the map, 
will be from 8 to 12 ft. high and will help to stabilise 
the river in periods of slack flow, although they will 
not create large storages. Three are nearly com- 
pleted. Other works, upstream from Mungindi, are 
to be constructed under the provisions of the New 
South Wales-Queensland Border Rivers Bill. 





NOTES FROM SOUTH AMERICA. 


Two outstanding recent events in South America 
have been the signing of fresh trade agreements 
between the United Kingdom and both Argentina and 
Brazil, which are the chief markets for British manufac- 
tures, notably engineering and other capital goods. 
The new Anglo-Argentine trade agreement is a mile- 
stone in relations between the two countries and pro- 
mises to restore mutual trade to the flourishing recipro- 
cal level which, before the interruption caused by the 
war, was traditional. It is especially encouraging that 
the agreement is of a long-term nature, running for 
five years from July 1, 1949, and, therefore, will afford 
sufficient time for mutual trade to be established on a 
firm basis and to be adjusted in the light of experience. 
Schedules of proposed exports by each country to the 
other during the first year of the agreement are attached 
to the agreement, and, in a statement issued by H.M. 
Treasury, it is explained that trade exchanges in subse- 
quent years are expected to be not less than the level of 
about 125,000,000/. each way, envisaged for the first 
year. It may be noted that British exports and re-ex- 
ports to Argentina increased in value from 35,000,000/. 
in 1947 to 53,000,0001. in 1948, and amounted to nearly 
18,000,0001. in the first four months of 1949; thus, the 
agreement foreshadows a considerable expansion of 
British exports to Argentina in the future. In view of 
the present almost world-wide restrictions upon trade, 
it is encouraging that the two Governments will grant 
all facilities necessary for the rapid procurement of any 
import, export and exchange permits that may be 
required for the fulfilment of the various clauses in the 
agreement. Regarding the vital question of remit- 
tances over the exchanges, the contracting Governments 
will use their best endeavours to encourage commercial 
and financial transactions between the United Kingdom 
and Argentina in such a manner as to attain, through- 
out the period of the agreement, a balance of sterling 

yments at the highest possible level. There should 

, therefore, welcome relief to British companies in 
Argentina, who, for some years, have experienced 
difficulties in remitting dividends to shareholders. 

In the first year of the agreement, Argentina agrees to 
supply Britain with large quantities of meat and meat 
products, maize and other foods and feeding stuffs, 
linseed oil, various farming raw materials and other 
goods, to a total value of 129,000,000. In exchange, 
Britain will endeavour to supply goods worth 
121,535,000/. Paramount attention is to be given to 
alleviating Argentina’s urgent fuel problem by the 
supply of 5,800,000 tons of petroleum and petroleum 
products, to the value of 29,000,0001., as well as 
1,500,000 tons of coal, worth 8,500,0001. British coal 
shipments to Argentina in 1938 were 2,078,700 tons, 
out of a total import of 2,817,400 tons. In pre-war 
days, coal represented almost one-quarter of all Argen- 
tine imports from the United Kingdom. Shipments 
were non-existent in 1945-47, but were resumed in 





1948, to the total of 867,300 tons. Argentina will also 
take from Britain in 1949 many lines of consumer goods. 
The chief need is still for machinery, transport items 
and other capital goods, and raw materials, particularly 
for equipping factories under the widespread Five-Year 
Plan of industrialisation. It is not surprising, therefore, 
that the largest requirements from Britain in 1949 
under the new agreement include iron and steel and 
manufactures (7,000,000/.); non-ferrous metals and 
manufactures (2,500,0001.) ; electrical goods and appli- 
ances (4,900,000/.); machinery in general and spares 
(including agricultural machinery and tractors) accord- 
ing to requirements (14,000,000/.); and transport 
equipment and material amounting to 24,900,0001. 

A preliminary Board of Trade announcement in early 
August was to the effect that the Anglo-Brazilian trade 
and payments agreement of May 21, 1948, would 
remain in force for 1949, on the basis of agreed schedules 
of trade both ways. The general hopes of a new long- 
term British Trade Agreement with Brazil do not 
appear, therefore, to have materialised. Brazil’s reluct- 
ance to enter into long-term trade agreements is due to 
the fact that Brazilian commerce is mainly with the 
United States, to which country very large sums are 
owing already, on commercial account, which cannot be 
liquidated because of the acute shortage of dollars. 
Negotiations are proceeding with the Export-Import 
Bank of Washington for a loan to liquidate this indebt- 
edness, but, meanwhile, it is clear that Brazil cannot 
continue tc import from the United States on the same 
scale as in previous years. Hence, orders are likely to 
be diverted to Britain, in return for the purchase of 
Brazilian products. Washington authorities are work- 
ing on a five-point plan of long-term development of 
Brazilian resources, including vital public works involv- 
ing much engineering activity and with special emphasis 
on further hydro-electric projects; for example, the 
President of Brazil has sent to the Chamber of Deputies 
the draft of a Bill which would authorise the National 
Treasury to guarantee the loan of 45,000,000 U.S. dols., 
requested from the International Bank for Reconstruc- 
tion and Development for the vast Sao Francisco Valley 
electrification scheme. A preliminary project in con- 
nection with the installation of two 60,000-kW units 
at the Paulo Affonso Falls has been approved. 

The annual report for 1948 of the Cia. Siderirgica 
Nacional, which operates the Brazilian national steel 
plant at Volta Redonda, indicates that the progress 
attained may eventually tend to change the make-up 
of Brazil’s import trade, as the expansion of this heavy 
industry may lead to the establishment of many sub- 
sidiary industries. All the manufacturing units of the 
plant came into operation during 1948, the production 
of pig iron being 224,025 tons, of steel billets 243,736 
tons, and of rolled products 198,277 tons. The respec- 
tive estimates for 1949 were 410,000 tons, 345,000 tons, 
and 252,000 tons. Total sales in 1948 were valued at 
about 10/. million, and in 1949 are expected to increase 
by a further 50 per cent. Similar progress is reported 
by the Government-controlled Cia. Vale do Rio Déce, 
which exploits the Itabira iron-ore deposits, the produc- 
tion of iron ore having increased from 187,790 in 1947 to 
428,000 tons in 1948; 385,000 tons of ore were exported. 

Because of the vital part which the production and 
export of copper plays in Chile’s fortunes, the recent 
fall in price of the metal has given rise to some pre- 
occupation in both Government and business circles 
in Chile, although no serious change is expected in the 
normal rhythm of the country’s economy. This is 
fundamentally sound, so that official circles in Washing- 
ton view with sympathy the proposal to grant further 
substantial loans for general industrial development. 
Upon the copper, iron-ore and steel industries, together 
with electrification, coal and oil production, improve- 
ment of transport, irrigation and the mechanisation of 
agriculture, the nation’s programme is mainly concen- 
trated, the aim being to achieve a greater degree of 
national economic independence and stability. The 
development of the new Chilean steel plant at Huachi- 
pato is naturally leading to the establishment of impor- 
tant subsidiary industries. A United States firm 
propose to install a plant at Concepcién for the manufac- 
ture of refractory materials, capable of satisfying local 
demand and supplying a surplus for export. American 
machinery and equipment to the value of about 
13,000,000 U.S. dols. is stated to have been purchased 
from the Allis Chalmers Manufacturing Company for 
the Paipote copper-smelting foundry, which is expected 
to commence operations in 1951.....The Corporacién de 
Fomento dela Produccién is reported to have signed a 
contract with Snare Incorporated to build reservoirs at 
Algarrobal and La Palma, in the north of Chile, and to 
undertake other irrigation projects farther south. The 
Corporacién de Fomento will expend 4,000,000 U.S. 
dols. on machinery required for further exploration 
work and drillings on the Cerro Manantiales oilfields in 
Tierra del Fuego. A recent announcement in New 
York is to the effect that 4,500 tons of piping have been 
shipped to the south of Chile, to be used for the 32-km. 
pipeline which will convey oil from the Cerro Manan- 
tiales fields to tankers in Gente Grande Bay. 
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THE INSTITUTE OF METALS. 


Tue forty-first annual autumn meeting of the 
Institute of Metals is to be held in France from Monday, 
October 3, until Wednesday, October 12. On the first 
day visits will be paid to the Laboratoires du Centre 
National de la Recherche Scientifique, Vitry, and to 
Versailles, and, in the evening, at 8.45 for 9, the 27th 
Autumn Lecture on “‘ Recent French Work in the Field 
of Light Alloys ” will be delivered at the Maison de la 
Chimie, 28, Rue Saint Dominique, Paris (7e), where all 
the technical sessions of the meeting will be held, by 
Professor G. Chaudron. After the Autumn Lecture, an 
informal conversazione will be held. On Tuesday, 
October 4, at 10 a.m., there will be an official welcome 
of members, followed by a brief business meeting. 
After this, three papers will be presented, the first 
two being taken jointly, namely, “The New Factory 
of the Société Centrale des Alliages Légers at Issoire 
(Puy-de-Déme), for the Working of Light Alloys,” by 
Mr. J. Matter and Mr. M. Lamourdedieu, and “ Some 
Technical Problems Influencing Production Economy 
in the Rolling of Aluminium,” by Mr. W. J. Thomas 
and Mr, W. A. Fowler. The third paper is by Dr. W. I. 
Pumphrey and Mr. D. C. Moore, and deals with “‘ Some 
Effects of Silicon on the Tendency to Cracking in 
Aluminium-Copper-Magnesium Alloys of High Purity.” 
In the afternoon, visits will be paid to Le Magnésium 
Industriel, Levallois; the Manufacture d’Armes de 
Paris, Saint Denis; Laboratoires du Centre National 
de la Recherche Scientifique, Bellevue ; La Com ie 
Facel-Metallon, Colombes; the Locomotive Testing 
Plant, Vitry-sur-Seine; and a Michelin pneumatic- 
tyred railway train at the Gare de l’Est. At 8 p.m., a 
banquet will be held at the Cercle Interallié, 33, Fau- 
bourg Saint Honoré, at the invitation of the Société 
Francaise de Métallurgie and the French non-ferrous 
metallurgical industries. 

On Wednesday, October 5, there are four papers 
on the agenda of the session, which is to commence at 
10 a.m. They are “ tion and Liquation in 
Alloys and their Application to Non-Ferrous Metal- 
] »” by Professor A. M. Portevin and Mr. M. Dannen- 
one ; “ Mechanism of Creep in Metals,” by Mr. G. R. 
Wilms and Dr. W. A. Wood; “ Crystallite Theory of 
Strength of Metals,” by Dr. W. A. Wood and Mr. W. A. 
Rachinger; and “ An imental Investigation, by 
a Dynamical Method, of the Variation of Young’s 
Modulus with Temperature,” by Dr. G. E. Bennett 
and Professor R. M. Davies. In the afternoon, visits 
will be paid to the Centre Technique de |’Aluminium, 
Paris ; the Japy Works, Arcueil ; the Régie Nationale 
des Usines Renault, Billancourt ; and the cable works 
of the Société des Tréfileries et Laminoirs du Havre, 
Saint Maurice. In the late afternoon a civic reception 
will be held at the Hétel de Ville, Paris. 


On Thursday, October 6, arrangements have been 
made for an all-day visit to the Chateau de Chantilly, 
the Fonderies Montupet at Creil and, by invitation 
of the Institut de France, the Abbaye de Royaumont. 


On Friday, October 7, the last technical session opens 
at 9.45 a.m., when six papers will be presented, the first 
two and the last two jointly. The list of these is as 
follows :—‘‘ Observations on the Recrystallisation 
Characteristics of Aluminium-Magnesium-Manganese 
Alloys,” by Mr. R. Chadwick and Mr. W. H. L. Hooper ; 
“The Effect of Rolling and Annealing Procedures on 
the Structure and Grain-Size of Aluminium-Copper- 
Magnesium Alloy Strip,” by Mr. R. Chadwick, Dr. 
T. Ll. Richards and Mr. K. G. Sumner; “ Non- 
Metallic Inclusions in Magnesium-Base Alloys and the 
Flux-Refining Process,” by Mr. E. F. Emley; “ Pure 
Platinum, of High Recrystallisation Temperature, 
Produced by Powder Metallurgy,” by Mr. A. B. 
Middleton, Dr. L. B. Pfeil, and Dr. E. C. Rhodes; 
“ The Elimination by Lithium of Bismuth Embrittle- 
ment in Deoxidised Cop and Copper Alloys,” by 
Mr. W. A. Baker and Mr. A. P. C. Hallowes ; and “ The 
Embrittlement of Tough-Pitch a by Bismuth,” 
by Mr. A. P. C. Hallowes. In the afternoon, members 
are invited to be present at the Osmond Centenary 
Ceremony, to be held at the Sorbonne and at which 
the President of the Republic will be present. 

Sight-seeing tours including some works visits, to 
Issoire (Puy de Déme) and the Massif Central; Annecy 
and Chambéry (Savoie); the Chateaux of the Loire ; 
and Rouen, Le Havre and Deauville have been arranged 
for October 9 to 12. 


The offices of the Institute are at 4, Grosvenor- 
gardens, London, S.W.1. 





OUTPUT OF WROUGHT AND CAST ALUMINIUM IN THE 
UNITED KINGDOM.—Statistics issued by the Ministry of 
Supply show that 116,017 tons of fabricated aluminium 
products were made here during the first six months of 
the present year. This total comprises 66,271 tons 
of sheet and strip, 24,322 tons of extrusions, 1,988 tons 


LABOUR NOTES. 


Tue dissatisfaction, and even disillusionment, felt by 
trade unions at the share of the rank and file in the 
management of the nationalised industries is revealed 
in the annual report of the General Council of the 
Trades Union Congress, published last Monday. The 
report will be presented to the 8lst congress of the 
T.U.C., which will open at Bridlington on September 5. 
Arising from the demand made at last year’s congress 
for a larger share by the workpeople in the control of 
the nationalised industries and for more extensive 
training schemes, the General Council sent a question- 
naire to the unions, to which 27 unions replied. The 
report lists proposals for improvements in the adminis- 
tration of these industries, especially as to their con- 
sultative machinery and their training and promotion 
procedure, which the Council have placed before the 
Government. The results of the questionnaire, to- 
gether with the proposals arising therefrom, were sub- 
mitted to Mr. Herbert Morrison and Mr. George Isaacs, 
the Minister of Labour. In the discussions which fol- 
lowed, the Council suggested that consultative machin- 
ery should be used before policy decisions are made, 
and not afterwards as had sometimes occurred, and that 
both managements and unions should organise training 
in joint consultation. 


Several unions who sent replies to the Council’s 
circular were of the opinion that nationalisation in 
their industries had not existed long enough to enable 
them to form settled opinions, but most unions agreed 
that the current arrangements were an improvement 
on those existing prior to nationalisation. Relation- 
ships between managements and employees were 

ed as being more satisfactory at the top than at 
the lower levels. The formal procedure for joint con- 
sultative machinery was generally approved, but many 
unions observed that the consultative machinery was 
not always used previously to policy decisions being 
reached and complained that there was often prior 
notification instead of prior consultation. While minor 
Officials were often regarded as uncodperative, it was 
also admitted that the rank and file, in some instances, 
did not understand what joint consultation involved. 





Some unions, including railway unions, desired to 
have a share in the consideration of candidates for 
promotion and the report mentions the experiment in 
the Post Office where the unions participate in this 
responsibility. Some outspoken criticisms by the 
National Union of Mineworkers included assertions that 
advice from the men’s side was insufficiently regarded, 
that joint committees were impeded in their work by the 
lack of vital information, and that the means of con- 
veying decisions, and the reasons for them, to the rank 
and file were inadequate. The N.U.M. stated that in 
some areas the initiative of colliery managers was 
limited and that other areas felt that administrative 
and managerial vacancies were sometimes insufficiently 
advertised and that there was too much recourse to 
universities and public schools for recruits for training 
for managerial posts, 


The keenness of the trade unions to participate in 
joint consultation was not extended to joint-production 
efforts. Following a conference of union officials called 
by the Council in the autumn of last year, 11 unions 
or groups of unions were approached by the Council, 
before the end of 1948, with a view to the arranging of 
joint meetings with managements to discuss produc- 
tivity problems. The report states that, by the end of 
May, only three conferences had taken place. Fears 
of unemployment and redundancy lay behind this lack 
of co-operation in measures to increase production. 
The same causes produced a luke-warm attitude in 
many quarters to production techniques such as 
redeployment, time and motion study, and the employ- 
ment of industrial consultants. Some indication of the 
complexity of the problems posed by restrictive prac- 
tices is conveyed in the statement that the discussions 
on the subject, which have been in progress in the 
National Joint Advisory Council and with the British 
Employers’ Confederation since April, 1948, have only 
now resulted in the employers’ organisations being 
asked for concrete proposals. 





Discussing wages and prices in the August issue of 
Man and Metal, the monthly journal of the Iron and 
Steel Trades Confederation, Mr. L. Evans, C.B.E., the 
Confederation’s general secretary, writes that it should 
be clear that there is no such policy as wage freezing, 
and that it was never envisaged by the Trades Union 
Congress that all wage negotiations would be brought 
to a complete standstill. To have made such a sugges- 
tion would have been unpractical and unreal. The 
T.U.C. said, in effect, that the White Paper on “ Per- 
sonal Incomes, Costs and Wages ” was acceptable to 





of forgings, and 23,436 tons of castings. 


AuG. 26, 1949. 


of collective bargaining and free negotiation, the 
admission that claims for higher wages were justified 
when based on increased output or on the falling of 
employees’ incomes below a reasonable standard of 
subsistence, and the appreciation that the national 
interest required wages and conditions in essential] 
industries to be such as would attract the required 
man-power. The White Paper was also acceptable to 
the T.U.C. because it recognised the need to safeguard 
those wage differentials which are an essential element 
in the wage structures of many important industries, 
in order to maintain their standards of craftsmanship, 
training and experience. 


It was on that basis, Mr. Evans states, that the 
White Paper was endorsed, in March, 1948, by the 
conference of executive officials, who realised that the 
country’s general economic position required some 
restraint to be exercised in the pressing of claims for 
increased wages. That policy was adopted by the 
conference not merely because it was recognised that 
there was an obligation on the trade-union movement 
to help the nation and the Government in the fight for 
recovery, but, primarily, because it was in the interests 
of the workpeople themselves that the spiral of rising 
prices, which, in the past, had done more harm to 
wage standards than any attack by the employers, 
should be avoided. ‘‘ Experience has taught us, or, 
at least, should have done so by now, that price 
instability is the greatest threat to wage standards, 
When prices and wages start on a spiral race wages 
never catch up and, although increases in wages may 
be obtained, they never equal the rise in prices.” 





The heavy taxation of profits, food subsidies and 
price control over a large range of commodities are 
all designed, Mr. Evans says, to avoid wages and prices 
chasing each other, and the unemployment which such 
a race would produce. But, with the best will in the 
world, the Government cannot adopt legislative means 
to keep prices down, if, at the same time, the trade- 
union movement, by pressing for increased wages, is 
going to cause prices to rise. No nation, particularly 
one so dependent upon overseas trade as ours, can 
hope to maintain full employment apart from a policy 
of reasonably stable prices. ‘‘ We cannot enjoy the 
untold benefits of full employment,” he continues, 
“ unless our people are prepared to accept and practise 
the social disciplines which alone can e it workable.” 
Mr. Evans concludes by saying that the issue which the 
T.U.C. will have to decide in September will be not 
whether they are, or are not in favour of wage freezing. 
The problem for decision will be “‘ whether the trade 
unions are to use their influence and authority in an 
intelligent way and do everything humanly possible 
to maintain price stability, or whether they are to go 
ahead pressing wage demands regardless of the inevit- 
able consequences which these will have, not only on 
our wage standards, but also on the whole problem of 
full employment.” 





A railway conciliation board will open in London 
on Monday to effect a settlement of the railway shop- 
men’s claims. The Confederation of Shipbuilding and 
Engineering Unions have now decided to send repre- 
sentatives. 





Colliery winding enginemen in Yorkshire and Lanca- 
shire came out on strike on Saturday last, contrary to 
the advice of the Colliery Winders’ Federation, and, by 
Tuesday, some 100,000 men in the Yorkshire coalfield 
had been rendered idle. At a meeting in Barnsley on 
that day, the Yorkshire Winding Enginemen’s Associa- 
tion, to which most Yorkshire pit winders belong, it 
was agreed, however, that the men should return to 
work immediately and allow their claims, for union 
recognition and increased pay, to go to the National 
Arbitration Tribunal on September 12, in accordance 
with the ruling of the Minister cf Labour. This decision 
was subject to an assurance by the North-Eastern 
Divisional Coal Board that there would be no victimisa- 
tion, an assurance which was promptly given. 





The similar unofficial strike action in the Lancashire 
coalfield had already shown some signs of collapsing, 
and, at a meeting of the Lancashire Winders’ Associa- 
tion on Wednesday, it was decided to follow the lead 
given by the Yorkshire enginemen and resume work. 
The Lancashire and Yorkshire associations are both 
affiliated to the Colliery Winders’ Federation and the 
return-to-work decisions will enable the Federation’s 
submissions to the tribunal to be made, free from any 
circumstances which might act as a deterrent. There 
had been indications earlier in the week that the 
National Coal Board and the Ministry of Labour were 
considering the taking of legal proceedings against the 
strikers, who were causing a daily loss of approximately 





the extent that its provisions included the recognition 





100,000 tons of coal. 
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Fie. 13. Stroke Ferry MILL: 





GuIDE AND CARRYING ROLLERS. 








Fic. 14. NeatTisHEAD MILL: Curs, ROLLERS AND CHECK FLANGE. 
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NORFOLK CORN MILLS.* 
By Rex Wares; F.S.A., M.I.Mech.E. 
(Concluded from page 192.) 


Smock and tower mills will be dealt with together, | 
with the exception of the towers. The typical Norfolk | 
tower mill is of well-proportioned design with a tower 
of red brick, as often tarred as not, between 40 ft. and 
50 ft. high to the top of a white-painted boat-shaped 
cap; with a wood or iron gallery, a six-bladed fan set 
on upright supports behind the cap, and four double- 
shuttered patent sails. The sole remaining corn mill 
to work by wind in Norfolk, that at Billingford, is a 
typical example, except for the lack of a gallery. On 
the borders of West Norfolk, however, the mills were 
obviously built by millwrights from Wisbech and 
King’s Lynn, and, in appearance, resembled the Cam- 
bridgeshire and Lincolnshire types, with ogee caps. 
, The typical Norfolk tower mill is a Nineteenth Century 
product. The author’s opinion is that, before the 
advent of patent sails, there were, in addition, a large 
number of post and smock mills which were replaced 
by the newer form of tower mills. There were four 
mills of outstanding interest in Norfolk: Old Bucken- 
ham, Upper Hellesdon (Norwich), Stalham and South 
Town, Yarmouth. The first-named still stands in a 
very derelict condition ; the others have disappeared. 

As a rule, smock-mill towers are octagonal; but 
Norfolk could boast one twelve-sided mill at Claxton 
and two ten-sided mills at Mulbarton and Stalham, 
all of which are now destroyed. Stalham was the 
largest smock mill in the county, having eight floors 
and being 70 ft. high over the cap. Its brick base 
extended to the second floor and was 4 ft. thick. It 
was burned down on January 6, 1902. Northfield Mill, 
Wymondham, is 65 ft. high. The smallest was at 
Bressingham, with only four floors and a brick foun- 
dation. Mulbarton and Stalham mills each had a 
wooden stage round the tower at second-floor level, 
and all the mills except that at Salter’s Lode had 





* Paper presented at,a meeting of the Newcomen 
Society, held at the Science Museum, London, S.W.7, on 
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| vertical weather-boarding. 
| tower mills at Cawston was originally a smock mill 
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white-painted horizontal weather-boarding, with tarred 
brick below. Salter’s Lode mill is a converted marsh 
mill in the Cambridgeshire tradition and has tarred 
The smaller of the two 


and was rebuilt; and it seems possible that the same 
applies to Kenninghall Tower mill, with its stepped- 
back ten-sided brickwork, extending to halfway up 
the second floor. 

The exceptions to red or tarred red brick as a 
material for tower mills are few: pink brick at Halver- 
gate, white brick at Little Cressingham, plastered 
towers at Denver and East Runton, a coat of white 
paint at Gayton and Sutton. Blakeney mill tower is 
of flint and brick, with attractive Gothic windows of 
moulded red brick. Sedgford was of rubble with a brick 
facing, and Carleton Rode tower is of puddled clay, 
faced outside with brick and tarred, the clay being 
27 in, thick and the brickwork 9 in. thick. The brick- 
work at Bixley mill was 42 in. thick at the base and 
at Hickling mill, 30 in. 

The average mill had five or six floors and was 
40 ft. to 50 ft. high, 16 ft. to 20 ft. in diameter inside 
at the base and 12 ft. to 14 ft. in diameter at the 
curb. Honingham, Ludham and Mulbarton tower 
mills had only three floors and were under 35 ft. high ; 
Gayton, Hickling and Ingleborough have eight floors, 
and Lakenham and Sutton nine, the latter being 80 ft. 
high. Upper Hellesdon mill, Norwich, had ten floors 
and was 110 ft. high, while South Town Mill, Yarmouth, 
had 11 floors and was 122 ft. high and 42 ft. in diameter 
at the base—the largest mill ever built in England. 
Emneth and Walpole Highway mills have been 
heightened. About a quarter of the mills had a stage 
of wood or iron, or both, usually at second-floor level, 
though at Yarmouth mill it was round the seventh 
floor. Those in West Norfolk have vertical iron rails 
and are quite distinctive. The wood stage at East 
Ruston is a little higher than the second-floor level 
and is dropped at the loading door. All towers have a 
good batter except at Old Buckenham mill. This has 
a red brick tower 22 ft. 6 in. in diameter inside at the 
base and no less than 20 ft. in diameter at the curb, 
with walls 21 in. thick. The mill is 54 ft. 6 in. high 
over the cap and it is not surprising that, after about 





Fic. 16. WatrotE Highway Mut: Sack Horst, anp CurB WITH 


InsmpE Rack. 


100 years, despite four iron bands round it, the tower 
became distorted, throwing the curb out of level. 
Boat-shaped caps, built upon a symmetrical cap 
frame with galleries of wood, iron or both, and with 
deep petticoats, predominate. The petticoats at 
Aslacton and Tivershall St. Mary were scalloped, and 
that at Rockland St. Peter had an ornamental chamfer 
at the rear on each side. Mundford mill had a petti- 
coat of horizontal boarding and Bressingham mill had 
none at all. Icklingham mill was reed-thatched. The 
breast beam at Carleton Rode was once so eaten away 
by rats that it had to be renewed. The smallest cap 
is at Cawston small mill, only 11 ft. 6 in. by 7 ft. 3 in. 
high. The largest is at Old Buckenham, no less than 
23 ft. by 26 ft. and 10 ft. 9 in. high, with a hatch in 
the top over the brake wheel. Most of the ogee caps 
(only a quarter of the number of boat caps) were to be 
found in West Norfolk, the exception being South 
Town Mill, Yarmouth, which also had a lantern on 
the top to act as a lighthouse. Gayton and West 
Winch caps carried weather vanes. The largest ogee 
cap was at Stoke Ferry, 17 ft. in diameter by 10 ft. 
high, and the smallest at Gayton, 13 ft. in diameter 
by 7 ft. high. Dume-shaped caps were to be found on 
Blakeney, Cley, Foulsham and Paston mills, and a 
pepper-pot cap, 22 ft. in diameter, with vertical 
boarding, on Diss tower mill. The interior of the ogee 
cap at Ingleborough is illustrated in Fig. 24, on page 215. 
** Live” curbs were the rule, very often with larger 
rollers than the rest under the breast. About a quarter 
of the curbs had flanges for the guide rollers, to prevent 
the cap from lifting, as at Carbrook and Stoke Ferry 
(Fig. 13). The curb and check flange at Neatishead 
mill are shown in Fig. 14. At Little Cressingham and 
Kenninghall mills there were no guide rollers, the top or 
load rollers running in grooves and automatically cen- 
tring the cap, while at Carbrook flanged rollers performed 
the same function. Shot curbs, with an independent 
ring of rollers between the cap and the curb, were to be 
found at Cawston large mill, Little Cressingham, Laken- 
ham, Paston and East Ruston mills, the rollers being 
itched at about 18 in. Dead curbs were found at 
‘ngleborough, Salter’s Lode, Walpole Highway and 
West Walton mills, all near the Cambridgeshire border. 


The only tailpole is at Salter’s Lode: otherwise 
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CARLETON RopE MILL. 
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Fic. 20. East Ruston MILL: 
ALARM OPERATED BY STRIKER. 


fan-driven winding gear is universal. Sutton has ten 
blades to the fan; the rest have eight or six blades, 
in the proportion of two to three. A little decoration 
in the way of red stripes was to be found at Ingham, 
Potter Heigham, Stalham Staithe and Sutton mills. 
The drives from the fan spindle to the rack on the curb 
fall into four groups. By far the most popular is the 
worm drive with the rack at the side outside, as at 
Caston, with intermediate pairs of bevel and spur 
gears. Next comes a similar drive, but with a final 
spur pinion engaging a rack on top of the curb, as at 
Billingford. Twin bevel reduction gear with the rack 
at the side inside, as at Ingleborough, was found only 
near the Cambridgeshire border. The most interesting, 
however, is the “ differential’? drive, with a double 
bevel reduction gear driving a horizonta! spindle which 
terminates in a cluster of three bevel gears near the 
centre line of the cap, the final drive being by twin 
spur pinions to a rack on top of the curb, as at Stoke 
Ferry. This arrangement was also to be found at Diss, 
Carbrook and Kenninghall. The ratio of the fan drive 
of the last-named is 1,170 to 1. At Mulbarton it is 
733 to 1. 

The typical Norfolk sail is a double-shuttered patent 
sail with eight bays of three vanes in each row, though 
seven bays and nine bays of three vanes are not un- 
common. Old Buckenham, Burgh St. Peter, Yarmouth, 
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Fie. 18. Lirrte CreEsstIncHaAM MILL: 
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Fig. 21. East Ruston Mitt: “ Riacer” 
FOR DISENGAGING STONE Not. 


Upper Hellesdon and (at one time) Sutton, had ten 
bays of three vanes. A few had bays of two vanes; 
Ludham had nine and Burnham Overy Staithe had 12. 
Sails were frequently brought from dismantled mills 
and altered ; for example, Paston had two sails from 
Upper Hellesdon mill, which were shortened by two 
bays. Potter Heigham mill at one time had sail frames 
30 ft. by 9 ft.; later they were 27 ft. by 8 ft. 4 in., a 
favourite size. The largest sails were in South Town 
mill, Yarmouth, and were of 84 ft. span, although those 
at Watlington are said to have spanned 91 ft. At 
Sutton mill the sails were 80 ft. span by 9 ft. 4 in. wide, 
with vanes from 60 in. by 10 in. to 21 in. by 10 in. and 
stocks 12 in. square at the centre. North mill, Wymond- 
ham, has stocks 67 ft. 4 in. long, tapering from 13 in. 
to 7} in. square, and whips 31 ft. long, tapering from 
12 in. by 11 in. to 12 in. by 6 in. 

Salter’s Lode mill had two common sails and two 
single-shuttered spring sails, while single-shuttered 
patent sails were to be found on Ingleborough and 
Walpole Highway mills. Ingleborough, Ringstead, 
Terrington St. Clements and Walsoken mills all had 
six sails mounted on the Lincolnshire-type cross, and 
Old Buckenham mill is said to have had eight sails 
when owned by J. J. Colman; if this is true, it has 
since had a new windshaft. 
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quarter-elliptic springs bolted to the boss of the spider. 
Two of these sails blew off in November, 1936, fell on 
to the mill-house roof and injured the owners in bed. 
Striking gear is normally of the rack and pinion type, 
though lever striking gear is also to be found in the 

ratio of about 1:5. At Gooderstone, a swing hook 

was used for the lever, similar to that at Tottenhill. 

At Caston and Ingleborough, twin push rods from the 

rear of the striking rod moved forward to two rocker 

arms supported on A-frames and operating the rocking 

lever. The spider at Ingleborough was particularly 

prominent and was termed the “ bull nose.” There 

is no doubt in the author’s mind that the smock mill 

at Stalham was the first in the world to have Cubitt’s 

patent sails. They had frames 28 ft. long by 13 ft. 10 in. 

wide, with four rows of 27 vanes made with canvas- 

covered wooden frames, a total of 432 vanes. Friction- 

driven governors from the windshaft controlled the 

striking gear. 

No wooden windshafts survived, and the majority 
of shafts were cast with the tail journal separate and 
bolted on with a flanged coupling. Sizes varied from 
6 in. in diameter at the brake wheel and 9 in. in 
diameter at the neck journal at Caston, to 13 in. 
and 18 in., respectively, at Sutton, the average being 
between 10 in. and 12in. Ditchingham is octagonal and 
Honing and Hindolveston have four shallow ribs at 
the brake wheel. Cast-iron balance weights, like long 
muff couplings, were bolted on to the rear portions of 
the shafts at Great Ellingham, Stoke Ferry and Browich 
mill, Wymondham. That at Stoke Ferry is 15 in. in 
diameter by 42 in. long. The weight of shafts averaged 
about 2 tons, but that at Stalham smock mill is said 
to have weighed 7 tons. Swing-pot neck bearings were 
not unusual, and at least one mill, Hickling, had a 
wooden neck “ brass” with a square brass insert. The 
thrust at Paston was let into the tail beam in the 
earlier fashion. It is said that Upper Hellesdon mill 
once had a cast-steel windshaft, which cost 200l., 
with a three-roller neck bearing. The rollers cut 
through the neck journal of the shaft in six weeks. 
How it was put up is not on record; but about 1910 
a new shaft was put in Hindolveston mill, and block 
and tackle and horses were used to pull it up. ; 

Wooden clasp-arm brake wheels were the rule, iron 
wheels being only in a ratio of 1:7. The largest was 
at Diss and was 11 ft. 6 in. in diameter. The smallest 
is at Caston, which is 6 ft. 9 in. in diameter and 
built on top of another wheel. Elm and oak were 
used for construction at Besthorpe mill, where the 
wheel was reinforced with a flat oak frame in front. 
The new elm wheel at Carleton Rode was made by 
Bristowe and Olly, of Stalham. The most usual 
method of mounting was on square flanges, cast on 
the windshaft, and in a few cases squares or ribs were 





Stoke Ferry has spring-patent sails, with two-leaf 





cast on the windshaft for the same purpose. Of the 
six iron wheels noted, those at Ingleborough and 
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Wicklewood were solid and the others were split. The 
largest was at Honingham, 10 ft. in diameter, and the 
smallest at Wicklewood, 8 ft. 3 in. in diameter; all 
had wooden cogs, except Ingleborough, where iron 
teeth, cast in segments, were bolted on. At Sutton 
and Wicklewood, the shanks of the cogs were dove- 
taileds and wedged; elsewhere they were pinned. 
Wooden cogs are the rule, iron segment cogs being in 
a ratio of about 1:6. The largest cogs and the greatest 
number are at Caston, with 102 teeth of 3} in. pitch, 
7}-in. face and 2} in. deep; this is by far the finest 
wheel, with curved cants 18} in. wide and a rim 14 in. 
wide. The crudest wheel is at Salter’s Lode, which is 
the smallest and has the smallest number of cogs, 
namely, 58, of 4}-in. pitch and 2}-in. face. 

Wooden brakes outnumbered iron brakes by 4 to 1, 
and five mills had wooden blocks on an iron rod. The 
heaviest brake is at North mill, Wymondham, and is 
8 in. wide by 9 in. thick. Wicklewood mill has a 
separate iron brake rim and Salter’s Lode mill a 
separate wooden one. An iron brake lever was used at 
Ingleborough mill, and at Palling the iron brake ran 
in a groove in the rim of the iron wheel. To increase 
the mechanical advantage, a three-sheave block was 
used at Gooderstone mill, and multiplying gears, like 
those used in postmills, were used at Dilham and 
Sutton, the latter having a 44:1 ratio. At Haddiscoe, 
the mill worked round under the brake one stormy 
night and caused it to smoke ;. the miller stopped it by 
crushing a bottle with his foot and putting broken 
glass between the brake and the wheel. A safety 
chain in the first place would have been more effective. 

Wallowers are mostly of iron, having between 30 
and 40 teeth, the largest being at Old Buckenham mill, 
5 ft. 3 in. in diameter, with 72 teeth of 3-in. pitch. 
That with the smallest number of teeth is at Little 
Cressingham mill, with 26 teeth of 4-in. pitch. The 
wheels, which are crown wheels at the top of the 
upright shaft, are hung on with wedges. At Stoke 
Ferry, unusually, the wallower is hung with wooden 
wedges on to a cast-iron octagonal sleeve, fitted over 
the top of the wooden upright shaft. The wallower 
at Great Ellingham mill could be put in and out of 
gear with the brake wheel by two adjusting screws 
and shackles on top of the upright shaft, so that the 
power drive could be used. Throwing out of gear was 
more often effected by removing three or four cogs in 
the brake wheel. The wallower at Denver mill has an 
iron hub and a wood rim, and solid wooden wallowers 
were found at Blakeney, Hickling, Hindelveston, 
Ringstead and Walpole Highway mills. The Hickling 
wallower has cast-iron teeth in segments, while at 
Blakeney it is a trundle, 4 ft. 10 in. in diameter. The 
most unusual wheel is at Salter’s Lode, also a trundle 
wheel, which is of clasp-arm construction, and no less 
than 7 ft. 7 in. in diameter, with 62 teeth, against 58 
in the brake wheel. 

Wooden upright shafts outnumber those of cast iron 
n the proportion of 3:1. The iron shafts range from 
4} in. in diameter at Billingford to 7 in. in diameter 
at Old Buckenham, the average being 6 in. In wooden 
shafts, oak is preferred to pine in a proportion of 3: 1. 
In size, they range from 12 in., either octagonal or 
16-sided, to a pine shaft at Ingham, which was 17} in. 
in diameter below the great spurwheel and square 
above. At North Mill, Wymondham, the shaft is of 
oak, 20 in. square at the meal floor, 18 in. square at 
the stone floor, and of pine 14 in. across the flats at 
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the top. The finest shaft for appearance is undoubtedly 
that at Little Cressingham mill, shown in Fig. 18, 
opposite. 

“Graft” shafts are those which are of iron and 
wood, and these were to be met with at Gayton, 
Honingham, Mileham, Tivetshall St. Mary, Walpole 
Highway and Wicklewood mills. At Honingham, the 
shaft had an octagon pine section on the first floor 
only, and was of cast iron above. The journal of the 
cast-iron shaft was split, with a brass bush and a 
wooden shim, and was wedged into the sole plate with 
wood. The joint in the cast-iron shaft was by pin 
coupling, cast in. The flange was round, with three 
D-bosses and three pins. A coupling in the shaft is 
usual, to take up slight errors in alignment. A two-jaw 
dog clutch is almost universal, but there is a three-jaw 
clutch at Blakeney mill. The footstep of an upright 
shaft is usually mounted on a bridging box, like the 
footstep of a stone spindle, but at Long Stratton mill 
one of the brass pots, let into the spindle beam, has 
survived. 

For great spurwheels, iron is preferred to wood 
construction in the proportion of 2:1, and, of the 
iron wheels, mortise wheels are preferred in the same 
proportion. The largest wheel by far is at Old 
Buckenham mill—13 ft. in diameter; the smallest, at 
Billingford mill, 5 ft. 44 in. in diameter. Of the wooden 
wheels, the largest is at Salter’s Lode mill, 9 ft. 2 in. 
in diameter, and the smallest at Blakeney mill, 7 ft. 3 in. 
in diameter. As to construction, eight T-section arms 
were most favoured, though at Great Ellingham mill 
there were nine such arms. At Great Bircham and 
Gayton mills, the rims were cast separately and bolted 
on. At Old Buckenham mill, the wheel is cast in 
12 segments and fixed to the upright shaft with cast- 
iron angles on flanges. Wheels are usually hung on 
the shafts with folding wedges, but at Walpole High- 
way one key only was used. Cogs are usually pinned 
through the shanks with steel pins, but at Blakeney 
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wooden pegs were used, and three cases of dovetailed 
and wedged shanks were noted. 

Iron was favoured rather than wood for stone nuts 
in a proportion of 2:1, and about half the iron nuts 
had wooden cogs mortised in. The smallest nut was 
a solid iron one at Halvergate mill, with 13 teeth, and 
the largest, a mortise nut at Sutton mill with 30 teeth. 
To throw the nuts out of gear with the great spur 
wheel, the most popular single method was the glut- 
box, in which a portion of the top bearing of the 
quant of overdrift stones is moved, allowing the quant 
to move sideways. In the case of underdrift stones, 
the majority of nuts were lifted out of gear off a round 
or square taper. To effect this, a ring, operated by a 
screw, sometimes with the aid of gearing, was most 
frequently used. Alternatively, the ring was operated 
by a rack and pinion or a pivoted lever. In a few cases, 
the nut was lifted out of gear by two straps or two 
chains, a device known as a “ rigger ” (Fig. 21). Occa- 
sionally, slip cogs were used in the case of wooden 
cogs, and at Neatishead and Browich mill, Wymond- 
ham, a three-cog segment of the iron nut was removed. 
At Mulbarton, the nut was raised on the spindle and 
supported on a cotter, $ in. in diameter; and at 
Potter Heigham a cotter supporting the nut was re- 
moved and the nut lowered. At Besthorpe, the whole 
bearing block of the quant screwed in and out, and at 
Gayton there was an elaborate glut-box with a handle 
to tighten a wedge ; this is illustrated, with the bearing, 
in Fig. 15, on page 213. At Old Buckenham, step 
bearings are carried on a cast-iron frame, resting on a 
timber frame. The cast-iron frame also carries the feed 
and tentering gear, and two sets of governors. The five 
nuts are raised out of gear by a ring and lever, four 
levers being operated with a screw and one with a 
rack and pinion. 

Stones ranged in size from 3 ft. 6 in. to 4 ft. 6 in. in 
diameter, with 4 ft. as an average. Halvergate mill 
had a pair of 58-in. stones from Bixley, and Hindring- 
ham, a pair of 5-ft. stones. They were cased in round 
or octagon vats, placed in the first or second floor, and 
were two or else three pairs in number, all in about 
equal proportion; although the underdrift - stones 
outnumbered the overdrift stones in the proportion of 
3:2. At Aslacton mill, the stones were overdriven 
by wind and underdriven by engine, They were 
mainly French stones ; peak stones, with a few excep- 
tions, were favoured only in West Norfolk. Blakeney 
had a peak runner with a French bed-stone, and 
Wicklewood a French bed-stone with a k runner, 
the peak stone being from Costessey old water mill. 
Fig. 17, opposite, shows the stones at Carleton Rode 
mill and Fig. 22, above, those at Sutton. At Walpole 
Highway, a French runner stone has a cast-iron ring 
bearing the inscription, 


GEORGE MARIS MAKER HULL 1839. 


One stone at Tharston was divided into no less than 
14 quarters. Old Buckenham mill drove five pairs 
of stones, and Diss, Halvergate, Ingleborough, Sutton 
and Yarmouth, four pairs, those at Sutton being on the 
sixth and at Yarmouth on the seventh floor. Yar- 
mouth mill would grind 9 coombs of wheat or 20 coombs 
of oats perhour. The “ horses ” supporting the hoppers 
at Besthorpe mill are of cast iron. At Old Buckenham, 
the damsel was of iron and built up like a four-staved 
lantern pinion. At Cawston, flour was ground in the 
small mill and dressed in the large one. After 1918, 
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travelling stone dressers were employed at 15s. a day, 
including travelling time, and took two or three days 
to dress a pair of stones. In Norwich, the rate was 
10s. a day, but the freight was too heavy as each 
stone would weigh a ton. For deepening furrows, a 
heavy mill bill was used, with a face only } in. wide; 
this was called a “ prichell.” 

Bell alarms were to be found in their usual variety. 
Some bells, as at Sprowston, fell against the denuet, 
others were on a pivoted bar, with a pin which was 
struck by a pin on the damsel as at Potter Heigham. 
Others again were struck by a pin on the upright shaft, 
as at North mill, Wymondham, and some trailed on 
to the-arms of the great spurwheel, as at Kenninghall. 
Typical bell alarms are shown in Figs. 19 and 20, on 
page 214. 

Cranes were noted at Carbrook, Ditchingham, Potter 
Heigham and Stoke Ferry, the first two being of iron, 
the third of wood and iron, and the crane at Stoke 
Ferry of wood. 

Governors, for tentering the stones, were mainly of 
the normal type. About two-thirds of them were 
driven by belt from the upright shaft and about 
one-third by belt from a stone spindle. At Walpole 
Highway mill, one pair of governors was mounted on 
the stone spindle and at Old Buckenham, Carleton 
Rode and Denver mills, the drive was indirect from the 
upright shaft via a counter shaft. About a dozen 
lag-type governors were seen, three compound gover- 
nors, and one pair, at Walpole Highway mill, of the 
trailing type, the balls sliding out along curved arms 
(Fig. 23). Four-armed governors were fitted at Honing 
and North mill, Wymondham, and those at Sutton 
were 3 ft. high. Rather less than half the governors 
controlled one pair of stones; about a quarter each 
controlled two or three pairs; and four controlled 
four pairs. 

For sack hoists, a bevel gear driving a slack belt 
outnumbered the friction drive from under the wallower 
by 2:1, and there were about twice as many indepen- 
dent gear drives as there were bevel rings mounted on 
the great spur wheel. At Denver and Ingham, there 
was a gear drive from the underside of the walléwer. 
A jockey pulley was sometimes used for tensioning 
the slack belt ; nine examples of this were noted. At 
Hingham, the jockey ran in a carriage on a track. At 
Kenninghall, a 3 ft. pulley on the upright shaft drove 
by slack belt to a vertical chain barrel. At Halvergate, 
two equal trundle wheels drove, some way below the 
wallower, a slack chain up to the sack barrel. The 
load chain was endless, with a short span of chain and 
an eye for hitching the sacks, and the cord controlling 
the hoist had a stirrup at the bottom for foot operation. 
At Little Cressingham, the great spurwheel drove 
through a wooden pinion, which could be lifted out of 
gear, and the drive was engaged by a cone clutch. 
The water wheel drove a vertical cast-iron shaft through 
spur gearing, and thence by friction drive to the 
sack barrel. The sack hoist at Walpole Highway mill 
is shown in Fig. 16, on page 213. 

Bolters, wire machines and modern oat crushers were 
found in about equal numbers and were usually driven, 
like the sack hoists, through a countershaft. At Old 
Buckenham and Walpole Highway, the bolter was 
driven by a nut from the great spur wheel. At 
Hickling, three dressing machines and one oat crusher 
took their drive from a set of very flat bevel cogs, 
mortised into the original wooden rim of the great 
spur wheel. Half-sack Tattersall roller plants were 
housed in the mill tower at Little Cressingham, Ingle- 
borough and North mill, Wymondham. Other 
machines included a wheat cracker and sifter at 
Ingham, a smutter at Salter’s Lode, and a grindstone. 
At one time, Caston small mill sawed wood for 
herring boxes. The bolter from the tower mill at 
Paston was sent by the author to the Science Museum, 
London. 

About half of the mills had some form of auxiliary 
power, oil engines being twice as numerous as steam 
engines. The drive was either to the great spur wheel 
or to an independent gear on the upright shaft. Three 
cases of a completely independent drive were noted. 
At Stalham smock mill, the power drive was through 
a coarse-pitch ratchet and two pawls. At Little 
Cressingham mill, two pairs of stones on the first 
floor were driven by water wheel only. This was an 
iron breast-shot wheel, 12 ft. in diameter by 6 ft. wide, 
with Poncelet floats. In addition, an iron breast-shot 
wheel, 8 ft. in diameter by 3 ft. wide, drove a three- 
throw pump to deliver water to the Hall. 

Only three Eighteenth Century dates were found. 
At Cley-next-the-Sea, the mill tower is dated 1713, 
but the mill had obviously been rebuilt. At Walpole 
Highway, there is the inscription 


TH 
1743 


on an old beam in the ceiling of the ground floor; 
this beam is apparently from an earlier mill. Sutton 
mill was first built in 1789 and rebuilt after a fire in 
1857. At Rurnham Overy water mill, the date is 1737. 





On the windmill tower adjoining it is the inscription 
TB 
1814 
PEACE. 


South Town mill, Yarmouth, was built in 1812 for 
10,0001., sold in 1904 for 100/., and demolished in 1905. 
Old Buckenham Mill was built in 1818 and owned by 
J. J. Colman, who was nicknamed “ Old Piccolo.” In 
Harpley mill, engraved on a pair of three-sheaved rope 
blocks, was— 

HICKMAN 


MENZIES 
1834 


and, cast on the windshaft, 
AIKMAN. MAKER. LYNN. 1832. 
At Carbrook mill, in raised letters, on a stone with a 
moulded surround, is 
R D 
1856 
and cast on the rear plate of the brake wheel is 
W. H. WIiaG@ & CO., EAST DEREHAM. 


On a stone over the door at North mill, Wymondham, 
an inscription reads 
JOHN CANN 
oct 7 
1858. 


It is said to have been built originally in Lincolnshire, 
for draining land adjoining the Sanien. It was then 
moved to Dilham, near Yarmouth, for the same p e, 
and later converted to corn milling, sold and brought 
to Wymondham by rail. Tivetshall St. Mary mill was 
built about 1860 from parts of a mill that stood on 
Mill Hill nearby. Billingford mill, which was built in 
March, 1860, at a cost of 1,3001., is on the site of a 
post mill like Ingham mill, which had been blown 
over in a gale. Upper Hellesdon mill, Norwich, was 
probably the last corn mill to be built in the county ; 
erected in 1875, it was demolished in 1920. 





NOTES ON NEW BOOKS. 


Simplified Design of Structural Timber. By Proressor 
Harry Parker, M.S. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 3.35 dols.]; and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 19s. 6d. 
net.] 


AMERICAN universities possess a number of professorial 
chairs in subjects not commonly so distinguished in 
the British Isles, and “‘ Architectural Construction,” of 
which the author of this book is professor in the 
University of Pennsylvania, is one of them—at least, 
under that title. While it invites comparison with the 
two manuals by Professor Howard J. Hansen, issued: by 
the same publishers and reviewed in ENGINEERING, 
on pages 123 and 216, respectively, of our 167th 
volume (1949), Professor Parker’s little book is some- 
what more elementary in treatment, being designed for 
use in the class room and for private study rather than 
in the field or on site; indeed, the author remarks in 
his preface that “‘ It is assumed that those who use this 
book have had no previous training, and that “a 
knowledge of high-school arithmetic and algebra is all 
that is necessary to understand the mathematics 
involved.” It is, in fact, a handbook on structural 
design, restricted in scope to a single material, albeit one 
which may be employed in numerous varieties, possess- 
ing a wide range of physical characteristics. 


The Modern Diesel. Edited by G. Grorrrey Smita, 
M.B.E.; revised and rewritten by Donatp H. 
Smiru, M.I.Mech.E. Eleventh edition. Iliffe and 
Sons, Limited, Dorset House, Stamford-street, Lon- 
don, S.E.1. [Price 7s. 6d. net.] 


Tue scope of this compact and readable little book is 
not quite so extensive as the short title on the cover 
might suggest ; it deals, as the title-page states more 
explicitly, with “ High-s compression-ignition oil 
engines and their fuel-injection systems.” The types 
discussed are ape 4 those used in road transport, 
though railway, aircraft and marine installations also 
receive attention; but the marine engines considered 
are of the small and relatively fast-running type, the 
large slow-running engines used in ocean going vessels 
being outside the scope of the book. It is claimed (with 
the above limitation) that every engine made in the 
United Kingdom is briefly described and there is at 
least one illustration of the products of every existing 
British engine manufacturer; a few of the line illus- 
trations are excessively reduced in size and some of the 
half-tone reproductions are not very informative, but 
many of the line diagrams are really helpful and the 
average quality is good. The chapter on “ The Term 
‘ Diesel’ ” is interesting and even provocative. 
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PHOTO-ELECTRIC PRESSURE ANp 
MOVEMENT GAUGES. 


For a long time there have been many ficlds of 
engineering in which accurate measurements of rapidly 
fluctuating displacements or pressures have to be made, 
With the increasing refinement of test and research 
work, this need has become even greater and frequently 
it is found necessary to re quantities which alter 
in magnitude several thousand times a second, 
Examples of this may be seen, for instance, in research 
work on internal-combustion engines or in the develop. 
ment of fuel-injection systems for rocket motors, 
To meet this need, C.A.V., Limited, Acton, London, 
W.3, in conjunction with Messrs. Ricardo and Company, 
Engineers (1927), Limited, Shoreham-by-Sea, Sussex, 
have developed a new photo-electric pressure and 
movement gauge which es the displacement of 
a self-contained diaphragm or push rod. In this 
instrument, pressure differences or displacements are 
made to modulate a beam of light falling on a photo. 
electric cell. By means of a suitable electric circuit, 
the resulting change of resistance is transformed into 4 
variable voltage and applied to the plates of an oscillo. 
graph which provides a direct record of the quantities to 
be measured. Calibration of the equipment may be 
carried out a few seconds after the readings have beep 
made, by applying known pressures or displacements 
to the gauge and thereby producing calibration marks 
on the record. This method reduces to a minimum 
any errors which may arise through variations in the 
sensitivity of the gauge during the interval between 
taking the readings and making the calibration. 

The gauge mechanism is housed in a hollow metal 
cylinder and consists essentially of a light source, a slit 
of variable width and a photo-electric cell. The cel] 
and the electric lamp which provides the light are 
mounted parallel to the axis of the cylinder and on 
opposite sides of it, while the slit mechanism is located 
between them, the slit being horizontal. In the case 
of the pressure-type gauges, the upper edge of the slit 
shutter is connected by a vertical strip to a horizontal 
circular diaphragm elamped in the base of the gauge 
and moving with it. The pressure to be recorded is 
then applied directly to the diaphragm through a pipe 
connection below. Pressures from a calibrating unit 
also may be applied to further connections on the base 
of the gauge. The displacement-type gauge is simi- 
larly constructed but a different actuating mechanism 
is used with it. In this case, the gauge is screwed into 
an adaptor unit which carries a vertical push rod 
actuating the slit shutter. The slit is reduced by any 
upward displacement of the push rod which, when not 
lifted, is returned to its normal position by a spring 
housed inside the adaptor. Calibration, in this case, is 
carried out by screwing down the whole gauge head on 
a micrometer screw, the travel of the head, and hence 
the movement of the push rod relative to it, being 
effected by the rotation of the head. Two separate 
current supplies are necessary for the operation of the 
gauge; the electric lamp consumes 0-2 ampere direct 
current at 6 volts, and the photo-electric cell requires 
about 3 micro-amperes direct current at 90 volts. 

When the gauge is in operation, the current through 
the cell varies linearly with the slit width as long as 
the latter exceeds 0-004 in. The maximum current 
change is about 1-9 micro-amperes, but this value 
depends on the lamp brightness which may be varied 
to some extent. A current change of this magnitude 
corresponds to a variation of about 0-005 in. in the 
width of the slit. Usually, the gauge is connected 
to a voltage amplifier which operates a cathode-ray 
oscillograph, and, in this case, the output from the 
cell is taken from the ends of a resistor of not more 
than 100,000 ohms, which is included in the cell 
circuit. The frequency response of the gauge is limited 
by the characteristics of the photo-electric cell or by 
the time constant RC of the output circuit, which 
consists of the output resistor R and the stray capacit- 
ance C across it. Using a cable of a few feet in length 
with a capacitance of 10 micro-micro-farads per foot 
and a resistor of 100,000 ohms, a time constant is 
obtained having an order of magnitude of 10 micro- 
seconds. This value is near the limit of frequency 
response of the gas-filled photo-electric cells normally 
used, but can be improved if a vacuum-type cell is 
employed together with a lower RC value. The 
vacuum cells, however, have a considerably lower 
sensitivity. Other factors also may limit the frequency 
response and should be taken into consideration ; these 
include the natural period of the pressure diaphragm, 
the transmission properties of the passage leading to 
the diaphragm and, in the case of the displacement- 
type gauge, the properties of the mechanical parts 
which transmit the displacement. The temperature 
of the gauge should not exceed 100 deg. C. in operation, 
and variations in temperature during the reading and 
calibrating period should be avoided since they may 
give rise to errors. These gauges require careful 
handling, but this should not present any difficulty 
to research workers for whom they were designed. 
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(Continued from page 201.) 








Tue exhibits at the 16th Engineering and Marine 
Exhibition, as we indicated in the first article on the 
exhibition which appeared in last week’s issue of 
ENGINEERING, are, in general, typical of current 
designs rather than innovations which merit special 
mention. This is only natural, and, indeed, desir- 
able, since the nation’s economic condition, four 
years after the war, calls for competitive prices and 
firm delivery dates from manufacturers—desiderata 
which can easily be frustrated by the continuous 
commercial exploitation of every new development, 
large or small. Neverthless, a tour of the exhibi- 





tion shows that a few firms are devoting part of their 
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efforts to long-term” projects, such as the industrial 
gas turbine which we mentioned last week, and most 
firms have incorporated improvements in their 
products since the 1947 exhibition. The latter 
point was emphasised by the Rt. Hon. Sir John 
Anderson, Honorary President of the Exhibition, 
when he took the chair at the inaugural luncheon 
held at Olympia on Thursday, August 25. He 
referred particularly to metallurgical improvements 
which are not obvious to the casual observer, and 
suggested that the steady development of existing 
machines would contribute more to national recovery 
than any startling new inventions that were likely 
to appear. Engineers had a right to feel proud of 
their achievements, but they could not afford to 
hide their light under a bushel. Sir John was reply- 
ing to the toast of ‘‘ Success to the Exhibition,” pro- 
posed by Sir Percy Lister, who spoke of the steps 
which should be taken by the engineering industry 
in helping the country. In his opening remarks, 
Sir Percy said that there were 530 exhibitors, 
and the number of exhibits was 75 per cent. more 
than the pre-war maximum. The Exhibition was 
formally opened by Sir John Anderson prior to the 
luncheon. 

The Department of Scientific and Industrial 
Research have provided a number of interesting 
exhibits for their stand, including models of a marine 
gas turbine, a steam turbine, a reversing gear, etc., 
from ‘‘ Pametrada ”—the Parsons and Marine Engi- 
neering Turbine Research and Development Associa- 


Tyne. The marine gas-turbine model, which is 
sectioned, represents a double-flow gas turbine of a 
type described by Dr. T. W. F. Brown, D.Sc., 8.M., 
Research Director of Pametrada, in a paper, on 
‘** British Marine Gas Turbines,” read before the 
North East Coast Institution of Engineers and Ship- 
builders on December 10, 1948. 

The reversing gear was also described briefly in 
the same paper. It employs a hydraulic coupling 
fixed to the turbine shaft for ahead drive, and, for 
reverse drive, a torque converter which is operated 





by filling it with oil and withdrawing the oil. ‘“‘ The 
ahead coupling,” to quote Dr. Brown’s paper, “is 








waste heat. The latter turbine develops only 
about 700 kW, but the efficiency is comparatively 
high, being about 25 per cent. It has been ordered 
by Messrs. Spencer Bonecourt, Limited. The stand 
also includes a working model of the John Brown- 
Escher Wyss variable-pitch propeller. 

The exhibits on the stand of Sir George Godfrey 
and Partners, Limited, Hampton-road, Hanworth, 
Middlesex, cover part of their range of blowers, 
superchargers, vacuum pumps and gas boosters. 
One of the blowers, which is being shown for the 
first time, is illustrated in Fig. 26, on this page. It 
is known as the M1500 and is capable of delivering 








designed for 1-7 per cent. slip with an efficiency of 
about 98 per cent., and the astern coupling for an 
efficiency of 70 per cent. The astern power is con- 
siderably more than adequate for all manoeuvring 
purposes of slow-speed ships, and is excessive for 
high-speed ships, except possibly cross-channel 
steamers where a great deal of manceuvring in rela- 
tion to running time is required. It should be 
remembered that under increased slip greater torque 
can be transmitted at lower propeller r.p.m. than 
with direct drive, which assists manceuvring greatly 
and makes couplings of this type specially suitable.” 
The exhibits from Pametrada also include a model of 
a single-cylinder marine turbine of modern design, a 
model of a compound marine steam turbine with 
double-reduction articulated gears, a wave analyser 
and correlator, and various exhibits relating to the 
seizing of high-temperature joints in austenitic 
steels, to blading, the welding of austenitic steels 
and heat-exchanger tubing. 

Messrs. John Brown and Company, Limited, 
Clydebank, are showing some models, and part of 
a Class I welded pressure vessel which has‘ been cut 
away and etched to show the welds which were 
made with a ‘‘ Unionmelt”’ machine. One of the 
models is of the s.s. Queen Elizabeth, and another 
of her engines. Two more are of installations of 
the John Brown-Escher Wyss closed-cycle gas 
turbine. The largest is a 12,500-kW plant which 
is being built for the North of Scotland Hydro- 
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1,170 cub. ft. of air per minute against a pressure 
of 10 Ib. per square inch when running at 2,900 
r.p.m. The rotor casing, intermediate housings and 
end covers arc made from high-grade iron castings. 
The rotors are of the three-lobed type and are 
constructed from low-expansion aluminium alloy 
with high-tensile steel shafts. The timing gears are 
of the helical type, the timing of the rotors being 
accomplished by the insertion of shims between a 
fixed hub on the driven-rotor shaft and the driven 
gear ring. A double-row ball bearing is fitted to 
the gear-end of the rotors, and the rear rotor 
bearings and outrigger bearing are of the roller type. 
The seals depend on the duty, the low-pressure series 
being provided with frictionless labyrinth and scroll 
seals only, whereas the high-pressure series have 
additional carbon-ring bellows seals. The blower 
is supplied with cast iron manifolds or with a com- 
bined filter and silencer on the blower inlet. If 
required, a baseplate, together with a suitable 
electric motor and drive, can be supplied, the 
machine illustrated being so fitted. Sir George 
Godfrey and Partners also are showing their 
Marshall J75 industrial blower; this is illustrated 
in Fig. 27, on this page, where it is shown complete 
with inlet filter and silencer and outlet manifold. 
The performance varies, of course, with the speed 
and discharge pressure but when running at 3,500 
r.p.m. it can deliver 83 cub. ft. of air against a 
pressure of 1 Ib. per square inch, 80 cub. ft. against 





Electric Board, and the other is of a closed-cycle gas 





tion, Pametirada Research Station, Wallsend-on- 


turbine designed for the generation of power from 





a pressure of 2 Ib. per square inch, and 74 cub. ft. 
of air against a pressure of 4 Jb. per square inch, 
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The construction, generally, is similar to the M1500 
model just described. The casings, however, are 
made from aluminium-alloy castings suitably finned 
for heat dissipation and the rotors are of the two- 
bladed involute type. They are statically and 
dynamically balanced and rotate in opposite direc- 
tions. with a small accurately-controlled clearance 
along: their tips and ends. Provision is made for 
regulating the pressure so that the blowers can be 
used for various applications. It should be pointed 
out, perhaps, that the M1500 and J75 blowers are 
only two examples from a range of machines, the 
largest of which can deliver 4,500, cub. ft. of air per 
minute against a pressure of 10 Ib. per square 
inch. 

During the second world war, Messrs. Murray and 
Tregurtha, Incorporated, Quincy, Massachusetts, 
U.S.A., designed and developed a range of large 
outboard motors for propelling dumb barges and 
various types of landing craft. These motors have 
now been adapted to peacetime uses, and Messrs. 
Harbormaster, Limited, 108, Fenchurch-street, 
London, E.C.3, who have obtained the licence for 
their manufacture in this country, are showing a 
unit of this type designed to transmit 100 brake 
horse-power. An idea of the general layout of 
the plant can be gained from the outline drawing 
reproduced in Fig. 30, on this page. It fits on to 
the back of the vessel and is shown in position in 
Figs. 28 and 29, but it should be mentioned that 
the unit illustrated is not the same as is exhi- 
bited. The general design follows closely that 
adopted for the smaller type of outboard motors 
as fitted to dinghies, etc., in that the vertical stem 
which carries the propeller can be turned through 
360 deg. about its vertical axis for steering by 
propeller reaction and for reversing ; furthermore, 
the stem can be lifted out of the water, as shown 
in Fig. 28. A standard Meadows hand-operated 
multi-plate clutch and bevel-type reverse gear, 
however, ate provided for manceuvring in confined 
waters. The power unit consists of a Meadows 
6D.J.630 six-cylinder four-stroke Diesel engine 
having @ cubic capacity of 10-35 litres and develop- 
ing a maximum of 130 brake horse-power, at 1,900 
r.p.m. The engine is cooled by fresh water, the cool- 
ing system incorporating a centrifugal pump, fan and 
thermostatically controlled radiator suitable for both 
tropical and temperate climates. The fuel tank 
has a capacity of 85 gallons and the fuel consumption 
at full power is given as 0-37 Ib. per brake horse- 
power per hour. The drive is transferred from 
the horizontal engine shaft to a vertical shaft inside 
the stem by a double spiral-bevel crown-wheel and 
pinion assembly. Final drive to the propeller 
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shaft is through a further crown-wheel and pinion 
assembly, the propeller shaft being offset from the 
vertical axis of the stem in order to counteract torque 
reaction and balance the load on the helm; the 
vertical drive shaft, therefore, is provided with two 
Hardy Spicer universal joints to allow for the offset. 
The propeller is 4 ft. in diameter and has a pitch 
of 29 in. ; it rotates at 400 r.p.m., the thrust being 
taken by a set of opposed taper-roller bearings. 
The lubricating-oil pump is driven by spur gears 
from the propeller shaft, and the discharge from 
the pump is led to the top gearbox where it is 
fed to the moving parts before returning by gravity 
to the pump. A previously mentioned, steering 
is accomplished by propeller reaction, thereby 
making it possible to dispense with the usual 
rudder. The stem and, therefore, the propeller, 
are turned about the vertical axis by a worm 
and worm-wheel assembly, the worm being connected 
by a chain and sprocket drive to a bevel gearbox 
which, in turn, is connected to the helm by a 
shaft drive. The stem is elevated by a pinion and 
quadrant, the pinion being rotated by a hand- 
operated worm and worm-wheel drive of the 
non-reversible type, so that the stem can be main- 
tained at any position. The elevating gear incor- 
porates pins arranged so that they are sheared if 
the propeller guard should strike a submerged 
obstruction. 

Messrs. Shell-Mex and B.P., Limited, Shell-Mex 
House, Strand, London, W.C.2, have arranged one 
of the most interesting stands at the exhibition. 
A complete engine test cell for testing fuels and 
lubricants in an internal-combustion engine has 
been brought from the Thornton Research Centre 
of the Shell Group and erected on the stand so that 
demonstrations of the test technique, lasting about 
half an hour, can be given. Further, the test 
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engine, which has recently been completed and is 
now shown publicly for the first time, is the Shell- 
Ricardo lubricating-oil test engine, which has been 
built to the specification of the Institute of Petro- 
leum by Messrs. Ricardo and Company, Engineers 
(1927), Limited, Bridge Works, Shoreham-by-Sea, 
Sussex. Fig. 31, on Plate III, shows the control 
panel of the test cell, with a view of the engine 
through the window, and Fig. 32 shows the new 
engine with a direct-injection cylinder and head. 
The unit consists essentially of a simple robust 
single-cylinder crankcase on which different cylin- 
ders and heads may be fitted to give various engine 
and combustion systems. Practically any proprie- 
tary cylinder block and head, within the limiting 
stroke and bore, may be used. Thus, the unit is 
suitable for two- or four-stroke cycles, spark or 
compression-ignition, cylinder heads of direct 
injection or separate combustion-chamber types, 
piston strokes up to 6 in. and cylinder bores up to 
43 in., a maximum speed of 2,500 r.p.m. and a 
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Fig. 36. 4-B.H.P. Diese, ENcrne; CovENTRY 
Victor Motor Company, LIMITED. 























Fig. 37. VanrntaB_e-StTRoKE Pump; ROTOPLUNGE 
Pump Company, LIMITED. 


continuous rating of 2,000 r.p.m., and a maximum 
brake mean effective pressure (in the four-stroke 
type) of 300 Ib. per square inch. The cylinder 
head used at the Exhibition is of the Ricardo 
Mark III separate combustion-chamber type. The 
unit has been designed primarily for testing Diesel 
lubricants, but it is also suitable for tests on other 
lubricants as well as fuels, and on fuel and combus- 
tion systems. 

The control panel on the Shell stand has been 
designed with large instrument dials so that audi- 
ences may observe them. An oscilloscope embody- 
ing two cathode-ray tubes is also being used. It 
enables up to four variables to be displayed simul- 
taneously on the same X-ordinate base. Thus, 
Diesel-engine fuel-line pressure, injector-needle lift 
and cylinder pressure may be displayed simul- 
taneously in such a manner that the correlation of 
these three variables can be observed directly. 
Alternatively, the cylinder-pressure diagrams of 
four cylinders of a multi-cylinder engine may be 
observed simultaneously. 

Many examples of their range of S.L.M. oil- 
operated marine gearboxes are being shown on the 
stand of Modern Wheel Drive, Limited, Lindo 
Lodge, Chesham, Buckinghamshire. One of these, 
which has been designated the MWKB-3, is illus- 
trated in Fig. 33, on Plate III. It is of the reverse- 
reduction type and has been designed to transmit 
450 brake horse-power at an input speed of 660 
I.p.m. and an output speed of 200 r.p.m. As in all 
8.L.M. oil-operated transmissions, the ahead and 
the astern gearwheels each incorporates a clutch 
which consists of two inner and two outer members. 
The two outer members are carried by, and are free 
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to rotate about, the sleeves, or hubs, of the two 
inner members which, in turn, are splined to the 
secondary shaft. The are in constant mesh, 
but motion cannot be transmitted to the secondary 
shaft until the inner members of one of the clutches 
are brought into engagement with the corresponding 
outer members. This is effected by directing oil 
under pressure into a chamber formed between 
each set of inner members of the clutches; this 
causes them to slide apart axially on their splines 
until they engage with the ‘outer members, with 
which they are then maintained in contact by the 
pressure of the oil. The clutch is disengaged by 
admitting oil under pressure between the working 
faces of the clutch, thus returning the members to 
their neutral position ; the oil is led to each side of 
the clutches by ducts drilled in the secondary shaft. 
Modern Wheel Drive, Limited, are also exhibiting 
what is claimed to be the largest gearbox of this 
type ever made. It has been designed for use with 
two engines, which will drive a single propeller and 
transmit a total of 3,000 h.p., with input and output 
speeds of 300 r.p.m. and 165 r.p.m., equivalent to 
a reduction ratio of 1-82 to 1. The main gearbox 
casing is of fabricated-steel construction, incorpora- 
ting a Michell-type thrust block for taking the pro- 
peller thrust. The power from the two input shafts is 
transmitted through two sets of gearwheels, each of 
which incorporates an 8.L.M. clutch of the type just 
described. The gear train is arranged so that the 
three positions, namely, ahead, stop, and astern, 
can be obtained regardless of the number of engines 
driving at any time, separate control levers being 
provided to isolate or couple the engines to the 
gearbox; this arrangement also enables one engine 


to be started from the other. The control unit is 
exceptionally small and the effort required to 
operate the levers is only a few inch-pounds ; it is 
a simple matter, therefore, to arrange for. bridge 
control, and it is understood that this system will 
be used on the vessel for which the unit is intended, 
namely, @ pilot vessel for the Suez Canal. 

A selection of their air-operated gearboxes for 
railcars and shunting locomotives is included among 
the exhibits of the Self-Changing Gear Company, 
Limited, Lythalls-lane, Coventry. The units being 
shown have capacities ranging from 100 h.p. to 
250 h.p., and one of these, a five-speed gearbox 
known as the CA6, is illustrated in Fig. 34, on Plate 
III. It is capable of transmitting a maximum 
torque of 1,550 Ib.-ft., and can be supplied either 
as a five-speed unit with an overdrive ratio as 
illustrated, or as a four-speed unit with direct drive in 
top r. The ratios for the four speeds are: 
4-07 to 1 in first gear; 2-23 to 1 in second; 1-55 
to 1 in third; and 1 to 1 in top gear, while the 
overdrive ratio is 1 to 1-87. No reverse gear 
is provided and the unit has been designed for 
general rail-traction applications requiring wide 
speed ranges. As in other units of this type, it 
embodies a series of epicyclic gear trains brought 
into operation by contracting brake bands which 
are applied by separate air cylinders, the brake 
bands being fitted with automatic adjusting mechan- 
isms. A compressed-air supply, controlled between 
the limits of 75 and 80 Ib. per square inch, is re- 
quired for operating the gearbox, which can be 
controlled either by a multi-way air valve or 
by electro-pneumatic valves in conjunction with 
a@ suitable electrical control switch; the latter 
method is particularly suitable for railcar applica- 
tion where multiple-unit operation is a traffic 
requirement. The gearbox casing is an iron cast- 
ing arranged for independent mounting, facings 
being provided for brackets of the user’s design. 
The weights of the four-speed and five-speed 
models are approximately 124 cwt. and 15} cwt., 
respectively, when in running order. The Self- 
Changing Gear Company also are showing two 
examples of their oil-operated marine-type reverse 
and reduction gearboxes, one of which is suitable for 
engines of 25 h.p. to 60 h.p. and the other for engines 
of 60 h.p. to 100 h.p. Both can be fitted with a 
range of reduction units and are suitable for installa- 
tion in a wide variety of craft, such as yachts, tugs, 
and small fishing vessels. The ahead drive is 
obtained through a multi-plate clutch. actuated by 
oil under pressure, which is conveyed to the clutch 
by a duct in the shaft, and the astern drive is 
through a cone clutch, also actuated by oil pressure, 
which brings into operation an epicyclic reverse gear. 

A new range of three Petter vertical Diesel engines 
can be seen on the stand of Associated British 
Oil Engines, Limited, Causeway Works, Staines, 
Middlesex, the smallest model, which is illustrated 
in Fig. 35, on this page, being shown at the Exhi- 
bition. These engines are of the cold-starting, 
totally-enclosed, four-stroke type, and may have 
two, three or four cylinders. The largest model 
in the range develops 36 brake horse-power and 
the smallest has an output of 12 brake-horse-power 
at 1,000 r.p.m., or 18 brake horse-power at 1,500 
r.p.m. The engines are similar in design and 
employ direct fuel injection into hemispherical 
combustion chambers, which are formed in the 
crowns of the aluminium-alloy pistons. The two- 
cylinder model, which may be taken as representa- 
tive, has a tunnel-type cast-iron crankcase which 
carries a cast-iron cylinder block with wet liners, 
the cylinder head being cast as a single unit from 
similar material. The cylinder bore and the stroke 
are each 4-33 in., and the connecting rod is an 
H-section forging, fitted with copper-lead lined 

i the crankshaft main bearings are of 
@ similar type, but are lined with whitemetal. A 
gear-type pump delivers oil under pressure to the 
main and big-end bearings, the extension shaft 
bearing and the rockers, while the cylinders, the 
small ends and the camshaft are splash-lubricated. 
The fuel pumps, one to each cylinder, are operated 
by rocker gear from the camshaft, which carries 
a centrifugal governor mounted on the camshaft 
gearwheel. Cooling water is circulated on the 





thermo-syphon principle. The engine is designed 
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for starting by hand and de-compression gear is 
fitted for this purpose, although electric-starting 
equipment can be fitted if required. The power 
take-off may be from the flywheel end of the crank- 
shaft or from an extension shaft at the gear end ; 
this shaft can be fitted either to the crankshaft 
or to the camshaft gearwheel, in which case it 
rotates at half the engine speed. 

A range of Diesel engines, pumping units and 
generating sets is to be seen on the stand of the 
Coventry Victor Motor Company, Limited, Cox- 
street, Coventry. The most interesting of these 
exhibits is a new four-stroke single-cylinder air- 
cooled Diesel engine which has a power output of 
4 brake horse-power at 1,500 r.p.m., and may be 


THREE-StTaGE AtR ComPRESSOR ; Messrs. WORTHINGTON-SIMPSON, 





run, if necessary, at more than 2,000 r.p.m. This 





engine is illustrated in Fig. 36, on page 219; it is 
of the cold-starting type and has a bore of 80 mm. 
and a stroke of 100 mm. Diesel oil is the usual 
fuel, but paraffin may be used as an alternative in a 
slightly-modified form of the engine. The fuel is 
supplied by a standard injection pump and delivered 
through a pintle-type spray nozzle in the cylinder 
head. An aluminium-alloy piston, fitted with 
three compression rings and one scraper ring, is 
held to the high-tensile steel connecting rod by a 
hardened and ground gudgeon pin, a shell-type 
bearing being fitted in the big end of the connect- 
ing rod. Bearings, 2 in. in diameter, locate the 
crankshaft, which is formed from a heat-treated high- 
tensile steel forging and is drilled for the oil feed. 
Lubricating oi] is delivered under pressure to all 


Fig. 42. 








** Domestic’? Pump; Messrs. 
WORTHINGTON-Srmpson, LIMITED. 


bearings by a gear-type pump, and a pressure-release 
valve returns surplus oil to the sump. A constant- 
speed mechanical governor fitted to the engine keeps 
the speed constant within less than 3 per cent. from 
no load to full load ; as an alternative, a variable- 
speed governor may be fitted. The engine is 27} in. 
high, 19 in. wide and, including the starting handle, 
but not the power take-off pulley, 28 in. long. It 
weighs approximately 235 lb. 

Fig..37, on page 219, shows a valveless variable- 
stroke pump which is being shown by the Roto- 
plunge Pump Company, Limited, 58, Victoria- 
street, London, 8.W.1. The general design, apart 
from the variable-stroke feature, ;is common 
to all this firm’s pumps. There are four radial 
plungers, the opposite pairs being coupled diametric- 




















SEPT. 2, 1949. 


EXHIBITS AT 


THE 


ENGINEERING 





Fie. 43. Cast-Sreet Back-Up Routt; Dartineton Fores, Limtrep. 


ally, which rotate with a four-cylinder housing 
coupled to the shaft. The inner ends of the plungers 
are in contact with a bush which is square on the out- 
side, each face bearing on a plunger, and runs on an 
eccentrically-mounted roller bearing on the inside, 
the eccentricity causing the plungers to reciprocate 
radially as they rotate. During one half of a 
revolution, the plungers move radially inwards 80 as 
to draw in liquid from the pump inlet, and during 
the other half they move outwards to discharge the 
liquid through the outlet. The pumps are suitable 
for pressures up to 250 Ib. per square inch. In the 
variable-stroke pump illustrated, the eccentricity 
can be varied, by an arrangement of eccentric 
sleeves and toggle arms, from zero (i.e., concentricity 
and no pumping) to the maximum. This type of 
pump is useful for blending liquids or for any 
process where exact rates of flow are desired. A 
Rotoplunge pump is also being shown which gives 
uni-directional flow irrespective of the direction of 
rotation. When the pump is reversed, the angle of 
eccentricity is automatically turned through 180 deg. 
Pumps of this type are used on Diesel engines for 
lubrication and fuel supply. 

Messrs. B. and P. Swift, Limited, Century Works, 
Lewisham, London, 8.E.13, are showing their 
““Hydromo”’ hydraulic pumps, accessories for 
hydraulic-power transmission, and a range of 
‘““Motogear”’ geared electric-motor units. The 
latter, which are availzble in various sizes from 4th to 
5 h.p., consist of a flange-mounted motor and a 
train of double or triple spur-gear trains, gear ratios 
of from 2 : 1 to 86: 1 being available. The Hydromo 
high-pressure gear pump was described in detail in 
ENGINEERING, vol. 161, page 8 (1946), but since that 
time several improvements have been intro- 
duced. Due to some features not common to 
conventional gear pumps, the Hydromo pump is 
suitable for pressures up to 3,000 Ib. per square inch. 
With an ordinary gear pump, oil is trapped between 
the meshing teeth and is subjected to considerable 
pressure, which causes excessive tooth and bearing 
loads, overheats the oil and causes leakage. In the 
Hydromo pump, on the other hand, by making the 
addendum and dedendrum of the teeth unequal, the 
Squeezing of trapped oil is avoided. The backs of 
the gear teeth are also relieved so as to prevent the 
squeezing of a volume of trapped oil. In Fig. 38, on 
page 219, a pump is shown with an end cover 
removed ; it will be seen that, in this case, the ends 
of the teeth are chamfered on the back faces ; for 
larger gears a relief is provided on the centre part 
of the back face. As explained in the previous article, 
the design of the pump also eliminates excessive 
internal leakage and prevents air from entering 
past the driving shaft and causing frothing of the 
oil. The range of Hydromo pumps is suitable 
for deliveries of from } gallon to 200 gallons per 
minute. 





Messrs. Worthington-Simpson, Limited, Newark- 
on-Trent, are exhibiting many of their pumps and 
compressors. The illustrations on the opposite page 
show @ compressor and a small pump which are 
described below. The type KH three-stage air- 
cooled air compressor, of which sections and a general 
view are given in Figs. 39, 40 and 41, is provided with 
a heavy flywheel of the fan-spoke type, which is 
suitable for direct coupling or multi V-btlt drive. 
The cylinders and heads, of close-grained cast iron, 
have air-cooling fins ; the pistons, also of cast iron, 
are fitted with compression and scraper rings, and 
the third-stage piston is of the steeple type. The 
connecting rods are drop-forged, and have roller- 
bearing big ends, and phosphor-bronze small-end 
bushes running on fully-floating steel gudgeon pins. 
The first and second stages have Worthington 
feather valves, which incorporate only ene working 
part, namely, a flat strip of stainless steel. The 
third stage is provided with a combined suction 
and discharge valve of the concentric-disc type, 
which is easily removed in one piece for i jon. 
A centrifugal unloader is fitted to one end of the 
crankshaft, to release air when the compressor stops 
and to allow it to be started on no load. It is 
operated by fly-weights which, when the com- 
pressor stops, allow a spring-loaded rod to unseat 
a ball valve, thereby exhausting all air in the 
machine through the crankcase and breather 
pipe. The machine is lubricated by splashed oil, 
the absence of an oil pump contributing towards the 
simplicity of the design. The air inlet is fitted with 
a suction filter and muffler to ensure clean air and 
silent operation. The inter-coolers and after-coolers 
consist of gilled copper tubes which are arranged 
in the air blast created by the fan flywheel, and are 
coupled to moisture extractors fitted with relief 
and drain valves. The type KH compressor is 
made in two sizes; the KH23 will compress 
174 cub. ft. of free air per minute to a pressure of 
1,000 Ib. per square inch; and the KH 38 will 
compress 30 cub. ft. per minute to a pressure of 
600 Ib. per square inch. 

The Worthington “domestic” pump can be 
supplied with a 1-h.p. J.A.P. petrol engine, as shown 
in Fig. 42, opposite, or with a }-h.p. electric motor. 
With the petrol engine the output ranges from 270 
to 540 gallons per minute for heads ranging from 
120 to 40 ft. ; with the electric motor the correspond- 
ing figures are 230 to 385 gallons per minute for 
heads of from 120 to 40 ft. The pump impeller is of 
gunmetal, balanced and keyed to the shaft, and is 
of the double-inlet type to eliminate end thrust. 
The pump primes at 28 ft. suction lift. It requires 
no adjustment of the gland or lubrication. The 
motor-driven pump weighs 59 Ib., and the engine- 
driven *pump 57 Ib. 

The Darlington Forge, Limited, Darlington, are 
exhibiting a number of large forgings, including a 
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Fic. 44. Forcep GEARWHEEL Rim; ENGLISH 
Street Corporation, LIMITED. 


propeller shaft 18 ft. 8 in. long, weighing 9 tons, a 
4-ton rudder stock, a Diesel-engine connecting rod 
8 ft. long and weighing 1} tons, and a cast-steel 
back-up roll which is illustrated in Fig. 43, on this 
page, in course of manufacture. It is 12 ft. 10 in. 
long, 3 ft. 10 in. in diameter, and weighs 17 tons. 
The English Steel Corporation, Limited, Vickers 
Works, Sheffield, also are showing several large 
products, including a propeller shaft 17 ft. 3 in. 
long, a forged marine rotor weighing 3} tons, and @ 
large Diesel-engine crankshaft 10 ft. long and 
weighing 1 ton. The forged gearwheel rim illustrated 
in Fig. 44, on this page, is 11 ft. 9 in. in diameter, 
3 ft. 6 in. wide, and 3} in. thick, and weighs over 
7 tons. It is made from an ingot of carbon steel of 
31/35 tons per square inch tensile strength, which, 
after about three weeks in an annealing furnace, 
has its head and tail parted off and a hole trepanned 
through the centre. The resulting billet is then 
““becked ”? out on a mandrel, under a 7,000-ton 
electro-hydraulic forging press, as shown in Fig. 44. 

Three newly-designed shaping machines are 
exhibited by Messrs. C. H. Joyce, Limited, 40, 
Monkton-street, Kennington, London, 8.E.11. One 
of these has a hydraulic drive and the other two are 
operated mechanically, having strokes of 18 in. and 
24 in., respectively; the smaller mechanically- 
operated model is illustrated in Fig. 46, on Plate IV- 
It consists of a heavy cast-iron body, carrying, at: 
one end, a swivelling table mounted on a vertical! 
slide, and, at the top, a ram which moves in hori- 
zontal guides. A 3-h.p. electric motor is mounted! 
at the rear end of the body and drives the ram: 
through a multi-plate clutch, a six-speed gearbox,,. 
a stroke wheel and a rocker arm. A tool head: 
is fitced to the ram and is arranged to swivel through. 
an arc of 60 deg. on both sides of zero. The tool! 
box also swivels and is provided with a drag release. 
The down-feed screw is fitted with a micrometer- 
dial, and an adjustable gib is fitted to take up wear- 
on the slides. The swivelling table is supported 
on a large trunnion and can be clamped rigidly 
in any position. A reversible power feed is provided’ 
for horizontal traversing, but vertical movement 
is carried out by hand. The main lubrication is pro- 
vided by an oil pump working from the rocker: 
arm, and the ram ways are supplied with oil by 
wick-feed lubricators. By using the gearbox, the 
machine can be set to make from 12 to 82 strokes. 
per minute. It measures 5 ft. by 3 ft. 3 in. by 
4 ft. 6 in., and weighs 25} cwt. The hydraulic 
model has a 24-in. stroke and, apart from the drive 
Mechanism, is of similar design to that above 
described ; it is illustrated in Fig. 45, on Plate IV. 
The ram is operated by oil which is delivered under ° 
pressure by a constant-speed variable-delivery 
rotary pump, driven by a 5-h.p. electric motor. 





The pump can be arranged to give either a high or a- 
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low rate of discharge, the control being by a lever 
mounted on the machine ; this provides two speed 
ranges for the ram. A fine control within each 
speed range is given by a lever-operated throttling 
valve in the oil-delivery line, and the speed of the 
ram therefore is infinitely-variable between zero and 
110 ft. per minute. A -O reversing 
valve allows the oil to be delivered alternately to 
the two ends of the ram, and thus causes it to 
reverse at the appropriate time. This valve is 
actuated by a pilot valve which is tripped by dogs 
or operated by hand. 

The sanding of awkwardly-shaped articles is 
eased considerably by the use of the drum sanding 
machine and pneumatic drum introduced recently 
by Messrs. W. J. Meddings, Limited, Kingsley 
Works, Ipswich-road,: Slough, Buckinghamshire. 
This is one of a number of machine tools shown by 
the same makers, and is illustrated in Fig. 47, on 
Plate IV. It consists of a fabricated-steel stand, 
completely enclosing a 1}-h.p. electric motor which 
drives a horizontal spindle carrying an abrasive 
drum ateachend. The spindle is 1} in. in diameter 
and runs in heavy-duty ball bearings; it may be 
driven at 900 or 1,500 r.p.m. Either solid or 
pneumatic abrasive drums may be used with the 
machine, the latter being particularly suitable 
for use with articles having convex surfaces. The 
pneumatic drums are made airtight without the 
use of any sealing compound, so that the rubber 
portion may be replaced rapidly and easily when 
necessary. A curved hollow ducting hood is 
mounted concentrically with each drum and may be 
rotated around it. Each hood has two slots 
fitted with shutters and is connected to a blower, 
so that dust is drawn into the hood as it is thrown 
off the drum. 

The Mortimer Engineering Company, Acton- 
lane, London; N.W.10, are exhibiting a wide variety 
of machine tools, among which is an “ Osmond ” 
abrasive-type cutting-off machine ; this is illustrated 
in Fig. 48, on Plate IV, and is designated the*C.14.” 
It can be used for cutting many materials ranging 
from non-ferrous metals to hard steel, plastics or tiles, 
and comprises a 14 in. or 16 in. diameter abrasive 
disc, %& in. or } in. thick, which is rotated at high 
speed. The dise is located above the work- 
table and brought down by a handle on to the 
material which is to be cut. It is mounted on a 
spindle which is 1} in. in diameter and is driven by a 
74-h.p. electric motor. The worktable, which mea- 
sures 2] in. by 13 in., has a backward and forward 
traverse of about 6 in. and is moved by a handwheel 
in front of the machine. The horse-power absorbed 
by the dise during cutting, can be read from a 
suitably calibrated ammeter in the motor circuit, and 
the rate of cutting should be adjusted so that the 
power absorbed is as close as possible to the maxi- 
mum output of the motor. A submerged-type 
electric pump supplies coolant to the dise from a 
large coolant tank inside the body of the machine. 
The coolant may be delivered either on to the disc 
for wet cutting or to the rear of the wheel guard 
for dust damping during dry cutting. The coolant 
flow is controlled by two knobs on the front of the 
machine. The maximum cutting capacity of the 
machine is 1} in. diameter solid steel, 2} in. by 
24 in. angle section, or 2} in. diameter tube. 

Another new tool which may be seen on the 
stand of the Mortimer Engineering Company, is 
the “Storey 25” heavy-duty drilling machine, 
which is shown in Fig. 49, on Plate IV. It is a 
vertical, cylindrical-column type drill, provided with 
2-h.p. electric motor which drives the spindle 
through an eight-speed gearbox at speeds ranging 
from 80 to 750 r.p.m. Either hand or power 
feed may be used, the latter being applied through a 
constant-mesh gearbox and isolated when the hand 
feed is used. After each power-feed traverse, the 
quill is ret-arned automatically, the feed gear remain- 
ing engaged. Hand feed is effected by a con- 
ventional four-spoked lever, by a hand trigger 
lever, or by a handwheel operating through a worm 
and worm-wheel reduction gear. The machine can 
drill up to 2 in. in cast iron and the distance from 
the drill to the pillar of the machine is 25 in. 

The Consolidated Pneumatic Tool Company, 
Limited, 232, Dawes-road, London, 8.W.6, are 





showing a wide range of portable power-driven 
tools, operated by compressed air or electrically. 
These include their compressed-air operated ham- 
mers, rock drills and) rotary tools, and a series of 
electric tools designed to operate from a high- 
frequency electricity supply. Of particular interest 
are the reversible impact-type pneumatic wrenches 
which are a relatively recent addition to the range 
of tools made by the firm. They are designed for 
tightening or removing nuts from studs or bolts 
with diameters up to 1} in., one of the larger models, 
designed for use with bolts up to 1} in. in diameter, 
being illustrated in Fig. 50, on Plate IV. They 
comprise a slow-running pneumatic motor which is 
supplied with compressed air at the usual pressure 
of 80 lb. per square inch, and drives the box spanner 
socket through a dog clutch. When the nut has 
been run up to the face of the component to be held, 
the clutch slips and at the same time delivers a series 
of light but rapid torsional ‘‘ hammer blows ” to the 
driving shank, in order to tighten the nut. 

Messrs. Bell’s Asbestos and Engineering, Limited, 
Bestobell Works, Slough, Buckinghamshire, are 
showing, in addition to a varied display of their 
fire-protecting and thermal-insulating manufactures, 
a range of their engineering products, of which 
perhaps the most interesting exhibit is their “‘ Besto- 
bell” balanced hydraulic stop-valve, which is 
illustrated in Fig. 51, on the opposite page. The valve 
is designed for pipes from l-in. to 4-in. diameter. 
and for pressures up to 6,000 lb. per square inch. 
A balancing port in the valve spindle allows full line 
pressure to act simultaneously on both upper and 
lower surfaces of the valve-head; thus the effort 
required to operate the valve is little more than that 
necessary to overcome the friction of the moving 
parts. Valve-spindle, valve-head and seat, are of 
stainless steel ; the valve-head is free on the spindle 
so that,*when the valve head is screwed down, 
there is no grinding action of the valve on the 
seat. Hydraulic leather packings in the valve- 
head prevent leakage from the space above the 
valve-head to the outlet line. The bronze stuffing 
box, into which the valve-spindle is screwed, is 
sealed against leakage by Bell’s ‘‘ Salamander” 
patent spiral hydraulic packing, which is retained 
by @ gland and gland-nut. 

A range of hydraulic shut-off valves and gas- 
control valves for high pressures is being shown by 
the British Ermeto Corporation, Limited, Beacon 
Works, Hargrave-road, Maidenhead. The gas- 
control valve is designed for gas pressures up to 350 
atmospheres (5,000 lb. per square inch) and tempera- 
tures up to 650 deg. F. The hydraulic valves 
include straight and angle valves for pressures up 
to 5,000 Ib. per square inch, and a “ bonnet ”-type 
shut-off valve, which is shown in Fig. 52, on the 
opposite page. This is designed for higher pressures 
and more stringent conditions than the others. 
It is suitable for oil or water up to 8,000 lb. per square 
inch, non-corrosive gases up to 3,000 lb. per square 
inch, and steam up to 600 Ib. per square inch at a 
maximum temperature of 650 deg: F. Standard 
valves of this type are supplied to suit pipes of 
%, 4, %, } and 1 in. outside diameter. The body is 
machined from mild-steel bar, and is fitted with a 
Monel-metal renewable valve seat. The end con- 
nections are normally of the firm’s high-pressure 
type, although other types can be provided. The 
spindle is of mild steel with an Acme-type thread, 
which is external to the gland packing, and is fitted 
with a renewable tip of Monel metal and a back- 
seating arrangement. A Walker twin-set packing is 
fitted and the gland is adjusted by means of a 
tommy-bar. 

Messrs. Axia Fans, Limited, 21, Pall Mall, London, 
8.W.1, are exhibiting a type of fan, developed since 
the war, in which the fan rotor and motor can be 
swung through 270 deg. to provide access to the 
working parts without removing any part of the fan 
easing. This fan is described below. The firm 
are also showing a full range of their Vent-Axia 
ventilating units which fit into window panes, and 
the Axia heating and ventilating unit, which incor- 
porates air filters and humidifiers and has been 
designed for the heating and ventilation of accom- 
modation on board ship. The new “ Axia-Trimnion”’ 
fan, mentioned above, is illustrated in Fig. 53, 





opposite, which shows the doors open and the fan 
proper rotated for inspection purposes. The outer 
part of the fan consists of two vertical channel. 
section pillars, supporting the hinged doors, with 
circular inlet and outlet flanged connecting ducts 
welded at the top and bottom of the pillars. The 
fan casing proper, cylindrical in shape and contaii ing 
the motor and fan rotor, is supported on two trun. 
nions on the pillars. In the case of fans over 27) in. 
in diameter, a worm-wheel is fixed to one of the 
trunnions on the casing, and a worm is supported in 
bearings on one of the pillars. Smaller fans are pro. 
vided with a damping device instead of the worm and 
worm-wheel, so as to hold the rotatable fan casing 
in any desired position. With either type, stops are 
fitted to prevent the fan from being rotated through 
more than 270 deg., and a locking device is incor. 
porated to ensure correct alignment when the fan js 
in its normal operating position. In addition to, the 
advantages for inspection and maintenance, the 
design enables the direction of air flow to be reversed 
while maintaining full efficiency. With conventional 
fans the air flow is reversed by reversing the motor, 
but this has the disadvantage that the trailing edges 
of the fan rotor function as leading edges, with 
resultant loss of efficiency. 

The Saunders Valve Company, Limited; Cwmbran, 
Monmouthshire, are showing a number of pumps, 
aircraft cocks for fuel and oil control, and a new 
valve, type K, sections of which are shown in Figs. 
54 and 55, opposite. This valve is made in various 
sizes from 1 in. to 6 in.; the maximum pressure 
depends on whether a thrust washer or a ball thrust- 
race is fitted, but in general it is 100 Ib. per square 
inch. The valve is of the diaphragm type with a full- 
bore straight-through passage which has no pocket or 
valve seat in the ordinary sense. The longitudinal 
section shows the valve closed and the cross section 
shows it open. The body can be supplied in cast 
iron, and with glass, hard-rubber, Neoprene, or 
lead linings. It is also available in gunmetal, 
acid-resisting bronze and other non-ferrous metals. 
The bonnet and the diaphragm-pressure piece are 
of cast iron and the non-rising spindle and nut are 
of bronze. The diaphragm is available in several 
grades of natural and synthetic rubber suitable for 
abrasive, acid, alkaline and solvent fluids. It is 
readily replaced without removing the valve from 
the pipe line. 

A new portable petrol-engine driven air-compres- 
sor set is included among the exhibits on the stand 
of Messrs. Broom and Wade, Limited, High Wy- 
combe, Buckinghamshire. This machine, which is 
known as the SVI, is illustrated in Fig. 56, on page 
224. The compressor has two cylinders fitted with 
sleeve valves, the bore and stroke being 4% in. and 
3 in., respectively. This gives a piston displace- 
ment of 78 cub. ft. per minute at a speed of 1,500 
r.p.m., but the actual delivery against a pressure of 
100 Ib. per square inch is 60 cub. ft. of free air per 
minute. An automatic unloading valve is fitted 
which not only unloads the compressor when the 
required pressure is reached in the receiver but aleo 
reduces the engine speed by operating the engine- 
speed control. An automatic time-lag device is 
fitted which enables the engine to attain full 
working speed before the compressor is put into 
operation. The air receiver, which has a diameter 
of 1 ft. 6 in. and a length of 2 ft., is fitted with a 
pressure gauge, safety valve, drain cock and a 
fusible plug. The compressor is driven by an 
Austin-Newage four-cylinder petrol engine having 
a bore and stroke of 3} in. and 4} in., respectively, 
and developing 22} brake horse-power on a 12-hour 
rating. The drive from the engine is transmitted 
to the compressor through an Airflex automatic 
centrifugal clutch arranged so that it can be operated 
by hand when required. Both the compressor and 
engine are water cooled, a large capacity radiator 
and engine-driven fan being provided for this pur- 
pose. The engine and compressor are mounted on 
@ steel chassis fitted with a sprung axle and two 
16 in. x 5-25 in. pneumatic tyres. 

A range of ‘‘ Powalastic ” individual drive units 
for machine tools is being shown on the stand 
of Messrs. Smith Brothers and Webb, Limited, 
Vulcan Works, Stratford-road, Sparkbrook, Bir- 
mingham, 11. These units are designed to convert 
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ASBESTOS AND ENGINEERING, LIMITED. 


belt-driven machines to independent motor drive, | 
and consist of a motor and countershaft fitted to a | 
frame which is mounted on a column above the 

machine itself. They are made in three sizes: 

the smallest can be fitted with pulleys up to 11 in. 

in diameter by 14 in. face and driven by motors up 

to 3 h.p., while the largest, which is shown attached 

to a Lang lathe in Fig. 57, on page 224, will! 
accommodate pulleys up to 18 in. in diameter by | 
18 in. face and can be fitted with motors of up to | 
74 hp. A feature of the design is the patented | 
method of belt tensioning which is stated to provide | 
for high efficiency on short-centre drives. The 

motor is mounted on a frame which also carries the | 
cone countershaft in double-row self-aligning ball | 
bearings ; irive from the motor to the countershaft | 
is by V-belt and pulleys. The frame is arranged | 
to pivot about a shaft which is located in rubber | 
bushes attached to the mounting column, so that the 

weight of the motor, in addition to the action of a 

spring damper, tends to tip the frame and lift the 

countershaft. This keeps the driving belt under a 
suitable constant tension. 

Messrs. W. Kennedy, Limited, Station Works, 
West Drayton, Middlesex, are demonstrating their 
full range of bending machines for the cold-bending 
of steel and non-ferrous tubes in all sizes up to 
2 in., as well as bars, angles, T’s, channels and other 
sections. The new No. 0 universal bender, which is 
illustrated in Fig. 58, on page 224, is designed for 
bending very small sections such as are used by 
model-makers and jewellers. Into the cast base is 
fitted a screwed centre-post or mandrel. The cast 
top-plate is screwed to the mandrel, and may be 
moved up or down a thread. A former mandrel, 
which is shaped to suit the tube or section to be bent, 
is placed between the base and the top plate. After 
putting the work in the bending machine, the top 
plate is screwed down on to it, and bending is applied 
by the roller carried on the lever arm, shown in the 
illustration; the position of the roller along the 
lever arm is adjustable. By using suitable formers, 
this small machine enables many difficult sections 
to be bent without distortion. Steel strip §-in. 
wide by y,-in. thick can be bent on edge to a radius 
of } in., without puckering. 

The new “ Statfile’’ Recorder No. 2, shown by 
Messrs. Photostat Limited, Adelaide House, London 
Bridge, E.C.4, copies drawings up to 40 in. by 60 in. 
on to film negatives 4} in. by 64 in. It is of 
all-metal construction and can be used both for 
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Fig. 52. Hicu-Pressur—E HyDRAULIC VALVE ; 
British ErMETO CORPORATION, LIMITED. 
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Fies. 54 anp 55. DiapHraam VALVE; SAUNDERS 
VaLvE Company, LiIMITep. . 


larged prints from photographic negatives. Fig. 
59, on page 228, shows the camera attached to a 
welded tubular trolley. This trolley can be moved 
along a track carried on a chassis, at one end of 
which the easel-supporting framework is rigidly 
fixed. Freedom from vibration for the camera and 
easel is ensured by supporting the chassis on eight 
*“* Silentbloc” mountings. The wheels of the 
camera trolley are fitted with self-aligning ball 
bearings. The trolley can be locked on the rail- 
tracks by one of two locks one of which engages in a 
series of holes spaced to give predetermined scales of 
reduction or enlargement ; the other lock engages 
with the rail and allows the trolley to be clamped 
in any intermediate position. The camera is fitted 
with the new “ Apotal” 30-cm. process lens, 
designed by Messrs. Taylor, Taylor and Hobson, 
Limited, for the accurate cepying of fine line detail. 
The shutter, which can be quickly removed from the 
camera housing, has a lever-eperated twin-blade 
movement, with a lock for the open position. The 
camera is focused by turning a detachable handle, 


calibrated cursor scale is fitted on the camera bed. 
Locking positions for the camera front are provided 


positions. Visual focusing is also possible. 





reducing photographically and for making en- 





either from the front or the rear of the camera. A 


for predetermined scales of reduction and enlarge- 
ment, and there is a quick lock for intermediate 
For 
use as a projector, the camera is equipped with a 
unit comprising a 9-in. condenser and a 500-watt 
photographic-type tungsten lamp. The easel, which 
may be up to 40 in. wide by 60 in. high, can be 
swung about the central pivot into a horizontal 
position, waist-high, and locked there for load- 
ing. One or more drawings can be inserted, being 


EXHIBITION. 





Fie. 53. ‘* Axta-Trunnion”’ Fan; Messrs. Axta 
Fans, Lim1rep. 


held against the glass bed by a white-surfaced 
metal pressure-plate with nine well-distributed 
pressure springs. Two graduated rules are provided 
for centring the copy. After loading, and on releas- 
ing the lock, the easel springs back to the vertical, is 
arrested by an air brake, and is locked rigidly in 
position. The easel is illuminated by four 500- 
watt tungsten lamps in domed reflectors carried 
on two vertical pillars fixed to the floor and cross- 
braced. Normally, the camera uses a flat film 
pack, but a roll-film attachment is available. 
which holds enough film for 300 exposures. For 
the production of large negatives for photo- 
lithographic reproduction, the ‘‘ Statfile”’ suction 
camera back is available and is interchangeable with ~ 
the standard camera back. The latter is designed 
for using 6}-in. by 84-in., 8in. by 10-in., or 10-in. 
by 13-in. film. 


Messrs. Samuel Denison and Son, Limited, 


.| Hunslet Foundry, Leeds, 10, are exhibiting various 


weighing and testing machines including a miniature 
creep-testing machine designed primarily for making 
preliminary surveys of the high-temperature creep 
| properties of specimens between 1 in. and 2 in. 
| gauge length and 0-1785 in. diameter (0-025 sq. in. 
| cross section). The unit is illustrated in Fig. 60, on 
page 228. It is of the vertical type, with a load 
capacity of } ton, and is self-contained and arranged 
for bench mounting. The machine is built up from 
a cast-iron base plate, approximately 3 ft. 3 in. 
long by 11 in. wide, on which are mounted four 
vertical steel columns for supporting the loading 
system. This comprises a 10 to 1 ratio steelyard 
or weighbeam, which is mounted horizontally on 
knife-edges and carries, at its tail end, the weigh 
rod and pan for the loading weights. These are 
marked with their actual weights and with the loads 
they represent on the specimen. With the weights 
supplied, loadings of from } ton per square inch to 
30 tons per square inch can be used with incremental 
stages of 4 ton per square inch. 

The specimen is held by screwed holders of heat- 
and creep-resisting material. The top holder is 
connected to one end of the steelyard through a 
universal joint, and is made long enough to enable a 
suitably-designed furnace to be raised clear for 
insertion or inspection of the specimen. The 
bottom helder is connected to the straining and 
setting gear, also through a universal joint. A single 
bevel reduction gear beneath the baseplate turns a 
phosphor-bronze nut to raise or lower the straining 
screw, which is prevented from rotating by guides, 
and provides adequate adjustment for both 1-in. 
and 2-in. gauge-length specimens. Buffer blocks are 
mounted on the baseplate, so that when the speci- 
men breaks, the load is taken off the steelyard before 
it comes to rest, thus preventing damage to the knife 
edges. The creep or extension of the specimen is 
indicated by a dial gauge mounted on top of the 
unit, and arranged to show movements of the 
steelyard. The indications thus include the small 
amount of creep which may occur in the specimen 
holders. Dial graduations indicate increments of 











_ ENGINEERING. 


SEPT. 2, 1949. 








EXHIBITS 


AT THE ENGINEERING AND MARINE EXHIBITION. 


























Fic. 56. PortTasLe Atr-Compressor Set ; Mgssrs. Broom anD WapDE, LIMITED. 


0-0005 in., corresponding to 0-0001 in. on the 
specimen. A furnace is not provided with the 
machine, but adjustable furnace rests are fitted 
as well as four terminals for thermocouple leads. 

Messrs. W. F. Stanley and Company, Limited, 
New Eltham, London, S.E.9, and their incorporated 
firm of Messrs. Heath and Company, are displaying a 
wide range of surveying, navigational and drawing- 
office equipment. Among this is a harmonic analy- 
ser which is designed to analyse a complex wave 
form, up to the sixth harmonic, by tracing the end 
of a linkage arm over the envelope of the wave 
concerned. A photograph of the instrument is 
reproduced in Fig. 61, on page 228. The unit 
consists essentially of a simple combination of 
sliding carriages and links which transmit motion 
to a standard form of planimeter by means of 
selected gearwheels. Each gearwheel corresponds 
to a different harmonic, and the planimeter reading 
obtained after tracing indicates the value of a parti- 
cular coefficient in the Fourier series representing 
the wave form. The planimeter actually measures 
the area enclosed by one of two small depressions 
on discs attached to each gearwheel ; these depres- 
sions represent sine and cosine terms, and, to distin- 
guish between them for a given harmonic, the wave 
is traced over twice. Hence in order to analyse a 
complex wave up to the sixth harmonic, the wave 
must be traced over 12 times, twice with each of the 
six gearwheels in turn. 

The main carriage of the instrument consists of a 
horizontal rectangular frame with a triangular 
support for a radius arm on one of its longer sides. 
The carriage moves in the direction of the y axis. 
Supported within the main carriage is a smaller 
carriage which can also slide in the y direction. 
To this smaller carriage is attached a toothed rack, 
aligned parallel to the y axis; the rack engages 
with the selected gearwheel, the vertical spindle 
bearing for the wheel being fixed to the main 
carriage. The gearwheel rotates when there is 
relative movement between the two carriages. The 
tracing arm can be adjusted in effective length, 
and is attached to the end of the main radius arm 
at a point above the apex of the triangular frame. 
It is thereby linked to the smaller carriage, so that 
movement of the tracing point about this apex 
as centre produces rotation of the gearwheel; any 
departure of the tracing point from the arc described 
about this centre moves the main carriage and the 
gearwheel as a whole in the direction of the y axis. 
In use, the tracing arm is adjusted to suit the wave- 
length of the fundamental of the complex wave, and 
the appropriate gearwheel is placed in position 
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with the planimeter tracing point in either the sine 
or cosine depression on the wheel disc. The 
wave is then traced in a clockwise sense, returning 
along the x axis to the starting point, the planimeter 
reading then giving the required coefficient. 

The exhibits of Messrs. Oldham and Son, Limited, 
Denton, Manchester, include marine batteries, 
electric safety lamps for use in explosive atmo- 
spheres, signalling and alarm equipments, as well as a 
range of instruments for measuring air velocity and 
pressure under different conditions. This equip- 
ment also includes the portable Poole “ Explosi- 
meter,” which is designed to detect and indicate 
the liability to explosion of an atmosphere containing 
a mixture of inflammable gases or vapours, as may 
obtain in places where inflammable liquids are 
stored or used. The instrument, which is illustrated 
in Fig. 62, on page 228, consists of measuring or 
detecting apparatus housed in a small metal hinged 
case, together with an unspillable accumulator. 
Both are arranged on a leather belt with shoulder 
straps, the accumulator being suspended at the 
back and the measuring. apparatus at the front. 
When in use, the case is carried with its panel 
horizontal; all the control knobs are mounted on 
the panel. The measuring equipment includes a 
small meter and an electrically-heated dual-filament 
unit forming part of a Wheatstone-bridge circuit 
contained in a small gas chamber through which 
clean air and the explosive mixture are drawn in 
turn. There are two filaments ; one operated at a 
high temperature to allow it to act as a detector or 
catalyst and the other at a low temperature to 
compensate for variations of atmospheric tem- 
perature, pressure and humidity. A sampling 
line of any convenient length is fitted to the inlet 


|| line marked on the meter scale. 
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side of the gas chamber, and an aspirator is 
fitted to its outlet. The panel controls comprise a 
| small switch having an “off” and two working 
| positions, as well as a voltage control and a filament 
balance potentiometer. In use, the meter is first 
switched across the filament unit, and the voltage 
control adjusted to bring the indicating needle to a 
Clean air is then 
passed through the chamber and the meter needle 
brought to zero by means of the potentiometer 
control. The control switch is then set to the test 
position and the explosive mixture passed through 
to fill the gas chamber. The uncompensated effects 
of the mixture upon the filament unit cause a 
current to pass through the meter thereby indicating 
directly the explosive property of the gas. 

Messrs. Siebe, Gorman and Company, Limited, 
Davis-road, Tolworth, Surrey, exhibit diving gear 
and underwater equipment, as well as self-contained 
breathing apparatus for use in ships, mines and fire 
services. They are giving demonstrations of under- 
water oxy-hydrogen cutting and oxy-are welding. 
Among the diving gear is loudspeaking telephone 
equipment, incorporating in the upper part of the 
diver’s helmet a unit which performs both speech 
receiving and transmitting functions. It is de- 
signed so that the diver may dispense with head- 
phones or carbon microphones, and transmit and re- 
ceive speech clearly at sufficient volume to overcome 
air and helmet noises. At the surface, the speech 
reception is audible to the attendant when some 
distance away from his instruments, though head- 
phones may be provided at the surface if required. 
A photograph of the transmitter-receiver for fixing 
in the diver’s helmet is reproduced in Fig. 63, on 
page 228. The unit comprises permanent magnets 
and metal cones, which are treated to resist corrosion, 
and are protected by perforated metal shields, 
the whole assembly being rubber mounted, thus 
preventing sounds from being picked up by mecha- 
nical conduction. The wiring in the diver’s helmet 
is run in protective copper tubing electro-tinned ; 
the tubing is held to the helmet by clips which are 
soldered to the tubes carrying the wires and to the 
helmet. Two types of equipment are shown. One, 
arranged for two divers, gives a complete three-way 
communication by means of simple switching and 
allows the surface attendant to speak to one diver 
or to both divers simultaneously. The diver can 
also speak to the attendant or to the other diver 
with the attendant listening. | Communication 
between two divers is controlled by chin-operated 
switches in the divers’ helmets; these switches 
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REFINING PLANT FOR CONTAMINATED SOLVENTS. 

















control relays at the surface and bring the appro- 
priate circuit into action. The surface attendant 
can interrupt to speak to either or to both divers, 
if necessary. The other equipment is designed for 
one diver only and is controlled at the surface by 
a single listen-speak switch. 

A new model of the “ Fox ” oil-cleaning machine 
is being shown by the makers, Messrs. J. Glover and 
Sons, Limited, Groton-road, Earlsfield, London, 
8.W.18. This model, which is illustrated in Fig. 64, 
on page 228, operates on the same principle as the 
larger machines in the same range, but is of simpli- 
fied design. It consists of an insulated cylindrical 
container with a central tube which is supported 
by radial fins at the top and contains an electric 
heating element along its axis. The central tube is 
open at both ends, while the heating element passes 
through the centre of the conical base of the con- 
tainer and is connected to an electric supply. A 
clean-oil tap is mounted at the lower end of the 
cylindrical section of the container and a sludge tap 
is fixed near the apex of the conical base. In 
operation, water, containing a coagulant supplied 
by the makers of the machine, is poured into the 
container up to the level of the clean-oil tap and the 
container is then filled with dirty oil to a level just 
below the top of the central tube. The heating 
element is switched on and supplies heat to the 
water in the central tube and to the oil around it, 
setting the water in circulation by convection. 
The water and dissolved coagulant rise up the central 
tube, emerge from the orifice at the top and, spread- 
ing over the surface of the warmed oil, percolate 
down through it, carrying away the free water 
and any impurities in the oil. Acids also are 
neutralised and removed. The five gallons of oil 
which, the container holds are completely purified 
in from 3} to 4 hours, after which the clean oil 
is drawn off through the clean-oil tap, while the 
sludge and washing water are removed through the 
sludge tap. It is stated that almost any type of oil 
can be cleaned in this apparatus, including oils 
used for the lubrication of internal-combustion 
engines, transformer oils and vegetable oils. 

Messrs. Negretti and Zambra, Limited, 122, 
Regent-street, London, W.1, are showing a wide 
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range of industrial instruments, including various 
types of temperature-indicating and recording equip- 
ment, fuel gauges and control apparatus for pressure 
and humidity. Among these is a relative-humidity 
indicator of the Gregory electrolytic type, which 
measures the relative humidity in open or in en- 
closed spaces by registering the electric current 
passing through an impregnated fabric. This fabric 
has the property of rapidly absorbing or giving off 
moisture until it reaches a state of equilibrium with 
the surrounding atmosphere. The electrical resist- 
ance of the fabric is governed by its moisture content, 
so that the value of the current passing through it 
from a constant-voltage source gives a direct 
indication of relative humidity. A photograph of 
the element supporting the fabric is reproduced in 
Fig. 65, on page 228. The fabric is usually carried 
on @ frame consisting of platinum-clad electrodes 
mounted in parallel in Styrene end rings or supports. 
The measuring elements can be designed to reach 
equilibrium and to give a final indication within 
thirty seconds, the fabric current being shown on a 
meter scaled directly in terms of percentage relative 
humidity. The fabric is supplied with alternating- 
current to avoid polarisation; the current is 
normally derived from the mains through a small 
self-contained transforming and stabilising unit 
ensuring a constant-voltage supply. 

(To be continued.) 





MOopEL RalLway EXHIBITION AT LIVERPOOL.—A model 
railway exhibition is being held in St. George’s Hall, 
Liverpool, from September 1 to 10. British Railways 
have arranged a number of exhibits, including 500 ft. of 
model track of flat-bottom rail, and models of express 
trains and Diesel locomotives. Representatives at the 
stand will be ready to give advice to young men who are 
considering making their careers with British Railways. 








REFINING PLANT FOR 
CONTAMINATED SOLVENTS. 


For many years, industrial solvents have been used 
for a great variety of p ; the washing of oily 
—_ by paraffin, the removal of animal fat from 
eather, and the dry-cleaning of clothing are a few of 
the many processes of this nature in which solvents are 
indispensable. In spite of the large quantities con- 
sumed, however, contaminated solvents have been 
regarded generally as waste, although, in a few cases 
they have been used again as low-grade products. 
During the war, the imposition of fuel-rationing raised 
in more acute form the problem of reclaiming con- 
taminated paraffin, and it was to solve this problem that 
the Petroleum Engineering and Trading Company, 
Limited, Grafton-street, High Wycombe, Buckingham- 
shire, placed their paraffin refiner on the market. This 
model, introduced in 1942, was designed for the single 
purpose of recovering paraffin which had become 
saturated with 20 per cent. to 30 per cent. of oil during 
the washing of aircraft engines or industrial equipment. 
After the war, this model was withdrawn, and early this 
year the makers it with a new type which is 
capable of refining a wide range of solvents containing 
4 per cent. to 50 per cent. of non-solid contaminating 
matter. 

The refiner, which is completely self-contained, is 
mounted on an angle-iron framework and is designed 
to rest on a flat concrete floor. It is 5 ft. 7 in. in 
overall height, 3 ft. 4 in. wide, and 3 ft. 3 in. deep ; 
the construction and layout are illustrated in Figs. 1 
and 2, on this page. The refiner incorporates some- 
what novel principles of operation, based on the use 
of a erates gc co of heating column, and it may be 
of interest, therefore, to describe it in some detail. 
Any solid matter which may be present in the con- 
taminated solvent is removed first by filtration or 
some equivalent and the solvent then is intro- 
duced into a double header tank which is located at the 
top of the angle iron framework, as shown in Fig. I, 
and provides a continuous supply to the refiner. The 
solvent then is fed by gravity through a gate valve 
into a heat exchanger a. When the machine has 
reached its full working temperature, refined and 
vaporised solvent flows through the heat exchanger 
in the opposite direction and preheats the contaminated 
solvent to a temperature above the boiling point of 
its lighter fractions. These vaporise, in consequence, 
and pass directly into the condenser 6 by way of a 
trap c, which prevents the of any unrefined 
liquid solvent. The bulk of the contaminated solvent 
then through a float valve d into the lower 
end of a heating column e under a pressure head which 
is maintained constant by the float valve. This 
heating column comprises a vertical cylindrical mild 
steel tube in the lower part of which an electric heating 
element f is mounted concentrically. This element has 
a rating of 6 kW. The upper end of the heating 
column is closed by a flat plate, immediately below 
which are three ri of holes drilled in the tube 
wall. A tubular mild-steel container surrounds the 
upper part of the heating column and extends above 
it to form a vapour chamber h. The annular space 
produced between the lower end of this container 
and the heating column forms one leg of a residue 
trap i, the other leg of which is a vertical pipe leading 
up to the top of the residue cooler 7. The contaminated 
solvent passes up the annular space formed between 
the electric heating element and the heating column, . 
and the solvent constituent is vaporised. The flow 
of solvent to the heating column is controlled by the 
float valve so that the temperature in the column does 
not reach the boiling point of any of the contaminating 
constituents. These, therefore, remain in the liquid 
state and form a mass of bubbles which contain the 
vaporised solvent. The bubbles rise up the heating 
column and, when all the fractions of the solvent are 
boiling, reach the holes at its upper end. They pass 
out of the heating column through these holes and 
burst, separating into their constituent parts. The 
solvent vapour rises into the vapour chamber and 

to the heat exchanger where it is partly con- 
lensed, while the liquid residue falls into the residue 
trap from which it flows to the residue cooler. There, 
its temperature is reduced by an appropriate amount, 
so that it flows out of the refiner in a cooler but fluid 
state. The temperature of the vapour in the vapour 
chamber is measured by a thermocouple inserted 
through the wall. 

The heavier fractions of the refined solvent vapour are 
condensed in the heat exchanger and pass through a 
trap k to the lower end of the condenser, while the 
lighter fractions remain in the vapour state and are 
led to the upper end. The lighter fractions are lique- 
fied as they pass down the condenser and are then 
re-mixed with the heavier fractions in the lower end 
of the condenser. The whole of the refined and con- 
densed solvent then flows to the adsorber unit. Any 
water vapour which may be present in the solvent 
vapour liquefies in the condenser and collects in a 
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U-shaped water eliminator | which is connected to the 
lower end of the condenser. As the refined solvent 
collects above the water in one leg of the eliminator, 
water is forced up and out of the other leg to waste. 
The solvent exit m from the condenser is at a level 
slightly above that of the exit » from the water elimina- 
tor, so that solvent which is free from water flows to the 
adsorber unit already mentioned. This unit is a con- 
tainer filled with an adsorbing compound which removes 
the last traces of volatile impurities remaining in the 
refined solvent, and thus eliminates any offensive smell 
or discolouration which, otherwise, might remain. The 
solvent is then in a commercially pure state and leaves 
the refiner by the solvent exit. 

As may be seen from the above description, the 
refiner is self-cleaning and may be operated continu- 
ously, provided that the feed tanks are replenished as 
required. The throughput of contaminated solvent is 
10} ions per hour and a cold-water supply of 
30 gallons per hour is required for the condenser and 
cooler. As previously mentioned, the power consump- 
tion of the heating element is 6 kW. Solvents can 
be handled which have an upper boiling point not 

ter than 500 deg. F. and the refiner is able to 
Sisorimina iminate between solvent and residue provided 
that there is a difference of at least 50 deg. F. between 
their upper and lower boiling points, respectively. 
It is stated that, in spite of the somewhat high tempera- 
tures reached, paraffin solvents are not “ cracked” 
during the refining process. This is no doubt due to the 
fact that the system operates at atmospheric 
and that the solvent is raised to its boiling int for a 
short time only. Three separate safety devices are 
p verde ye eet ache case te we ing or break- 
down. A float in the tanks switches off the heating 
element if the tanks run dry; a thermostat fitted to 
the hottest part of the heating column also does this 
if the temperature exceeds 550 deg. F.; and a pressure- 
— switch does not allow the heater to operate 
if the pressure of the water supply to the condenser and 
cooler falls below 8 lb. per square inch. Installation of 
the refiner is comparatively simple, as the only require- 
ments are the electricity and water supplies already 
mentioned and a level solid floor on which it may stand. 
At the it time, the refiner is being man ured 
in one size only, but a half size model is to be produced, 
and a simplified type, suitable for refining only, wili 
be available shortly for use in the dry-cleaning Sntbiahey. 





CONTRACTS. 


Messrs. AUTOMATIC TELEPHONE AND ELECTRIC 
Company, LIMITED, Strowger Works, Liverpool, 7, have 
received an order from Taranga, New Zealand, for 
Rythmatic ripple-control equipment, the value of which 
is 29,0007. 

The British Electricity Authority, Great Portland- 
street, London, W.1, announce that, during the past 
month, they have placed contracts for generating 
station, switching and transforming station, and trans- 
mission equipment amounting, in the aggregate, to 
1,828,4401. These include orders for 132-kV, and lower- 
voltage, cables for Poole power station, with Prez 
GENERAL CABLE WORKS, LIMITED ; structural steelwork 
for No. 3 section, Staythorpe station, with Dorman, 
LONG AND COMPANY, LIMITED ; the administration-block 
superstructure for Croydon “B” station, with Sm 
ROBERT MCALPINE AND Sons, LiImfreD; structural 
steelwork for Accrington station, with Smmon-CaRvEs 
LIMITED ; the 132-kV overhead line for East Yelland to 
Taunton, with Brirish INSULATED CALLENDER’S CABLES, 
LIMITED ; and 33-kV, 1,000 MVA switchgear for Bolton 
station, with the BrrrisH THOMSON-HOUSTON CoMPANY, 
LIMITED. 


MESSRS. WESTINGHOUSE BRAKE AND SIGNAL COMPANY, 
Limirep, 82, York-way, King’s Cross, London, N.1, are 
supplying their air-brake equipment to be fitted to 
750 four-wheeled motor omnibuses and omnibus chassis 
recently ordered by the London Transport Executive 
from LEYLAND Morors Liutrep, Leyland, Lancashire. 
Of these, 250 are of the 7ft. 6-in. wide R.T.L. class and 
500 of the 8-ft. wide R.T.W. class. The braking equip- 
ment includes a belt-driven compressor, a combined 
reservoir unit with unloader, a charging valve and 
silencer, a brake valve, a clutch valve and a combined 
strainer and “ antifreezer.” 





LECTURES ON PRESTRESSED CONORETE.—A series of 
12 lectures on prestressed concrete will be given in the 
National Hall gallery lecture room, Olympia, during the 
Building Trades Exhibition. Each lecture will commence 
at 6 p.m., and admission will be by ticket only. Tickets 
and further information can be obtained from the 
Secretary, Prestressed Concrete Development Group, 
52, Grosvenor-gardens, London, S.W.1, or, during the 
time the exhibition is open, from the stand of the Cement 
and Concrete Association (No. 250, row O). The lectures 
will be given daily, except Sundays, from Thursday, 
November 17, to Wednesday, November 30, inclusive. 
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Earth Conduction Effects in Transmission Systems. By 
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U.S.A. [Price 6 dolls.) Macmillan and Company, 
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Office, Kingsway, London, W.C.2. [Price 4s. 6d. net.) 
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18, 17.S.A. [Price 5 dols.] MoGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 308.) 

Our Industrial 4ge. By H. M. BoopiseH. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 2-60 dolls.) McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 15s. 6d.] 

The Iron and Steel Institute. Special Reports. No. 40. 
Atlas of Isothermal Transformation Diagrams of B.S. 
En Steels. By THE BritisH IRON AND STEEL RE- 
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Prevention. By THE BRITISH IRON AND STEEL RE- 
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others.}] No. 42. Report on the Bessemer Process. By 
THE BRITISH IRON AND STEEL RESEARCH ASSOCIATION, 
Steelmaking Division. [Price 15s. to members; 25s. 
to others.} Offices of The Institute, 4, Grosvenor- 
gardens, London, 8S.W.1. 

The British Electrical and Allied Industries Research 
Association. Technical Report No. W/T 16. The 
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E. W. Gotpine and A. H. SropHart. Offices of the 
Association, Thorncroft Manor, Dorking-road, Leather- 
head, Surrey. [Price 1s. 6d. net.] 
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25, D.C. [Price 40 cents.] 
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way, London, W.C.2. [Price 7s. 6d. net.] 
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J. H. Huownrer-Top. The Librarian, College of 
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PERSONAL. 


Str JoHN GREENLY, K.C.M.G., M.A., M.I.Mech.§., 
has accepted a unanimous invitation to rejoin the 
Council of the Institute of Fuel, in place of the late 
Proressor C. H. LANDER. Sir John and Sim Exrnzsr 
Sir, C.B.E., D.Sc., M.I.Chem.E., are now serving ag 
the two immediate past-presidents provided for in} the 
Institute’s by-laws. 


Mr. Tom Brown, M.I.Mech.B., managing director of 
the Sheepbridge Stokes Centrifugal Castings Company, 
Limited, has been appointed to the board of Sheepbridge 
Engineering Limited. Mr. Brown was previously chief 
engineer of the Engines Branch of Morris Motors Limited, 
Coventry. 


Dr. G. V. Hopson, A.R.S.M., B.Se., D.1.0,, 
M.Inst.M.M., has resigned his post as assistant director 
(development) of the Directorate of Opencast Coal 
Production, to resume private practice as consulting 
mining geologist. 


Mr. W. L. Boon, O.B.E., M.I.Mech.E., has been 
nominated President-elect of the Fuel Luncheon Club 
for 1949-50. 


Mr. R. A. H. Surcuirre, B.Sc., M.I.E.E., has been 
made education officer, Yorkshire Electricity Board. 


Messrs. Eastwoops LIMITED, announce that Mr. 
Joun Palstey, A.M.I.Mech.E., has been co-opted to 
the board as production director. Mr. E. D. B. Russz11, 
M.I.Mech.E., has been appointed chief engineer for the 
Group. 


Mr. R. H. Gummer, M.I.Mar.E., honorary treastrer 
of the Institute of Fuel, has been elected to the board of 
International Combustion, Limited. 


Mr. R. G. K. Morrison, M.Inst.M.M., superintendent 
of Nundydroog Mines Limited, Kolar Goldfield, Mysore, 
India, has been appointed to the MacDonald Chair of 
Mining, at McGill University, in succession to Mr. L. W. 
BLaDOon, who is resuming his consulting practice. 


Mr. N. H. '’'URNER has been appointed fuel consultant 
to the United Steel Companies, Limited. Mr. Turner is 
retaining also his present position of chief fuel engineer 
of the Appleby-Frodingham Steel Company. 


Mr. H. M. THORNE has been made radio sales manager 
to Messrs. Philips Electrical Limited, Century House, 
Shaftesbury-avenue, London, W.C.2. 


THE AUSTIN MoTOoR CoMPaNY, LIMITED, and Messrs. 
CROMPTON PARKINSON, LIMITED, announce that through 
their joint subsidiary company, AUSTIN CROMPTON 
PARKINSON ELECTRIC VEHICLES, LIMITED, they have 
acquired control of I.T.D., Lumtrep, makers of industrial 
fork-lift trucks, Stacatruc House, 142, Sloane-street, 
London, 8.W.1. Mr. L. P. Lorp, chairman and man- 
aging director of the Austin Motor Company, Limited, 
has been elected chairman. COLONEL R. T. HARTMANN 
will continue as managing director of I.T.D. Limited. 


Messrs. SoaG MACHINE TOOLS, LIMITED, Juxon-street, 
Lambeth, London, 8.E.11, have been appointed sole 
agents for Great Britain for the whole range of products 
made by the COULTER AND MCKENZIE MACHINE CoM- 
PANY, Bridgeport 3, Connecticut, U.S.A. 


Increased demand, in France, for British portable 
electric mine-lighting equipment has led to the setting 
up by OLDHAM AND Son, Luowirep, manufacturers of 
storage batteries, of a subsidiary company in conjunction 
with their French associates. The name of the new firm 
is the Socrért FRANQAISE DES Prockpts OLpHaM. It 
will have works at Arras and will also supply coalfields 
in Belgium and the Ruhr. 





VIBRATED CONCRETE: ERRATA.—We regret that 
several errors have crept into the first two instalments 
of the article by Mr. D. A. Stewart, A.M.I.C.E., on 
“ Vibrated Concrete,” appearing in our issues of August 
12 and 19. On page 145, the point B in Fig. 1 should be 
on the acceleration curve, not on the displacement 
curve, and in a position vertically below that shown. 
In the third column, on page 145, a minus sign should 
be inserted in front of the expression w*R sin wt, in the 
fundamental equation, and also four lines lower down, 
where the equatien is repeated. Two lines above this the 
expression w = 2 x frequency should read 2m x fre- 
quency. On page 169, third column, the dividing line 
and symbol g in equation (2) should be deleted and the 
equation read P = 8 w*M. Also towards the end of this 
column, the words, “made by Messrs. E. P. Allam 
Limited ” should be deleted and the phrase “ designed 
by the author and made by the Westminster Engineering 
Company...” substituted. Finally, at the top of the 
first column, page 171, the research in question was 
conducted in the Department of Civil and Municipal 
Engineering, University College, London, and not as 
stated. 
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NOTES FROM THE NORTH. 


GLasaow, Wednesday. 

Scottish Steel.—Apart from heavy sections and bars of 
3-in. diameter and over, and the re-rollers, orders are 
plentiful and the Scottish steel industry maintains near- 
record outputs. Pig iron and steel ingots are available 
in quantity, as is coal, and, with less German competition 
at present, iron-ore deliveries have been well maintained. 
Scrap is abundant from all sources and it is not expected 
that the hardening of American scrap prices will be 
followed by any very much greater demand from that 
source. Plate makers are assured of full employment at 
least till the end of this year. The demand for light 
sheets, both black and galvanised, has been maintained 
very well and bookings still balance dispatches. In 
medium and heavy plates, rolled in sheet mills, the 
demand is almost equally strong and tube makers are 
ordering tube strip from the plate and sheet mills in very 
substantial quantities. In so far as the heavy sections 
and bars are concerned, the decline in orders is no doubt 
largely due to the higher proportion of plates in relation 
to sections now involved in shipbuilding. Imports of 
finished bars from Belgium, which go into stock mostly, 
explain most of the decline in the re-rolling branch of the 
industry. European countries are buying small bars 
under the various trade agreements in existence and these 
are extra tonnages, above the normal allocations. This 
is some compensation for the decline in the home demand. 

Scottiah Coal.—The modest improvement in tonnages 
raised, which has been in evidence throughout this year, 
was well maintained during the past week. Less than 
1,800 tons have been lost as a result of strikes this week, 
and, in the week ended August 20, the total loss was just 
over 1,200 tons. This compares with previous losses of 
the order of 20,000 tons a week. Nevertheless, in the 
week to August 20, Scotland produced only 462,000 tons, 
against 467,000 in the previous week. Both are well 
above the comparable figure for a year ago, and are partly 
explained by a modest increase in output per manshift 
to 1-15 tons overall. In consequence, distribution has 
been an easier task this week. Heavy industrial users 
and steelworks, as well as gas and electricity works and 
the railways, have been given sufficient for all current 
needs. The domestic supply continues in excess of the 
demand, with the result that the stocking position re- 
mains healthy. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Home and overseas customers for 
iron and steel have extensive contracts to draw upon, 
but regard the orders already placed as far from adequate 
for their prospective needs. They are keen, therefore, 
to put through considerable new business notwithstanding 
the shadow of the financial crisis. A rapid rise in tonnage 
production is confidently expected now that the holiday 
period is over and operations at iron and steel plants are 
unlikely to be seriously checked by the absence of em- 
ployees from work. The pig-iron shortage is less acute, 
but considerably more than the rather better supplies now 
coming forward are needed both for the melting shops 
and the foundries. Only 23 blast furnaces are in opera- 
tion in the Tees-side area, as compared with 25 at the 
beginning of the year. Much more pig iron than is at 
present obtainable is needed to enable steel plants to 
approach the peak level of ingot production achieved in 
the Spring. Fortunately, the supply of raw material is, 
on the whole, not unsatisfactory. Cleveland ironstone 
output continues on a disappointing scale and is much 
below pre-war level, but the import of good quality iron 
ores is very substantial and likely to increase. 

Foundry and Basic Iron.—North East Coast con- 
sumers of ordinary foundry pig iron are dependent, almost 
entirely, on regular deliveries from the Midlands and 
would much welcome larger parcels than they are 
receiving from that distant source of supply. The 
whole make of the local basic blast furnaces continues to 
be absorbed by the needs of the Tees-side steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
shortage of East Coast hematite is somewhat less acute 
than of late, but consumers continue to press persistently 
for larger deliveries. Outputs of low and medium phos- 
phorus grades of iron are steadily taken up and there is 
a ready sale for any available tonnage of refined iron. 

Manufactured Iron and Steel.—Quite good inquiries 
are reported for the various descriptions of semi-finished 
and finished iron, and manufacturers are well employed 
on contracts in course of execution, Steel producers 
have @ great deal of work in hand. Most types of steel 
semies are in good supply, largely from Continental 
sources, but small billets are scarce and sheet bars and 
slabs are in brisk demand. Finished-steel products are 
in unabated and strong request for home purposes and 
for export. Plates are very extensively specified and 
there is a persistent and heavy demand for black and 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—There were anxious moments when the 
strike of colliery winders threatened the curtailment of 
operations at coke-works and the diminution of supplies 
of coke-oven gas, upon which many steelmakers and 
others largely depend. The call-off came opportunely. 
The recent improvement in the output of steel has 
resulted in fuller supplies being allocated to some of 
the lighter industries, which have been short of specific 
types of steel for a long time. The Board of Trade 
sanction is for a 25-per cent. increase in supplies during 
the last quarter of the year to the cutlery industry. This 
will assist forgers of blanks for shears and big types of 
scissors to meet the fuller calls from the North American 
market. Very actively employed are the departments 
catering specially for the electricity and shipbuilding 
industries needing heavy hollow forgings. Marked pro- 
gress has been made in this section. There is no diminu- 
tion of activity in the colliery-engineering works, which 
are still heavily booked to meet the requirements of 
deep mines and opencast coal workings. Builders of 
railway carriages and wagons are very busily employed, 
and production is being increased in railway-material 
departments as some of the steel shortages are over- 
come. All tool factories continue to be very busy, and 
in some cases are able to give closer attention to the 
requirements of the home market, now that export trade 
is tending to diminish. 


South Yorkshire Coal Trade.—Slowly the disorganisa- 
tion caused by the short-lived strike of winders is being 
overcome. Special steps had to be taken to secure 
supplies from other areas not affected by the dispute. 
Reserves had to be drawn upon, and are now being 
replenished at railway-locomotive depots and gas and 
electricity concerns. Industria] steams are being eagerly 
sought and it is hoped to be able to resume, on a full 
scale, the dispatch of coal to the Humber porte for 
export and coastwise trading. Hard coke is in rather 
short supply for industry, but gas coke is fairly plentiful. 
Patent fuel is moving freely. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—Production from the South- 
Wales mines should show a material improvement during 
the next few weeks. Holidays, which have affected 
working in various parts of the coalfield for a week at a 
time, since the beginning of July, have now come to an 
end. It will, however, be some little while before any 
improvement in the supply position becomes apparent 
on the steam-coal market. Operators have some arrears 
of delivery, which have arisen during the past two months, 
to make good while order books are usually sufficiently 
well filled to ensure the ready absorption of any addi- 
tional supplies available. The home demand has been 
actively maintained. In addition to making purchases 
in respect of their normal forward needs, a number of 
the most important consumers have been seeking any 
available supplies for stocking purposes. The amount 
of coal available on export account has remained small 
and it is not expected that any material improvement 
will be felt until late in the autumn. A number of orders 
for early delivery could not be handled in the past week. 
Deliveries under standing programmes have gone on 
steadily with a good activity apparent in the French and 
South-American trades. Shipments to Portugal have 
proceeded quietly while new business from Italy has come 
in slowly though deliveries have proceeded under standing 
commitments. Last week, occasional cargoes were all 
that could be spared for Spain. The demand for bunkers 
remained active but supplies were very short. Thvre 
was a sustained interest in patent fuel, and foundry cokes 
were also kept busy. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was not much new business with 
home consumers but that there was a steady demand on 
the export market with sales well up to the average. 
Steel sheets continue to have a strong demand and 
makers still bave difficulty in ting their client 
delivery requirements. The demand for iron and steel 
scrap has eased somewhat and appears to be chiefly 
centred on the heavier and better qualities. 








Prot TELEVISION TRANSMITTER AT BIRMINGHAM.— 


Corporation have been transmitting a television test 
picture from a low-power transmitter at Brankley 
Beeches, Birmingham. These transmissions, which now 
last from 3 p.m. to 8 p.m. daily, will enable dealers to 





galvanised sheets, which it is difficult to satisfy. 


of September, after which the transmitter will be moved 


Since Tuesday, August 16, the British Broadcasting 


install and adjust television receivers in the Midlands 
before the Sutton Coldfield station is opened. They will 
be continued from Brankley Beeches until the middle 


NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morping in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—Sowh Wales 
Branch: Tuesday, September 6, 7.30 p.m., Grand Hotel, 
Cardiff. (i) Discussion on “ Lubrication.” (ii) Film: 
“The Inside Story.” Newcastle-upon-Tyne Branch: 
Thursday, September 8, 7.15 p.m., Turks Head Hotel, 
Newcastle-upon-Tyne. “ Materials Handling Equip- 
ment,” by Mr. L. Walmsley. East Lancashire Branch: 
Tuesday, September 13, 7.15 p.m., Engineers’ Club, 
Albert-square, Manchester. Discussion on ‘‘ Automatic 
Boiler Control.” Liverpool and North Wales Branch: 
Thursday, September 15, 7.30 p.m., Radiant House, 
Bold-street, Liverpool. “ The Use of Steam for the Pre- 
serving Industry,” by Mr. J. P. Harris. 

INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Section: Wednesday, September 7, 7 p.m., 
Wolverhampton and Staffordshire Technical College 
Institute, ‘Wolverhampton. Discussion on “ Atomic 
Physics.” Manchester Graduate Secti Tu 
September 13, 7.15 p.m., College of rosa Man - 
chester. ‘“‘Some Recent American Hydro-Electric 
Schemes, with Special Reference to Boulder Dam,” by 
Mr. W. A. Hatch. South Wales and Monmouth Section : 
Thursday, September 15, 6.45 p.m., South Wales Insti- 
tute of Engineers, Park-place, Cardiff. “‘ Starting a New 
Factory,” by Mr. A. R. Northover. Eastern Counties 
Section: Friday, September 16, 7.30 p.m., Electric 
House, Ipswich. ‘“‘ Impressions of a Tour to Canada and 
the United States,” by Mr. H. H. Dawson. 

INSTITUTE OF PETROLEUM and INSTITUTION OF FIRE 
ENGINEERS.— Wednesday, September 14, 5.30 p.m., 
26, Portland-place, W.1. (i) “‘ Application of Air Foam 
to Oils Burning in Bulk”; and (ii) “‘ The Use of Solid 
Carbon Dioxide to Extinguish the Burning of Liquids,” 
by Mr. J. H. Burgoyne, Mr. L. L. Katan and Mr. J. F. 
Richardson. (iii) ‘‘ Some Practical Aspects of the Appli- 
cation of Foam to Large Oil Tanks,” by Mr. E. Thornton. 
INSTITUTE OF ROAD TRANSPORT ENGINEERS.—WNorth- 
Eastern Centre: Thursday, September 15, 7 p.m., Hotel 
Metropole, Leeds. “The Psychology of Diagnosis,” by 
Mr. R. B. Daniell. 








LIVERPOOL STREET-SHENFIELD ELECTRIFICATION.— 
It is announced by the Railway Executive that the 
Minister of Transport (the Rt. Hon. Alfred Barnes) will 
inaugurate the introduction of electric traction on the 
Eastern Region line between Liverpool Street (London) 
and Shenfield (Essex) on Monday, September 26. From 
that date steam working will be progressively replaced by 
electric traction on this section of the Eastern Region’s 
suburban lines and a full electric service will operate 
from Monday, November 7. 





ANNUAL EXHIBITION OF ROYAL PHOTOGRAPHIC 
Soctery.—The 94th annual exhibition of the Royal 
Photographic Society of Great Britain will be formally 
opened on Thursday, September 8, at 16, Princes-gate, 
London, 8.W.7. Owing to the limited space available 
the exhibition will be held in two sessions, the first, 
from Friday, September 9, to Sunday, October 2, being 
devoted to pictorial, colour and stereoscopic work ; and 
the second, from Saturday, October 8, to Wednesday, 
October 26, to scientific, nature, record and technical 
prints. 





AERONAUTICAL ENGINEERING IN THE UNIVERSITY OF 
Lonpon.—The Academic Registrar of the University of 
London has informed the secretary of the Royal Aero- 
nautical Society that the University Senate have resolved 
to establish a Board of Studies in Aeronautical Engineer- 
ing within the Faculty of Engineering. The personnel 
of the Board for the remainder of the year is to be as 
follows. Appointed teachers of the University: Pro- 
fessor A. A. Hall, Dr. N. A. V. Piercy, Professor S. J. 
Davies, Professor O. A. Saunders, and Professor G. 
Temple. Recognised teachers of the University: 
Mr. W. E. Dumbrill and Mr. F. T. Hill. 





THe CHEMICAL Socrery.—The Research Fund of the 
Chemical Society provides grants for the assistance of 
research in all branches of chemistry. A sum of about 700/. 
per annum is available for this purpose, the income 
being derived from a donation of the Worshipful Company 
of Goldsmiths, from the Perkin Memorial Fund, and 
from other sources. Applications for grants will be 
considered in November next and should be submitted, 
on the appropriate form, not later than Tuesday, Novem- 
ber 1. Applications from Fellows of the Society will 
receive pricr consideration. Forms of application, 
together with the regulations governing the award of 
grants, may be obtained from the general secretary, the 
Chemical Society, Burlington House, Piccadilly, London, 
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POPULATION AND FOOD 
SUPPLY. 


THE population of the world is a function of the 
food supply in the sense that if people do not get 
enough to eat they will die. This elementary pro- 
position has been illustrated so starkly on many 
occasions in the past by the incidence of famines 
over large areas, that its truth has been brought 
home even to politicians. Their reactions, however, 
have usually been only temporary, and once local 
conditions have been rectified, or meliorated, their 
interest in the matter has ceased. Malnutrition 
leading to death is not, gf tt @ phenomenon 
restricted to spectacular famines striking some 
unfortunate country ; it is an everyday occurrence. 
The average expectation of life in Egypt, forinstance, 


.| is 31 years, compared with 59 for Europe. This 


is not entirely due to defective food supply ; poor 
- | housing and primitive social practice leading to a 
high incidence of disease are important factors, but 
under-nourishment has much effect. Not greatly 
different conditions rule in many Eastern countries. 
It was pointed out by Malthus more than a hun- 
dred years ago that while population increased in a 
geometrical progression, food supply did so only in 
an arithmetical progression. No matter how rapid 
an arithmetical progression, it will always be over- 
taken by a geometrical one. As a matter of experi- 
ence, neither food supplies nor population are 
increasing in regular progressions, but the broad 
situation is that, by western standards, the curve 
of population has long met and crossed the curve of 
food supply. The 15 million fellahin of Egypt are 
not the only people who have not got enough to 
eat. The World Food and Agricultural Organisation 
has estimated that the present population of the 
world is 2,300 million, and that it is increasing at the 
rate of 20 million a year. It is doubtful if any 
reliable statistics are available about the rate of 
increase of the acreage devoted to food production, 
but it is extremely unlikely that it is increasing 
pari passu with population. Indeed, as a result 
of the disturbed conditions which have been created 
in a large part of Asia by the war, it is likely that 
the area has actually decreased in recent years. 
Sir John Russell, in his presidential address to the 
British Association, at Newcastle, on August 31, 
more | Stated that some 3,000 million to 4,000 million acres 
throughout the world were cultivated, 85 per cent. to 





has long crossed the curve of food supply requires 
26 | qualification. If the population of the world is 
increasing at the rate of 20 million per year, then 
clearly the individuals concerned must remain alive 
long enough to appear in a statistical return. The 
figure, however, does not give any indication of 
infant mortality or rate of wastage. Conditions are 
not stable, and Sir John said that increased food 
production ‘“‘could easily be outstripped locally 
(by population) where Eastern rates of increase 
prevail.” The address was in the main concerned 
with the increased yields which could be obtained 
from cultivated lands by improved methods and 
improved vegetable strains, but from a humani- 


- tarian point of view, the matter of interest is 


whether Eastern countries will be able to conduct 
their affairs in such a way as to take advantage of 
modern methods and apply them on a large scale. 
Many important countries have now severed their 
connections with the West and taken over the 
management of their own affairs. This raises 
many questions similar to that put by Sir John, 
who asked: ‘‘ Will Burma under her new manage- 
ment retain her leading position among rice ex- 
porters ?”’ This is of much importance to India, 
which is not self-supporting in food. What is 
arithmetically certain is that if world food supplies 
do not increase, world population will cease to 
expand and that the check will be accompanied by 
famines, pestilences and grave disturbances. 

Fortunately for the comfort of his audience, 
Sir John’s address was not mainly concerned with 
this cheerless prospect. He dealt in the main with 
methods by means of which food production could 
te, and was being, increased. The address was in 
no sense specifically directed to engineers, but 
indirectly it was of great interest to them. More 
food may be obtained by bringing more land into 
cultivation and by increasing yields by improving 
vegetable strains, the more extensive use of ferti- 
lisers, and better control of pests and diseases. 
The application of most of these methods on any 
important scale is a matter for agricultural engi- 
neers, who, however, must work hand in hand with 
the plant breeder, the biochemist and the bac- 
teriologist. 

Early in his address Sir John referred to the 
British Association presidential address delivered by 
Sir William Crookes in 1898. Crookes’ text was that 
population was overtaking food supply and he 
predicted that by 1930 the world would suffer 
hunger unless yields were raised. This desideratum 
could be reached by the more extensive employment 
of nitrogenous fertilisers, which could be prepared 
synthetically from the nitrogen in the atmosphere. 
Sir John said that Crookes’ address was “‘one of 
the most momentous the Association had ever 
heard’; it resulted in the foundation of the great 
nitrogen industry and everywhere stimulated 
agricultural investigators. The world hunger of 
1930, predicted by Crookes, was staved off by 
extension of the land under cultivation, the greater 
use of fertilisers, and particularly by the rise of the 
science of plant genetics which enabled varieties of 
wheat to be produced which could be grown success- 
fully on marginal lands previously unproductive. 

Of the two methods of increasing food production 
—extension of the area under crops and the growing 
of improved strains—the latter is possibly the more 
important to-day, but the former had much influence 
in the years following Crookes’ address of 1898. 
In that year the wheat acreage in Canada was 
4 million; by 1930, Crookes’ critical year, it had 
risen to 27 million. Similar expansion took place 
in Australia and the Argentine. This rapid expan- 
sion has not continued in the last twenty years. 
Even in the emergency of the war, the acreage in 
Canada rose only to 28-7 millions; it is now 
24 million. The matter is to some extent a question 
of demand. Present wheat supplies are adequate 
for wheat-consuming nations but wheat is not the 
basic food of the masses, say in India. The check, 
however, is probably partly due to the more favour- 
able areas already having been. exploited, further 
expansion being hampered by both mechanical and 
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biological difficulties. Sir John stated that no 
methods have yet been discovered for bringing into 
cultivation “‘ the 300 million acres of peat and muck 
soils in Canada.” 

The bringing of unfertile and marginal lands 
under cultivation is, in its early stages, largely an 
engineering problem. It is frequently very expen- 
Sive, as is well illustrated by the African ground-nuts 
scheme of which so much has been heard. Basic- 
ally, the matter is a question of an adequate supply 
of tractors. This also applies to the extension of 
cultivated land generally, even when the natural 
difficulties associated with scrub and forest land are 
not present. The great extensions which took 
place in America between 1898 and 1930 owed much 
to the continuously expanding use of farm machinery 
and the example set has had an influence almost 
throughout the world. In an age in which most 
people have apparently decided to do less work, the 
measure of successful agriculture has almost become 
the output per man rather than the output per 
acre. This is largely, or mainly, dependent on the 
machinery available and the remarkable increase 
in the number of tractors in use in many Western 
countries shows that this is generally realised. 
Sir John stated that 260,000 tractors were in use in 
Great Britain in 1948; a return prepared by the 
Trade Relations Research Bureau in 1946, gave the 
figure for 1944 as 170,755. These two estimates 
indicate a continuing rapid increase in numbers. 
Presumably, saturation will ultimately be reached 
with demand restricted to replacement, but even so, 
manufacturers will have an almost unlimited field 
abroad. In India, for instance, very few tractors 
are in use and if she is even to approach a position 
of self-sufficiency in food supplies, she will have 
greatly to increase her average yields. Very poss- 
ibly tractors, and particularly the machines asso- 
ciated with them, which are in successful use in 
Great Britain, may not prove suitable for the 
conditions in Eastern countries; that is a matter 
for experience and research. 

It is not only in farm machinery proper that the 
engineering profession must form a vital element in 
agricultural advance. Sir John Russell, in the course 
of his address, dealt with soil erosion, vegetable and 
insect pests, and food storage. Soil erosion has 
mainly been caused by uninstructed farming 
methods, over-grazing and the uncontrolled felling 
of trees. Its cure is largely a matter of judicious 
cropping, but the irrigation and land contotring 
which have to be associated with an improved 
farming regime are mainly the business of engineers. 
Even the application of fertilisers and pest-destroy- 
ing compounds on a large scale can only be carried 
out by the use of machinery. Sometimes, difficult 
mechanical problems have to be faced ; this would 
appear to be the case when attempts are made to 
rectify the balance of trace elements in the soils 
of large areas. Modern research has shown that some 
soils are unfertile owing to the absence of trace 
elements of which zinc, copper and molybdenum 
are important examples. These are required only 
in minute quantities and in attempts to rectify 
deficiencies it is important that the additions should 
not be overdone. Too large a dose will do more 
harm than good. areas in Australia are 
being treated and it is clear that even, but sparse, 
distribution is a mechanical operation of consider- 
able nicety. Large-scale spraying of powders or 
liquids for the destruction of fungoid or insect 
pests is now carried out on an important scale with 
mechanical plant mounted on tractors or aeroplanes. 

Food storage is another field in which the work 
of the engineer plays a major part. A simple 
case is the artificial drying of hay. Sir John stated 
that 10 to 15 cwt. of coke are required to dry one ton 
of product, but if the simpler and cheaper method of 
ensilage is adopted, from 20 to 30 per cent. of the 
nutrients are lost. The extension of artificial 
drying is being hampered by capital cost and 
shortage of plant. The preservation of food by 
freezing is widespread and in this field great progress 
has been made by the application of chilling pro- 
cesses developed at the Low Temperature Research 
Station at Cambridge. The whole field covered by 
this method of food preservation forms such a well- 
known branch of engineering that its importance 
requires no emphasis. 





COAL RESOURCES OF THE 
BRITISH COMMONWEALTH. 


As coal is the basic material on which the pros- 
perity of Great Britain depends, there have, natur- 
ally, from time to time, been surveys and estimates 
directed to the computation of the reserves on 
which the economic future of the country must be 
based. These have varied greatly, although possibly 
not in such a bewildering manner as estimates 
made for the United States, for which the period 
over which the necessary output could be continued 
was, in 1947, estimated at twenty times as long as 
that for the figure come to in 1907. In Canada, an 
estimated reserve of 1,218,000 million tons in 1913 
has recently been reduced to 88,273 million tons, 
of which 44,283 million tons are described as 
“* recoverable coal.” The estimate for Great Britain 
in 1913 was 181,349 million tons, but according 
to a paper read at the recent Empire Mining and 
Metallurgical Congress, a recent survey gives a total 
of 47,964 million tons of ‘‘ reasonably-workable ” 
coal. This compound adjective is of importance ; 
it necessarily takes its place in any attempt to 
estimate reserves, but developments in mining 
practice may in the future make it possible to exploit 
deposits which are economically unworkable under 
present conditions. Further, in some circumstances, 
coal may become so expensive that thin seams at 
present of no commercial value, owing to the cost 
of recovery, may become ‘‘ reasonably workable.” 

In the course of the discussions about productivity 
per head in Great Britain and the United States, 
it has frequently been pointed out that one reason 
for the greatly superior figures for the latter country 
is that the individual workman has the assistance 
of some three times as much mechanical power as 
his opposite number in the former. To some extent 
this is due to the great hydro-electric development 
in North America, but over a very large part of the 
United States coal is still the main source of power 
and under present conditions and tendencies it is 
difficult to suppose that native coal supplies in 
Great Britain will increase to such an extent as to 
enable the horse-power per employee to rise to the 
United States figure. It is, however, possible to 
import coal, and at present British prices it may well 
pay todoso. Supplies may be drawn from Europe, 
but in view of present efforts to develop the more 
backward colonies, it is both of importance and 
interest to inquire to what extent the coal supplies 
of Great Britain might be supplemented by imports 
from some of them. There are stated to be “‘ very 
large ” deposits of semi-bituminous coal in Nigeria 
and that the distance from the centre of the coalfield 
to the shipping port is only 150 miles. 

The whole subject of Commonwealth resources 
was reviewed in a paper read by Mr. C. Augustus 
Carlow at the Empire Mining and Metallurgical 
Congress referred to above. His communication, 
which was entitled ‘‘ Coal Resources of the British 
Commonwealth,” was necessarily largely tabular, 
but some general conclusions may be drawn from 
it. Looking at the matter from the point of view 
of the probability that the material prosperity of a 
manufacturing country will increasingly depend 
on the supplies of power available for industry, 
Canada appears to stand in the most favourable 
position. She is credited with 89,645 million tons 
of coal reserves and, although it is not mentioned 
in the paper, also has enormous developed and 
potential water power, and in any useful comparison 
of national power resources, coal and water must be 
considered in conjunction. The second position 
is occupied by South Aftica and India, each with 
66,000 million tons odd, Australia coming next 
with 52,216 million tons. All these countries are 
credited with larger reserves than Great Britain. 

The present relative positions of these five 
countries as manufacturing units is implied by the 
figures for coal output, not by reserves, although 
hydro-electric development must also be taken into 
consideration. In so far as power per employee is a 
measure of industrial activity, all power sources 
have to be allowed for. In none of these countries, 
however, except Canada, is water power a major 
factor in power sources. India, with Ceylon, is 
stated to have 39 million h.p. of water power 
reserves, but only some 600,000 h.p. are developed. 
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Australia is poor in reserves, which amount only 
to about 1 million h.p.; 250,000 h.p. are developed, 
Theee figures for water power are clearly very broad 
estimates ; they are quoted from a return prepared 
by the United States Geological Survey. The reserves 
for South Africa are given as 30 million h.p., but 
present development is not extensive. 

In view of these water-power figures, coal output 
may be taken as a rough measure of industrialisa. 
tion. Canada is a special case, is highly developed 
and has ample power potential of both types. Her 
current annual output of coal is smaller than that 
of any other of the countries under consideration, 
but it is amply supplemented by hydro-electric 
energy. In annual output of coal, Great Britain 
is far ahead of all the other countries of the group, 
Output naturally varies from year to year, but the 
figures which are given as “‘ current annual output ” 
in the paper are clearly all that is required for broad 
comparisons. The figures are: Great Britain, 
208 million tons; India, 29 million tons; South 
Africa, 22 million tons; and Australia, 18 million 
tons. None of the three latter would be described 
as fundamentally manufacturing countries, but they 
all indicate intentions of attempting to become so 
and in view of the nature of modern manufacturing 
industry they must greatly develop their colliery 
activities if they are to succeed. 

The case of India is of particular interest, India 
in this connection being taken to include Pakistan. 
Both coal and water-power reserves are ample for 
extensive development, and it is a matter for serious 
speculation whether under present conditions the 
country will be able to achieve a material prosperity 
of European standard. There are some able rulers 
but the mass of the population is illiterate and the 
standard of living very low. The matter is of 
importance not only to the masses of India, but to 
the world as a whole. The country has now taken 
over the management of its own affairs and it is 
highly desirable that its enormous potential should 
be utilised not only for its own benefit but also for 
mankind generally. Mr. Pennethorne Hughes has 
recently said, ‘‘ we can still not be sure whether the 
world economy can afford self-misgovernment of 
undeveloped nations.”* This remark, which was 
directed more particularly to Egypt, might have been 
phrased in more considerate terms, but it expresses a 
legitimate anxiety. The industrial and social 
activities of a country depend not only on a few 
rulers, but on the level of education and sense of 
responsibility of the mass of the people. 

The case of Australia is different. She is the 
inheritor of a European tradition and her problems 
are not of the same kind. Great efforts are being 
made to initiate manufacturing industries and there 
is abundant coal on which they may be based. 
The reserves lie mainly in New South Wales, in the 
developed south-east corner of the country The 
coal is mainly of a good bituminous type and apart 
from the development of manufacture it would ap- 
pear that a coal-export industry might be developed. 
From the long-distance point of view with which this 
article is concerned, the emergence of Australia as a 
great manufacturing, as well as a great agricultural 
country, appears to be almost entirely a question of 
population. After a period of unwise restriction, 
immigration is now being encouraged and it may 
be that in time the country will become one of the 
industrial centres of the world. 

New Zealand, not so far mentioned, naturally 
comes to mind in connection with Australia. Her 
coal resources, at 1,158 million tons, are far below 
that of any of the other countries under considera- 
tion, but her potential water power is probably 
twice as great as that of Australia. Her present 
output of coal is something less than 3 million tons 
per year. It does not seem likely that she will ever 
become a great manufacturing country, but her 
agricultural activities may well ensure permanent 
prosperity. It may be that, apart from New 
Zealand, one or more of the countries mentioned 
may develop an export trade in coal. This also 
applies to South Africa, the last of the group. 
By far the most important reserves of that country 
lie in the Transvaal and within some few hundred 
miles of shipping ports. 





* While Shepheards Watched (Chatto and Windus) 
page 140. 
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TRAFFIC CO-ORDINATION ON THE NORTH-EAST 
Coast. 


Tue Road Passenger Executive has prepared a 
scheme for co-ordinating road and rail passenger 
services in three districts covering the whole of 
Northumberland and Durham and most of the North 
Riding of Yorkshire. Details have still to be 
worked out and complications will undoubtedly 
have to be faced, but the main proposal at present is 
that the road transport undertakings of seven 
local authorities, one joint board and 130 non- 
municipal authorities, should be transferred to the 
British Transport Commission. It is understood that 
the underlying object of the scheme is to provide 
data and experience which, after a general survey 
of the country’s road services has been made by 
the Road Passenger Executive, can be applied to 
other areas. The preparation of schemes for such 
areas is not, however, contemplated at present. The 
scheme further proposes to designate the three 
districts as an area for which a Board will be 
appointed to assist the Commission in administration. 
The public will be represented on this Board and 
further contact between local communities and the 
management will be secured by setting up Consul- 
tative Committees in each district and, if necessary, 
in each sub-district. Arrangements will be made 
between the Board and Railway Executive for the 
maximum co-ordination of railway and road 
services, especially on such matters as through 
booking, interavailability of tickets and the relation 
of road and railway time tables. Formal and 
detailed discussions of the scheme with all con- 
cerned will begin at an early date and objections 
may be raised until Monday, October 31. After 
that date, suggestions will, as far as possible, be 
included in the draft scheme which will be submitted 
to the Minister of Transport for approval. 


THe CONTRIBUTION OF SHIPPING TO INVISIBLE 
Exports. 


The General Council of British Shipping, 3-6, 
Bury-court, St. Mary Axe, London, E.C.3, announce 
that they have sent to the Minister of Transport 
their first report on their inquiry into the contri- 
bution of United Kingdom shipping to the balance 
of trade for 1947. The inquiry has shown that, in 
that year, vessels owned in the United Kingdom, 
or operated by United Kingdom owners, earned a 
net sum of 60,000,000/. in foreign currency. It is 
pointed out that this sum measures the benefit to 
the country as a whole from the contribution of 
our Merchant Navy to invisible exports and that it 
bears no relation to net profits. The Council esti- 
mate that, in 1948, the contribution will have been 
substantially greater, owing to the acquisition of 
new tonnage and the return to service of vessels 
which were being reconditioned, or were engaged 
as troop transports, in 1947. In spite of the com- 
plexity of the inquiry and the large amount of 
work which it involved, it is gratifying to note that 
the response of owners was extremely good. The 
Council state that they received information in 
respect of 99 per cent. of the tonnage operated by 
owners during 1947, and they add that the main 
reason for the omission of the remaining 1 per cent. 
was that the information did not exist, and not 
that the owners were unwilling to give it. The 
inquiry was undertaken by the Council at the 
request of the Minister of Transport and further 
Teports will be addressed to him as the summari- 
sation of the results proceeds. The Council add 
that, in case comparisons are made with the figures 
of receipts and expenditure on shipping account, 
given from time to time in the Government’s White 
Papers, a word of explanation is necessary. They 
emphasise that the Government's figures relate to 
dry cargo ships only and that they take into account 
disbursements of foreign ships in United Kingdom 
ports, the freights payable to foreign vessels bringing 
imports to this country, and the fares paid by 
United Kingdom nationals travelling in foreign 
vessels. The figures, therefore, are not comparable 
with the Council’s totals, which relate solely to the 
activities of vessels owned or chartered and operated 
by United Kingdom owners. 





Guascow WATER SUPPLY. 


The multifarious nature of the duties undertaken 
by the engineer in charge of the waterworks of a 
large city is well exemplified in the annual report 
of Mr. 8. D. Canvin, B.Sc. (Eng.), M.I.C.E., general 
manager of the Water Department of the Corporation 
of the City of Glasgow. This publication, which has 
just come to hand, refers to the year ended May 31, 
1948, and while work on reservoirs, mains and 
pumping plant is naturally reported upon, space 
is also devoted to such matters as sheep farms, 
afforestation, bracken cutting, and road building 
and maintenance. Consumption statistics show 
that the average daily quantity of water delivered 
to the area of supply, during the year under review, 
was 80,612,000 gallons, an increase of 103,000 
gallons over the total for 1946-47. Among the new 
works, the most important are the pipe-laying 
contracts which are being carried out in connection 
with the 36-in. East Main Scheme. Substantial 
progress has been made and when the report was 
written some 8} miles of main, out of a total of 133 
miles, had been laid. It is added that permission 
had been received from the Railway Executive to 
utilise the abutments of their bridge at Rutherglen 
for carrying the main over the Clyde, so that the 
considerable additional cost of a separate bridge 
was saved. The only other new works mentioned 
in the report are that the Ruchazie Reservoir was 
completed during the year, that the delivery of the 
pumps and motors for Buchley pumping station 
was expected early in 1949, and that contracts for 
water towers at Pollok and Priesthill had been let 
during the year. The Department’s plant and 
works have been maintained at the customary high 
standard and, at the Gorbals Works, all the arrears 
of sand washing have now been overtaken and the 
re-sanding of filters continued. Some three miles 
of old service mains were re-laid during the year 
and, to afford new supplies, some 17} miles of new 
piping was laid, a total increase, in pipes laid, of 
54 miles over the previous year’s figures. To 
minimise the call on both labour and materials, 
existing mains have been scraped instead of being 
re-laid, in suitable cases. During the year covered 
by the report some 13} miles were thus treated, 
compared with 8 miles in the previous year. 


Hazarps In Atomic ENERGY RESEARCH. 


It was announced by the Ministry of Supply on 
Tuesday, August 30, that a conference of repre- 
sentatives of Great Britain, the United States and 
Canada will be held at the Atomic Energy Research 
Establishment, Harwell, next week to consider 
hazards and safety in connection with atomic piles 
and related subjects. Discussions under the Tech- 
nical Co-operation Programme of the three countries 
which was established early in 1948, will also take 
place, but weapons information will not be included. 
The particular subjects to be considered will be the 
treatment of radioactive wastes, the effects of 
radiation on plants, animals and human beings and 
pile hazards caused by accidents, sabotage or 
failure of safety controls. As extensive research 
into the potential hazards of atomic piles has already 
carried out in the three countries, the conference 
should provide an opportunity for the interchange 
of much useful information. 


INTERNATIONAL SCIENTIFIC RESEARCH. 


As a result of resolutions, which were adopted at 
two sessions of the United Nations Economic and 
Social Council in 1946 and 1948, certain problems 
relating to scientific research at ‘‘an international 
level” were discussed by a Committee of Experts 
at Unesco House, Paris, from Tuesday, August 16, 
to Wednesday, August 24. The resolutions sug- 
gested that certain researches could only be con- 
ducted rationally at an international level, and that 
other forms of research would also gain considerably 
in effectiveness if they were carried out by centralised 
international effort. These principles having been 
accepted by the Council by a large majority, its 
members considered that it was necessary for 
experts to determine the priorities of the various 
problems that would have to be dealt with. The 
Committee of Experts, which was accordingly 
formed, consists of representatives of the physical 
and biological sciences from a number of countries. 





Representatives of the World Health Organisation 
and the Food and Agricultural Organisation also 
attended the Paris meeting as observers. Sugges- 
tions for the creation of international laboratories, 
science centres and research institutes were con- 
sidered: and it was recommended that as a first 
priority a Central Institute of Computation, capabie 
of serving all the sciences, should be established. 
An Institute of Neurophysiology and an Institute of 
Social Sciences were also considered to be first 
priorities. The formation of an Institute of Meteoro- 
logy, of an Astronomical Laboratory, of an Institute 
of the Arid Zone and of a Laboratory for Bio- 
chemistry were regarded as second priorities. The 
Committee, considering that the United Nations 
had an important part to play in the fields of 
research, development and discovery, also advised 
the Economic and Social Council to convene a con- 
ference of a limited number of experts in the exact, 
biological and humanistic sciences to study priorities 
for action in fields not covered by their present 
recommendations. 


Tue GERMAN Ferrous Metat Inpustry. 


For some time past the iron and steel industries 
of the United Kingdom and the United States have 
been pressing for a comprehensive work of reference 
on the development and progress which took place 
in German ferrous metallurgy during the war years. 
This demand should, to a considerable extent, be 
met by B.I.0.8. Overall Report No. 15, on “‘ The 
Ferrous Metal Industry in Germany during the 
Period 1939-45,”’ which has been prepared by Messrs. 
G. Patchin and E. Brewin and was published on 
Saturday, August 27, by H.M. Stationery Office 
at the price of 4s. 6d. The German iron and steel 
plants were inspected between November, 1944 and 
May, 1947, by some 120 teams of British and Ameri- 
can experts and, as a result, over 400 reports were 
published. These reports have been correlated 
and condensed in the volume now issued, the result 
being an exhaustive summary of developments in 
an industry of international importance. The 
volume is in nine sections covering blast-furnace 
plant and practice ; steelworks plant and practice ; 
mechanical treatment; foundry practice; steels, 
ferro-alloys and hard metals ; heat treatment ; cut- 
ting ; jointing, repairing and fastening ; coatings (in- 
cluding cladding and bonding); and research and 
testing. Critical analyses and comparisons of pre-war 
and war-time practice are given, and deviations from 
British and American practice, with their resulting 
advantages or disadvantages, are stressed. In 
addition, trends induced by material shortages or 
by the availability of new alternative materials 
or processes are recorded and the possibility of 
the future application of war-time innovations is 
discussed. A section on research illustrates the 
close link that existed between German investigators 
and the industries concerned and surveys the iron 
and steel research centres. 


Facts aBouT THE CEMENT INDUSTRY. 


We have received a small booklet entitled ‘‘ Facts 
about the Cement Industry,” which has been pre- 
pared by the Cement Marketing Company, Limited, 
192, Ashley-gardens, London, S.W.1, as a counter- 
blast to the threat of nationalisation. This contains 
arguments why such a step would be economically 
undesirable, particularly in view of the fact that 
British cement is at present cheaper than that in 
any other country of the world. Total deliveries 
and deliveries for export were also higher in 1948 
than ever before, and the productivity per worker 
is greater even than that in the United States. It 
is also pointed out that the policy of cement 
industry is to promote new and better uses for 
cement and to provide for the consequent increase 
of demand by improving and extending the plant. 
Incidentally, these improvements and extensions 
would be carried out without Government aid. 
With the same end in view, the industry has greatly 
increased its research and development work, and 
is, it is claimed, so stabilised that its future pros- 
perity is ensured. The relations of the industry 
with labour are good. Indeed, the position is such 
that the statement that it has been marked down 
for nationalisation because of its efficiency will be 
difficult to disprove. 
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AMERICAN FREIGHT-TRAIN 
RESISTANCE. 


Tue tractive resistance of trains has been a 
matter of concern to engineers from the very outset 
of railway development and quite elaborate experi- 
ments were made in England well over a century 
ago, both on goods wagons and passenger coaches. 
The abundant literature which has since grown up 
round the subject reveals, however, a predominance 
of interest in passenger trains. This is doubtless 
for excellent reasons, some of which are worth 
consideration, since they bear on the question 
whether anything better than a rough empirical 
knowledge of the running resistances of freight 
vehicles can be usefully applied to practical railway 
operation in this country. The outstanding point, 
of course, is that passenger trains, almost univers- 
ally, have had priority over goods trains in respect 
of speed and punctuality, so that, on the whole, 
freight traffic is liable to frequent halts, and travels 
at low speeds which are adjusted to suit changes of 
resistance without serious consequences. Moreover, 
the enormous range of types and sizes of freight 
vehicles that may have to be included in a single 
train—some belonging to the railways, others 
(before nationalisation) to private owners, some 
having grease lubrication and others oil boxes, and 
all varying widely in age and state of repair—and 
the fact that new designs for special purposes, 
differing far more markedly than variations among 
carriage stock, are constantly being put into service, 
combine to present formidable problems as regards 
both the measurement of resistance and the esti- 
mation of the resistance of a freight train of mixed 
composition. From the standpoint of motive power, 
the prime considerations are that a locomotive 
should be able to haul a freight train up the severest 
gradient and to stop, start, accelerate, and generally 
control it elsewhere along the route. If so much 
ean be achieved, the common experience has been 
that running resistance in relation to speed will 
take care of itself; and, for ordinary conditions of 
freight-train operation in this country, the need 
for comprehensive detailed data on freight train 
resistance has never been regarded as urgent. 

It would be rash to suggest, however, that things 
will not be otherwise in the future. For some 
years now, there have been fast “fitted” freight 
services and regular trains of mineral wagons which 
lend themselves fairly readily for the determination 
and use of resistance data. Railway nationalisation 
may be expected to extend the number of long- 
distance freight trains and notably to increase the 
proportion of vehicles that conform to a few stan- 
dard types in respect of design, details like bearings 
and mode of lubrication, as well as of capacity, 
form and wheel-base. The encouragement to 
measure and use resistance values, thus offered, 
will be enhanced if, as seems not unlikely, electric 
or Diesel-powered locomotives take over a sub- 
stantial share of freight transport. With some of 
these conditions, the railways of the United States 
of America are already more familiar than those 
of the British Isles. In particular, their continental 
conditions have always demanded long hauls of 
long trains, typically comprised of covered freight 
vehicles all having the same general] shape, though 
differing considerably in length and weight. 

PAs long as 40 years ago, consequently, there was 
ample justification for the admirable full-scale 
experiments on freight train resistance directed by 
the late Professor E. C. Schmidt, of the University 
of Illinois, during 1908 and 1909.* Prior to that 
date, it was known that what may be termed 
specific train resistance, i.e., resistance expressed 
as pounds force per ton weight of train, varies not 
only with speed, but also with the average weight 
of the cars in the train; but the knowledge was so 
indefinite that barely any of the American railroads 
which used resistance data for establishing their 
freight tonnage ratings went farther than to allow 
an arbitrary factor to discriminate between empty 
and loaded freight cars, even though the weights of 
the latter ranged from 25 up to 70 tons. While, 





* Freight Train Resistance, by Edward C. Schmidt, 
University of Illinois Bulletin, No. 43 (1910). 


therefore, Schmidt’s major objective was to deter- 
mine numerical values for freight-train resistance 
that could be applied with confidence to the general 
run of American vehicles under the operating condi- 
tions usual at that time, he designed his trials to 
disclose also the effects of speed, and, even more 
specifically, of the weight of the vehicles. Uncon- 
trollable factors associated with weather were 
recorded and regarded in the aggregate as com- 
prising average conditions likely to prevail over 
most of the United States during the warmer half 
of the year when basic tonnage ratings are in force. 
Track variables, on the other hand, were limited 
as far as practicable by conducting all the tests on 
an exceptionally straight and level length of 91 miles 
on the Illinois Central Railroad. 

By selecting this piece of track as being repre- 
sentative of good main-line construction, and 
restricting his test speeds within the range from 
five to 35 miles per hour, Schmidt went some way 
towards ensuring that his resistance results should 
apply to ordinary freight trains. The relation of 
resistance to vehicle weight, however, presented 
more difficulty ; and, while he took every oppor- 
tunity that offered to test trains composed of cars 
all having about the same weight, the mixed com- 
position of the majority available for test left gaps 
in the range of average car weight, and a few special 
trains had to be made up to complete and extend the 
range of data from that represented by an empty 
open wagon weighing 15 tons to a fully loaded 
box car of 75 tons gross weight. Corresponding 
variety was attained in the complete trains, which 
ranged in total weight from about 750 to 3,000 tons 
and comprised from 26 to 89 vehicles. Conse- 
quently, from trials of 32 trains, each at a number of 
speeds, a mass of results was derived from which 
the characteristics of average freight-train resistance 
were deduced relative to average vehicle weight and 
train speed. 

Since 1910, many American railroads have success- 
fully applied Schmidt’s results in the form of 
adjusted ratings whereby the actual weight of train 
allotted to a particular type of locomotive varies 
according to the number of vehicles it embodies. 
Operating conditions, however, have altered in 
nearly 40 years and locomotive performance has 
improved, the outstanding trend being an increase 
in the speed of freight trains, partly in competition 
with road transport but to some extent, also, 
because a smaller volume of traffic in lighter trains 
encourages higher average speeds in order to take 
advantage of available motive power. The upper 
speed limit of 40 miles per hour in Schmidt’s tests, 
therefore, has been extended up to 70 miles per 
hour by an otherwise closely similar investigation 
conducted by Professor John K. Tuthill, who, as 
associate professor of railway electrical engineering 
in the University of Illinois, is Professor Schmidt’s 
successor as regards motive power and resistance 
testing. Professor Tuthill, it may be recalled, was 
largely responsible for the design and equipment of 
the Illinois Central Railroad Company’s dynamo- 
meter car No. 30, which was described in ENGINEER- 
Inc rather more than a year ago.* The use of this 
improved apparatus for locomotive performance 
testing during the summer of 1937 afforded an 
opportunity to combine high-speed freight train 
resistance measurements during many of the engine 
trials, thus complementing the earlier work by data 
which have, on account of the war, only recently 
been published.f 

As before, care was taken to embrace the full 
range of normal traffic conditions prevailing during 
the warmer months of the year, on straight and well- 
maintained track on the Illinois and Kentucky 
Divisions of the Illinois Central Railroad. Increased 
locomotive power, however, permitted substantially 
heavier trains than those tested by Schmidt, so that 
the new data cover vehicles up to 94 tons gross 
weight and trains up to nearly a mile long. Average 
car weights in one mixed train are, of course, lower 
than the maximum, but the range from about 





* ENGINEERING, vol. 166, page 100 (1948). 

+ High-Speed Freight Train Resistance: Its Relation to 
Car Weight, by Professor John K. Tuthill, Engineering 
Experiment Station Bulletin Series No. 376. Published 





by The University of Illinois, Urbana, U.S.A. [Price 
50 cents.] 








23 tons upwards permitted the variation of specific 
resistance with weight to be defined with some 
confidence. A matter of considerable convenience 
in applying the results is that, without undue adjust. 
ment along Procrustean lines, it has been possible 
to connect the new values with those of Schmidt at 
the speed of 40 miles per hour common to both, 
Hence, Professor Tuthill’s Bulletin contains two 
important series of curves, presenting train resist- 
ance in pounds per ton, respectively as a function 
of speed for different average weights of vehicle, 
and as a function of average vehicle weight for 
different speeds, over the complete ranges from 
15 to 75 tons per car, and from five to 70 miles per 
hour. Within these limits and under comparable 
conditions of track and weather, the drawbar pull 
necessary to operate an. American-type freight train 
can be rapidly estimated. 

While the characteristic effects of car weight and 
speed are much as expected from other work on 
train resistance, the numerical values and propor. 
tionate results present a number of interesting 
features. The effect of average car weight, for 
instance, is to reduce specific resistance by over 
50 per cent. as the weight increases from 20 to 
75 tons. The change is, very roughly, inversely pro- 
portional to the weight and, therefore, is more 
marked for light than for heavy vehicles, and, while 
of the same general character at all speeds, is pro- 
portionately somewhat smaller though numerically 
larger at high than at low speeds. In other words, 
the tractive resistance per ton of train is, for any 
speed, lower if the train consists of heavy vehicles 
than if it is made up of a greater number of lighter 
ones, but the advantage of weight reduction pro- 
gressively diminishes as the cars get heavier. This 
seems a reasonable conclusion from the considera- 
tions that there must be less air resistance and fewer 
wheels if a given total train load is carried in fewer, 
larger vehicles, but the result may be seriously 
influenced on curves that are sharp enough for the 
longer rigid wheelbase of larger four-wheeled cars to 
introduce important increases of curving resistance. 
In this connection it may be worth remarking that 
the smaller loading gauge of British, as compared 
with American, rolling stock implies longer vehiclos 
for a given capacity or total weight. Partly on this 
account, but no doubt also from the need to nego- 
tiate existing sharp curves on our tracks, freight 
vehicles mounted on bogies are commoner here than 
in America. All the cars in Schmidt and Tuthill’s 
tests seem to have had four wheels with plain 
bearings, and their specific resistance data may be 
expected to differ, perhaps markedly, from those of 
British bogie stock. 

The influence of train speed, for every value of 
average vehicle weight, is decidedly marked and 
indicates that a large constituent of total resistance 
is proportional to the square of the speed. Resist- 
ances in the region of 3 lb. to 7 lb. per ton at 10 miles 
per hour, for example, increase to nearly five times 
that amount at 70 miles per hour, the lower values 
being those for the heavier cars. Professor Tuthill, 
having graphically analysed his results, has pro- 
duced a series of formule to represent them, with- 
out, however, making any attempt to segregate the 
total resistance which he measured into its various 
mechanical, dynamical and aerodynamical consti- 
tuents. Consequently, his formule are no more 
than convenient means for computing resistance 
values over the speed range from 40 to 70 miles per 
hour; and, rather unhappily, they differ strikingly 
from those evolved by Schmidt for the same curves 
over the lower speed range below 40 miles per hour. 
Since the accuracy of the resistance values as a 
whole is admittedly not much better than within 
10 per cent., it is unexpected that convenience for 
use has not dictated a series of formule each cover- 
ing the complete speed range of both sets of trials. 
However, this is of trifling importance compared 
with the careful analysis of a mass of full-scale 
resistance data which, to judge by the reliability 
demonstrated in the past for Schmidt’s work, is 
henceforward available for confident use by Ameri- 
can railroads. It seems not unlikely, moreover, 
that the numerical values of specific resistance for 
the lighter types of American vehicles will be of 
about the same order as those for freight stock on 
British railways. 
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THE TECHNIQUES OF OIL AND 
NATURAL-GAS PROSPECTING.* 


By M. L. Micavx. 


SysTEMATIC prospecting for the natural hydrocarbons, 
crude oil and natural gas, began 90 years ago, but the 
methods of prospecting did not begin to be scientific 
until the dawn of the Twentieth Century. They 
have made rapid progress, especially since 1920, and 
it may be said that, in the past 30 years, a body of 
knowledge has been built up which, although still 
incomplete, makes this difficult field of research an 
example to others. An essential feature of the pro- 
duction of crude oil and natural gas is the relatively 
high cost of prospecting for new fields, and these costs 
are increasing as work is conducted on fields which are 
more difficult to discover. Discovery costs have risen 
in the United States from 15-3 cents per barrel in 1935 
and 11-5 cents in 1936, to 62 cents in 1946 and 59 cents 
in 1947. During the same period, the average price of 
crude oil (for instance, on the Texas Gulf coast) rose 
from 1-15 dols, to 2-01 dols. per barrel ; that is to say, 
in twelve years, discovery costs have risen from 10 to 
13 per cent. of the selling price to 30 per cent. of the 
selling price. Enormous sums are expended yearly 
on the exploration for hydrocarbons (938 million dols. 
in the United States of America alone in 1947) and it 
is understandable that great efforts should be made to 
reduce these costs. 

The main item is still the drilling of explorato 
boreholes, as the majority of them are Pane ences > § 
If costs are to be reduced, exploratory boreholes must 
be drilled where the chances of success are greatest ; 
the element of chance must be reduced to a minimum. 
This is the aim of present exploration techniques 
as a whole, and it must be acknowledged that they are 
near to achieving it. From 1859 to 1928, the propor- 
tion of successful to unsuccessful exploratory boreholes 
was 1 in 24. During the period from 1938 to 1943, 
the proportion was 1 in 20-6 for wells drilled in accord- 
ance with non-technical considerations; 1 in 6-1 for 
wells drilled in accordance with geological considera- 
tions; 1 in 5 for wells drilled in accordance with 
geophysical considerations; and 1 in 4-4 for wells 
drilled in accordance with geological and geophysical 
considerations. It may be imagined, therefore, what 
the 1947 exploration costs would have been if, instead 
of 5,397 dry holes as against 1,378 productive wells 
(as was the case in the United States) there had been 
more than 31,600 holes, as would have been the 
case had the techniques of 1900 been employed. At 
50,000 dols per well, the saving is 1,300 million dols., 
which amply justifies the expenditure of less than 
200 million dols. involved in the use of these techniques. 

There are three closely-connected stages in the 
exploration of oil or gas deposits, namely, the selection 
of the area to be expteeh, the selection of sites for 
exploratory boreholes, and the supervision of the drilling 
so as to ensure that it actually strikes a deposit. 

These three stages involve very varied techniques 
which are usually placed in two main categories, 
geology and geophysics. The distinction between 
them was so well marked 30 years ago that certain 
geophysicists considered that they were capable of 
replacing the geologists. It was gradually realised 
that all of these techniques, both eoelegeat and geo- 
physical, could not be truly efficacious unless they 
supported and supplemented one another, and that 
their results should be considered as a whole in a syn- 
thesis which is necessarily geological in spirit. Further- 
more, geology, which originally used the hammer and 
compass, now makes wide use of physics and mensura- 
tion, so that the distinctions between geology and 


geophysics are now much less marked. In short, it| borne 


may be said that a technique is geological if the sample 
studied can be handled by the technician ; it is geo- 
aap if the study is necessarily made from a distance. 
n all cases, the object is, at least in the first stages, 
to obtain information on a yet unknown of the 
substratum. The geologist attempts to build up that 
information by extrapolation of knowledge directly 
gathered elsewhere ; the geophysicist, by interpreting 
measurements made directly but from a distance. 
P At the —_ time, there is no certain method of 
etecting the existence of oil or deposits from a 
distance, If such a method existed, it would definitely 
replace all the other techniques now in use. It was 
hoped to achieve that aim by the systematic study of 
micro-indices or geochemistry (analysis of the hydro- 
carbon content of the soil near the surface) and by 
biochemical methods, which may be summed up as the 
use, as a reagent, of various living species. The 
aan are red extremely Nag In the absence 
of this met the ibility of deposits must be 
deduced by indirect sathode.” bot 





* Paper presented at the United Nations Scientific 
Conference on the Conservation and Utilisation of 
Resources, being held at Lake Success, New York, 
U.S.A., August 17 to September 6, 1949. Abridged. 








The first question which arises in an entirely new 
exploration is whether the area in question is or is not 
likely to be oil- i This question cannot be 
answered in the absolute nor has any certain criterion 
been discovered for classifying the series into oil- 
bearing and non-productive. On the other hand, work 
on this question has led to the formation of certain 
general conclusions. Broadly speaking, it may be said 
that, the greater the volume cf sediment, the greater 
are the chances of a sedimentary basin containing oil ; 
but the nature of the rock content, the actual knowledge 
of indications, the number of inconformities in the 
interior of the basin and the structure also play an 
———— part. The a@ priori chances of a new basin 

ill be judged, to the extent to which all these factors 
are known, by comparison with the facts as established 
in similar basins elsewhere. 

In an oil-bearing basin, the oil is essentially a migra- 
tory mineral. Its present position is not closely 
related to that of the source rocks, but depends essen- 
tially on the structure of the reservoir rocks and their 
overburdens. All deposits are collected in rock which 
is both porous and pervious, and from which the water 

ressure underlying the deposit cannot force it out 
use an obstacle, the closure, is in the way. This 
closure is essentially an impervious rock or one less 
pervious than that of the deposit. Hence the aim of 
the prepara’ work, both geological and Po -senang 
is the exact and detailed determination ot distri- 
bution in s of the porous and pervious features. 
The cusilidh tothatenes of surface 


the surface. These techniques may be summed up as: 
first, the preparation of topographical maps on which 
all the observations will be plotted, either by aerial 
photographs or by the old methods ; secondly, the accu- 
rate drawing of outcrop maps, either directly on the 
ground, from aircraft, or, when the outcrops are indis- 
tinct or concealed by the ground, by means of shallow 
wells; and, thirdly, a detailed study of the nature 
and properties of such outcrops by means of detailed 
sections showing the thickness of the various strata 
and their dip, and laboratory study of all the data for 
their determination and location. The science of 
petrography gives the percentages of recognisable 
mineral elements ; micro-chemical study determines the 
rare elements of the sands; and acid tests and s ‘0- 
graphy show the texture of the rock and of its cement. 
Other petrographic studies concern the measurement 
of porosity and permeability, and of the sand percen- 
tage; granulometry of the particles (shape, dimen- 
sions, colour, lustre, wear) and of the loams; and 
analysis of the clays. Paleontology provides a deter- 
mination of the macrofossils, and of the microfossils 
(foraminifera), statistics of shell remains, and includes 
the study of siliceous organisms. 

In some cases, it is possible, with this exact knowledge 
of the surface, to make a hypothetical reconstruction of 
the formations in depth; but in most cases this is 
impossible owi to inconformabilities—which are, 
moreover, the rule in the productive areas, where they 
frequently provide the traps in which leum 
collects. It is then that the geophysical techniques are 
used and their results interpreted. The measurement 
of gravity anomalies by means of a gravimeter is the 
method now universally employed for rapidly obtaining 

eneral data on the formation of basins and also for 
ocating the zones of structural anomalies (anticlines, 
faults, and saline domes). Its disadvantage is that the 
rocks do not in any way modify gravitation, and that the 
gravimeter is influenced not only by the structure of 
the sedimentary formations, but also by the structure 
of the crystalline bed. It has become still easier to 
map the magnetic anomalies since the use of the air- 
magnetometer was discovered; but that map 
ds even less with the structure of the sedi- 
mentary matter than is the case with i 4 

Electrical methods are little used in the United States 
but, nevertheless, may be useful in many cases. 
Their disadvantages are the reverse of those of the 
above method ; they often do not penetrate d 
although depths of 1,500 and even 2,000 m. “rine 
exceeded at the present time. By contrast, they have 
the advantage ee a physical property of the 
earth—electrical ivity—which is very sensitive to 
the variations in the facies. In their most modern 
form, which has been developed in France since 1940 
and is known as the telluric method, they can be used 
for general exploration and sometimes compete success- 
fully with gravimetry. This is also a method of detailed 
study which is of use in the case of structures with 
sharp dips. Seismic refraction, which has again come 
into favour, is comparable in its principles with elec- 
trical methods ; the results are slightly less accurate 
but more expensive, and the penetration in depth is 
also not very great. Seismic refraction is the best 
method for the reconstruction of formations in depth (at 
least, when they are not too complex). By using this 
method, where applicable, the geometrical structure of 
the various strata can be determined with considerable 
accuracy to a very great.depth, and this is the reason 


geology will yield | wall 
-| these data as regards the strata immediately below 





for its widespread use. Of the 105 million dols. 
expended in the United States on surface geophysics in 
1947, 90 million dols. were spent on seismic ion. 
Its uses, which are often limited by the fact that 
blast holes have to be drilled, cannot but increase as a 
result of the use of the Poulter method of shot-drilling 
with external charges, which has been perfected 
recently. 

The various geophysical methods provide little more 
than information on the characteristics of the forma- 
tions, but data on the horizontal development of the 
properties of the various strata, that is, the develop- 
ment of the facies, is also essential for a full knowledge 
of the substratum. Electrical methods alone can 

rovide that information, but necessarily in outline. 
The data gathered on the surface must therefore be 
supplemented by the data obtained by sub-surface 
geology. Such data are gathered by applying geolo- 
gical techniques to samples obtained from boreholes, 
which may be exploratory holes or special sampling 
boreholes. As it is often not possible, for financial 
reasons, to carry out the continuous mechanical coring 
of such boreholes, a whole series of well-logging or 
surveying techniques has been developed ; these include 
electrical coring, radio-active coring, neutron coring, in- 
duction coring, recording of drilling velocities, thermic 
coring, and the measurement of the orientation of dip 
of the strata. There are also methods of obtaining 
cores through the interior of drill rods (wire-line coring) 
and of taking samples from the walls of boreholes (side- 
sampling. In the absence of a core, the cuttings 
and the mud itself are continuously examined. All 
these methods are also used in the third stage of dis- 
covery, that is, to ascertain whether the borehole is 
actually passing through an oil or gas deposit, 

To sum up, surface geology provides guidance in the 
choice of the area to be explored; the geophysical 
techniques provide an outline of the sub-strata in that 
area ; sub-surface geology provides fuller information 
on these structural data, based on the results of drilling, 
and, at the same time, furnishes information on the 
development of the facies. The general synthesis of 
all the knowledge acquired gradually gives a more or 
less accurate picture of the sub-stratum and leads to 
the goal. Is it possible to hope that will be 
made, in the near future, in the sphere of oil dis- 
covery? The answer is a bold “ Yes,” though not 
because of new tools; unless the unexpected happens ; 
the only things to be expected now are improvements 
in technique, which would have more effect on the 
cost than on the results. Much progress is still possible 
in the mastery of all the numerous tools which are 
now available for oil exploration, in the co-ordinated 
use of these tools, and in the synthesis of information. 





THE AVRO CHINOOK TURBOJET.—The Engineering 
Journal for July gives particulars of a new gas-turbine 
jet-propulsion engine, built by A. V. Roe (Canada), 
Limited, for the Royal Canadian Air Force. Primarily 
intended for development work, the engine comprises 
a nine-stage axial-flow compressor, giving a compression 
ratio of 4-5 to 1, six combustion chambers, a single-stage 
turbine, and an exhaust tail cone. At sea level, the 
engine is rated at 2,600 Ib. static take-off thrust at 
10,100 r.p.m., 2,100 Ib. static thrust at climbing r.p.m. of 
9,800, and 1,900 Ib. static thrust at cruising r.p.m. of 
9,500. Fuel consumption at cruising r.p.m. is 1-0 Ib. per 
Ib.-thrust per hour, and cruising oil consumption is 2-0 Ib. 
per hour. The engine weighs 1,250 Ib.,is 125-1 in. long, 
32 in. in diameter and has a frontal area of 5-6 sq. ft. 
The fuel system is by Lucas and the electric starting by 
Rotax from a 24-volt direct-current supply. 

FaltLacy OF THE BEST Two OvuT oF THREE.—In 
engineering and scientific investigations, a commonly-used 
procedure is to take three measurements of an unknown 
quantity and to average the two measurements which 
most closely agree, rejecting the third. In a note in the 
July issue of the Journal of the Franklin Institute, the 
Director of the United States National Bureau of 
Standards suggests that this practice is unsound. The 
Statistical Engineering Laboratory of the Bureau has 
recently carried out an empirical study to determine 
how often, in a set of three measurements, the two 
differences between adjacent values will bear a particular 
ratio that might be considered unlikely in the normal 
course of events. The results showed that a rather 
unbalanced spacing between the three measurements 
occurred quite frequently, and a mathematical analysis 
of the problem showed good agreement with the results 
of an empirical sampling study of 400 sets of three 
measurements, which were entirely free from gross 
observational errors, revealing that in an average of one 
out of every twelve sets of three measurements, one of 
the measurements will be at least 19 times farther away 
from its neighbour than the difference separating the two 
closest. Thus it appears that measurements which 
should be retained are often discarded from the record. 
Further investigations on the standards to be adopted 
for the rejection of observations are in progress. 
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SEMI- MECHANISED IRON 
FOUNDRY. 


Messrs. W. H. Dorman anp Company, LIMITED, 
SraFForp, have recently put into operation an entirely 
new semi-mechanised iron foundry. It was decided 
to build a new foundry in preference to mod i 
the existing one, as, in order to fulfil their com- 
mitments, Messrs. Dorman had to expand their 
works generally; by building a new foundry, there- 
fore, it was possible to incorporate the existing 
foundry buildings into the machine shops. Owing to 
the nature of the ground, the new foundry has been 
built on a reinforced-concrete raft which includes the 
machine foundations, pits, etc. The absence of a 
sand floor has the advantage that it conforms with 
Home Office requests and recommendations for im- 
proved amenities in foundries. For descriptive pur- 
poses, the new foundry may be pear nans 4 as being 
divided into three main sections, namely, green-sand 
moulding, dry-sand moulding and the core benches. 
Six moulding machines are installed in the green-sand 
moulding section, and on leaving the moulding ma- 
chines, the two halves of the mould are placed on 
roller-type conveyors, where the cores are fitted and 
the two halves joined together. The completed moulds 
then travel down the conveyors to a further roller-type 
conveyor laid out in the form of an oval on to which 
the moulds are transferred. The oval-shaped conveyor 
is illustrated in Fig. 1, on this page, which also shows 
several completed moulds ready- for pouring. An 
overhead rail is situated immediately over the oval, 
or pouring, conveyor; this is used to support the 
tipping ladle, which is moved along the rail as pouring 


The castings are removed from the moulds at the 
far end of the pouring conveyor, as viewed in Fig. 1, 
a vibratory-type knock-out machine being installed 
for this purpose. The spent sand falls through the 
screen of the vibrator on to an underground conveyor 
belt, which is located approximately along the longi- 
tudinal centre line of the foundry and carries the sand 
back to the reconditioning plant. The castings and 
moulding boxes are then placed on a pendulum con- 
veyor, which transports the boxes back to the moulding 
machines and the castings to the fettling shop; part 
of the conveyor can be seen in Fig. 1. The pendulum 
conveyor is routed past the core benches, so that it 
can be used also for transporting the cores to their 
fitting station. The dry-sand moulds are formed 
either on an Osborn roll-over moulding machine or in 
conjunction with a sand slinger; a certain amount of 
hand moulding also is carried out. The production of 
the dry-sand mouldings is somewhat more complicated 
than for the green-sand mouldings as both facing and 
backing sands are used in order to obtain high-grade 
castings. In the case of the sand-slinging machine, the 
facing sand is moulded over the pattern by hand, 
only the backing sand being delivered by the machine ; 
the sand-slinging machine is illustrated in Fig. 2, on 
this page. After final hand ramming, the box is 
placed on a roll-over type of pattern-drawing machine, 
which automatically withdraws the pattern under 
vibration. The mould is then hand-finished, sprayed 
with mould-wash and transferred to the drying ovens. 
These are of the air-circulatory type and at present 
are used for drying both the moulds and the larger 
cores, but it is proposed to install further ovens for 
core drying at a later date. All the cores used in the 
foundry are made, from oil-sand as this simplifies 
production and is much cleaner. 

The dry-sand castings are removed from the moulds 
by hand, the spent sand falling through grids on to the 
underground belt conveyor already referred to in 
connection with the green-sand castings. After passing 
under a magnet, which is situated just over the con- 
veyor, for removal of any ferrous material, the spent 
sand is discharged into a hopper situated at the end 
of the conveyor belt from which it is delivered to the 
sand reconditioning plant by a bucket-type elevator. 
The reconditioning plant has been arranged so that 
the two types of sand required in connection with 
green-sand moulding and dry-sand moulding can be 
used simultaneously. On leaving the reconditioning 
plant, the sand is discharged to an overhead belt 
conveyor, which delivers it to small hoppers located 
above the various moulding machines. The sand is 
directed into the hoppers as required by hand-operated 
ploughs, which are lowered on to the conveyor belt ; 
some of the ploughs can be seen in Fig. 3, on this page. 

There are four cupolas, two of which have a capacity 
of 2 tons an hour, one a capacity of 4 tons an hour, 
and the remaining one a capacity of 6 tons an hour; 
only two are used at a time, however, the other two 
acting as standbys. As a rule, casting commences 
at approximately 10 a.m. and continues without 
cessation until 6.00 to 6.30 p.m. One of the smaller 
cupolas is used in the morning, when only green-sand 
moulds are being cast, but during the afternoon, when 
the bigger moulds are poured, one of the larger cupolas 
is brought into service. 
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0-6-0 SHUNTING LOCOMOTIVES FOR 
WESTERN REGION. 


Tue first of a batch of ten new heavy-duty tank 
locomotives for yard-shunting duties, to the designs 
of Mr. F. W. Hawksworth, M.I.Mech.E., has recently 
been built at the Swindon works of British Railways 
(Western Region). It is numbered 1500, and the 
class as a whole will be known as the 1500 class. The 
remaining nine locomotives are under construction, of 
which the next four are nearing completion. The first 
locomotive of the class is illustrated in Fig. 1, on this 
page, and Figs. 2 and 3 are a side elevation and an 
end elevation, respectively. 

The locomotive has been designed for continuous 
shunting service, and differs from previous practice on 
the Western Region, for this type of engine, by having 
outside cylinders and Walschaerts valve gear. The 
design permits the engine to be prepared for duty, and 
all periodical examinations carried out, without 
recourse to a pit. Thus, the engine will be able to 





200 Lb. per Sq. In. 
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remain in traffic for long periods before the necessity 
arises for it to be returned to the shed. 

Apart from the arrangement of the valve gear and 
the outside cylinders, on a six-coupled shunting loco- 
motive, the design follows standard Western Region 
practice. The two cylinders are 17} in. in diameter, 
with a piston stroke of 24 in., and the piston-valves, 
placed above the cylinders, are 8 in. in diameter. 
The frames are of steel plate, 1} in. thick. The coupled 
wheels are 4 ft. 7} in. in diameter, and the axle journals 
are 8 in. in diameter and 10 in. lo The overall 
length of the locomotive is 33 ft. and the wheelbase is 
12 ft. 10 in. The engine has a tractive effort of 22,515 
Ib., and can negotiate a 34-chain curve at normal speed, 
or a 3-chain curve at slow speed. The fuel and water 
capacities are 3 tons 5 cwt. of coal and 1,350 gallons of 
water. The locomotive is fitted with a boiler of the 
former Great Western Railway standard type No. 10, 
which is the same as those fitted to the 0-6-0T 94XX 
class, the 0-6-0 22XX class and the re-boilered Taff 
Vale “‘ A” class engines, It has a working pressure of 
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T. C. Total Weight 


In Worki Order 


47.2 Empty Weight 


200 Ib. per square inch, and a grate area of 17-4 sq. ft. 
There are 276 tubes 1 in. in diameter and 10 ft. 74 in. 
in length, giving a heating surface of 1,245-7 sq. ft. 
The firebox heating surface is 101-7 sq. ft., and the total 
heating surface is 1,347-4 sq. ft. There is no super- 
heater. The boiler barrel is.10 ft. 3 in. long, and it 
tapers in outside diameter from 5 ft. 04 in. to 4 ft. 54 in. 
The length of the firebox is 6 ft. outside and 5 ft. 2} in. 
inside ; the width is 4 ft. outside and 3 ft. 2} in. inside 
at the narrowest part, and 5 ft. 3 in. outside and 
4 ft. 3} in. inside at the widest part. The height is 
6 ft. 0% in. at the front and 4 ft. 1034 in. at the back. 





TELEVISION TRAINING ScHooL.—The first television 
manufacturers training school in the Manchester area 
has recently been opened by the General Electric Com- 
pany, Limited, Magnet House, Kingsway, London, 
W.C.2. Courses, each of which lasts a week, are being 
held to show dealers how to demonstrate and service 
the company’s television receivers. 








236 


ENGINEERING. 





SEPT. 2, 19409. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “ LINCOLNBROOK,”—Single-screw coaster built 
and engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for Messrs. Comben Longstaff and Company, 
Limited, London, E.C.3. Main dimensions; 200 ft. 
(between perpendiculars) by 31 ft. 6 in. by 14 ft. 3 in.; 
deadweight capacity, 1,200 tons on a draught of 
13 ft. 11 in. Triple-expansion engines of 800 i.h.p. 
and one coal-fired Scotch boiler, to develop a speed of 
11 knots. Launch, August 9. 


M.S. “ TEnTO.”—Single-screw general cargo vessel, 
to carry eight passengers, built by The Burntisland 
Shipbuilding Company, Limited, Burntisland, Fife, for 
E. B. Aaby’s Rederi A/S, Qslo, Norway. First vessel 
of an order for two. Main dimensions: 424 ft. 6 in. 
(overall) by 57 ft. by 37 ft. 6 in. to shelter deck; dead- 
weight capacity, about 8,650 tons on a loaded draught of 
25 ft. 10 in. Four-cylinder opposed-piston Scott- 
Doxford Diesel engine of 4,400 b.h.p., constructed by 
Messrs. Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock. Launch, August 23. 

M.S. “*‘ POLAMHALL.”’—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the West Hartlepool Steam 
Navigation Company, Limited, West Hartlepool. Main 
dimensions: 447 ft. 9 in. (overall) by 57 ft. 9 in. by 
28 ft. 6 in.; deadweight capacity, about 9,100 tons. 
Four-cylinder opposed-piston Doxford oil engine to give 
a service speed of 13 knots. Launch, August 24. 

S.S. “ NORTHERN PRINCESS.”—Single-screw trawler, 
built by Messrs. Cook, Welton and Gemmell, Limited, 
Beverley, Yorkshire, to the order of the Associated 
Fisheries, Limited, London, for operation by Messrs. 
Northern Trawlers, Limited, Grimsby. First vessel of 
an order for three. Main dimensions: 178 ft. (between 
perpendiculars) by 31 ft. by 16 ft.; gross tonnage, 
approximately 650; fishroom capacity, 15,150 cub. ft. 
Triple-expansion engine and one multitubular oil-fired 
boiler, gupplied and installed by Messrs. Charles D. 
Holmes and Company, Limited, Hull. Launch, August 24, 

8.S. “ FLYNDERBORG.”—Single-screw general cargo 
vessel built by Messrs. William Gray and Company, 
Limited, West Hartlepool, for A/S Dampskibsselskabet 
Dannebrog (Messrs. C. K. Hansen), Copenhagen, Den- 
mark. Second vessel to take her trials out of an order 
for three. Main dimensions: 336 ft. (overall) by 47 ft. 
by 27 ft. 103 in.; deadweight capacity, about 3,420 tons 
on a loaded draught of 19 ft. Triple-expansion engine 
of reheat design constructed by Messrs. George Clark 
(1938), Limited, Sunderland, and two oil-fired boilers. 
Speed on trial exceeded 14} knots. Trial trip, August 24. 

M.S. “‘ BLOEMFONTEIN CASTLE.” —Twin-screw vessel, to 
carry over 700 passengers in one class, together with 
refrigerated and general cargoes, built and engined by 
Messrs. Harland and Wolff, Limited, Belfast, for the 
Union-Castle Line, London, E.C.3. Main dimensions: 
595 ft. (overall) by 76 ft. by 37 ft.; gross tonnage, 
approximately 17,800 ; refrigerated cargo space, 186,000 
cub. ft. Two eight-cylinder double-acting two-cycle oil 
engines. Launch, August 25. 

M.S. “ ATHELKING.”—Single-screw tanker, to carry 
molasses, oil or spirits in bulk, built and engined by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne, for the Athel Line Limited, 
London, W.1. First vessel of an order for two. Main 
dimensions: 542 ft. (overall) by 67 ft. by 36 ft. to upper 
deck ; deadweight capacity, approximately 15,300 tons. 
Four-cylinder Hawthorn-Doxford engine to develop 
4,450 b.h.p. at 112 r.p.m. Launch, August 25. 

M.S. “ Bour.”—Single-screw cargo vessel, to carry 
five passengers, built by Messrs. Hall, Russell and 
Company, Limited, Aberdeen, for A/S Ganger Rolf (Fred. 
Olsen & Co.), Oslo, Norway. Main dimensions: 
258 ft. (overall) by 38 ft. by 25 ft. 3 in. to shelter deck ; 
deadweight capacity, about 1,500 tons on a draught 
of 16 ft.4in. Eight-cylinder British Polar Diesel engine 
of 1,310 b.h.p., constructed by Messrs. British Polar 
Engines, Limited, Govan, Glasgow. Launch, Angust 25. 

8.S. “‘ ANDANES.”—Single-screw trawler, built by 
Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the Rinovia Steam Fishing Company, Limited, 
Grimsby. Main dimensions: 180 ft. (between perpen- 
diculars) by 31 ft. by 16 ft.; gross tonnage, 650. Triple- 
expansion engine of 1,000 i.h.p., and one oil-fired boiler, 
constructed by Messrs. Amos and Smith, Limited, Hull. 
Launch, August 26. 





LICENCES FOR COLD PRESSURE WELDING.—The cold- 
pressure welding process developed by the General 
Electric Company, Limited, Magnet House, Kingsway, 
W.C.2, and described on page 535 of our 165th volume 
(1948), has a wide range of applications both inside and 
outside the electrical field. The company have therefore 
decided that industry as a whole should have access to it 
and arrangements have accordingly been made for the 
issue of non-exclusive user licences for all except certain 
electrical uses. Advice and demonstrations will also be 
available at the company’s research laboratories. 





LABOUR NOTES. 


An unusually outspoken report on the economic 
situation will be mted to the 81st co of the 
Trades Union Congress, which opens at Bridlington 
on Monday. It has been Bo yp by the special 
economic committee of the T.U.C. and was approved 
by the T.U.C. General Council at their monthly meeting 
on August 24. The report recognises the need to 
retain the profit motive as an incentive necessary to the 
efficiency of both private enterprises and the national- 
ised industries, and to provide the employers’ ability 
to pay higher wages. At the same time, the unions 
are told that little more can be achieved by any addi- 
tional taxation of profits, the distribution of which 
has been drastically restricted already, and that 
instances of excessive — can be prevented most 
satisfactorily by controlling prices. For this reason, 
the General Council desires the Government to investi- 
gate quickly the question of distribution costs and 
profit margins, in order to secure the lowering of prices 
wherever possible, 


Approval is given by the report to the Government's 
wage-stabilisation policy and any ex tion that 
further wage increases can be drawn from profits is, 
in the it economic circumstances, discounted. It 
is considered that the revenue for food subsidies and 
the social services, if these are to be maintained, must 
come from increased uction. The unions are 
asked to take these indi benefits into. account as 
they constitute, in effect, a sort of wage bonus. The 
food subsidies alone are worth 14s. a week to a family 
of four persons. Any further rise in the level 
of wages, unless justified by substantial increases in 
production, would threaten the policy of full employ- 
ment and og qn standard of living. This report, 

her with Council, 

be debated during the congress. Mr. C. R. Attlee, 
the Prime Minister, is expected to attend the session 
on Wednesday morning and to deliver an address. 





One of the unions who felt especially aggrieved 
the Government’s wage-stabilisation policy was the 
Union of Shop, Distributive and Allied Workers. They 
considered that the Government had no right to 
interfere in wage increases to by wage councils 
representative of both sides of an industry, and that 
confirmation of the wage recommendations of the wages 
councils for certain distributive trades had been 
delayed unduly by the Minister of Labour. The 
Government appears to have taken the view that it is 
the responsibility of the Minister of Labour to provide 
statutory enforcement for the recommendations of 
wages councils, and that Mr. Isaacs could not give his 
sanction to the proposals in the instance in jion 
until he had investigated where the burden of the 
wage increases would fall. Many retail traders will be 
affected already by the Board of Trade regulations for 
the comp reduction of utility prices by 5 per cent. 
The officials of the Union have to Mr. Isaacs 
on several occasions and had expressed their desire to 
raise the matter at the T.U.C. meeting next week. 


by 





The announcement of the Minister of Labour on 
Tuesday that he had approved the minimum wage 
proposals of the wages councils for the retail food trades, 
in England and Wales, and in Scotland, as well as those 
submitted by the hairdressing undertakings council, 
was, therefore, a timely one, as the Union of Shop, 
Distributive and Allied Workers is the union mainly 
concerned. Although proposals for minimum wages 
for other empl in retail distributing trades, such 
as drapers’ and booksellers’ assistants, still remain 
unconfirmed, the Union is unlikely now to press the 
matter at the Trades Union Congress meeting next 
week to the extent of moving a vote of censure on the 
Minister, as they had at one time threatened to do. 
The Minister’s announcement has thus had the effect 
of relieving a situation which had many embarassing 
possibilities to the Congress. The present instance is the 
first occasion when statutory wage regulation has been 
extended to the retail distributing trades and it is 
estimated that eventually the wages of some 1,500,000 
shop employees will be placed on a statutory basis. 





The new rates will provide increases, at the age of 
24 and upwards, of 6s. for men and 5s. for women, in 
London and the larger provincial towns, and of 5s. for 
men and 4s. for women, elsewhere. The Union of 
Shop, Distributive and Allied Workers estimate that 
300,000 employees in the retail food trades and some 
100,000 hairdressers’ assistants will be affected. The 
total cost is expected to amount to between 2,500,0001. 
and 3,000,000/. in a full year. 





A draft scheme covering et outlines for a 
new wage structure for the -mining industry has 





now been completed by a sub-committee of the 
National Union of Mineworkers. This will be prescnteq 
to the National Coal Board and discussions between the 
two bodies are expected to commence in about a fort. 
night’s time. An announcement made after the 
monthly meeting of the Union’s national executive jn 
London, on August 25, said that the new proposals 
would cover all categories of the 700,000 employces in 
the industry. To enable basic minimum rates to be 
calculated, the proposals are understood to envisage 
the grouping of all miners into six main grades, three 
applicable to surface employees and three to under. 
ground operatives. Pieceworkers will be dealt with 
separately, outside these six grades. 





Apropos the recent strike of colliery winding engine. 
men, which also was discussed at the national executive 
meeting, the statement emphasised that, although the 
N.U.M. was far from satisfied with the existing wage 
standards cf the enginemen, the view of the Union 
was that improvements could be achieved only through 
the industry’s existing negotiating machinery. The 
Union, therefore, had placed the enginemen in the 
highest grade of surface employees in the new wage 

. It is understood, however, that the present 
intention of the Union is not to take part in the pro. 
ceedings before the National Arbitration Tribunal, which 
will commence their investigations of the enginemen’s 
claims on September 12. The National Coal Board 
have already expressed their willingness to give evi- 
dence, and, since the Union are the only body recog. 
nised by the Board as representing miners, including 
the enginemen, and do, in fact, claim some 2,500 
enginemen as members of their Union, the N.U.M. are 
almost certain to be invited to appear. 

The National Coal Board announced on August 25 
that the enginemen in the Yorkshire and Lancashire 
coalfields had returned to work after the termination 
of their unofficial strike, and that all pits were then 
working normally. The strike is estimated to have 
caused a decline in coal production of 303,000 tons in 
Yorkshire, and of some 40,000 tons in Lancashire. 





An announcement was .made on Monday by Mr. E. 
Hall, secretary of the Lancashire area of the National 
Union of Mineworkers, that negotiations were in 
progress between the area executive and the North- 
West Divisional Coal Board for the training of additional 
winding enginemen at each pit in the area. This 
arrangement would provide safe against sickness 
epidemics and the repetition of such unofficial action 
as had taken place recently. Men who volunteered 
for training, to eset spare enginemen, would receive 
a new status inside the industry and those who trained 
them would receive extra pay. The two parties 
concerned are expected to reach agreement in the course 
of a few days. 





The railway board of conciliation, who are understood 
to have completed their consideration of the disputes, 
mainly wage claims, of the other railway employees, 
began their discussions of the wage claims of the men 
engaged in the railway workshops on Monday. In 
accordance with the decision of the Confederation of 
Shipbuilding and Engineering Unions to assist in the 
negotiations, announced in our columns last week, Mr. 
Gavin Martin, the Confederation’s secretary, 
attended the meeting. The decision of the Confedera- 
tion to enter into the discussions appears to have been 
taken somewhat reluctantly. The Confederation pre- 
viously had taken the line that the claims of the railway 
shopmen ought not to be ted before any other 
body wntil ‘after the Rallway Shopmen's National 
Council has adjudicated upon them. It was this 
attitude which caused the claims of the railway shopmen 
belonging to the National Union of Railwaymen to be 
aupeanied Sovia the general body of railwaymen’s claims. 
At the time of going to press, it seem likely that the 
decisions reached on all the railway labour problems, 
the railway shopmen and the rest, will be announced 
simultaneously. 





Any ideas that may be entertained that the Govern- 
ment wage-stabilisation policy involves wage “ freezing” 
will be dispelled by the announcement approving wage 
increases tor the retail distributing trades, mentioned 
above, as well as by the statistics of the Ministry of 
Labour, which disclose that, during the first seven 
months of the current year, 4,364,500 persons received 
wage increases totalling 750,5001. net weekly. During 
July alone, 607,000 workpeople received increases in 
their weekly full-time wages amounting to 133,000I. 
These included small increases to employees in the iron 
and steel industry due to sliding-scale arrangements 
based on the index of retail prices. Craftsmen and 
adult mates in the heating, ventilating, and domestic- 


engineering industry received an extra 4d. an hour. 
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CREEP AND RELAXATION OF 
METALS AT HIGH TEMPERATURES. 


Iy recent years, the use of Meh engeneeee in power 
ts and industrial equipment has led to research on 
the behaviour of metals and alloys when stressed at hi 
temperatures. Generally, the suitability of material 
for use under such conditions has been assessed by creep 
tests in which measurements are made of the non-elastic 
extension or the plastic flow of test specimens kept at 
constant stresses and high temperatures for prolonged 
riods. The conclusions drawn from these tests may 
a applied with reasonable confidence to design prob- 
Jems where the stresses remain substantially constant, 
or are unlikely to exceed certain maximum values. In 
ractice, however, the plastic flow or the creep in 
stressed Components may cause a slow fall in the initial 
stresses, and lead perhaps to significant changes in the 
stress distribution between various members. This 
slow fall of stress is termed relaxation. In a bolt, the 
initial stress may relax with time; and the rim of a 
gas-turbine disc, working with a cooling system, is a 
case where relaxation may cause a marked redistribution 
ofstress. Although the term may refer to any decrease 
in stress caused by plastic flow, most relaxation tests 
have been made by recording the fall in the tensile 
stresses of specimens kept at constant total strains or 
extensions for various periods of time. 

It has been said that if the factors controlling the 
rate of creep were fully understood, it should be 
possible tc predict the behaviour of metals and alloys 
when stressed under any conditions causing measurable 

lastic flow. From ordinary ae tests, for example, 
it should be ible to predict the rate of relaxation 
or the gradual fall in the stresses of components which 
are kept at constant total strains by stresses 
enough to initiate creep. Various authcrities have 
tried to find out whether the results of normal 
tests may be so used, or if they could be coupled with 
those of relaxation tests to correlate and explain more 
fully the nature of the factors affecting plastic flow. 
Further work in this field was covered by two reports* 
issued by the British Electrical and Allied Industries 
Research Association (E.R.A.) this year. These reports 
analysed the effects of some of the factors which might 
influence creep at high temperatures, and also checked 
the validity of the analysis against the results of 
relaxation and normal creep tests specially carried out 
at the National Physical Laboratory. The tests were 
made on carbon-steels and on a chrome-molybdenum 
bolt-steel at temperatures up to 525 deg. C. for periods 
up to nearly two years. In general, the results indicated 
that, within the range of conditions applied, the normal 

properties of these materials could not be used to 

ict their relaxation characteristics ; and that the 

time- and strain-hardening theories of creep which were 
considered were not entirely satisfactory. 

In bcth forms of test, the specimens were subjected 
to tensile loads in high-sensitivity creep-testing 
machines of the N.P.L. type, similar to those described 
and illustrated in ENGINEERING, vol. 137, page 213 
(1934) ; tensile stresses were applied to vertical speci- 
mens by double-lever systems and jockey weights. 
The test specimens were 0-564 in. diameter and their 
extension and tensile strains were measured over a 

uge length of 5-3 in. Temperatures within the 

ce tubes enclosing the specimens were kept 
constant to within 0-5 deg. C., the variation along the 
gauge length being reduced to within 3 deg. C. 

Relaxation and normal creep tests on the chrome- 
molybdenum steel were carried out at 455 deg. C., 
485 deg. C. and at 525 deg. C. In one series, the 
relaxation specimens were given an initial total strain 
of 0-001 at each of these temperaturs by applying 
tensile stresses of 11-2, 10-6 and 9-4 tons per square 
inch, respectively, at the beginning of test. On the 
5-3-in. gauge length, this total strain of 0-001 corre- 
sponded to a total extension of 0-0053in. The effect of 
different strains on the rate of relaxation was examined 
by carrying out tests at 485 deg. C. using initial total 
strains of 0-0005, 0-001 and 0-0019, corresponding, 
respectively, to total extensions of 0- in., 
0-0053 in., and 0-01007 in. on the 5-3-in. gauge lengths. 
Similar tests were made with the low-carbon steel 
specimens, though in these instances, the experiments 
were made at 425 deg. C., 455 deg. C., 485 deg. C., and 
at 500 deg. C. Brinell hardness measurements were 
made at intervals on other specimens subjected to these 
various testing conditions. For this purpose, a standard 
Vickers hardness-testing machine was used ; the mea- 
surements were made after the specimens had cooled, 
since earlier work had shown that there was little 
difference between hot and cold hardness values over 
this range of temperature. 

The chrome-molybdenum steel was produced from 





* “The Relaxation of a Chrome-Molybdenum Bolt 
Steel at Elevated Temperatures ” (E.R.A., Ref. J/T144); 
and “The Relaxation of Two Low-Carbon Steels at 
Elevated Temperatures” (E.R.A. Ref. J/T 145), both 
by Mr. A. E. Johnson, M.Sc., A.M.I.Mech.E. 


a basic electric-arc furnace and had the followi 

percentage composition: carbon 0-37, silicon 0-16, 
sulphur 0-011, phosphorus 0-018, -38, 
chromium 1-05, nickel 0-17, molybdenum 0-82, and 
copper 0-08. Before use, the alloy was hardened in oil 
from 850 deg. C., tempered at 630 deg. C., and cooled in 
air. Of the two carbon steels tested, one was produced 
in a basic open-hearth furnace, and the other in an acid 
open hearth. The first mentioned had a e 
composition of carbon 0-17, manganese 0-72, silicon 
0-20, sulphur 0-024, and phosphorus 0-022. Before 
machining the test specimens, suitable lengths of the 
hot-rolled bars from which they were produced were 
heated for half an hour at 950 deg. C. and then air 
cooled. The second steel (which was the one tested at 
500 deg. C.) was com of: carbon 0-24, silicon 
0-10, sulphur 0-032, phosphorus 0-04, and manganese 
0-61. It was supplied by the maker, in the form of 
superheater-header lengths, as air cooled from 900 deg. 
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C. Specimens for test were machined longitudinally 
from the header. 

In the relaxation tests, the total strain was kept 
substantially pe mernte | means of a special extenso- 
meter which automatically reduced the applied stress 
as the plastic flow proceeded. This instrument was 
develo; from one first used at the N.P.L. for the 
Pipe Flange Research Committee of the Institution of 
Mechanical Engineers. It incorporated two limbs, 
located respectively on the upper and lower ends of 
the test specimen, and arranged to indicate changes in 
tensile strain by a rhomb and mirror system in the 
usual way. A vertical strip of spring steel, 0-0156 in. 
thick, 4-25 in. long and 1-25 in. wide, was fixed 
indirectly to the lower limb, and a similar strip, but 
5 in. long, to the upper limb. Both strips were clamped 
together at. their lower ends in a Keramot block and were 
mounted with their lateral faces touching, the 1 
strip overlapping the shorter by 0-75 in. at the top. 
To the Keramot block was attached a long aluminium 
pointer which carried a small platinum contact at 
its lower end. Hence the relative movement between 





the two extensometer limbs due to any changes in 





strain (or extension) caused the two strips to bend 
together in the manner of a bimetallic strip, and 
deflect the pointer. The lateral movement of the 
latter at its contact end was about 460 times greater 
than the corres ing change in the strain of the 
test piece. As this extended, the contact on the 
pointer touched a fixed contact, thereby closing a cir- 
cuit to operate a relay which, in turn, switched on a 
small motor to move the jockey weight on the lever 
arm of the testing machine in a direction to reduce the 
applied tensile load. 

e test results were examined in the light of the 
factors which it was considered might have affected 
the rate of creep in either form of test. Among these 
influences was strain-hardening, temperature softening, 
and — recovery, though it was admitted that there 
may well be others of which a full knowledge would 
enable the relaxation properties to be correlated with 
those observed during normal creep tests. Earlier 
attempts to find any correlation were often based on 
either the so-called strain-hardening or time-hardening 
theories ; as their names imply, these relate the rate of 
creep either to the existing strain in a component or to 
the time for which it has been stressed. Thus the 
strain-hardening theory assumes that a certain creep 
rate exists for a given stress and plastic strain, irrespec- 
tive of the conditions which led to this strain. On the 
other hand, the time-hardening theory assumes that 
there is a definite creep rate for a given stress and 
period of loading, irrespective of earlier variations in 
stress 


If the strain-hardening theory is valid, then the stress 
producing a given rate of creep for a given plastic 
strain in a normal test should also produce 
the same rate of creep at the same plastic strain in a 
relaxation test. Similarly, if the time-hardening 
theory is valid, then the rates of creep for a given stress 
in either form of test should be the same after equal 
periods of time. Attempts to correlate the various 
results were therefore made on the assumption that 
either of these theories might hold. The effects of 
creep recovery during relaxation were also considered, 
and though it was shown that these could be represented 
mathematically, it would appear that a strictly analy- 
tical approach cannot yet be made. It was pointed 
out, for example, that in a relaxation test, the gradual 
fall in stress is not a single action like that which 
occurs after the removal of the load from a specimen 
in a normal creep test. Moreover, at any instant 
during relaxation, the plastic strain is not associated 
with a steady stress, but with a gradually diminishing 
stress, while to complicate the problems still further, 
all the above mentioned factors, strain hardening, 
temperature softening, etc., may operate simul- 
taneously. 

Nevertheless, the results were analysed to find out to 
what degree the plastic strain in both relaxation and 
creep tests could be represented by some of the formule 
deduced from the application of the time- and strain- 
hardening theories, and furthermore to ascertain any 
correlation between the results in the two types of test. 
By assuming that the rate of creep in both types was 
the same function of stress, plastic strain and time, 
equations were first derived to represent the general 
relationship between time and stress during relaxation. 
The corresponding creep rate on this assumption was 
expressed as :— 

Creep rate varies with F(s) f(t) 
or 
” ” F(s) 5(e) . (1) 
or 
” ” F(se) 
where s = stress, t= time, « = plastic strain, and 
8, F and f are functions. 

From the first and second of these expressions (i.e., 
those involving time and strain, respectively) the 
following relationships were deduced :— 


=~ Bene a «> 


dz As® 

dt («—a)P" 
where B, n, and m, and A, a, and p are arithmetical 
constants, and where z is the plastic strain at any time t. 
These two expressions led to the undermentioned stress- 
time relaxation equations respectively :— 


1 1 


df 1 
where s, = stress at beginning of test, s = stress after 
time ¢, and 6 = an arithmetical constant. 
It was pointed out that if strain hardening was a 





(3) 


onger | dominant factor, then the rate of strain due to creep 


in the relaxation and normal creep tests could be 
represented as already indicated by :— 
Creep rate varies with F(se) 





or ” ” F(s) de) 
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If temperature softening were dominant, however, then 
it would be reasonable to expect the time-hardening 
theory to prevail, in which case the creep could be 
expressed as creep rate varies with F(s) f(t), where 
f(t) is a function of time. 

The validity of these expressions and the derived 
equations, and consequently of the theories on which 
they were based, was therefore checked against the 
experimental results; this process was also used to 
ascertain if any correlation existed between the normal 
creep and relaxation properties of the materials stated. 
The mathematical analysis and the methods of checki 
such theoretical considerations against the experimen 
results were set out in detail in the report on the 
chrome-molybdenum steel (E.R.A. Ref. J/T 144), and 
consequently the tests on this material are summarised 
here more fully than those on the carbon steels. 


Some results for the chrome-molybdenum bolt-steel 
are reproduced in Figs. 1 to 6, on page 237 and on this 
page ; in most cases the curves are plotted on logarithmic 
scales. Fig. 1 relates to the relaxation tests at 455 deg. 
C., 485 deg. C. and at 525 deg. C. made with a constant 
total strain of 0-001 (0-0053 in. extension on the 5-3 in. 
gauge length). It shows how the applied stress fell with 
time, and that the decrease became more rapid as tem- 

ture was increased. Fig. 2 shows how the stress 
at 485 deg. C. decreased for applied total strains of 
0-0019, 0-001, and 0-0005. e curves in Fig. 5 
(drawn to linear scales) refer to the normal creep tests 
at 525 deg. C., and show how the creep strain increased 
with time and with applied stress. Other curves, 
corresponding to the various test conditions, are repro- 
duced in greater detail in the relevant report (E.R.A. 
Ref. J/T 144). For the sake of clarity, only a 
few of the test points are shown in the graphs here 
reproduced. 





by plotting the logarithm of the stress 
1 1 1 
s—1 ~ gh—1| 
logarithm of time, reasonable linearity being obtained 
for certain arithmetical constants. Equations of type 
(5) ly tallied with the results at 455 deg. C. 
beyond the first ten minutes, though they failed to 
agree with those at 525 deg. C. In general, it was 
concluded that equation (4) applied “ reasonably ” 
well to the relaxation of the chrome-molybdenum 
bolt-steel at 525 deg. C. and at 485 deg. C., but 
that at 455 deg. C. its application was more re- 
stricted. On the other hand, it was concluded that 


function in equation (4) against the 


though equation (5) might apply at 455 deg. C. and at | be 


485 deg. C., it failed to hold at 525 deg. C. 

To find out whether the results of the normal creep 
tests on this material could be explained by either the 
time- or strain-hardening theories, the rates of creep 
for specific conditions of stress and strain were ascer- 
tained, and the applicability of the relevant equations 
(2) and (3) tested. Thus, Fig. 4, on this page, shows 
logarithmically how the creep rate at 525 deg. C. 
varied with time and stress, while in Fig. 5 is plotted the 
log of the stress at specific periods, against the log of 
the creep rate per hour at the same temperature. 
Fig. 4, and others of similar nature reproduced in the 
relevant report (E.R.A. Ref. J/T144) indicated that 
the rate of creep at 525 deg. C., 485 deg. C., and at 
455 deg. C., was approximately proportional to some 
power of the time. On the other hand, Fig. 5, and the 
corresponding graphs detailed in the report, indicate 
that the log stress, log creep rate relationships were 
linear over most of the stress range, and that the rate of 
creep was therefore a power function of the stress over 
the range concerned. It appeared, therefore, that the 
rate of creep in the normal creep tests could be expressed 





as a power function both of the stress and of the time 
such as :— 


Creep rate varies as (stress)" x (time)*—1, 


This expression, being in accordance with a time- 
hardening theory, was checked against the results of 
both the normal creep and relaxation tests to determine 
to what extent the time-hardening theory applied to 
each. It was not expected to hold very closely over 
relatively short periods of time up to about 10,000 
minutes, but over the time ranges for which it held, the 
relationships in the normal creep tests were found to 
Creep rate at 525 deg. C.=1-7 x 1078 x gl*85 x ¢-0°815 
485 ,, =1-1x107-* xgl*® xt”? 
455 =2-02 x10-® xg xt-™75 


where ¢ is in hours, and ¢ is in tons per square inch. 
These creep rates were compared with those calcu- 
lated from the time-hardening relaxation equation of 
type (4) formed from the results of the relaxation tests. 
The corresponding creep rates so deduced were :— 
Creep rate at 525 deg. C.= 2-68 x 10-® x gt*85 x ¢-0° 
485 = 2-21 x 10-6 x gh x ¢-Or6? 
455 4g 3°44 x 10-6 x gle85 x g-Or4 
Agreement between the two sets of creep rates would 
have further supported a time-hardening theory, but 
these differences clearly indicated that the theory gave 
no direct correlation between the rates of creep in the 
two t of test. ‘ 
To check the validity of a strain-hardening hypothesis, 
the relationships were found between the creep rate 
and the stress at specific plastic strains. For this 
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purpose, plastic strains were solected which tallied as 
closely as possible with those covered by the com: 
tive relaxation tests. Thus, Fig. 6, opposite, shows 
on logarithmic scales, how the creep rate varied with 
the stress at different plastic strains in the normal 
creep tests on the chrome-molybdenum steel at 525 deg. 
C. rhe values of these particular plastic strains 
were between the maximum and minimum values of 
those — in the relaxation tests at 525 deg. C. 
with an initial total strain of 0-001. (The plastic 
strain caused by creep slowly increased during the 
relaxation tests while the elastic strain decreased, the 
total strain remaining substantially constant.) Similar 
curves were derived for the other test temperatures. 
In general, such curves indicated that for the normal 
creep tests, the creep rates given by a strain-hardening 
theory would be :— 


aha 
Creep rate at 525 deg. C. =2-13 x 10-#* x —_, 
git 
- g6°25 
” 485 ,, =7°6 x10 x 
Po 
” 455 ,, «= 195x107 x — 


28’ 
where z is the plastic strain. 

However, on applying relaxation equations of the 
type (5) involving stress and plastic strain to similar 
curves obtained from the relaxation tests, the corre- 
sponding creep rates were found to be :— 


A+5 
Creep rate at 485 deg. C. = 2-2 x 10-* x <—, 
- 


* 54 
= 2:97 x 107% x = 
No such relationship, however, fitted the results at 
525 deg. C. These differences indicated that the strain- 
hardening theory likewise offered no direct correlation 
between the creep rates in the two types of test. 

Since neither theory seemed to apply, a series of 
comparisons was made to ascertain the divergences 
between the experimental and the theoretical creep 
rates given by the application of either theory. From 
Fig. 5, for example, (referring to the normal creep tests 
at 525 deg. C.), were found the creep rates at particular 
stresses and times for a valid time-hardening theory. 
These theoretical values were then compared with the 
measured values at similar stresses and times in the 
corresponding relaxation tests. As already intimated, 
agreement would have supported a time-hardening 
theory, but, as shown in columns 3 to 12 in the table on 
this page, the creep rates derived by assuming a time- 
hardening theory were in virtually all cases higher than 
the experimental values. A similar procedure was 
adopted for the strain-hardening theory. In this case 
the experimental values in the relaxation tests were 
compared with those derived by assuming a strain-har- 
dening theory in accordance with the normal creep test 
data already shown, for example, in Fig. 6. The creep 
rates found from these curves were compared with those 
occurring under similar conditions of plastic strain, 


” 455, 


EXPERIMENTAL AND THEORETICAL CREEP RATES IN 


gauge length). It shows how the applied stress fell 
with time, and with an increase in temperature, the 
general characteristics being similar to those for the 
chrome-molybdenum steel. The effect of different 
initial strains on the rate of relaxation at 455 deg. C. 
is shown in Fig. 8, the characteristics in being 
similar to those in Fig. 2. As before, the log of the 
. 1 1 
stress function a, ~ ai 
plotted against the log of the time ; but in this case the 
resultant curves suggested that this relaxation equation 
applied, if at all, to a smaller extent than for the 


in equation (4) was 
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RELAXATION TESTS ON CHROME-MOLYBDENUM STEEL. 
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1. | 2. | 3. | 4 | 5. | 6. ‘. | 
| | | 
Creep Rates (In. per In. per Hour x 10-6) at Given Periods (Minutes). 
Temp., | Initial et iE 
C. — Experimental Values. From Time-Hardening Theory. From Strain-Hardening Theory. 
bias rain. 
| wt Lane a Sai 
| | 
| | 10 | 107 | 10° | 10% | 10° | 10 | 10? | 10° | 10 | 10° | 10 | 10? | 10° | 108 | 10° 
mS a bE 
525 0-001 220 | 32 4-4 0-6 0-08 | 280 62-0 | 10-0 | 1-4 0-06 | 270 | 79 16-6 | 1-20 — 
485 0-0019 280 | 40 6-0 0-8 0-07 _ _— | 15-0 | 1-9 0-4 _— _ 17-0 | 1-90 | 0-40 
485 0-001 110 | 22 3-60 | 0-5 0-05 | 170 26-3 4-4 | 0-66 | 0-11 210 30 4-5 | 0-70 | 0-05 
485 0-0005 4 6-8 | 1-10 | 0-17 | 0-025) 59 11-0 1-80' 0-32 | 0-063) — 85 5-8 | 0-53 | 0-085 
455 0-001 100 12-6 | 1-70 | 0-28 0-032) 87 15-0 2-4 0-37 0-06 110 23 4-8 | 0-91 | 0-13 
1 ! ' ; 





Theoretical values in Cols. 8 to 17 are 


stress and time in the corresponding relaxation tests. 
As shown in the table, there was again a marked diver- 
gence between the experimental and theoretical strain- 
hardening values, the latter again being higher. Hence, 
though neither theory seemed to apply very satisfac- 
torily, it was tentatively concluded that the theoretical 
rates of creep (deduced, say, for a relaxation test from 
normal test data and vice versa) would be greater 
than those obtained experimentally under these 
testing conditions. 

The tests on the two low-carbon steels were also 
used to check the general validity of these theories and 
their associated equations. Only the main features of 
this investigation are summarised here, since it was 
carried out on lines similar to those for the chrome- 
molybdenum steel. Fig. 7, on this page, refers to the 
relaxation tests on the 0-17 per cent. carbon-steel at 
425 deg. C., 455 deg. C., and at 485 deg. C., for an 





initial total strain of 0-001 (0-0053 in. on the 5-3-in. 


derived from normal creep tests. 


to apply to the results relaxation equations of type (5), 
but without much success. 
As before, the log of the creep rates in the normal 
creep tests (on the 0-17 per cent. carbon steel) was 
lotted against the log of the time, curves being drawn 
or the various creep stresses and also for the different 
plastic strains covered by the relaxation tests. In 
the first mentioned case, reasonably linear relationships 
were found except in tests at 485 deg. C., when after 
seven days (10,000 minutes) the third or the rapid stage 
of creep began. Such results again suggested that the 
creep rate was approximately proportional to some 
power of the time for certain periods at temperatures 
between 425 deg. C. and 485 deg. C., a conclusion in line 
with the time-hardening theory. The second set of 
curves were also linear over limited portions, thereby 
indicating that the creep rate could again be expressed 
by a power function of the stress as well as of the time, 
and as exemplified by equation (2). 


The characteristics of this equation when it applied 
were :— 
Creep rate at 485 deg. C. = 6-25 x 10-7 x 82°65 x 4-08 
os 455 ‘ = 5:3 «1077 xs*2 x ¢-0°8 
= mF = 7-4 x1077 xg%2 x ¢-0-815 
Different values were obtained, however, when the 
creep rates were —_ from the experimental 
an 


relaxation curves, the appropriate relaxation 


equation of type (4). The values then found were :— 


Creep rate at 485 deg. C. = 2-55 x 1077 x a5 x ¢-0°755 
Po 455 a = 3-2 «10-7 xg? x ¢-08 
a 425 4, - = 2-85 x 1077 x gt? x ¢-0-818, 


The differences between these two sets of creep rates 
again s that there was no precise correlation 
between the relaxation and normal creep properties on 
the basis of a time-hardening theory. Attempts to 
express the creep-rate as a power function of the plastic 
strain were unsuccessful, and it was therefore concluded 
that the strain-hardening theory likewise offered no 
precise correlation. 

As in the case of the chrome-molybdenum steel, these 
conclusions were also checked by noting the divergence 
between the measured rates, and those obtained 
by assuming in turn the validity of either theory. The 
theoretical rates of creep were derived as before and 
set out in tabular form alongside the measured values. 
The comparisons showed that in this case the e i- 
mental values generally lay between those pees ca 
the strain- and time-hardening theory ; as previously, 
however, the latter theory gave values which were 
always greater than those obtained experimentally. 
Neither theory therefore represented or accounted for 
the measured results. 

The tests on the 0-24 per cent. carbon steel at 
500 deg. C. were made with two objects: to ascertain 
the general relaxation behaviour of a carbon steel over 
a prolonged period ; and secondly to find out if it 
behaved after long periods as though ing under a 
steady low stress. Accordingly, the appropriate relaxa 
tion tests lasted for nearly two years (1,000,000- 
minutes), the specimens being given a total initial 
strain of 0-0014 by a stress which was about 9-53 tons 
per square inch at the beginning of the test. After 
about 2} months (100,000 minutes), the rate of change 
of stress became small, and it then seemed that the 
stress would fall to about 2 tons per square inch at the 
end of about two years. For comparison purposes, 
normal creep tests at 500 deg. C. were therefore begun 
on specimens stressed at 2 tons per square inch. 

It was found that the experimental relaxation curve 
of log stress against log time could be represented by 
an equation of the type (4); the results showed, 
however, that the rate of creep (in the relaxation tests) 
decreased continuously, whereas in the normal creep 
tests it slowly increased after periods of about 170 days 
(250,000 minutes). For example, after 140 days 
(200,000 minutes) the relaxation stress had fallen to 
2-03 tons per square inch, and the corresponding creep 
rate to 1-45 x 10-8 in. per in. per hour ; at the end of 
the tests (1,000,000 minutes) the respective figures were 
1-2 tons per square inch and 6 x 10-* in. per in. per 
hour. The creep rates at these periods in the normal 
creep tests at 2 tons per square inch were, however, 
4 x 10-* in. per in. per hour, and 7 x 10-* in. per in. 
per hour. Such results suggested that, even at 500 deg. 
C., the total strains which were initially applied in the 
relaxation tests helped to produce a stiffening of the 
material against creep greater than any stiffening 
occurring in the no creep tests. Initially such total 
strains were greater than the plastic strains in the early 
stages of the normal creep tests. It seemed reasbnable 
to conclude, therefore, that the relaxation creep rates 
deduced from such low-stress normal creep tests will 
also be greater than those occurring in practice, and 
hence on the safe side from the engineering standpoint. 





ASLtIs.—The first general meeting of ASLIB, since its 
incorporation under the Companies Act, 1948, was held 
on Friday, August 19, in the Council Room of the British 
Standards Institution. Mr. Charles Le Maistre, who is 
President of the Fédération Internationale de Documenta- 
tion, was in the chair. The business before the meeting 
was the election of members of council and officers of the 
Association, and the approval of remuneration for the 
auditors. Dr. Percy Dunsheath, a Past-President of the 
Institution of Electrical Engineers and Vice-President 
of the Royal Institution, was elected President of 
ASLIB. The four Vice-Presidents elected were Sir John 
Forsdyke, Director of the British Museum ; Professor 
R. S. Hutton, Emeritus Professor of Metallurgy at 
Cambridge University ; Sir Harry Lindsay, Director of 
the Imperial Institute ; and Sir Henry Tizard, F.R.S. ; 
the last three being former Presidents of the Association 
of Special Libraries and Information Bureaux. Mr. 
J. E. Wright, the librarian of the Institution of Electrica] 
Engineers, was elected Honorary Treasurer, and Mr. 
Geoffrey Woledge, librarian of the British Library of 





Political and Economic Science, Honorary Secretary. 
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MOISTURE CONTROL IN SHIPS’ 
CARGO SPACES. 

Ir is obvious that the main function of a cargo 
vessel is to transport merchandise safely and econo- 
mically from the port of loading to the destination, 
and to deliver it in good condition. In the past, 
however, a certain amount of to cargo has 
usually been accepted as inevitable, and, in the absence 
of a full understanding of the problem of protecting 
cargo, such damage has ascribed to “ inherent 
vice of the cargo,” “ peril of the sea,” “‘ act of God,” 
and so on. These conceptions, of course, are vague 
and offer little assistance in explaining why 
occurs; at the same time, they help to mask the 
fact that cargo protection, until recently, has remained 
an art rather than a science. Investigations carried 
out over the last few years, however, have shown that 
most of the damage to the majority of cargo is caused 
by excessive moisture, and can be avoided by the use 
of a properly-designed ventilating system which 
eliminates ship and cargo “ sweat” and provides for a 
continual circulation of relatively dry air in the cargo 
space of a vessel. Since 1939, over a hundred ships 
have been fitted out with installations of this type 
by Cargocaire, Limited, 155, Fenchurch-street, London, 
E.C.3, and by the associated organisations in New 
York and Gothenburg. We propose, however, to refer 
particularly to the installations on the S8.S. Surat and 
the §.S. Shillong, both of which are owned by the 


Peninsular and Oriental Steam Navigation Company | call 


and recently have completed their trials. They are 
designed to a general cargo between the United 
Kingdom and the Far East. 

In this system, each hold, together with the nearby 
*tween-deck spaces, is ventilated mechanically by an 
axial-flow supply fan and a similar exhaust fan; these 
are contained in fan and damper houses and con- 
nected to a duct system constructed of heavy steel 
plating. A typical arrangement of the fans and 
ducting is shown diagrammatically in Figs. 1, 2 and 3. 
The duct system is fitted with suitable openings so 
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that, when both fans are running, a continuous flow 
of air is kept moving under the deckheads from one 
end of each deck to the other. In the case of the 
installations in the S.S. Surat and the §.S. Shillong, 
both of which have a deadweight-carrying capacity of 
11,000 tons, each fan has a capacity of 6,000 cub. ft. per 
minute at 1}-in. water gauge static pressure, and each 
pair of supply and exhaust fans is controlled by one 
duplex starter. Under certain conditions, the system 
requires a supply of dry air and this is provided by a 
de-humidifying plant, which is installed usually in way 
of the engine room. It consists principally of two sets 
of silica-gel drying towers, an adsorber or intake fan, a 
reactive fan, an air heater, and a small after cooler. A 
flow diagram of the de-humidifying plant installed in the 
8.S. Surat and the S.S. Shillong is given in Fig. 4. 
Damp air is drawn in by the adsorber fan a, passed 
through one set of drying towers b and delivered in a 
dry state through a small after-cooler c to the supply 
fans of the ventilating system. The purpose of the 
after-cooler is to lower the temperature of the dry 
air should this rise above a safe maximum, a require- 
ment which arises generally at the commencement of 
the cycle of operations when the silica-gel drying agent 
has been reactivated. While one set of towers b is 
in action as a drier, the other similar set d undergoes 
regeneration. Air for this purpose is drawn in by the 
reactive fan e and heated to 300 deg. F. in the air 
heater f, which is supplied with steam from the ship’s 
main boilers. This air then passes through the second 
set of towers and removes the moisture from them. 
The two sets of towers are changed over automatically 
hour by a ure-operated piston-type valve g 
controlled by a small solenoid valve which is controlled 
by an electrical timing device. Silica gel was chosen 
as the drying agent as it is an inert and indestructible 
material, capable of absorbing 40 per cent. of its own 
weight of water and of being regenerated repeatedly 
without losing in efficiency or breaking down mechani- 
y- The dry air from the de-humidifier enters the 
ventilating system on the suction side of the supply 
fans and is used in the following manner. If the 
outside atmosphere has a dew point which is higher 
than that of the air issuing from the holds, the dampers 
are set so that the air already in the holds is re-circu- 
lated and dry air is added at the same time. This 
arrangement is illustrated diagramatically in Fig. 1, 
and has the effect of drying the air around the cargo 
and preventing the formation of “sweat” on the 
cargo or the ship. The same procedure is adopted if 
jnclement weather prevents ventilation with outside 





p----f-< 


b-----f--~< 


' 
' 
' 
' 
' 
! 
' 
4 
' 
' 
' 
‘ 
' 
' 
' 





! 

‘ 

' 

\ 
--~€-------7---—~ 











Air Discharge 


air. If, on the other hand, the outside atmosphere is 
relatively dry and the cargo is not excessively moist, 
ventilation is carried out using outside air only. This 
arrangement is shown in Fig. 2. Should the cargo be 
warm and humid, a particularly vigorous purging of 
the holds may be carried out by ventilating with 
mixture of outside air and dry air from the de-humi- 
difier, an arrangement which is illustrated in Fig. 3. 
This is especially useful when a ship has been loaded 
in rain or snow, or when it is returning from the tropics 
to a colder climate. An incidental advantage of the 
system is that air under circulation receives heat from 
the sides of the ship and from the adsorptive process 
itself, this being exothermic, and, in turn, passes some 
of this heat on to the cargo. In the case of a ship 
moving from a cold climate to a hot one, therefore, the 
cargo warms up more rapidly than it would do other- 
wise, and is unloaded, in general, at a temperature above 
the dew point at the port of discharge. It does not 
sweat, therefore, when the hatches are opened or while 
it remains at the docks. Recording instruments are 
installed on the ship to provide continuous data on the 
temperatures and dew points of the air issuing from the 
holds and of the outside atmosphere ; it is stated that, 
from a study of these and a knowledge of the weather 
conditions likely to be encountered, a suitable atmo- 
sphere can be maintained in the cargo space throughout 
the voyage. It is claimed that no additional personnel 
is needed for operating this system of air-conditioning, 
and that the protection afforded by its use will absorb 
the additional cost in a few voyages. 





FEDERATION OF CONSTRUCTION MACHINERY IM- 
PORTERS.—Formed under the chairmanship of Mr. R. G. 
Ledger, of Mackay Industrial Equipment, Limited, the 
object of the Federation of Construction Machinery 
Importers of Great Britain and Northern Ireland is to 
promote the interests of importers of this type of 
machinery. The founder members of the Federation, 
namely, Messrs. Auto Diesels, Limited ; John Blackwood 
Hodge and Company, Limited; Eltee Equipments, 
Limited ; General Motors Limited ; H. Leverton and 
Company, Limited ; L. O. Tractors Limited ; Mackiy 
Industrial Equipment Limited; and Jack Olding and 
Company, Limited, will collaborate with the Ministries 
and/Government departments concerned with the importa- 
tion and use of equipment of this type. Correspondence 
should be addressed to the Federation’s secretary, c/o 
Deloitte, Plender, Griffiths and Company, 5, London 
Wall Buildings, London, E.C.2. 
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ENGINEERING AND MARINE EXHIBITION 


AT OLYMPIA, 


INCORPORATING THE WELDING EXHIBITION. 


Wer commence the third of our series of articles 
on the Engineering and Marine Exhibition, which 
closes tomorrow, with a reference to Messrs. Bennis 
Combustion, Limited, Little Hulton, Bolton, 
Lancashire, who are exhibiting a range of mech- 
anical gtokers, coal- and coke-handling plant 
coal-cleaning and screening plant and similar equip- 
ment. One of the most interesting of these exhibits 
is a new underfeed stoker which is illustrated in 





Fig. 66, on this page. It is named the “ Zenith,” 
and is stated to combine the advantages of the 
screw-type, which gives a constant rate of feed, 


(Continued from page 225.) 








trol at the fan inlet. A single motor drives the fan 


matically as mentioned above, or by a manual con- | 


Stafford, are showing two industrial Diese] engines 
—a 31-5 brake horse-power engine, type 4BK II, 


and the feeder screw, the speed reduction for the | which is described below, and a four-cylinder 40 
latter being provided by a gearbox which is totally | brake horse-power engine, type 4DWD ; and three 
enclosed and fitted with a clutch. 


The various types of Fraser patent water-tube 


boilers, which are made by Messrs. Fraser and 
Fraser, Limited, Bromley-by-Bow, London, E.3, 
are represented on the firm’s stand at Olympia by a 
two-pass horizontal-drum water-tube boiler which is 
shown in Fig. 67, on Plate V. The normal evapora- 
tion is 2,500 lb. per hour at a working pressure of 


marine engines—a six-cylinder 87 brake horse-power 
engine, type 6DLM; an eight-cylinder V-type 
engine, type VRM, developing 100 brake horse- 
power ; and a four-cylinder engine, type 4DSM ITI. 
The latter engine develops 20 brake horse-power at 
1,000 r.p.m. ; it is cooled by fresh water, and incor- 


| pocaten Ricardo Comet Mk. III combustion cham- 


bers. The 4BK II, which is illustrated in Fig. 68, 


with those of the ram-type which does not tend | 120 lb. per square inch. The boiler is built with a|on Plate V, is a new model. It is a four-cylinder 
to burn away, while not possessing the disadvan-| standard steel-cased refractory-lined combustion | vertical engine designed for industrial purposes. 





Fie. 66. 


tages of either. Coal is stored in a large hopper, 
at the base of which there is a short rotating screw, 
which can be extended to a storage bunker in order 
to provide a completely automatic feed to the 
machine, if required. The speed of the screw is 
infinitely variable between wide limits and may be 
set to give a constant feed of coal to a ram mechan- 
ism. The fuel is carried from the hopper by the 
screw, falls in front of a reciprocating ram which 
slides over a fixed plate, and then is passed to a 
reciprocating conveyor plate which carries it to the 
“retort.” Thus, the rate of feed is determined by 
the screw and is not altered by the ram which carries 
the fuel to the retort. A curved plate, situated 
near the retort, rests on the ribbon of fuel in the 
conveyor trough, so that, if the fuel bed becomes 
too thick, this plate is raised and the air supply to 
the fuel bed is increased automatically ; should the 
bed. become too thin, the air supply is reduced. This 
arrangement helps to maintain a constant level of 
fuel in the retort. The plate may be raised to allow 
access to the interior of the retort should this be 
necessary. The air supply may be controlled auto- 





“ ZenttH”’ UNDERFEED STOKER; BrENNIS ComBUSTION, LIMITED. 


chamber, suitable for hand-fired coal or coke. One 
side of the casing has been removed to show the 
steeply-inclined staggered water tubes, the drum, 
grate, soot-blower, etc. The incandescent fuel bed 
radiating directly to the heating surfaces, the 
turbulent cross flow of gases, and the rapid circula- 
tion of water ensure maximum heat-transfer rates 
and high efficiency. Some of the advantages of 
Fraser boilers are the ease of assembly in awkward 
sites and of shipment abroad, as compared with a 
shell-type boiler, due to the form of construction in 
three main parts; the large volume of the com- 
bustion chamber, which ensures complete combus- 
tion ; the coking effect on fuel when it is fed, due 
to the reserve of heat in the refractory lining ; and 
the ease with which the boiler can be made to suit 
various fuels and other requirements. Messrs. 
Fraser and Fraser also engage in other manufac- 
tures, including industrial and chemical plant, 
degreasing plant, marine buoys, chimneys, flues, 
tanks, welded and riveted platework, of which par- 
ticulars are available on the stand. 

Messrs. W. H. Dorman and Company, Limited, 





|The cylinder bore is 105 mm., and the stroke is 
| 130 mm., giving a total capacity of 4,502-7 ¢.c. The 
| 12-hour rated output is 28-5 b.h.p. at 1,000 r.p.m., 
and 41 b.h.p. at 1,500 r-p.m. ; the maximum outputs 
for one hour at these speeds being 31-5 b.h.p. and 
45 b.h.p., respectively. The engine is of the direct- 
injection type, with a toroidal cavity in each piston 
crown forming the combustion chamber. 

Development work on the 4BK IT has been car- 
ried out during the past three years, and as the 
engine is solely for industrial use, particular atten- 
tion has been given to the question of maintenance. 
The cylinder liners are of the dry detachable type 
with chrome hardened bores, and the main and big- 
end bearings are pre-finished in the bores, so that 
they are readily replaced. The crankcase, of cast 
iron, is divided below the crankshaft centre-line, the 
lower part forming an oil sump with a capacity of 
4 gallons. The cylinders are cast in one piece, which 
is detachable from the crankcase, while the heads 
are cast in pairs. Replaceable valve-seat inserts are 
fitted. The crankshaft is of special high-duty iron 
and is supported in five steel-backed bearings with 
copper-lead linings. High-tensile steel stampings of 
I-section are used for the connecting rods, which 
have copper-lead lined bearings in the big ends and 
phosphor-bronze bushes in the little ends. The 
pistons are cast in aluminium alloy ; each is fitted 
with three pressure rings and two slotted scraper 
rings. The camshaft, also, is of high-duty iron, 
supported in five bearings, and is driven from the 
crankshaft by a triplex bushed roller chain. 

Lubrication to all parts of the engine except the 
gudgeon pins, which are splash lubricated, is pro- 
vided by a gear pump driven from the camshaft. 
C.A.V. fuel-injection equipment is fitted as standard, 
|}and the governing can be arranged to control the 
engine at idling and maximum speeds only, or 
throughout the entire speed range. ‘The engine can 
be cooled by water from a tank or radiator, and the 
water is delivered by a centrifugal pump. Starting 
is normally by hand, but provision is made for 
fitting electrical gear. The dimensions of the three- 
point suspension can be to suit individual 
requirements, as also can the type of flywheel fitted. 
The specific fuel consumption of the 4BK II engine 
is 0-41 Ib. per b.h.p.-hour at 1,500 r.p.m., or 0-387 Ib. 
at 1,000 r.p.m. 

Messrs. Harland and Wolff, Limited, Belfast, are 
exhibiting Diesel engines, and models of Diesel 
engines, for marine, traction and land service. The 
three full-size engines on the stand are a 1,600- 
b.h.p. trunk-type Diesel engine with eight four- 
stroke single-acting cylinders, which is described 
below ; a six-cylinder four-stroke trunk-type engine 
coupled to a 400-kW generator, which can be sup- 
plied as a dual-fuel engine; and a six-cylinder 
two-stroke uniflow scavenge engine, developing 
|500 b.h.p., suitable for rail traction. The three 
models are of a 7,000-b.h.p. single-acting two-stroke 








crosshead-type opposed-piston engine, for marine 
use ; 2 5,000-b.h.p. single-acting trunk-type opposed- 
piston engine, with eight cylinders, also for marine 
use; and a single-acting two-stroke trunk-type 
opposed-piston engine, coupled to a 2,600-kW 
alternator. 

The 1,600-b.h.p. engine which is illustrated in 
Fig. 69, on Plate V, is the Harland and Wolff 
type 40SB engine; the eight-cylinder engine 
exhibited is the ninth of an order for 15 which are 
being built for the Uganda Electricity Board in 
connection with the Owen Falis Hydro-Electric 
Scheme. It is fitted with a Brown-Boveri blower, 
and develops 1,600 brake horse-power at 333 r.p.m. 
Harland and Wolff engines of this type have been 
built for a variety of industrial purposes, including 
fuel-oil pipe-line pumping, the driving of blowers 
for sewage aeration, the generation of electricity 
on land and on board ship, and for working as 
dual-fuel engines, using sewage gas, town gas or 
producer gas, with a small proportion of fuel oil 
for ignition. The bedplate is of cast iron or welded 
steel (as in the case of the engine exhibited). The 
crankcase is a monobloc iron casting. The cylinder 
liners and covers are of close-grained cast iron, and 
are entirely water-cooled. Aluminium alloy or 
cast iron is used for the pistons, and the gudgeon 
pins are of case-hardened steel. The fuel valves are 
of the airless-injection type, operated automatically 
by fuel pressure. Starting air is admitted to the 
cylinders through non-return valves fitted to some, 
or all, of the cylinder covers. Correct timing of 
the starting air is obtained by means of either a 
rotary starting-air distributor or individual cam- 
operated valves. Fuel is delivered to each cylinder 
by a separate pump driven from the camshaft. The 
crankshaft is of forged steel, or, as in the engine 
exhibited, it is “‘semi-built ” of cast-steel webs and 
pins. The forged mild-steel connecting rods are 
fitted with steel big-end bushes lined with white- 
metal, and bronze gudgeon-pin bushes. The cam- 
shaft is driven from the crankshaft by a roller chain 
or spur gearing. The governor is of the totally- 
enclosed centrifugal type, designed to control the 
speed of the engine under al] loads. 

The exhibits on the stand of Messrs. Sentinel 
(Shrewsbury), Limited, Shrewsbury, include a 
range of Diesel engines which are being shown for 
the first time. One of these, the Sentinel-Ganz 
II Jm C engine, is illustrated in Fig. 71, on Plate VI, 
and in the drawings reproduced in Figs. 72 and 73, 
on Plate VI. It is a two-cylinder four-stroke 
single-acting unit having a bore and stroke of 
130 mm. and 160 mm., respectively, and is capable 
of sustaining an output of 26 horse-power at 1,000 
r.p.m. with a fuel consumption of approximately 
0-42 Ib. per brake horse-power per hour. The 
engine is of exceptionally robust construction and 
is designed so that, wherever possible, the parts are 
interchangeable. The crankcase is an iron casting 
which supports the crankshaft in two sleeve-type 
whitemetal-lined bearings, doors being fitted at 
one side of the crankcase for access to the big-end 
bearings. The crankshaft and connecting rods are 
machined from iron forgings, and are drilled for 
supplying oil under pressure to the big-end and 
gudgeon-pin bearings. Cast-iron pistons are used, 
each being fitted with three compression and 
two oil-control rings. The gudgeon pins are of the 
fully-floating type, and the pistons are cooled by 
jets of oil directed from the tops of the connecting 
rods against the undersides of the piston crowns. 
The cylinder block is separate from the crankcase 
and is cast in one piece, the cylinder bores being 
chromium plated in order to resist wear. The 
camshaft is supported by two cast-iron bearings, 
and is driven through spur gearing from the flywheel 
end of the crankshaft. Each inlet cam has three 
separate profiles which provide for decompression, 
starting, and normal running. In order to bring 
the cams into position, the camshaft is arranged to 
move axially, a hand-operated screw-gear being 
provided for this purpose ; it is kept in its normal 
running position by a strong spring. The cylinder 
head, which is removable, is an iron casting and 
contains the ante-chambers, injectors, and the 
overhead inlet and exhaust valves. A unique 
method for injecting the fuel is employed on the 
Sentinel-Ganz engine. Each fuel-pump plunger 
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is driven by the engine only during the suction 
stroke, the delivery stroke being provided by a 
powerful spring ; this is held under constant tension 
and is released at the correct moment by the cam. 
As a consequence, the pressure and duration of 
injection and the fuel velocity depend entirely on 
the tension of the spring so that combustion is as 
efficient at low speeds as at high speeds. Further- 
more, as the pressure is proportional to the strength 
of the spring, overloading of the fuel pump cannot 
take place, and even in the event of a blocked pipe, 
excessive stresses cannot be imposed on the working 
parts of the pump. The speed of the engine is 
regulated by an adjustable governor of the centri- 
fugal type, which is driven from the timing gears 
and operates directly on the fuel-pump control. 
All bearings within the engine are fed with oil under 
pressure from a submerged gear-type pump, the 
lubricating-oil circuit including two filters and a 
cooler. The cooling water is circulated through the 
oil cooler and the remainder of the engine by a 
centrifugal pump driven from the timing-case gears. 

Messrs. Sentinel also are exhibiting a selection 
from their range of horizontal and vertical indus- 
trial-type four- and six-cylinder Diesel engines ; 
one of these, a four-cylinder horizontal unit, is 
illustrated in Fig 70, on Plate VI. It has a bore 
and stroke of 4} in and 5} in , respectively, which 
give a e@fMcity of 6-08 litres It develops a maxi- 
mum of 90 brake horse-power at 2,000 r.p.m., 
and @ maximum torque of 255 Ib. ft. at 1,600 r.p.m. 
with a fuel consumption of between 0-415 and 
0-435 Ib. per brake horse-power per hour. The 
continuous-load industrial rating, however, is 65 
brake horse-power which is developed at 1,500 r.p.m. 
The engine, generally, is of straightforward design, 
and particular attention has been paid to accessi- 
bility. The crankcase and cylinder block form a 
single casting, the cylinder bores being fitted with 
plated cast-iron dry liners. A cast-iron crankshaft 
is used; this has 3}-in. diameter crankpins and 
3§ in diameter journals, and is supported in five 
main bearings. The cylinder heads, which are 
iron castings, are fitted in pairs to facilitate dis- 
mantling, and each incorporates the inlet and 
exhaust valves, the fuel injectors and the combus- 
tion chambers, the last named being of the Ricardo 
Comet Mk. III type. The valves are operated 
by push rods and rocking levers in the usual manner, 
a separate aluminium cover for each head enclosing 
the moving parts. The pistons are aluminium-alloy 
die castings and each is fitted with three compression 
rings and two slotted scraper rings, the latter being 
disposed one above and one below the gudgeon pin. 
The connecting rods are machined from nickel- 
chrome steel stampings, and are fitted with steel- 
backed lead-bronze big-end bearings and phosphor- 
bronze gudgeon-pin bushes. The big-end bearings 
are pressure lubricated through holes drilled in the 
crankshaft but the gudgeon-pin bushes are lubri- 
cated by splash only. The injection pump and fuel 
nozzles are standard C.A.V. units and as will be seen 
from the illustration, the pump is fitted in an 
accessible position at one end of the engine. 

Messrs. Towler Brothers (Patents), Limited, Rod- 
ley, near Leeds, are showing for the first time a new 
“* Electraulic ” axial-plunger hydraulic pump, which 
is shown in longitudinal section in Fig 75, on Plate 
VI; Fig 74 shows a section through an unloading 
valve which is incorporated in the pump The 
driving shaft, a, is a press fit in the swash-member b, 
and is supported in a roller bearing. The swash- 
member has an oblique face, c, and a transverse 
face d. The end thrust of the swash-member is taken 
by the thrust washer, e, attached to the swash- 
member. The wobble-plate, f, is mounted on a short 
journal bearing on the swash-member. The thrust 
of the wobble-plate is taken by the thrust washer, g, 
attached to the oblique face of the swash-member. 
The complete swash-plate mechanism is enclosed in 
a casing h, one end of the casing being closed by the 
stationary pump body, i, the other end of the casing 
enclosing the driving shaft and being provided with 
an oil-seal j. 

The booster pump /, a simple gear pump, is 
driven by a flexible shaft, 1, which is an extension of 
the driving shaft a. The hydraulic oil passes from 
the pump reservoir through an inlet pipe (not 
shown) to the booster pump, and thence by a passage 
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(not shown) to the inlet manifold, m, of the high- 
pressure pump. The capacity of the booster pump 
exceeds that of the high-pressure pump, and the 
surplus oil passes along a constricted passage (not 
shown) from the inlet manifold, m, to the swash- 
plate casing, h. A fine-mesh screen, n, encloses the 
swash-plate mechanism, to prevent the entry of grit 
or scale, the surplus oil from the booster pump being 
circulated around the outside of this screen and 
back through the passage, 0, to the pump reservoir, 
thereby dissipating any heat which may be generated 
by the swash-plate mechanism. The oil within the 
screen is replenished by that which leaks past the 
pump plungers, and although this leakage is very 
small, it is sufficient to renew the oil within the 
screen with reasonable frequency during the opera- 
tion of the pump. Oil to lubricate the thrust- 
washers e and g, enters the swash-member by the 
radial holes, p, in the stationary plate, gq; thence by 
axial passages in the swash-member, where it is 
thrown outwards along radial grooves in each of the 
thrust-washers. Thus, the oil is continually circu- 
lated across the bearing faces by centrifugal action. 
A second screen, r, of larger mesh, is provided to 
prevent swirling which would interfere with the 
inward flow of oil to the radial holes, p. 

The object of the constricted passage between 
the inlet manifold, m, and the swash-plate casing, 
h, is to ensure that a sufficient pressure will be built 
up in the manifold to lift the inlet valves, s, and 
maintain the high-pressure pump plungers in con- 
tact with the wobble plate. On the other hand, if 
the booster pump is starved of oil or fails to function, 
there will be insufficient pressure to lift the inlet 
valves and consequently the swashplate mechan- 
ism will not be loaded. This is a very necessary 
safeguard in the event of a failure of the oil supply. 
The high-pressure pump body, i, is stationary, and 
contains six axial plungers: three large plungers, t, 
and three small plungers, u, which are a fine lap 
fit in their respective bores. The inlet valves, and 
the discharge valves v, of the self-acting mushroom 
type, are situated at the inner end of each pump bore. 
The inlet valves are in communication with the 
inlet manifold; the discharge valves of the large 
plungers are in communication with the manifold w, 
and the discharge valves of the small plungers are 
in communication with delivery manifold z. 

The high-pressure pump plungers protrude from 
the pump body, and the plunger ends make contact 
with the surface of the wobble-plate. The plunger 
ends are spherical or quasi-conical, so as to provide 
a large radius of contact between them and the 
surface of the wobble-plate; the contacting sur- 
faces are specially hardened and finished so as to 
withstand heavy rolling loads. The driving shaft 
and swash-member rotate, whereas the pump body 
is stationary, but the wobble-plate, f, is made to 
rotate very slowly, in the reverse direction to that 
of the driving shaft, by means of a bevel gear, y, one 
wheel being attached to the pump body and the 
other to the wobble plate. The ratio of the bevel 
gears corresponds to the secant of the tilt angle of 
the swash-member, with the result that the reverse 
rotation of the wobble-plate ensures substantially 
pure rolling contact between the plunger ends and 
the surface of the wobble-plate, the plungers being 
free to rotate. This geared wobble-plate, in com- 
bination with the film-lubricated thrust-washers, is 
a unique feature which enables the pump to be 
operated continuously at very high pressures with- 
out appreciable wear. A prototype pump has been 
operated for over 2,000 hours at a continuous pres- 
sure of 7,000 lb. per square inch without revealing 
any measurable wear. 

The two discharge manifolds, w and z, are in 
communication with a combined unloading-relief 
valve which is shown in Fig. 74. It is arranged so 
that, when a predetermined pressure is reached, the 
larger plungers are unloaded, or, in other words, the 
discharge manifold w is by-passed to inlet, and 
pressure is maintained in the discharge manifold, z, 
by anon-return valve. Finally, when the maximum 
pressure is reached, the discharge of the small 
plungers along manifold x, blows off at the relief 
valve. The combined unloading-relief valve can 
be arranged to operate as a sustained pressure 
valve, in which case there is only a difference of 
200 to 300 Ib. per square inch between the pre- 
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Fig. 78. 


5-KW InpucTion HEATER ; 


determined pressure at which the large plungers are 
unloaded or by-passed, and the maximum pressure 
at which pressure is sustained with the discharge of 
the small plungers blowing off at the relief valve. 
Alternatively, the unloading-relief valve may be 
arranged to operate the pump as a two-stage high- 
pressure pump, in which case there is a difference of 
2,000 or 3,000 Ib. per square inch between the pre- 
determined pressure at which the large plungers 
are unloaded or by-passed, and the maximum pres- 
sure at which the small plungers blow off at the 
telief valve. Furthermore, the booster pump may 
be increased in capacity up to 10 gallons per minute 
at 500 Ib. per square inch, thereby providing low 
pressure for the rapid approach stroke of a press 
ram, with the addition of sustained pressure or 
two-stage high pressure for the pressing operation, 
as described above. The unloading-relief valve is 
adjustable, so that the maximum blow-off pressure 
may be varied at will to suit the pressing operation. 

Among the furnace equipment being displayed by 
the Morgan Crucible Company, Limited, Battersea 
Church-road, London, S.W.11, is an oil- or gas-fired 
rotary crucible furnace for the melting of swarf and 
metal powders. The furnace, which is illustrated 
in Fig. 76, on this page, has a crucible capacity of 
6 cewt. of brass. The crucible is bottle-shaped to 
minimise oxidation losses, and is centrally supported 
within a cylindrical brick-lined furnace body 





Rorary Crucrste Furnace; Morgan Croucrste Company, Limtrep. 
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by plumbago “grip” bricks. In use, the furnace 
body is tilted so that the crucible axis is at about 
45 deg. to the vertical, and both furnace body and 
crucible rotate together at a speed of approximately 
10 revolutions per minute. This rotation, com- 
bined with the bottle shape of the crucible, turns 
the crucible charge over so that it dips repeatedly 
into the molten pool as it melts, thereby ensuring 
rapid and even transfer of heat to the charge and 
eliminating the need for poker work. The fur- 
nace cover remains stationary, the burner being 
arranged to fire downwards through it. The furnace 
is normally rotated clockwise by means of a squirrel- 
cage induction motor housed in the cubicle seen on 
the right-hand side of Fig. 76. It may be tilted clock- 
wise from the vertical through an angle of about 
100 deg. by the handwheel seen on the left-hand side, 
and through about 10 deg. anti-clockwise. The over- 
all weight of the furnace, exclusive of any charge, is 
approximately 34 tons. Other furnace equipments 
exhibited by the same company include a miniature 
paraffin crucible furnace for the quick melting of 
small charges of common non-ferrous metals. This 
unit, which can melt 32 Ib. of brass in less than 
30 minutes, is portable and self-contained, the 
furnace being supplied with a separate pressure fuel 
tank actuated by a hand-pump. 

Messrs. A. E. W., Limited, Imperial Works, High- 
street, Edgware, Middlesex, are exhibiting a range 


Fic. 77. Exvzcrric Furnace; Messrs. A. E. W., Limrrep. 


of their electric furnaces for heat treatment. These 
furnaces, a typical example of which is illustrated 
in Fig. 77, are manufactured in standard sizes from 
30 in. to 66 in. long, 35 in. to 40 in. wide, and 
40 in. to 52 in. high, and for electrical loadings from 
3 kW to 26 kW, so as to give a maximum tempera- 
ture of 1,250 deg. C. Low-temperature industrial 
ovens, which can be thermostatically controlled for 
any temperature up to 350 deg. C., are also being 
shown. The refractory chamber, which forms an 
essential part of the furnace, is built of inter- 
locking bars, arranged in such a manner that they 
can easily be removed for replacement. It is 
insulated with bricks of sufficient thickness to 
reduce heat losses to a minimum, these bricks being 
built into an iron frame. The heating elements can 
be easily renewed without dismantling the furnace, 
and are arranged close to the refractory chamber 
with free heat radiation, so that high temperatures 
can be obtained without overloading. The elements 
are also freely supported in protected channels so 
that they can expand or contract without mech- 
anical strain. 

Applied High Frequency, Limited, Actarc Works, 
Goldhawk-road, London, W.12, are showing a com- 
plete range of induction heating equipment, among 
which mention may be made of the newly intro- 
duced 20-kW model. This is equipped with a hand- 
loading fixture for the hard-brazing of bicycle front 
forks, and in its design particular attention has been 
paid to reducing the floor space required by a heater 
of so large a capacity, and to ensuring that servicing 
can be carried out with a minimum of disturbance 
to the equipment and surrounding units. The 
power input of this heater is regulated by grid- 
controlled mercury-vapour rectifiers and another 
new feature is a rapid tell-tale fault-finding indicator 
panel. 

A second equipment which is being shown is the 
automatic soldering unit illustrated in Fig. 78. 
This is designed for the first bottom soldering 
operation on pressure-stove containers, and incor- 
porates a standard 5-kW generator and induction 
heaters. As will be seen, it is fitted with an air- 
operated four-position turntable, which automatic- 
ally indexes through 90 deg. at the end of the heating 
cycle. The unit is actually arranged for soldering 
@ joint about 6} in. in diameter between the two 
brass pressings which form the bottom of a Valor 
pressure-stove container. The operation of the 
equipment, which is being demonstrated at the 
exhibition with components supplied by the Valor 
Company, Limited, Birmingham, is completely 
automatic, the sole duty of the operator being to 
load the soldered component with liquid flux and 
a pre-formed solder ring. This operation is carried 
out while a preceding component is being heated by 
the work coil. The heating time is 13 seconds and 





the indexing time about 3 seconds, so that a pro- 
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duction rate of 200 soldered components per hour 
can be achieved. The turntable is operated by a 
double-acting air cylinder, which lifts it into the 
heating position. When the generator is switched 
off the table drops, indexes through 90 deg. and 
immediately rises again to bring a new component 
into the work coil. 

The ‘‘Quickway”’ armature-winding machine, 
which is being exhibited by the Midland Dynamo 
Company, Limited, Belgrave Gate, Leicester, was 
initially designed for the use of the repairer. It is 
manufactured in two sizes, one to take the arma- 
tures of the motors on household appliances and 
portable tools, and the other for re-winding larger 
armatures, such as those used on car dynamos or 
on special-purpose machines with outputs up to 
about 3 h.p. As will be seen from Fig. 79, which 
is an illustration of the smaller machine, the arma- 
ture to be wound is supported between two adjust- 
able centres. These centres are fitted with a quick- 
acting half-turn Jever, which operates a cam- 
shaped locking device, so that the armature can be 
locked, released or made free to spin. The con- 
ductor wire is fed from the bobbin over pulleys 
mounted on the winding arm, which is driven by a 
motor through gearing. When the winding arm 
rotates, the wire is fed into a pair of slots, this opera- 
tion being assisted by two pairs of finger guides, 
which can be adjusted by knurled nuts. The 
number of turns laid in each pair of armature slots 
is indicated by a turn counter, which can be re-set 
for the next operation after the slots have been 
filled. 

The latest form of machine, which has been 
designed for winding on a mass production basis, 
is fitted with a pre-set counter. This automatically 
stops the winding operation when the desired 
number of turns has been laid in each slot. The 
winder is driven through gearing by an electric 
motor, the speed of which can be varied from 0 to 
500 r.p.m. Smooth deceleration is obtained by an 
electrically-operated brake on the high-speed shaft 
of the motor. Where continuous slot insulation is 
permissible, a fixed winding head can be used to give 
increased speed when indexing for the next slots to 
be wound. The driving motor is controlled by a 
push-button on the front of the machine, while a 
switch panel on the side carries ‘‘ on-off” and 





“* forward-reverse ” switches, as well as a sliding 
control for increasing or decreasing the torque. An 
adjustable spring-controlled wire-tensioning device 
is incorporated in the pulley system on the winding 
arm. The machine is capable of winding wires 
from No. 45 to 24 s.w.g. at speeds up to 500 r.p.m., 
while wires as fine as No. 47 s.w.g. can be dealt 
with by using a special revolving winding spindle. 
Messrs. Thompson Brothers (Bilston), Limited, 
Bradley Engineering Works, Bilston, Staffordshire, 
display a range of pressed sections in mild steel, 
stainless steel, and aluminium, as well as heat- 
exchanging equipment and plant for galvanising 
processes and for producing low-temperature melts 
for special purposes. Their display includes a 
centre-drive and self-contained centrifugal machine 
for the removal of surplus spelter from small com- 
ponents which have been dipped in a galvanising 
bath ; combined centrifugal and shaking forces are 
applied to fling off the surplus material. The 
machine, which is illustrated in Fig. 80 on this page, 
consists essentially of a vertically-mounted induc- 
tion motor which rotates and imparts a shaking 
action to a perforated metal basket containing 
up to 84 Ib. weight of components. The basket 
is supported in a carrier directly coupled to the 
upper end of the motor shaft, though in the 
illustration it is shown lifted above the machine, 
the hinged lid of the latter being open. The lower 
end of the shaft is supported in a spherical end- 
bearing, and the motor frame by vertical springs 
arranged in a circle about the shaft. The top bear- 
ing and the motor as a whole are therefore free to 
oscillate, so that both centrifugal and shaking forces 
are applied to the basket contents, thus keeping 
them in a state of agitation when the motor is 
running. Surplus spelter is thrown through the 
holes in the basket on to a conically-shaped shield 
protecting the motor underneath, the assembly 
being enclosed within a welded steel cover about 
3 ft. high and mounted in the centre of a square 
platform laid on an angle-iron frame. Control is 
effected by push buttons, and the circular lid has 
a safety lock which prevents the motor from being 
started unless the lid is closed. Normally the com- 
ponents to be cleaned need only be spun for about 
3 to 5 seconds; the motor is therefore designed to 
reach its maximum speed of 700 r.p.m. in 4 seconds 


Fig. 80. 
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with the basket fully loaded. A form of electrical 
braking is used to bring the motor automatically 
to rest in 3 seconds. 

The illustration given in Fig. 99, on page 254, 
shows the compact design of a combined heat- 
exchanger unit manufactured by Serck Radiators, 
Limited, Warwick-road, Birmingham, 11, and 
exhibited on their stand. This unit is intended for 
use with marine oil or petrol engines and acts as an 
oil cooler, a fresh-water cooler and a fresh-water 
header tank ; it occupies considerably less space than 
is generally taken up by the separate units. The 
combined construction also eliminates the seawater 
piping which otherwise would be necessary to con- 
nect the oil cooler and the fresh-water cooler, as well 
as the make-up piping generally required between 
the header tank and the fresh-water system. In the 
absence of this piping, the engine oil more rapidly 
attains its working temperature after the engine 
has been started from cold. To assist this rapid 
initial warming up, a thermostatic valve in the 
engine water circuit directs the warm water into 
the heat-exchanger unit at a point near to the 
oil-cooling section, with the result that the engine 
may be run at full load within a short time of 
starting up. The unit ~incorporates removable 
stacks of solid-drawn non-ferrous tubes which fit 
into machined casings and are sealed with safety 
leakage rings and double joints. 

Messrs. Bayham, Limited, 12, Lower Grosvenor- 
place, London, S.W.1, display various types of fluid- 
measuring and flow-indicating and contro] instru- 
ments, including a liquid-level switch for making or 
breaking an electrical circuit when liquid in a tank or 
reservoir passes a predetermined level set by the 
height of the switch. Like other forms of control 
instrument it may therefore be used to operate 
warning signals or to control flow valves. The unit 
with part of its body cover removed, and with its 
actuating cylindrical float, is illustrated in Fig. 100, 
on page 254. It consists essentially of a cranked 
float spindle which, by means of a magnetic coupling, 
tilts a two-way mercury switch housed under the 
body cover. The body is'threaded to fit a standard 
1}-in. B.S. pipe boss, and is screwed into the outside 
of the tank wall with its axis horizontal; it may 
also be fixed in a plain hole by using a backing 





nut. The float-spindle bearing projects into the 
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tank so that the float swings in a vertical plane as 
the liquid rises or falls in the region of the switch 
level. 

Permanent magnets provide the magnetic coup- 
Jing; one is attached to the float spindle and the 
other to the mercury-switch carrier, with the 
solid base of the main body interposed between 
them. This base is not pierced in any way, and 
besides forming a rigid diaphragm between the 
magnets, it isolates the tank liquid from the mercury 
switch and the other components under the cover. 
A terminal block just below the mercury switch has 
three connections so that either or both of the switch 
motions may be used. The unit is normally set so 
that switching takes place when the liquid is level 
with the horizontal axis, but the mercury-switch 
carrier may be turned in relation to its magnet, 
so that switching occurs when the liquid is either 
a few inches below or above the axis. The unit 
in its present form is suitable for use with water, 
oils and non-corrosive liquids, and the mercury 
switch is rated at 660 watts on a 240-volt alternating- 
or direct-current circuit. A change in liquid level 
of less than 1 in., depending on the setting of the 
switch and the slope of the float, will normally 
actuate the switch. The unit can be used on sloping 
sides, provided the angle of slope is not more than 

* 15 deg. from the vertical. 

Three-phase motors with outputs from } to 10 h.p., 
and single phase motors with outputs from } to 
1 h.p., form the main portion of the exhibit of Messrs. 
Tilling-Stevens, Limited, Victoria Works, Maidstone. 
On these motors, a typical example of which is 
illustrated in Fig. 101, on page 254, the usual frame, 
which is bored to receive the stator laminations, is 
dispensed with. Instead, three mild-steel bars are 
welded to the lamination pack and carry two mild- 
steel rings, in which spigots are turned to locate the 
die-cast aluminium end covers. This method of 
construction not only reduces the weight (a 2-h.p. 
motor of this design weighs only 54 lb., compared 
with 100 Ib. for a similar machine with a cast-iron 
frame), but improves the cooling, which is effected by 
fans on each end of the rotor shaft. A further advan- 
tage is an increase in robustness, it being claimed 
that a stator assembly of this type can be dropped 
from distances of 2 or 3 ft. without damage. The 
stator assembly is shot-blasted to remove any rough 
edges and rust prior to the insertion of the coils. 
The stator coils are wound concentrically in groups 
of three from one length of wire, so that soldered 
joints are avoided. The coils are then vacuum- 
impregnated. The rotor laminations are prepared 
in batches in the same manner as the stator, 
two V-grooves with raised edges being provided to 
form a key, which prevents rotary displacement. 
On the larger machines, a small ring is placed at 
each end of the laminations and welded into position 
to prevent longitudinal movement. The rotor 
bars are then dropped into place and brazed to 
& copper ring at each end, after which the periphery 
of the laminations is ground and treated with 
an anti-rust jelly. Finally, the fans and end 
covers are placed in position and the bearings 
adjusted. 

The single phase motors are of the capacitor- 
start induction-run type, the change over from one 
winding to the other being effected by a centrifugal 
switch. The switch consists of a rocking lever, 
which is pivoted at its centre and carries a weight at 
one end and a platform at the other. This platform 
is provided with a steel armature and a spring skid, 
which ends in two arms. The lever and a magnet 
are housed in a moulded carrier, which is secured 
by a grub screw to an extension of the motor shaft. 
A moulded slip-ring carrier is also fixed to the 
bearing boss of the motor and is registered to the 
bearing bore by spigots. This carrier contains two 
slip rings, which are separated by a@ flash guard. 
When the motor is at rest the spring skid is main- 
tained in contact with the slip rings, so that a 
circuit is established through the starting winding. 
As the speed of the motor increases, however, 
centrifugal force causes the armature to be separated 
from the magnet and to lift the skid from the slip 
rings, so that the circuit through the starting 
winding is broken. In this position the radius of 
rotation is increased and that of the weight at the 
end of the rocking lever is decreased, compared 








with the conditions when the starting circuit is 
closed. The result is that the pull as the motor 
slows down is decreased and the speed must there- 
fore fall to a very low value before the starting 
winding is again closed. It is thus possible for 
heavy momentary overloads to reduce the speed 
considerably before hunting occurs. As the motor 
comes to rest the armature is again attracted to the 
magnet and the skid makes contact with the slip 
rings, thus closing the starting winding ready for 
the next start. 

The display of fractional horse-power and indus- 
trial squirrel-cage motors on the stand of Small 
Electric Motors, Limited, Eagle Works, Churchfield- 
road, Beckenham, Kent, includes those of the single 
phase capacitor-start type with outputs from } to 
1 h.p. and three-phase models with capacities from 
4 to 5 h.p. at a speed of 1,420 r.p.m. All these 
motors are provided with drip-proof enclosures. 
Sectional motors are exhibited to show the bearings 
and method of lubrication, as well as the operation 
of the centrifugal starting switch. Electric trac- 
tion motors for battery vehicles with outputs from 
1} to 10 h.p. are also being exhibited. 

The capacitor-start motors, of which the general 
appearance will be clear from Fig. 102, on page 254, 
are precision built. The stator consists of annealed 
laminations, which are secured in a rolled-steel shell 
The copper wire forming the winding is insulated 
with synthetic material and the windings themselves 
are protected from the iron by pliable material of 
high dielectric strength. The assembly is first 
impregnated with insulating varnish and then baked. 
The rotor assembly is of similar construction to that 
of the stator and is hydraulically pressed on to the 
shaft. The core is pierced longitudinally by skewed 
ventilating ducts through which air is forced by a 
multi-blade fan. The rotor slots are also skewed 
to ensure quiet running and contain copper bars, 
which are welded to end rings of the same matialer. 
The complete rotor assembly is dynamically 
balanced to ensure quiet running. The end-shields 
are accurately machined castings to obtain con- 
centricity and the ventilating apertures are below 
the bearing housing to give drip-proof enclosure. 
The end-shield opposite the driving end carries the 
centrifugal switch and the terminal box. The 
capacitor is of the dry electrolytic type with a rating 
of 20 three-second starts per hour and is enclosed in 
a metal casing on the motor frame. 

Among the specialist firms exhibiting at Olympia 
are Messrs. Newman Industries, Limited, Yate, 
Bristol, whose products include totally-enclosed 
fan-cooled squirrel-cage induction motors and con- 
tactor-type starters. The induction motors are 
made in capacities up to 25 h.p. and examples of 
both the foot-mounted and flange-mounted types 
are being shown. Loom motors with outputs from 
4 to 1} h.p. at speeds of 960 and 720 r.p.m. are also 
on view, as are flame-proof motoros of capacities up 
to 25 h.p. A typical example of the fractional 
horse-power motors made by the firm is illustrated 
in Fig. 103, on page 254, which shows a resilient- 
mounted totally-enclosed fan-cooled unit. Gener- 
ally speaking these fractional horse-power motors are 
either four-pole or six-pole models of the split-phase 
or capacitor start and run types with outputs from 
7; to $ h.p., or of the polyphase type with outputs 
from }$ to } h.p. Normally these motors are 
‘“‘standard foot-mounted,” but the feet are easily 
detachable. Flange mountings or resilient base 
mountings can, as already mentioned, also be 
supplied. 

The stator is of “‘ semi-square ” design with fully 
enclosed laminations, which are cast in a die-cast 
high-tensile alloy frame. The laminations are 
stamped from high-grade electrical sheet steel and 
are secured in the frame during the casting process. 
This method of building up avoids the use of rivets 
passing through the stator stampings. The end 
shields, which are also die-cast and of similar 
material to the frame, are machined to fit on spigots 
on the latter. Both the spigots and end brackets 
are machined to fine limits to ensure concentricity 
of the rotor and stator and to give a uniform air 
gap. The wire used on the stator is insulated with 
Lecomax or other similar enamel, and the windings 
are laid in insulated slots. After the windings have 
been assembled in the slots the complete stator is 





impregnated with varnish and baked. The rotor is 
constructed from high-grade electrical sheet steel, 
and its slots are skewed to give quietness during 
running, and uniform torque. The copper bars 
forming the squirrel cage are welded to copper end 
rings. Ventilation is effected by a fan on the rotor 
shaft, the inlet to which is in the vertical face of the 
driving end shield. The air passes through internal 
passages in the frame thus ensuring uniform cooling 
and full enclosure of the windings and internal parts. 
Dust and foreign matter are thus excluded. The 
cut-out switch is fitted inside the non-driving end 
shield and is capable of breaking a current much 
greater than any likely to be met with in operation. 
Overload protection can be embodied in an enclosure 
in the bearing-end bracket and consists of a thermo- 
stat of either the automatic or manually re-set 
type. 

An exhibit of particular interest on the stand of 
Megator Pumps and Compressors, Limited, Feltham, 
Middlesex, is the ‘‘T 100” Diesel-driven marine 
fire and general-service pump shown in Fig. 104, on 
page 254. This unit, which will deliver up to 20 tons 
of water per hour at a pressure of 65 lb. per square 
inch, is intended primarily for use as an indepen- 
dently-driven fire pump, but is equally suitable for 
bilge and ballast pumping, deck washing and other 
purposes. It is self-priming and may be installed 
up to 20 ft. above the water level; owing to the 
absence of valves, it will handle water which con- 
tains sand or dirt. The pump is of the triple-ram 
type, the three pumping elements being mounted on 
a horizontal shaft which runs in outboard ball 
bearings fitted to the cast pump body. Each pump- 
ing element consists of an eccentric Nitralloy or 
Monel disc which fits closely inside a rubber and 
plastic “‘shoe.” As each disc rotates, it causes 
the corresponding ‘‘shoe” to move up and down, 
thereby opening and closing the inlet and outlet 
ports in an internally-mounted cover plate which 
separates the suction and delivery sides of the 
pump. At the same time, the movement of the 
disc relative to the shoe in the horizontal sense gives 
& pumping action and causes water to enter through 
the inlet ports and flow out through the exit ports 
into the body of the pump. The three pumping 
elements operate with phase differences of 120 deg., 
and it is stated that their combined action results 
in a smooth and continuous flow of water through 
the pump. The shoes are held against the cover 
plate by a hydraulic pressure equal to the pressure 
difference across the plate, and any wear on the 
rubbing surfaces is thus taken up automatically. 

Messrs. Laurence, Scott and LElectromotors, 
Limited, Norwich, are exhibiting representative 
ranges of their standard alternating and direct- 
current motors, some of which have recently been 
re-designed and improved in detail. Among these, 
mention may be made of a variable-speed alternat- 
ing-current motor which is being used to demon- 
strate the operation of an equipment designed for 
driving a Richards boring mill. This motor has an 
output of 37-5/125 h.p., and its speed can be 
infinitely varied between 1,500 r.p.m. and 500 r.p.m. 
by means of a remote-controlled induction regulator. 
This regulator, as well as all the starting and 
protective apparatus (including, in this case, the 
control gear for the mill feed motor) is housed in a 
cubicle termed a “‘ packaged”? equipment. The 
control is arranged to give either a constant cutting 
speed at any diameter of cut or any constant motor 
speed. In both cases the speed is adjustable within 
the designed range. This control can be effected 
from a pendant push-button station, which is pro- 
vided with push-buttons for “‘ start,”’ ‘‘ stop,” “‘ inch 
forward,” and ‘‘inch reverse.” ‘‘ Forward” and 
‘‘ reverse ”? buttons for the feed motor are provided 
at a second push-button station. In addition, there 
is a speed control box, which is fitted with a tacho- 
meter, a selector and control dials for both the 
cutting and table speeds. 

The selector has two positions giving constant 
motor speed and constant cutting speed. When in 
the former position the movement of the table speed 
control dial brings the motor to the selected speed 
to which it returns after every stop and restart. 
In the second position, the motor speed is auto- 
matically adjusted to maintain constant cutting 
speed with varying diameter of cut. The actual 
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selection of the desired speed is made on the appro- 
priate control dial either before starting or while 
the motor is running. The table-speed control dial 
is calibrated in revolutions per minute on three 
scales, which correspond to the three sets of mechani- 
cal gearing with which the mill is fitted. A move- 
ment of the dial alters the setting of a potentio- 
meter in the control circuit, and thus appropriately 
adjusts the position of the induction regulator. The 
constant cutting speed control is also calibrated on 
three scales in feet per minute. When this control 
is in use an additional potentiometer, which is 
mechanically coupled to the traverse motion of the 
tool, adjusts the motor speed so that the cutting 
speed is maintained constant during traversing. 

Another exhibit on this stand, of which mention 
may be made, is the “‘ two-step” starter for direct- 
current motors, illustrated in Fig. 105, on page 254. 
This has been designed for automatically starting 
constant- and variable-speed direct-current motors 
with outputs up to 40 h.p. at 220 volts. It consists 
essentially of two sets of electrically-operated con- 
tactors, one double pole for connection to the line 
and the other single pole for accelerating. The main 
contacts are of copper and are shaped so as to give 
clean working and long life. The current is broken 
at the top of the contacts, well away from the 
working surface. The arc is.extinguished by a 
series blow-out coil. The operating coils are impreg- 
nated with waterproofing insulating varnish, and 
are designed to work with a series ballast resistance, 
an arrangement which ensures reliability, owing to 
the comparatively large section of the wire. The 
double pole contactor is fitted with a mechanical 
timer with contacts controlling the single-pole 
accelerating contactor. A hand-operated double- 
pole isolating switch is provided and is interlocked 
with the cover and sbrouded so as to protect the 
live contacts when the cover is removed. 

Among the exhibits of Messrs. P. and L. Miller, 
Limited, Heneage-street, Spitalfields, London, E.1, 
are a number of machined and fabricated components 
and the ring-rolling machine illustrated in Fig. 81, 
on Plate VII. This machine enables steel bar 
of various cross sections to be bent into an arc 
or formed into a circle ; the machine will roll, for 
example, equal angle section measuring 1} in. by 
1} in. by } in. into an arc or circle of 5 in. minimum 
diameter. The bar or section is passed over two 
horizontal rollers spaced a certain distance apart 
and the arc formed in the conventional manner by 
downward pressure exerted by a third roller spaced 
midway between them. The rollers themselves 
carry adjustable sleeves or formers to accommodate 
work of different shape, and are carried by shafts 
extending out from the main structure of the 
machine. The roller-actuating mechanism is con- 
tained within a solid steel framework machined 
on all sides and forming the chassis of the unit. 
Both the horizontal distance between the two 
lower rollers and the height of the middle roller 
above them are adjustable to allow for the bending 
of different sections into the radii required. The top 
roller is carried on a shaft operating from a steel 
casing pivoting about a horizontal axis within the 
chassis to allow for vertical adjustment. The lower 
rollers are carried on shafts which are also supported 
by a steel casing within the chassis, the lateral dis- 
tance between the rollers being adjusted by a pair 
of coupled left- and right-hand tensioning screws 
operated by the handwheel at the side. A hand- 
wheel on top of the machine adjusts the height of the 
centre roller. As shown in the illustration, two 
auxiliary rollers are mounted on plates at the side 
of the machine, and serve as guides to ensure that 
the sections remain in the same vertical plane while 
being rolled. The plates can be screwed to the 
sides in different positions according to the nature 
and size of the work. A standard form of slip-ring 
induction motor, connected to a separate controller 
outside the machine, is used to drive the rollers. 
The geared drive is taken through a spur pinion to a 
fabric intermediate wheel and thence to a worm 
shaft housed in a cast-iron oil-tight casing fixed to 
the chassis and forming an oil bath. 

Among the lubricating- and fuel-oil purifiers 
exhibited by the Alfa-Laval Company, Limited, 
Great West-road, Brentford, Middlesex, is the 


on Plate VII. This unit is specially designed for 
the treatment of high-viscosity fuels such as boiler 
oils, to enable them to be used as Diesel-engine fuels, 
especially for marine purposes. As in other purify- 
ing plant produced by the same firm, the oil to be 
cleaned flows down a hollow shaft to the bottom 
of a rapidly-rotating bow] containing a set of self- 
cleaning conical discs between which separation of 
water and oil, for example, takes place. The bowlis 
arranged so that it can be used either as a clarifier 
or as a purifier. In the last case, two discharge 
outlets are used, water and solids being thrown 
upwards by the discs to one outlet and the purified 
oil to a higher outlet pipe. When used as an oil 
clarifier, only one outlet is used; the alteration 
is made by a simple re-arrangement of the discs. 
A hole at the bottom of the bowl allows for drain- 
ing. The bowl itself is carried at the top of a 
vertical tapered spindle, ball-bearing mounted, and 
driven through step-up gearing by a 120-volt direct- 
current motor aligned horizontally. A quick-acting 
brake is fitted into the frame of the machine so that 
the bowl can be quickly stopped and locked in 
position after the motor has been switched off. The 
hood over the bowl is cast from a light aluminium 
alloy and is hinged to the rear of the main frame. 
It is automatically secured when in the open 
position and, when closed, makes a gas-tight joint 
with the frame to prevent the escape of any oil 
vapours. It also has a sight or inspection glass to 
show when the bowl requires cleaning or when the 
supply of oil is too great. The inlet pipe for the 
unpurified oil is swivel-jointed to the hood. Hand- 
ling gear, operated by the crank handle seen on the 
right in the illustration, enables the bowl to be 
lifted and opened up for cleaning without any parts 
being placed on the floor. It may be locked in any 
position to ensure safe handling of the bowl even 
when the ship is in a heavy sea. Sight glasses are 
also fitted to the outlet pipes so that the flow of the 
liquids can be seen. 


Among the several compressors exhibited on the 
stand of Messrs. Reavell and Company, Limited, 
Ranelagh Works, Ipswich, is one which represents 
the manufacturer’s series of vertical double-acting 
two-stage air compressors. This machine is capable 
of delivering up to 1,000 cub. ft. of air per minute 
at a pressure of 100 Ib. per square inch, when 
driven at a speed of 375 r.p.m.; pressures up to 
120 lb. per square inch may be obtained if necessary. 
This machine is illustrated in Fig. 83, on Plate VII. 
Owing to its relatively high operating speed, it is 
particularly suitable for direct driving by electric 
motors or internal-combustion engines, but steam- 
driven models also are made with compound steam 
cylinders arranged in tandem with the air cylinders. 
The two-stage motor-driven compressor comprises 
a heavy cast-iron crankcase and bedplate on which 
are fitted the two water-cooled cast-iron cylinders ; 
each cylinder barrel is cast integrally with its valve 
box, which is located on the side of the cylinder. 
The valves are made of heat-treated stainless steel 
and work on renewable cast-iron seats. The pistons 
also are of cast-iron and are ribbed internally to 
provide strength with lightness; they are fitted 
with hammered cast-iron piston rings. The crank- 
shaft, connecting rods and piston rods are of 
Siemens-Martin forged steel, and machined all over. 
The connecting rods are fitted at the top ends with 
phosphor-bronze bearings and at the bottom ends 
with gun-metal bearings which are white-metal 
lined. Cast brass shims are fitted to both bearings 
to allow for adjustment. An independent inter- 
cooler of the multi-tubular counter-current type is 
provided to cool the air from the low-pressure 
cylinder to a suitable temperature before it enters 
the high-pressure cylinder. It is connected by 
pipes to the cylinders and is provided with a relief 
valve and the necessary drains. A valveless plunger 
pump draws lubricating oil from a large well in the 
bedplate and delivers it to the crankshaft bearings, 
the large- and small-end bearings and the cross- 
head bearings. Cylinder lubrication is provided by 
an adjustable sight-feed mechanical lubricator, 
which is driven from the crankshaft. Another 
compressor shown by the same manufacturers is 
the ‘‘Q.R. 9-by-6 Quadruplex ’’ compressor, which 
is the largest of three single-stage four-cylinder 





centrifugal clarifier and purifier illustrated in Fig. 82, 


moderately high speeds. This machine is illustrated 
in Fig. 86, on Plate VII. It delivers about 409 
cub. ft. of air per minute at a pressure of 120 lb, 
per square inch, the piston displacement being 503 
cub. ft. per minute at the maximum speed of 
580 r.p.m. The four cylinders are arranged radially 
in a circular casing; each is fitted with a trunk 
piston and the four connecting rods are all driven 
by a common crankpin. The casing contains an 
annular space forming a water jacket through 
which the cylinders pass. No suction valves are 
fitted, the air being admitted to the cylinders 
through ports in the piston crowns and the tops of 
the connecting rods. Plate-type steel delivery 
valves are fitted at the outer ends of the cylinders, 
The large end of each connecting rod is made in 
the form of a ring which holds the outer race of a 
roller bearing, the inner race of which consists of a 
hardened steel sleeve, fitting over the crankpin, 
In order that these bearings may be fitted to the 
crankpin, the crankshaft is made in two parts, 
the outer web being secured to a tapered extension 
of the crankpin; the crankshaft is carried in 
roller bearings. A mechanical lubricator, fitted 
with a hand-priming device, delivers oil under 
pressure tc all the working parts of the compressor, 
which may be coupled directly to the prime mover 
or driven by a belt. 


Among the engine-driven and electrically-driven 
pumping equipment displayed by Messrs. Arthur 
Lyon and Company (Engineers), Limited, Telford- 
way, Westway Estate, London, W.3, are their 
1}-in. and 2}-in. centrifugal self-priming portable 
water pumps. A photograph of the first mentioned 
is reproduced in Fig. 84, on Plate VII. This unit 
can deliver water at the rate of 2,600 gallons per 
hour, with a suction lift of 15 ft., through a 25-ft. 
long inlet hose, against a total head of 30 ft. 
With a 5-ft. suction lift and total head of 20 ft., the 
pump can deliver 3,400 gallons per hour. The 
pump is driven by a single-cylinder four-stroke 
air-cooled petrol engine to which it is directly 
coupled, both being mounted on a common base- 
plate. The engine develops 1-3 h.p. at its operating 
speed of 2,900 r.p.m., and is fitted with an adjustable 
centrifugal governor, so that the engine speed can 
be controlled by turning a small knob projecting 
outside the engine casing. A stop button is pro- 
vided on the built-in flywheel magneto. A cylin- 
drical fuel tank of 14 pints capacity is mounted 
above the engine, the consumption under normal 
conditions being a little less than } pint per hour. 
Starting is effected by means of a rope in the usual 
way, a pulley being fitted on the engine shaft for 
this purpose. The pump body is made of an alumin- 
ium alloy, both inlet and discharge connections 
being made to fit a standard 1}-in. diameter hose 
The unit as a whole weighs approximately 60 Ib. and 
can be conveniently mounted on a wheelbarrow- 
type of trolley, though a carrying handle is also 
fitted. 

The Comet Pump and Engineering Company, 
Limited, 23, Johnson-road, West Croydon, Surrey, 
exhibit a range of rotary pumps and auxiliary 
equipment, including completely reversible units for 
dealing with thick viscous matter and fluids such as 
fruit pulps or the sludge in dredging operations. 
The pumps incorporate sliding-vane type rotors 
mounted eccentrically within the pump housings 
in the usual way, and driven at a speed depending 
on the nature of the duty. A photograph of a 
unit for slowly delivering thick matter such as 
wire-drawing grease is reproduced in Fig. 85, on 
Plate VII. This pump runs in one direction only 
and at speeds as low as 1 r.p.m. It has a single- 
vane rotor into which scavenging ducts are recessed 
on the leading sides of the vane. Solid matter such 
as small stones and gravel which at first are not 
swept into the 3-in. diameter delivery pipe are 
carried round in the ducts until finally caught by 
the main stream and ejected with it. The pump 
is driven by a push-button controlled 2-h.p. squirrel- 
cage induction motor through a fixed-ratio reduc- 
tion gearbox, no speed control being required for 
the duty specified. The complete unit, which weighs 
about 3 cwt., is transportable and may bo mounted 
on a trolley. Other units exhibited by the same 
firm incorporate a belt-drive between the motor 





compressors which are designed for running at 


and pump with some form of speed control. 
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Messrs. Keelavite Rotary Pumps and Motors, 
Limited, Allesley, Coventry, are exhibiting high- 
and low-pressure gear pumps, piston-type direc- 
tional valves, relief valves, and other hydraulic 
equipment. Fig. 93, on this page, shows a longi- 
tudinal section of the firm’s latest high-pressure gear 
pump, type GH. It is made in three sizes with 
outputs of 2, 4 and 20 gallons per minute at a pres- 
sure of 2,000 Ib. per square inch, and in one size 
with a capacity of 27 gallons per minute at a pres- 
sure of 1,500 Ib. per square inch. The pump casings 
are of light alloy, and the gears are of Nitralloy, 
ground before and after nitriding. Care has been 
taken in the design to ensure the maintenance of 
high pressure, with consistent efficiency, both 
volumetrically and mechanically, over long periods. 
By @ patented method of hydraulically centralising 
the gears axially in the pump casing, friction and 
consequent wear of the sides of the gears are con- 
siderably reduced. Oil under pressure is fed to 
cavities on each side of the housing, and sealing is 
effected by spring-loaded discs at the ends of the 
driving and driven shafts. An axial displacement 
of 0-0001 in. is stated to be sufficient to create a 
restoring force of more than 500 Ib. when the pump 
pressure is 1,000 lb. per square inch. The hydraulic 
centralising of the gears necessitates the provision 
of a small end float on the driving shaft. Care must 
therefore be taken when coupling the pump to a 
motor or other drive, and to simplify this the pump 
can be supplied with a separate adaptor shaft, as 
shown in Fig. 93, which does not affect the axial 
position of the driving gear shaft. The adaptor 
shaft is suitable for a belt pulley or a chain 
sprocket. 

Messrs. David Brown and Sons (Huddersfield), 
Limited, Huddersfield, are showing a variety of 
exhibits which include gears, pumps, castings and 
other industrial and marine-engineering products. 
Among these, and of particular interest, is a marine 
gearbox which has been designed to meet the 
anticipated future requirements for tugs, trawlers, 
coasters and high-speed craft. This is illustrated 
in Fig. 87, on Plate VIII. It transmits 510 h.p. 
with an input speed of 600 r.p.m. and an output 
speed of 302 r.p.m., and comprises two constant- 
mesh gear trains, the astern train including an idler 
gear. Multi-groove clutches are operated by oil 
pressure, the control lever having three positions ; 
“ahead,” ‘‘neutral” and ‘‘astern.” The exterior 
is of particularly clean design and there is only one 
external pipe; this carries oil from the pumps to 
the heat exchanger and back to the gearcase. 
Another exhibit which is unusually interesting is 
being shown by the Coventry Gear Company, 
Limited, one of the companies in the David Brown 
group. It is a geared electric motor—a self- 
contained driving unit which gives a range of 
17 output speeds between 25 r.p.m. and 345 r.p.m. 
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with a motor speed of 1,425 r.p.m. The input 
powers can range from 0-25 h.p. to 2 h.p. 

A totally-enclosed splash-lubricated steam cargo 
winch is one of a number of marine and heavy 
industrial exhibits which may be seen on the stand 
of Messrs. Clarke, Chapman and Company, Limited, 
Victoria Works, Gateshead, 8. This winch, which 
is illustrated in Fig. 88, on Plate VIII, is protected 
completely from the weather, and may he used for 
handling cargo under arctic or tropical conditions. 
It is fitted with a single-step, two-speed, spur-gear 
drive which provides a 2 to 1 reduction ratio when 
required. Only one pinion and wheel are in gear at 
a time and there is no clutch. All the working parts 
of the engine are totally-enclosed and splash- 
lubricated. Stephenson’s link-motion valve gear is 
fitted, to provide for speed control and reversing. 
The cargo barrel has deep flanges which are com- 
pletely shrouded to prevent the cargo runner from 
springing over and becoming jammed, and the inner 
flanges of the end barrels are shrouded similarly. 
A pedal operates the band brake, which is fitted 
inside the casing, and large water-tight doors are 
arranged in the casing so that the working parts 
of the engine may be adjusted or, if necessary, 
removed. It is stated that the winch is silent 
when working under load and that it is suitable, 
therefore, for use above passenger accommodation 
or crews’ quarters. 

The Power Plant Company, Limited, West Dray- 
ton, Middlesex, have recently developed the Finroc 
gear-shaving process for straight-spur, single-helical 
and double-helical gears, and are showing on their 
stand at the exhibition a number of gears finished 
by this process. They are also showing various 
types of flexible couplings. Fig. 89, on Plate VIII, 
shows one of the exhibits—a set of turbine reduction 
gears for land service, intended for transmitting 
power equivalent to 2,500 kW, with a speed reduc- 
tion of from 8,000 to 1,500 rpm. The Finroc 
process, which was used on the gears, has been 
developed primarily to overcome the limitations of 
other post-hobbing processes ; in particular, it is 
the only process which succeeds completely in 
removing the undulations which are inevitably 
formed on the teeth of helical gears which have been 
cut in a hobbing machine. The process also results 
in a greater degree of correction of errors in profile, 
pitch, helix angle, and surface finish, than is attain- 
able by any other method. 

A typical Finroc cutter consists essentially of a 
helical pinion, ground to the highest possible degree 
of accuracy, with a helix angle equal to that of the 
gear to be shaved but of opposite hand, and pro- 
vided with finely-pitched radial slots on both flanks 
of the teeth, the edges of these slots forming the 
cutting edges. It is a well-established fact that, if 
such a cutter is rotated in mesh, and under pressure, 
with a gear, and if there is also relative sliding, in a 





direction lengthwise along the teeth, a cutting 
action takes place by virtue of the elastic compres- 
sion of the gear material, although the cutting 
edges have no clearance. In the Finroc process, the 
cutter and gear are mounted on parallel axes, the 
gear driving the cutter which, in addition, is ar- 
ranged to reciprocate in an axial direction. This 
combination of rotation and reciprocation produces 
a very satisfactory cutting action which results in 
the removal of fine chips, 0-002 in. thick or less, in 
an angular direction on the face of the gear teeth. 
Since cutting takes place in both directions, a fine 
criss-cross pattern of cuts is produced on the teeth, 
not unlike that on a gear ground by a generating 
process. Means are provided to ensure equal cutting 
action on all parts of the tooth. The principal 
advantage of Finroc parallel-axis shaving lies in 
the fact that there is contact between the cutter 
and gear over a relatively large zone extending the 
full width of the cutter. Thus, the relative motion 
of the gear and cutter is determined by the average 
accuracy of the gear over a relatively large zone. 
This tends to correct the form of the gear teeth, the 
extent of the correction depending largely on the 
initial uniformity of the relative motion. 

On the stand of the Sperry Gyroscope Company, 
Limited, Great West-road, Brentford, Middlesex, 
are displayed gyro-compass and gyro-pilot equip- 
ment including that for providing hand-electric, 
automatic, and auxiliary electric steering-gear con- 
trol. Among this equipment is the Sperry Minor 
gyro-compass which is primarily designed as a self- 
contained unit for installation in the wheel house 
of small sea-going vessels. If desired, the usual 
magnetic steering compass may be dispensed 
with, provided the standard magnetic compass has 
& projector enabling the helmsman to steer should a 
breakdown occur in the electrical supply to the 
gyro-compass. The instrument is housed in a 
binnacle 23 in. in diameter and 57 in. high. As 
indicated in Fig. 90, on Plate VIII, the binnacle is 
divided into two main compartments. The upper 
section contains the meridian-seeking element in 
its gimbal rings, and the lower contains the control 
panel amplifier and the motor-alternator for supply- 
ing the rotor unit. The complete assembly, together 
with the binnacle weighs approximately 300 Ib. 
The compass dials and the cover can be slewed 
through 30 deg. on both sides of the fore and aft 
line, in order to suit the position of the compass 
relative to the helmsman. There are four main 
supports and each forms part of the ventilating 
system, air being drawn in through vents at the 
bottom of each tube and expelled through a vent ip 
the upper cover. The motor-alternator is of the 
inductor type, having no slip-rings and designed wo 
provide three-phase alternating-current at a fre- 
quency of 250 cycles per second at a voltage of 110. 
Its speed is held at 1,880 r.p.m. by means of a centri- 
fugal-governor switch in the field circuit of the motor. 
The rotor of the compass itself is driven at 15,000 
r.p.m. by the generator’s three-phase supply, and 
rotates in a case from which the air is exhausted at 
the factory before installation. A small metal 
bellows is fitted as a vacuum indicator, and if a 
leak develops, the bellows stand proud of the rotor 
case. Even if a leak occurs, however, the perform- 
ance of the compass is not seriously affected. At. 
the exhibition the compass is mounted on a roll, 
pitch and yaw table similar to ‘those used in the: 
company’s testing department to simulate motion: 
due to the sea. 

The British Electric Resistance Company, Limited, 
Queensway, Ponders End, Middlesex, are showing 
various patterns of their automatic voltage stabi- 
lisers which are designed to maintain an output: 
voltage constant to within + 1 per cent. when the 
mains voltage is fluctuating by + 15 percent. The- 
output voltage is also unaffected by variations in the: 
load or power or by normal frequency variations. 
The stabiliser, an illustration of which appears 
in Fig. 91, on Plate VIII, consists essentially of a- 
motor-driven infinitely-variable transformer, whic’ 
is controlled by a voltage sensitive relay. This 
relay, with its associated rectifiers and multiplying 
resistors, is mounted on a control panel. The output 
voltage is measured continuously, and any variation: 
of more than 1 per cent. from normal, causes the- 
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contacts of a direet-current voltmeter-type relay to 
close and the motor driving the transformer to rotate 
in the appropriate direction so as to restore the 
veltage. The various relays are electrically inter- 
locked so that in the event of any of the control 
circuit components failing, the output voltage 
from the stabiliser is reduced to a minimum. The 





control circuit can also be arranged so that the 
output voltage will automatically be reduced to a 
minimum before the load is switched on. All the | 
relays are protected by fuses. 

Messrs. Dobbie McInnes, Limited, 191-193, 
Broomloan-road, Glasgow, S.W.1, are exhibiting, 
in addition to their well-known indicators, etc., 
B.T.-H. marine radar equipment, for which they 
are the agents in the United Kingdom ; a new visco- 
meter which is described below; a tank alarm 
system, particularly useful for giving warning or 
shutting off the supply when a ship’s tank is nearly 
filled; an improved indicator for medium-speed 
engines; a recording accelerometer for tests on 
motor vehicles; a ‘“‘Teledep” tank liquid-level 
indicator; and a new peak-pressure indicator. 
They are also showing a full range of their naviga- 
tional and engineering instruments. Perhaps the 
most novel instrument, however, is a new visco- | 
meter which is of simple construction and will 
indicate the viscosity of a fluid in poises in a few 
seconds. The main part of the instrument is shown 
in Fig. 92, on Plate VIII. It consists, essentially, 
of an electric motor which drives a plain smooth 
rotor of Inconel metal, the axis of which is vertical, 
and which is protected by a sleeve, open at the bot- 
tom, with a sufficient annular space between the 
two to allow the liquid to surround the rotor. The 
complete motor assembly can be lowered vertically, 
against a spring, by means of a lever, so that the 
cylindrical rotor and its housing are immersed in the 
liquid which is contained in a beaker. The rotor 
is allowed to run continuously, and shortly after it 
is immersed in the liquid, the viscosity is indicated 
on a meter (not illustrated). This is achieved, in 
effect, by allowing the viseous drag on the rotor 
to be measured, in its effect on the increased power 
required from the motor, by means of an ammeter 
calibrated in poises. The viscometer is flameproof, 
and is particularly useful for testing inflammable 
liquids. It can be arranged as a simple indicator, 
as already explained, or as a recorder or an auto- 
matic controller of a process which affects the 
viscosity of the liquid. It can also be incorporated 
in a pipe-line to give a continuous record. Varia- 
tions due to temperature changes can be com- 
pensated satisfactorily, and the instrument will 
operate at temperatures up to 200 deg. F. The 
makers state that they hope soon to increase this 
to 500 deg. F. The measuring unit will operate in 
pipe-lines and containers at high pressures, and the 
meter or recorder can be situated remote from the 
measuring unit. Under certain conditions it is 
possible to obtain automatic flow diagrams for non- 
Newtonian fluids. 

The exhibits of Messrs. Dewrance and Company, 
Limited, Great Dover-street, London, S.E.1, cover 
a range of steam-plant equipment such as safety 
valves, whistle alarms and hydraulically- and 
electrically-operated valve gear. They include the 
electrically-controlled slide valve illustrated in 
Fig. 94, on this page, and designed to turn on or 
shut off steam in a 12-in. diameter pipe in just over 
a@ minute. The operating gear, including the actu- 
ating electric motor, is housed above the main 
valve stem and supported by four vertical columns 
fixed to the flange around the stem. It. is push- 
button controlled from a conveniently situated 
panel, though if the electrical supply fails, both 
the main and the by-pass valves, may be opened or 
closed by the handwheels provided. The by-pass 
valve is normally driven through a long shaft fitted 
with universal joints at each end. It operates in the 
usual way to equalise the steam pressure on either 
side of the main valve before this is opened, and to 
close after the main valve. An electrical interlock 
ensures the correct operational sequence. The 
main valve spindle is threaded and is raised or 
lowered by a collar which is rotated, through 
reduction gearing, by the motor. In this instance, 
a direct-current motor is fitted. The stem of the 





valve spindle is about 3 in. diameter and carries 
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Fig. 94. ELECTRICALLY-OPERATED VALVE; 
Messrs. DEWRANCE AND COMPANY, LIMITED. 
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columns as guides. Limit switches automatically 
arrest the motion of the valve when it has fully 
opened or closed, and a mechanical indicator shows 
its position at any instant. A solenoid-governed 
centrifugal clutch allows the motor to reach a suit- 
able speed before engaging with the operating gear, 
and the controls may be safely reversed while the 
valve is moving at full speed. The valve may also 
be inched from any position, illuminated signals 
on the control panel indicating the shut and open 
positions. The electrical gear can be used should 
the valve stem be in the vertical, horizontal or 
inverted positions. 

Messrs. Vickers-Armstrongs Limited, Vickers 
House, Broadway, London, S.W.1, are showing 
several machines of diverse types, including a 
three-roll toilet-soap mill, a soap plodder, a heavy 
ink mill, a hardness-testing machine, a bottle-filling 
machine, a “ VSG” hydraulic variable-speed trans- 
mission gear, and several wire-stitching machines 
suitable for boxes, books and pamphlets. That 
shown in Fig. 95, on this page, is the Vickers 1}-in. 
book-stitcher, which is a recent development. It 
has an unusually high penetrative capacity, and 
incorporates a number of advantages not found 
in other machines of this type. It will fully clinch 
work from two sheets thick up to 1} in. thick at a rate 
of 160 stitches per minute, and is capable of “ stab- 
bing” up to 2} in. thick. The design provides 
for ease of maintenance and adjustment, and all 
controls and interchangeable parts are readily 
accessible to the operator. The table is reversible 
for flat or saddle work. The wire-cutting knife 
is @ disc which can be turned to a fresh position 
many times to provide long life. The machine is 
driven by an individual motor which is mounted 
on the base, and the stitching operation is controlled 
by a pedal. 

The exhibits of Messrs. Twin Disc and Clarifiers, 
Limited, Aldwych House, Aldwych, London, W.C.2, 
include heat-exchangers for the cooling of both 
engine water and engine oil, or alternatively, for 


coupling, and a 165-b.h.p. marine reverse and 
reduction gear unit, as well as the flexible stern tube 
illustrated in section in Fig. 96, on the opposite 
page. The special feature of this stern-tube is the 
flexible mounting of the inner gland. As shown 
on the right-hand side of the drawing, the gland a 
is located and supported co-axially around the 
propeller shaft 6 by two rectangular-section rubber 
rings c. These are pressed home by a threaded 
end ring d, which bears against a suitable washer e, 
so that the gland is made watertight and is flexible 
in relation to the main tube f and the shaft. 
Greater freedom is thereby obtained for any mis- 
alignment in the propeller and main engine shaft- 
ing or for any constraint imposed either by flexure 
of the propeller shaft or of the vessel, than in 
those cases where the gland is screwed solidly to 
the stern-tube. The gland is packed and sealed 
in the normal manner. Rubber-lined bearings 
support the propeller shaft in the stern-tube, and are 
lubricated by bleeding from the circulating water or 
by other convenient means. In this instance, a 
spiral gap about } in. deep and } in. wide, not shown 
in the drawing, is cut on the inside of the rubber to 
allow the water to flow round the shaft. The model 
exhibited was fitted with a 2}-in. diameter man- 
ganese-bronze shaft, but flexible mountings of this 
type are also made to accommodate shafts up to 
5-in. diameter. 

One of the most interesting of the range of exhibits 
shown by Sigmund Pumps, Limited, Team Valley, 
Gateshead, 11, is a new Diesel-driven pump unit 
for emergency fire fighting on board ship. This 
unit is illustrated in Fig. 97, on this page; it has 
been designed specifically to meet the demand for a 
Diesel-driven unit of this type, and is shown for 
the first time. The pump is capable of delivering 
100 gallons of water per minute against a pressure 
head of 140 ft. and will give two }-in. jets, 50 ft. to 
70 ft. long. Both branches have a diameter of 





3 in., and priming is effected by a piston-type ex- 
hauster, driven by a V-belt from the main shaft ; 
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a suction lift of 24 ft. can be obtained by this 
method. The pump is of the two-stage volute type, 
and has back-to-back impellers so that there is no 
resultant hydraulic thrust on the combined impeller 
unit. The two-cylinder, four-stroke, solid-injection 
type Diesel engine which drives the pump, develops 
11-6 brake horse-power at a speed of 1,800 r.p.m. 
The pump and the engine are mounted on a skid- 
type bedplate and are coupled together through 
& flexible connection. The pump casing is an iron 
casting, treated with bitumastic enamel and fitted 
with zinc slabs to prevent corrosion. High-tensile 
steel is used for the construction of the shaft and the 
impellers are of phosphor bronze. 

Messrs. Hale, Hamilton and Company, Limited, 
107, Old Broad-street, London, E.C.2, are showing 
@ range of compact reducing valves, or pressure 
controllers, which are suitable for air, gases or 
liquids. They are designed for inlet pressures of 
from 50 Ib. to 4,000 Ib. per square inch, and for 
outlet pressures of 5 Ib. to 1,500 lb. per square inch. 
The ‘* midget controller ’’ shown in section in Fig. 98, 
on this page, is suitable for inlet pressures up to 
3,500 Ib. per square inch, and outlet pressures of 
5 Ib. to 1,500 lb. per square inch. It is approxi- 
mately 3 in. high and 3 in. in diameter. The valve 
itself is held on its seat by @ light spring, and is 
lifted off the seat to cause the required reduction 





DresEL-DrivEN Fire Pump; Siamunp Pumps, LIMITED. 


in pressure by the action of a quantity of air or gas, 
which is permanently sealed in a dome, on a dia- 
phragm. To set the valve to the required pressure 
reduction, air or gas under pressure from the inlet 
side (or from an external source) is admitted to the 
dome in the upper part of the body by means of 
two screw-down needle valves, and when the outlet 
pressure has been adjusted in this way, the two 
needle valves are closed. Thus the dome is sealed 
and can be left without further adjustment for an 
indefinite period. The gas in the dome acts on the 
upper surface of the diaphragm, pushing it down 
and, through the medium of a disc, opening the 
main reducing valve. The disc is subjected, on its 
underside, to the reduced, or outlet, pressure, and 
to the action of the valve spring and a helical 
spring bearing on the disc. These combined forces 
are overcome by the pressure of the gas sealed in 
the dome. If the diaphragm should develop a leak, 
the dome pressure falls until it is equal to the 
outlet pressure, when, as there is no force tending 
to open the valve, the latter closes and the delivery 
is cut off. Variations in outlet pressure due to 
changes in the inlet pressure or to changes in the 
ambient temperature are stated to be small. The 
materials used for the diaphragm and other parts 
of the valve depend on the gas or liquid which is to 





be controlled. 
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Electric tools of many types and sizes are being 
exhibited on the stand of Messrs. Black and Decker, 
Limited, Harmondsworth, Middlesex. They include 
portable electric drills, drill stands, electric screw- 
drivers, bench grinders, portable grinders, sanders, 
valve-refacing machines, a valve-seat grinder, 
portable vitrifiers for polishing and rubbing, and an 
improved 16-gauge Lectro-shear. The latter will 
cut sheet up to 16 s.w.g. thick, following any line, 
straight, curved or irregular, with a minimum radius 
of } in., and is suitable for metal, fibre, plastic- 
bonded wood, etc. The shearing blade of the tool 
reciprocates at 1,500 strokes per minute at full load 
and 2,500 strokes per minute at no load. The 
16-gauge tool weighs 8 Ib. and has an overall length 
of 113 in. An 18-gauge Lectro-shear is also made ; 
the minimum cutting radius is the same, and the 
tool weighs 6} Ib. 


We regret that the photographic illustrations of 
the two shaping machines exhibited by Messrs. 
C. H. Joyce, Limited, which appeared on Plate IV 
of last week’s issue of ENGINEERING, were inadver- 
tently transposed. 

(To be continued.) 





PROPOSED FORTH-BRIDGE ROADWAY.—The proposal 
to convert the Forth Bridge into a rail and road bridge 
by constructing a road above the railway track has 
been rejected by the Fife Road Board. The sugges- 
tion was put forward by Sir Bruce White, who pointed 
out that, if light alloys were used, a roadway could be 
added without increasing the deadweight of the main 
members of the bridge. The cost would have been 


2,000,0007., compared with 7,000,0001. for a separate 
road bridge, and the work would have taken two years 
instead of from eight to ten. 


250 


ENGINEERING. 





SEPT. 








FLYING DISPLAY 
OF BRITISH AIRCRAFT. 


At Farnborough aerodrome, Hampshire, the 
Society of British Aircraft Constructors are holding 
their tenth annual flying display and static exhi- 
bition. The display opened on Wednesday, Sep- 
tember 7, and will continue until Sunday, Septem- 
ber 11, on Wednesday, Thursday and Friday ad- 
mission to the exhibition being reserved for invited 
guests of the Society, primarily trade buyers and 
those with technical and professional interests in 
the aircraft industry. Last year, for the first time 
in the history of the show, the public were admitted 
during the last two days, and this successful inno- 
vation is to be repeated on Saturday and Sunday 
this year. 

In this year’s display, interest is more or less 
evenly divided between the wmilitary and civil 
aircraft on view. The flight demonstrations of 
the new jet bomber, the new transonic fighters 
and the jet-propelled aircraft equipped with 
re-heat are spectacular, and, esthetically, these 
high-performance aeroplanes have great appeal; 
but equally satisfying is the growing evidence of 
the renewed vitality of Britain’s transport-aircraft 
industry. With the support of the Government 
departments, many constructors have, largely, con- 
centrated on the application of propeller-turbine 
power; at equal take-off ratings, the propeller- 
turbine is much lighter than the piston engine, 
so that more payload or fuel can be carried ; the 
installation is more compact, giving a cleaner 
aircraft ; and, owing to the power characteristics 
of this type of engine, economical cruising speed is 
little less than the maximum speed of the aircraft. 
In addition to offering higher performance than the 
piston engine, at a competitive cost, the reduced 
noise and vibration from the propeller-turbine unit 
promises greater passenger comfort. As a result 
of the highly successful development of the Rolls- 
Royce Dart, Armstrong Siddeley Mamba, and 
Bristol Theseus engines, Britain has four propeller- 
turbine airliners flying, all of which are taking part 
in the display. No other country has yet produced 
one. 

Still more advanced in conceptionis the long-range 
jet-propelled 500-m.p.h. de Havilland Comet, which 
was briefly described and illustrated on page 128, 
ante, on the occasion of its first flight on July 27, 
Up to the present, handling trials on this aircraft 
have been most satisfactory; there is, however, 
still a long programme of development work ahead, 
especially in the field of cabin air-conditioning, since 
no background of experience exists in the carriage 
of passengers at altitudes of the order of 40,000 ft. 

Of the propeller-turbine transport aeroplanes, the 
Vickers Viscount prototype, designed as a medium- 
range 40-seater airliner and powered by four Rolls- 
Royce Dart engines, has been flying for over a year 
and was seen in last year’s flying display at Farn- 
borough. A description of the Viscount appeared 
on page 259 of our 166th volume (1948). A second 
Viscount prototype is under construction for re- 
search and development, to be powered by two 
Rolls-Royce Tay jet engines. 

The other three propeller-turbine airliners, appear- 
ing this year for the first time, are the Armstrong 
Whitworth Apollo, the Handley Page (Reading) 
Marathon 2, and the Handley Page Hermes 5. 

Since we described the Marathon I airliner, which 
has four Gipsy Queen 70 engines, on page 258 of our 
162nd volume (1946), the designers, Messrs. Miles 
Aircraft, Limited, Reading, have gone out of busi- 
ness and Marathon development and production 
have been taken over by Messrs. Handley Page 
(Reading), Limited, The Aerodrome, Woodley, 
Reading, Berkshire. This year, interest in Marathon 
development is focused mainly on the Marathon 2, 
shown in Fig. 1, annexed ; it is powered by two 
Armstrong Siddeley Mamba propeller-turbine engines 
driving three-blade propellers. A description of 
the Mamba propeller-turbine engine was given on 
page 583 of our 165th volume (1948). A develop- 
ment of the piston-engined Marathon 1, this aero- 
plane is designed as a short- and medium-range 
airliner for carrying 14, 18 or 22 passengers, or as a 
freighter. In its class, the performance of the 
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Fig. 3. 


Marathon 2, which is the first feeder-line aeroplane 
to be driven by propeller turbines, is outstanding. 
The two Mamba engines are installed where the 
inboard engines were located on the Gipsy Queen 
version ; the jet pipes are swept upwards and over 
the wing, this over-wing layout having been found to 
be the best aerodynamic arrangement. A “dummy ” 
nacelle can be seen where, in the four-engined Gipsy 
Queen version, the outboard engine nacelles were 
located ; this conceals the flap-operating mechanism. 
General dimensions of the Marathon 2 are identical 
with those of the earlier Marathon—wing area, 498 





sq. ft.; span, 65 ft.; overall length, 52 ft. 1} in. ; 
height, 13 ft. 7in. The cabin is 18 ft. long, 7 ft. 9 in. 








“THESEUS” PROPELLER-TURBINE ENGINE; BrisToL AEROPLANE CoMPANY, LIMITED. 


wide, and ranges from 6 ft. to 6 ft. 9 in. in height. 
The basic equipped weight of the Marathon 2 is 
11,942 Ib., and the maximum all-up weight is 
18,000 Ib. The two Mambas each develop 1,010 
shaft horse-power under static take-off conditions, 
whereas the four Gipsy Queens are rated at 345 h.p. 
each for take-off. The Marathon 2 has available, 
therefore; considerably more power than the 
Marathon 1 ; at the same time, the two Mamba tur- 
bine engines weigh about 1,000 Ib. less than the four 
Gipsy Queen piston engines. This has allowed the 
installation of extra fuel tanks, the fuel capacity 
of the Marathon 2 amounting to 414 gallons in com- 
parison with 280 gallons in the Marathon 1 ; besides 
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having a higher cruising speed, therefore, the 
payload/range characteristics of the Marathon 2, 
are greatly enhanced. At an operating height of 
10,000 ft. the Marathon 2 cruises at a true air- 
speed of 256 m.p.h.; maximum still-air range is 
900 miles (zero payload) ; a payload of 5,420 Ib. or 
22 passengers with 1,000 Ib. of baggage, can be 
carried for 500 miles ; and 4,370 Ib. or 18 passengers 
with 540 Ib. of baggage for 770 miles. Take-off 
and climb performance are, naturally, excellent, 
with the ample power available. At the maximum 
take-off weight of 18,000 Ib., the aircraft will clear 
50 ft. in 850 yards, and the initial rate of climb is 
2,150 ft. per minute. With one engine out of 
action, the aircraft will continue to climb at 625 ft. 
per minute. It is likely that the Marathon 2 will 
be called upon to operate at altitudes requiring pres- 
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Messrs. VICKERS-ARMSTRONGS LIMITED. 


surisation, and, accordingly, the fuselage has been 
designed to withstand a pressure differential of about 
2} Ib. per square inch. 

Another important development in fast transport 
aircraft, illustrated in Fig. 2, on page 250, is the 
Hermes 5, constructed by Messrs. Handley Page, 
Limited, Cricklewood, London, N.W.2. Powered by 
four Bristol Theseus propeller-turbine engines each 
developing 2,220 h.p. plus 825 Ib. jet thrust under 
static take-off conditions, this aeroplane has been de- 
veloped from the Hercules-engined Hermes 4, which 
was demonstrated at Farnborough for the first time 
last year, and which is now in production for British 
Overseas Airways Corporation, to be used over 
Empire routes. Designed for long-range operation, 
the Hermes 5 will carry up to 63 passengers. Our 
description of the Hermes 4 appeared on page 282 





of our 166th volume (1948). The aircraft has an 
overall length of 96 ft. 10 in. and a height of 
29 ft. 1l in.; the wing span is 113 ft. and the area 
1,408 sq. ft. Four-blade feathering and reversing 
propellers are fitted. In Fig. 3, page 250, the excel- 
lent accessibility of the Bristol Theseus power plant, 
as fitted in the Hermes 5, with cowlings opened, is 
demonstrated. Details of the performance and con- 
struction of the Theseus were given on page 367 of 
our 162nd volume (1946). 

The basic equipped weight of the Hermes 5 is 
nearly 3,300 Ib. less than that of the Hermes 4; 
a large part of this weight reduction is accounted 
for by the lighter Theseus power units, but improve- 
ments in the power services, the structure weight, 
and the fuel and oil systems have also contributed 
appreciably. The fuel tankage has been increased 
from 3,257 to 3,512 gallons, an additional fuel tank 
being fitted in each outboard wing. Owing to the 
extra take-off power available, the maximum all-up 
weight has been increased from 82,000 lb. to 
84,000 Ib. On both Hermes 4 and 5, maximum 
landing weight is limited to 75,000 lb. As the 
Hermes 5 flew for the first time on August 23, only 
estimated performance figures can be given at 
present, but such flights as have been made up to 
date seem to indicate that the speed estimates are, 
if anything, conservative. At 84,000 lb., the air- 
craft will take off over a 50-ft. obstacle in 1,755 
yards, with a ground run of 1,370 yards. Fully 
loaded, the initial rate of climb at sea level is 
2,000 ft. per minute, nearly twice that of the fully- 
loaded Hermes 4; the Hermes 5 can, in fact, climb 
faster on three engines (1,190 ft. per minute) than 
the Hermes 4 on four engines (1,030 ft. per minute). 
It is interesting to note that the Hermes 5 requires 
a longer landing run than does the Hermes 4—at 
75,000 Ib., to clear a 50-ft. obstacle the Hermes 5 
requires 1,608 yards in comparison with 1,480 yards 
on the Hermes 4 ; this is due to some residual thrust 
from the Theseus jets. With a cruising speed of 
335 m.p.h. at 30,000 ft., the Hermes 5 is the fastest 
propeller-turbine-driven transport aircraft yet built, 
and cruises some 75 m.p.h. faster than the Hermes 4, 
which is also limited by the power/altitude charac- 
teristics of its piston engines to operation at 
25,000 ft., or less. The maximum still-air range of 
the Hermes 5 is 3,050 miles; carrying maximum 
payload of nearly 18,000 Ib., equivalent to 63 passen- 
gers and 5,600 lb. of luggage and freight, the still-air 
range exceeds 1,500 miles ; with 13,000 Ib. payload 
the range is 2,000 miles ; and over a distance of 2,500 
miles, & payload of 8,450 Ib. can be carried. As the 
aircraft will operate at higher altitudes than the 
Hermes 4, the cabin pressure-differential has been 
increased from 54 to 64 Ib. per square inch. 

Also taking part in the flying display was the 
Lancaster “‘ flying test-bed” of Messrs. Armstrong 
Siddeley Motors, Limited, Coventry. This aircraft 
has been converted for flight-testing the Python 
propeller-turbine engines, described on page 187, 
ante. The Python power plants are underslung in 
the outboard engine positions. As Fig. 4 on this 
page shows, the compact 4,100 h.p. Python in- 
stallations are little bigger than the 1,750 h.p. 
Merlin power plants in the inboard nacelles. 

Of the military types powered by propeller tur- 
bines, the Wyvern T.F. 2 naval strike fighter, shown 
in Fig. 5, annexed, built by Messrs. Westland 
Aircraft, Limited, Yeovil, Somerset, is a new aero- 
plane. This single-seat fighter has more than 4,000 
equivalent static horse-power available, for it is 
powered by the Armstrong Siddeley ‘‘ Python ” 
propeller-turbine engine. The engine drives a 
Rotol eight-blade contra-rotating propeller; one 
of the bifurcated jet pipes can be seen emerging 
from below the cockpit, slightly aft of the pilot’s 
seat. The fairing seen about midspan on the trailing 
edge of the wing houses the flap-operating mech- 
anism. In contrast to the jet fighters, the installa- 
tion of the propeller-turbine engine has caused the 
pilot’s cockpit to be placed well back, amidships. 
In spite of the considerable length of nose in front 
of the cockpit, the domed transparent canopy is 
said to give an excellent view for deck landings. The 
laminar-flow wings, of 44-ft. span, can be folded 
hydraulically for storage on the aircraft carrier ; 
the overall width of the aircraft, when the wings 
are folded, is 18 ft.; the length is 42 ft. The 
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balanced control-surfaces and large-area trailing- 
edge flaps have been designed to give good control 
during the approach and a low touch-down speed 
for deck landings. A robust liquid-spring retract- 
able undercarriage, of the tail-wheel type, is fitted, 
the main wheels retracting inwards and the tail- 
wheel forwards. The Wyvern T.F.2 is developed 
from the Wyvern T.F.1, which is powered by a 
Rolls Royce Eagle 3,500-h.p. engine ; this aeroplane 
took part in the 1947 flying display at Radlett, and 
was mentioned in our description of that display on 
page 307 of our 164th volume (1947). The Wyvern 
T.F, 2 differs from the earlier version in the absence 
of underwing radiators, the cleaner nose, and the 
modified tail unit. No weights or performance data 
can be given at present. 

A new all-round military training aircraft is 
shown in Fig. 6. This midwing monoplane is the 
Varsity, powered by two Bristol Hercules engines 
and developed by Messrs. Vickers-Armstrongs 
Limited, Vickers House, Broadway, London, S.W.1, 
from the Valetta, which is the military version of the 
well-known Viking. Each Varsity aircraft is equipped 
for training in air-navigation/bomb-aiming, piloting, 
and radio/radar signals. Two pilots, a navigator 
and a bomb-aimer can be carried on the flight-deck, 
side-by-side dual flying controls-being fitted. Prone 
positions for the bomb-aimer and his pupil are pro- 
vided in a nacelle, underslung beneath the fuselage, 
the rear fairing of which can be seen in Fig. 6, on 
page 251, just aft and below the trailing edge of the 
wing at its root. Unlike the Valetta, the Varsity 
has a tricycle undercarriage, with twin-wheel oleo- 
legs and a steerable nosewheel ; the fixed tailwheel, 
which can be seen in the illustration, is a safety 
feature for protecting the tail end of the fuselage 
in a tail-down landing. The usual parachute and 
crash exits are provided fore and aft of the cabin ; 
in addition, all the cabin windows can be pulled in 
for emergency exit. 


(To be continued.) 





INVESTIGATION OF AMERICAN MECHANICAL AIDS.— 
A team, sponsored by the Anglo-American Council on 
Productivity, is to leave this country for the United 
States on Thursday, September 22, to study mechanical 
aids and handling devices for use in factories and the 
employment of power-operated hand tools. It is hoped 
that the team, of which the leader is Mr. A. Roebuck, of 
Messrs. Hadfields Limited, Sheffield, will be able to make 
recommendations, which will be applicable over a wide 
field and will help to increase the productivity of British 
industry. 





CARTRIDGE STARTER FOR TURBINES.—The Plessey 
Company, Limited, Ilford, Essex, have designed a 
cordite starter for turbines which, it is claimed, has 
about ten times the output of their standard piston 
engine starter and burns 15 times the content of that 
starter in 2 d The ch is contained in two 
percussion cap cartridges, which are fired simultaneously 
through two les at opposite sides of a rotor. The 
starter itself contains six of these cartridges, which are 

in a circular cluster and the rotor, which runs 
at 40,000 r.p.m., drives the starting shaft at a speed of 
10,000 r.p.m. through gearing. The maximum energy 
output over the working period is 50,000 ft.-Ib. 











THE LATE Mr. G. F. GREGORY.—The death is reported, 
on August 16, of Mr. George Francis Gregory, M.I.E.E., 
formerly borough electrical engineer of Ilford. Mr. 
Gregory, who was 67 years of age, received his general 
education at Woburn and his technical training at the 
technical colleges at Leicester, from 1900 to 1903, Glasgow 
in 1905-6, and Darlington from 1906 to 1910. He served 
his apprenticeship with the Midland Railway Company 
from 1900 to 1903, and in the latter year was appointed 
a@ senior switchboard attendant with the Metropolitan 
Electric Light Company. In 1905, he went te Cambus- 
lang, Scotland, as charge engineer in the electricity works ; 
and in 1906, in a similar capacity, to Darlington, where he 
remained for five years. In November, 1911, he was 
appointed charge engineer at the Ilford Electricity 
Works, becoming mains engineer in the following year, 
chief technical assistant in 1918, and deputy borough 
electrical engineer in 1923. In September, 1932, he was 
appointed borough electrical engineer in succession to 
Mr, A. H. Shaw and retained that position until ill-health 
obliged him to retire in April, 1946. Mr. Gregory was a 
member of the Institution of Electrical Engineers, which 
he had joined as an associate member in 1913, and was 
also an associate member of the Institution of Mechanical 
Engineers. 
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CLUNIE TUNNEL BREAK-THROUGH.—The  break- 
through of the Clunie tunnel which forms part of 
the Tummel-Garry scheme of the North of Scotland 
Hydro-Electric Board in Perthshire, was effected on 
Tuesday, August 30. This tunnel, which will carry 
water from a dam at the eastern end of Loch Tummel to 
the Clunie power station, is 1} miles long and of horse- 
shoe section with an equivalent diameter of 23 ft. It 
will be capable of carrying 2,600 million gallons of water 
a@ day so that it will be the largest water-power tunnel 
in Great Britain. Construction proceeded from both 
ends and the final section, which was 13 ft. thick, was 
drilled with 80 shot holes to a depth of 9 ft. Firing took 
place from the lower end and after the debris had been 
cleared it was found that the two sections were less than 

in. out of alignment. 





PERSONAL. 


Mr. F. 0. Joun, M.I.C.E., M.I.N.A., for many year 
naval architect to Cammell Laird and Company, Limited, 
Birkenhead, is retiring at the end of the present month, 
but is to retain his seat on the board of the company, 


Mr. T. F. CoLeMAN, chief draughtsman, British 
Railways, London Midland Region, Chief Mechanica} 
Engineer’s Drawing Office, Derby, retired on July 30, 
after 44 years service. 


Mr. W. F. Smwonson, formerly plant testing ang 
efficiency engineer on the staff of the Eastern Division 
of the British Electricity Authority, has been appointed 
technical officer to the Water-Tube Boilermakers’ Asgo. 
ciation, 8, Waterloo-place, Pall Mall, London, S.W.1, 
Mr. Simonson commences his duties as from September 12, 

Mr. E. T. Giu, B.Sc. (Sheff.), F.I.M., who joined 
Messrs. Edgar Allen and Company, Limited, Sheffield, 9, 
in August, 1945, as deputy to the chief metallurgist, 
Dr. Edwin Gregory, is joining the Climax Molybdenum 
Company of Europe, Limited, as metallurgical engineer, 
as from October 1. 

Mr. FirzHERBERT WRIGHT has joined the board of 
directors of Sigmund Pumps Limited, Team Valley, 
Gateshead, 11. 

Mr. C. L. Boucuer, F.S.E., M.1.C.E., M.I.Struct.£., 
is to be next year’s President of the Society of Engineers, 
17, Victoria-street, London, S.W.1. He is to succeed 
Mr. E. S. WADDINGTON, F.S.E., M.Inst.W., Assoc.1.E.E., 
and will deliver his Presidential Address on February 6, 
1950. 

Mr. S. W. Rawson, a director of Messrs. John Brown 
and Company, Limited, and of Thos. Firth and John 
Brown, Limited, has been appointed a managing director 
of the former company. He is to have headquarters 
in London and will take up his new duties as from 
November 1. 

Dr. ALBERT PLESMAN, founder and President of the 
K.L.M. Royal Dutch Airlines, the London offices of 
which are at 196, Sloane-street, London, 8.W.1, is to 
succeed Mr. GILBERT PERIER, President of Sabena, the 
Belgian air line, as President of the International Air 
Transport Association. Dr. Plesman will take office at 
the opening session of the I.A.T.A. general meeting, 
which is to be held at The Hague from September 12 to 16. 


Mr. D. FARNWORTH, secretary to Messrs. Blaw Knox, 
Limited, Clifton House, Euston-road, London, N.W.1, 
has been appointed to the board but is retaining his 
position as secretary. 

WING-COMMANDER C. G. B. McCLure, A.F.C., B.A., 
A.R.Ae.S., who was formerly chief test pilot at the 
Royal Aircraft Establishment, Farnborough, and had 
held an appointment in the Aircraft Branch of the 
Ministry of Civil Aviation since 1946, has now been 
appointed Head of the Department of Flight at the 
College of Aeronautics. 

Mr. T. H. THORNEYCROFT has been elected a director 
of William Baird and Company, Limited, and of Bairds 
and Scottish Steel Limited, 168, West George-street, 
Glasgow, C.2. 

The Ministry of Civil Aviation has been informed 
that Mr. I. H. McCiurRE, who has been assistant secretary 
general for air navigation of the International Civil 
Aviation Organisation for the past four years, is soon to 
retire. 

Mr. J. R. TWADDLE, who is chairman and managing 
director of John Allan and Company (Glenpark), Limited, 
Camlachie, Glasgow, E.1, has joined the board of Metal 
Industries, Limited, 145, St. Vincent-street, Glasgow, C.2, 

Messrs. STEWART BALE LIMITED, architectural and 
shipping photographers, 13, Union-court, Cook-street, 
Liverpool, 2, have opened an office and studio at 24, 
Northways-parade, London, N.W.3. (Telephone : PRIm- 
rose 1476.) 

THE MAGNECTIC VALVE COMPANY, LIMITED, manufac- 
turers of solenoid-operated valves in sizes ranging from 
#: in. orifice up to and including 10 in., have removed 
from 151, Great Portland-street, W.1, to 28, St. James’s- 
place, London, 8S.W.1. Their new telephone number is 
REGent 7588. 

Messrs. S. WoLF AND COMPANY, LIMITED, have 
opened a new service branch at 203B, Cheltenham-road, 
Bristol, 6, to serve the West of England and South 
Wales. The telephone number of the new branch is 
Bristol 44418 and that of the firm’s local technical repre- 
sentative is Bristol 46003. 





INDUSTRIAL SAFETY CONFERENCE.—A chemical works 
safety conference, organised on behalf of the Association 
of British Chemical Manufacturers, by the Royal Society 
forthe Prevention of accidents. Industries Safety Division, 
131, Sloane-street, London, 8.W.1, will be held at the 
Royal Hotel, Scarborough, from October 7 to 9. The 
speakers will include Sir Harry Jephcott, Dr. A. J. Amor, 
Mr. T. Senior and Mr. S. W. Richards. The inclusive 
fee for the conference is 51. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—The outputs of both steel and pig iron 
are being comfortably maintained at a high level, thanks, 
in large measure, to the satisfactory supply of raw 
materials. Makers continue to enjoy a comparatively 
favourable position in so far as prospects covering the 
remaining months of the year are concerned. Plate and 
sheet mills are fully booked up to the end of December, 
while heavy-section and large-bar mills have, on an 
average, about two months’ capacity working ahead of 
them, although the rolling of the rails booked will take 
longer than that to execute. Tube makers have orders 
on hand to maintain their works fully employed for 
over a year. New business in the re-rolling branch of 
the industry, however, is less plentiful than hitherto, 
both on home and overseas account, the latter being 
affected by the growing competition from Belgian and 
French exporters and difficulties in some directions with 
regard to import licences. A large number of inquiries 
from Argentina were circulating last week, but a good 
proportion of these seemed to be of a speculative nature. 
Australian buyers are prominent, and orders are being 
booked over a fairly extensive range of steel items. 


Scottish Coal.—A suggestion of improved coal produc- 
tion during the remaining months of the year was forth- 
coming in the final week of last month when the divisional 
output fell short of the target of 500,000 tons by less 
than 10,000 tons. The total of 492,000 tons represented 
an increase of about 30,000 tons on the average of the 
preceding weeks. The result reflected a period free from 
holiday influences, while losses from unofficial stoppages 
were lower. Apart from coal shippers, consumers 
appear to be adequately supplied from current production 
in so far as immediate requirements are concerned. 
Public-utility undertakings are meeting the seasonal 
increase in demands for gas and electricity while con- 
tinuing to lay down their agreed tonnages on the ground 
for the winter. Railways have relatively lower stocks, 
but these are consistent with recent practice, and appear 
adequate in the circumstances. Industrial and steam-fuel 
requirements are being regularly met, and although a 
considerable amount of dross is still of necessity included, 
the proportion of graded sorts becoming available shows 
sigas of slow improvement. The disposal of gum varies. 
In Ayrshire a full clearance is effected, principally to 
power stations in Kilmarnock, Belfast and Liverpool, but 
in Lanarkshire its disposal is more difficult. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—Although production at the 
South Wales mines has made a substantial recovery with 
the end of the holidays which have been spread over the 
last two months, business on the steam-coal market has 
remained difficult to negotiate. In the week ended 
August 27, production was 429,356 tons, the highest 
point reached since the beginning of July, against 340,790 
tons for the previous week. Operators, however, hold 
very heavily-filled order books and any extra coal that 
becomes available finds a ready outlet. It is not 
expected that any improvement in the supply position 
will become apparent until late in the autumn. On 
export account the chief activity, in the past week, has 
centred in the Italian trade. Following the heavy for- 
ward sales made a short while ago, which brought the 
total amount of Welsh coal booked for Italy before the 
end of June next up to about 500,000 tons, operations 
have been on a quiet scale. Deliveries under the new 
contracts will shortly begin however and already in the 
past week there have been a number of inquiries for 
vessels on the outward freight market chiefly for October 
loading. Portuguese business has remained on the quiet 
side due, in the main, to a lull in purchases for the Portu- 
guese Railways. On the other hand a good activity has 
been maintained under existing programmes for France 
and South America, while occasional cargoes have been 
available for Spain. The home trade has remained very 
busy, and, already, orders in hand from the principal users 
are sufficient to ensure the steady lifting of practically 
the whole of potential outputs over some while to come. 
In addition to the deliveries under contracts some of the 
big-scale users are seeking out any extra supplies available 
for stocking purposes. Bunker coals are scarce while 
cokes and patent fuel are kept fully engaged. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was again more 
active. Home consumers were beginning to place their 
orders for Period 4 and the sales were on a heavier scale. 
Export business, also, was well maintained, at recent 
levels, and buyers were endeavouring to place some 
orders for delivery up till the end of the year. Steel 
sheets continue in strong demand and the rolling mills 
will be kept fully employed until December. Iron and 
steel scrap is still in good demand and, recently, the 
deliveries have improved. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The production of Lincolnshire brands 
of pig-iron is being steadily stepped up, and, with further 
mechanisation of iron-ore mining by additional American 
machinery, it is planned to increase considerably the 
output of Lincolnshire iron ore in the next twelve months. 
Derbyshire pig-iron production also is to be extended 
when new furnaces come into production. Supplies of 
iron and steel scrap are at a satisfactory level. New 
business in steel shows signs of tapering off, but there is a 
considerable back log of orders. Some plants are turning 
out record high tonnages. Although some manufac- 
turers are retarding their development plans, many are 
discussing further schemes. The Ministry of Supply 
have just sanctioned six Sheffield-district developments, 
including repairs to the ingot-planing shop of the English 
Steel Corporation, Limited ; extensions to the laboratory 
and drawing office of J. and J. Dyson, Limited, Stanning- 
ton ; and extensions to Ambrose Shardlow and Company, 
Limited ; F. M. Parkin (Sheffield), Limited ; and John 
Baker and Bessemer, Limited, Rotherham; and a 
combined new factory, office and warehouse building for 
H. and H. T. Cooper, toolmakers, Sheffield. Machine- 
tool makers have two to three years’ work on their 
books. Among new plant and machinery being in- 
stalled, or already in operation, are reparation deliveries 
from Germany, of which German technicians are super- 
vising the erection and operation. The problem of 
finding sufficient labour for the steel and engineering 
trades has not been finally solved although about 600 
men a week are being found employment in Sheffield 
industries. 


South Yorkshire Coal Trade.—The production of coal 
has been returning to normal, but the attraction of 
Doncaster Races is certain to increase absenteeism. A 
strong demand for locomotive hards is experienced, and 
there is a very full call for coking coal. House coal is in 
more active request in the better qualities, but inferior, 
unscreened opencast fuel, offered off the ration, meets 
with a very slow demand. Washed and graded steams 
are in active request. Gas-coal stocks are being in- 
creased, and the make of gas coke more than satisfies the 
demand. Rather more prime steams have been available 
for dispatch to the Humber ports for export. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—While the financial crisis is attract- 
ing increased attention, activity in the iron and steel 
industry promises to continue. Producers have an 
impressive volume of work in hand and, as prospective 
requirements of home and overseas customers are still 
far from fully covered, the numerous inquiries circulating 
are expected to lead to the transaction of considerable 
new business. Increasing production has restored the 
total tonnage output to the pre-holiday level and all 
distributable material is largely taken up. The supply 
of Cleveland ironstone continues on a disappointing 
scale and there seems little likelihood of an early appreci- 
able expansion in the yield of the North Yorkshire mines, 
but imports of foreign iron ores are maintained at a rate 
that enables steady addition to consumers’ now fairly 
substantial stocks. The demand for iron and steel 
scrap absorbs the large quantities obtainable. 

Foundry and Basic Iron.—The delivery of ordinary 
foundry pig iron continues inadequate for the needs of 
North-East Coast consumers. The producing area in 
the Midlands is almost the only source of supply and 
the regular conveyance of substantial parcels from that 
distant quarter cannot always be relied upon, but the 
blowing in of an additional Midland blast-furnace 
promises an increase in deliveries to consumers between 
the Tees and the Tyne. The position, however, threatens 
to compel the continued considerable use of light iron 
scrap. The output of basic iron is no more than sufficient 
for the essential needs of makers’ adjoining steel plants. 

Hematite, Low Phosphorus and Refined Iron.—The 
demand for East-Coast hematite is greater than producers 
can provide and an improvement in the supply is eagerly 
awaited. Low- and medium-phesphorus qualities of 
iron are in steady request. There is a ready sale for the 
refined-iron production. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron manufacturers are turning out material for 
the fulfilment of running contracts and expect their 
customers’ needs to keep them actively engaged over 
the next few months. Steel producers are as busily 
occupied as circumstances justify. Re-rollers are obtain- 
ing large quantities of home-produced and imported 
steel semies, but even larger parcels of small billets would 
be acceptable. Belgium is now competing keenly in 
the small-bar trade. The commitments of finished-steel 
producers are still extensive and inquiries continue good. 
Shipbuilding material is persistently called for in large 
quantities and railway requisites are in great demand. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Graduate Section: Tuesday, September 13, 7 p.m., 
James Watt Memorial Institute, Birmingham. Films 
on “‘ Electronics.’”” Manchester Graduate Section: Tues- 
day, September 13, 7.15 p.m., College of Technology, 
Manchester. ‘‘ Some Recent American Hydro-Electric 
Schemes, with Special Reference to Boulder Dam,” by 
Mr. W. A. Hatch. South Wales and Monmouthshire 
Section: Thursday, September 15, 6.45 p.m., South 
Wales Institute of Engineers, Park-place, Cardiff. 
“ Starting a New Factory,” by Mr. A. R. Northover. 
Wolverhampton Graduate Section: Friday, September 16, 
7.15 p.m., Wolverhampton and Staffordshire Tech- 
nical College, Wolverhampton. ‘“ Graduate Status,” 
by Mr. T. B. Worth. Eastern Counties Section: Friday, 
September 16, 7.30 p.m., Electric House, Ipswich. 
“Impressions of a Tour to Canada and the United 
States,”’ by Mr. H. H. Dawson. 


INCORPORATED PLANT ENGINEERS.—East Lancashire 
Branch: Tuesday, September 13, 7.15 p.m., Engineers’ 
Club, Manchester. Discussion on ‘“ Automatic Boiler 
Control.” Liverpool and North Wales Branch: Thursday, 
September 15, 7.30 p.m., Radiant House, Bold-street, 
Liverpool. ‘‘The Use of Steam for the Preserving 
Industry,” by Mr. J. P. Harris. 


INSTITUTE OF PETROLEUM and INSTITUTION OF FIRE 
ENGINEERS.—Wednesday, September 14, 5.30 p.m., 
Manson House, 26, Portland-place, W.1. (i) ‘‘ Applica- 
tion of Air Foam to Oils Burning in Bulk ”’ ; and (ii) ‘“‘ The 
Use of Solid Carbon Dioxide to Extinguish the Burning 
of Liquids,” by Mr. J. H. Burgoyne, Mr. L. L. Katan and 
Mr. J. F. Richardson. (iii) ‘‘ Some Practical Aspects of 
the Application of Foam to Large Oil Tanks,” by Mr. E. 
Thornton. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Wednesday, September 14, 7.30 p.m., Midland Hotel, 
Bradford. ‘“‘ Power Factor Testing,” by Mr. J. W. 
Robertshaw. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North 
East Centre: Thursday, September 15, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ The Psychology of Diagnosis,” by 
Mr. R. B. Daniell. 


INSTITUTE OF ECONOMIC ENGINEERING.—Friday, 
September 16, 7.30 p.m., Engineers’ Club, Manchester. 
Films on “ Die Sinking and Gear Cutting.” 


INSTITUTION OF WORKS MANAGERS.—London Branch : 
Monday, September 19, 6.45 p.m., Royal Society of 
Arts, John Adam-street, Adelphi, W.C.2. Annual 
Meeting. Film on “ Mechanical Handling.” 


BRITISH INSTITUTION OF RaDIO ENGINEERS.—London 
Section: Thursday, September 22, 6.30 p.m., London 
School of Hygiene and Tropical Medicine, Keppel-street, 
W.C.1. Annual Meeting, followed by an Address by 
Mr. C. O. Stanley. 





BROADCASTING IN SWEDEN.—The Swedish Broad- 
casting Administration is carrying out a policy of modern- 
ising its transmitting stations so as to improve the 
service to a population of 6-84 million inhabitants, of 
whom some 2 million are licence holders spread over 
an area of nearly 500,000 sq. km. In order to do this, 
a 150-kW station at Sundsvall in the north and a 100-kW 
station at Horby in the extreme south have recently 
been put into service and a third 100-kW station at Goth- 
enburg on the west coast should be completed in 1950. 
The equipment at all these stations is being manufactured 
by Standard Telephones and Cables, Limited, Connaught 
House, Aldwych, London, W.C.2, and in the case of the 
Sundsvall and Gothenburg stations will work on a fre- 
quency of 601 kilocycles per second, with an overall 
efficiency of from 41 to 43 per cent. 





CouRSE ON SOIL MECHANICS.—In response to requests 
by a number of engineers in the district, the Midlands 
Association of the Institution of Civil Engineers, in 
collaboration with the local branches of the Institutions 
of Municipal and Structural Engiocers and the Ministry 
of Works, hope to arrange a series of lectures on “‘ Soil 
Mechanics ” to be delivered in Birmingham during the 
1949-50 session. The lectures, which it has been sug- 
gested should be held at 5.30 p.m., on Wednesdays, 
probably commencing in October, will be accompanied 
by experiments to be carried out in the laboratory of 
the Public Works Department of the Birmingham City 
Council. The charge for the full course will be 21. 2s. 
per head. Further particulars may be obtained from 
the honorary secretary of the Association, Mr. T. H. P. 
Veal, B.Sc., A.M.I.C.E., 160, Ravenhurst-road, Birming- 
ham, 17. 
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COLONIAL RESEARCH. 


Tue Colonial Development and Welfare Acts 
passed since 1940 have been commendably farsighted 
regarding the value of a scientific approach, wherever 
possible, to the efficient administration of the 
smaller territories within the British Empire. The 
relatively undeveloped condition of such colonies, 
often contrasting sharply with their proved resources 
and potential productivity, is at once a challenge 
to science and an opportunity to apply it at the 
outset. There is scope not only for scientific 
attack by the best and most modern methods upon 
problems immediately they arise, but also for 
research to discover and exploit new sources of 
wealth. Developments of this sort imply changes 
in the manner of life of native populations. They 
demand, as a prerequisite to success, improvements 
in the health of men and animals, the eradication of 
destructive pests, and the encouragement of social 
services and economic systems appropriate to local 
circumstances. All these preliminaries to eventual 
productivity are themselves matters in which 
scientific methods can contribute with most valuable 
consequences to the efficiency of long-term produc- 
tion projects. 

Such, it may be presumed, is the general back- 
ground behind the present organisation of colonial 
research. At the head of it is the Colonial Research 
Council, under the chairmanship of the Parliamen- 
tary Under-Secretary of State for the Colonies, 
whose terms of reference are to advise the Secretary 
of State for the Colonies on general questions 
relating to research policy in, or for the benefit of, 
the Colonial Empire ; to co-ordinate the work of 
the various committees which at present advise the 
Colonial Secretary on special aspects of research ; 
and themselves to tender advice on research matters 
not falling within the province of any of those 
committees. Since the inception of colonial research 
in its present form a number of specialist advisory 
bodies have been set up from time to time to assist 
and co-operate with the main Council. There are 
now six of them, concerned with colonial products, 
social science, medicine, agriculture, forestry and 
animal health, insecticides and economics. The 
distinguished members of all these councils and 
committees have specialised knowledge of the 
subjects under research, so that the Colonies may 
have first-hand information and the best available 
guidance in every class of enterprise. 


‘Lhe remarkable growth of colonial research, with 
@ corresponding range of experimental work now in 
progress, is well illustrated by a recent Colonial 


1| Office publication* in which are collected the annual 


reports, up to the end of last March, of the Colonial 
Research Council and the various ancillary advisory 
bodies. Since 1940, a total of 318 research 
projects have been inaugurated, of which 79 new 
schemes and 74 supplementary ones have been 
made during the year under review. The cost of 
the work, now approaching 6,000,000/. in all, 
includes allocations amounting to 1,652,1691. for 
the year, of which 750,0001. actually expended repre- 
sents a marked rate of increase over the two preced- 
ing years and indicates that the disbursement limit 
of 1,000,0001. at present allowed by the Acts, is 
virtually certain to be exceeded during the current 
year. Accordingly, proposals are being submitted 
to Parliament for an amendment of the Acts to 
enable the yearly disbursement to be increased. 
It is apparent that shortages of scientific personnel, 
labour, building materials and equipment, which 
hitherto have delayed the progress of many schemes, 
are being slowly overcome. In this connection, it is 
of interest to note that a proposal to institute a 
unified colonial research service has encountered 
difficulties arising from the differing practices of 
the many Colonial Governments involved. Colonial 
Research Fellowships, on the other hand, are 
evidently proving a success, since they are to be 
continued during the next five years on terms set 
out in a memorandum appended to the Colonial 
Research Council’s report. The Fellowships are 
intended to encourage qualified scientists from any 
part of the British Commonwealth and Empire to 
pursue research work on colonial problems. In 
addition to the Fellowships, provision exists for 
training post-graduate students before they under- 
take field research in colonial territories. One such 
scheme relates to the employment of a small number 
of American sociologists—a co-operative policy 
which is further exemplified by discussions with the 
United States Economic Co-operation Administra- 
tion, intended to secure the assistance of qualified 
American personnel in geological and geodetic 
surveys, and in medical, pestological and related 
researches. 

Of the total monetary allocation during the past 
nine years, 13-6 per cent. has been for fisheries 
research, and some of the major schemes of the year 
under review are directed to the same subject. 
They include the establishment of a West African 
Fisheries Research Institute, provided with a 
research vessel and two seine boats, in addition to 
laboratory and housing accommodation ashore. A 
somewhat similar fisheries research station is to be 
established at Hong Kong, while an allocation of 
250,0007. has been made towards an Institute for 
Research and Training in Fish Farming on Penang 
Island in the Federation of Malaya. Despite 
difficulties in obtaining adequately qualified staff 
for fishery research, the possibilities of increased food 
production in this direction are promising enough 
to justify proposals for fish farming as well as marine 
fishery developments in many of the West Indian 
islands. In other colonies, fishery research has 
prospered during the year, except for a survey of 
the Gulf of Aden which, unfortunately, coincided 
with the worst year for sardines in living memory. 
Moreover, the liver oil and vitamin A yield in that 
area are disappointing, but, since there are several 
important species of edible fish to be caught, the 
prospects for a successful canning industry in the 
Gulf of Aden are regarded as good. An interesting 
feature of fishery surveys is the use, on research 
vessels, of echo-sounding equipment for exploring 
marine feeding banks. 

It is worth while, perhaps, to emphasise the 
importance with which the artificial rearing of fish 
in ponds is coming to be rded as a means of 
increasing supplies in the Colonial Empire. Far 
higher yields are expected than from natural 
fisheries, without the hazards of adverse weather, 
while the ponds themselves can be sited in areas 
remote from natural fishing grounds and used for 
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alternative water or land crops as a stage in the 
reclamation of poor land for agricultural use. 
Almost more attractive are the possibilities that 
research can not only increase the already high 
yields of fish, but also produce domesticated strains 
of fish having qualities as far superior to those of 
wild fish as domestic sheep and cattle are to their 
remote ancestors. The aquatic plants on which 
the fish feed, and the factors affecting plant growth, 
are obvious subjects for related experiments on a 
generous scale. On Penang Island, conditions are 
exceptionally favourable for experimental fish 
culture, and the proposed research and training 
institute is intended not only to serve the entire 
Colonial Empire, but to lead the world in a new 
technique of food production. 


The foregoing outline of work in progress on one 
particular item of natural wealth serves to exemplify 
the scale on which scientific methods are being 
actively directed towards agricultural and forest 
products throughout the Colonies. It also points, 
very forcibly, to the value of research into the pro- 
cessing and storage, especially in tropical climates, 
of such harvested crops as cocoa and groundnuts, 
with which the Council is gravely concerned. In 
current investigations of this sort they draw on 
the resources of the Pest Infestation Laboratory of 
the Department of Scientific and Industrial Re- 
search, while, for the equally urgent problems of 
pests on growing crops, such as locusts and sugar- 
cane froghoppers, the most modern laboratory 
developments are supplemented by large-scale field 
experiments in which, for example, helicopters are 
being used to spray insecticides, and insecticidal 
smokes and fogs are generated by various types of 
appliances, with the general object of determining 
the most efficient methods in relation to local con- 
ditions and other relevant circumstances. 

Corresponding to this wide attack on the plagues 
and diseases of plant life, the increasing attention 
being given to animal health and many additional 
aspects of human welfare is illustrated by research 
into the effects of antrycide injections on cattle in 
East Africa, and by the regional character of the new 
Colonial Microbiological] Institute in Trinidad, which 
should prove of great value throughout all tropical 
territories. The importance of measures «that 
would combat cattle diseases so successfully as to 
make the African colonies a great source of meat 
supply for consumption in England is abundantly 
evident from a number of authoritative pronounce- 
ments, of which those recently made by Mr. Hector 
MeNeil and Lord Boyd-Orr, at the opening of the 
14th International Veterinary Congress in London, 
respectively emphasise the potentialities and claims 
of Africa, and the part to be played by engineering 
science in the future of agriculture throughout the 
world and especially in British Colonies. What is 
not so generally realised, perhaps, is that, before 
the directly profitable stages of research are achieved, 
a great deal of spade work is needed to improve roads 
and other communications, housing and hygiene, 
and social and economic conditions, all of which 
are essential to the effective exploitation of colonial 
resources. English scientific institutions, such as 
the Building Research Station and the schools 
of tropical medicine, are taking an active and 
practical part in assisting colonial research wherever 
opportunities offer. In addition, it is fair to include 
among research the large amount of work in progress 
to provide accurate maps, to prospect for minerals 
and much-needed water supplies, and to establish 
reliable meteorological recording stations. The 
great demand in these directions greatly exceeds the 
present available supply of trained technologists, 
with the consequences that natural resources are 
far from fully exploited and vast tracts of territory 
are sadly underpopulated. 

The general picture presented by the Colonial 
Research report, therefore, is one of many varied 
problems being vigorously and systematically 
attacked, set against a background covering a 
tremendous scope of possibility as yet unexplored. 
It is worth-while to record that, in a number of ways, 
efforts are being made to increase the interchange 
of knowledge and experience, not only among tech- 
nical staffs of British Colonial Governments, but 
between the Colonial administrations of British and 
foreign countries. 





ATMOSPHERIC POLLUTION. 


THE growth of British industry since the middle 
of the eighteenth century has been accompanied by 
material advantages ; and these advantages have 
enabled us to reach and, up to the present time, 
to maintain a high place in the comity of nations. 
This growth has, however, also been accompanied, 
by many drawbacks, among which what is inele- 
gantly known as conurbanisation, with its concomi- 
tants of ugly factories and crowded housing condi- 
tions, is not the least. As, moreover, one of the 
reasons for the outstanding development of British 
industry has been the possession of large supplies 
of native coal, it is not surprising that another blot 
on the picture of our commercial prosperity should 
be the widespread pollution of the atmosphere by 
waste matter with consequential deleterious effects 
on the health of the population and frequently an 
increase in financial outlay which, with more fore- 
sight, could have been avoided. It is only fair, 
however, that this indictment should be modified 
by recording that conditions have greatly improved 
in recent years, a result which can be largely 
ascribed to the increasing use of electricity and 
gas for industrial and, particularly, for domestic 
purposes, to the improvements, which have been 
made in coal burning appliances, and to the propa- 
ganda which has been carried out by a number of 
voluntary bodies. Legislation, too, has played its 
part. In fact, much good work towards the reduc- 
tion of atmospheric pollution by fumes of all kinds is 
carried out under the Alkali, etc., Works Regulation 
Act, 1906, by inspectors of the Ministry of Health 
and the Scottish Department. It is clear, neverthe- 
less, from the eighty-fifth Annual Report* of these 
officials, which was published last month by H.M. 
Stationery Office, that a good deal remains to be 
done before dirt is completely removed from our 
towns and the neighbouring countryside is as clean 
and pleasant as would be desired in an utopian state. 

This report, like its predecessors, covers more 
ground than its title would suggest. In addition 
to the sections dealing with works registered under 
the Act, much information is given regarding inspec- 
tions at “‘ unregistered”? works, such as power 
stations, iron and steel works, foundries and gas 
works. Even as regards “‘ registered’ works, the 
term alkali has, by some process we shall not attempt 
to analyse, been extended to include works manufac- 
turing acids and chlorine, refining crude petroleum, 
recovering benzene and utilising arsenic. In fact, the 
principal omission, and it is a major one, is that 
domestic premises are not covered. This is, of 
course, due to the limitations of jurisdiction. In 
the case of accidents, however, H.M. Inspectors are 
often unofficially able to collect much valuable 
information, particularly about electrical risks and 
occurrences. Similar action with regard to atmos- 
pheric pollution caused by domestic fumes might, 
therefore, form the starting point for some much- 
needed reforms, if it could be organised. 

It is inevitable that a large part of the report 
should be addressed to industrial chemists, but a 
good deal of it is, nevertheless, not without interest 
to engineers. As the result of complaints, 524 visits 
were paid, in co-operation with the local authorities 
concerned, to works utilising processes not covered 
by the Alkali Act. These included several electric 
power stations from which, according to the com- 
plaintants, excessive dust and fumes were being 
emitted. The causes were, generally speaking, 
found to be obsolete plant and unsuitable fuel, the 
remedies for which are clear and which Acts of 
Parliament and Government officials can do little’ 
positively to bring about. Similar conditions were 
found to exist at a number of other boiler plants 
and it is evident that the real solution is a combina- 
tion of education, good design, intelligent operation 
and suitable fuel. It is, of course, easier to pro- 
pound such a solution than to implement it in 
individual cases, even when the culprits are willing 
to mend their ways. 

The application of a technique which has been 
found satisfactory in one industrial process to 





* Kighty-Fifth Annual Report on Alkali, etc., Works 
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another of a different character may, howeyer 
often be successful. For instance, laboratory scaj, 
experimental work has been carried out to determing 
the efficiency of electrical precipitation and wet 
washing with a view to the reduction of the fog-form. 
ing characteristics of the waste gas discharged from 
magnesia kilns. Only the former method showed 
promise of success, however, and even so no indica. 
tion was obtained of the difficulties which might 
have to be overcome with full-scale plant. The 
fog, of which complaint is made, is due to the 
presence of salts, such as sodium chloride, in the 
gases and actual dust nuisance is not experienced. 
The problem, to be solved is therefore different from 
that at power stations, where electrostatic precipita. 
tion has for long shown its worth. It would be of 
general interest if the experiments were continued 
and we hope this will be found possible. 

During the past two years an increasing number 
of complaints have been received alleging the 
discharge of excessive smoke, soot, grit and fumes 
from gas works. In every case the trouble seems 
to have been due to the operation of the horizonta] 
retorts, the handling and screening of the coke and 
the use of water gas generators. It is pointed out 
that it is impossible to operate horizontal retorts 
without giving offence in the immediate neighbour. 
hood of the works, although some mitigation can 
be secured by the use and skilled operation of 
suitable coal-charging machines and methods of 
coke handling. Coke screening plant should also 
normally be fully enclosed and grit arresters should 
be provided to deal with the waste gas from steam 
boilers and water-gas plants. 

Another complaint related to works where bitu- 
mastic flooring blocks were being made. This 
process involves the heating of pitch or bitumen 
with other ingredients and investigation showed 
that it was one of the latter, in particular, which 
gave rise to offensive odours. It was also found that 
the smell could be much reduced by keeping the 
temperature at the minimum consistent with a 
satisfactory product. The wiser course of recom- 
mending that the ingredient in question should be 
replaced by another equally good for the purpose, 
but which was not likely to cause offence, was taken 
in this case. It was also recommended that the 
heaters should be fitted with temperature recorders 
and that certain specified limits of temperature 
should be observed. 

The extension of oil refining capacity throughout 
the country is raising certain problems. Although 
during the year under review there was no com- 
plaint about general refining operations and al- 
though means for dealing with offensive emissions 
are now fairly well established, experience shows 
that troubles cannot be entirely and continuously 
eliminated. In cases of emergency, and in the 
interests of safety, it is, for instance, necessary 
to provide for the sudden stoppage of certain 
operations and in these circumstances some escape 
of offensive smell to the atmosphere is unavoidable. 
Similarly, the fracture of pipe lines and the failure 
of joints may produce smell. An additional compli- 
cation arises where water supplies are restricted, 38 
recourse to re-circulation of once-used water over 
cooling frames is then necessary. Some of this 
water may, however, be contaminated and give up 
the dissolved gases to the air, as it passes over the 
frames. The only obvious solution is, therefore, 
prior treatment. } 

Inquiries regarding the extent of various fluorine 
emissions, which were begun some years ago have 
been continued, These emissions occur in brick- 
works, pottery kilns and during the processing of 
steel and the calcination of ironstone. In the latter 
case the average fluorine losses appear to be about 
30 per cent. when open clamps are used, so that the 
hazard is less than was feared. It is, however, 
an argument for discarding this type of calcination. 
When calcination is effected in kilns the loss does 
not exceed 20 per cent. and may be so trivial as to 
cause little harm to the cattle which are allergic 
to the fumes, 

It is clear. from these examples that careful 
design, adequate maintenance and skilled operation 
are the principal means of remedying existing defects. 
This is no new lesson, but, unfortunately, it is only 
being learnt very slowly. 
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NOTES. 


First ANNUAL REPORT OF THE BRITISH TRANSPORT 
CoMMISSION. 


Tue first annual report, statement of accounts 
and statistics of the British Transport Commission, 
covering the year 1948, have been submitted by 
Sir Cyril Hurcomb, chairman of the Commission, 
to the Minister of Transport. While there is much 
in the report of engineering interest, which we hope 
to summarise in a later issue of ENGINEERING, the 
salient points may be noted. The net deficit for 
the year, after charging interest and capital redemp- 
tion, was 4,700,0001., and the actual revenue loss 
was 1,700,000/. The latter figure is only a small 
percentage of the total gross receipts from the 
principal activities, which were 491,700,000I., but 
it is illuminating to compare the deficit with the 
9,000,0001., which is the total cost, in a full year, 
of the increases in wages which were negotiated or 
awarded during 1948, and with the figure of 
3,800,000/., which was the total cost of claims for 
damage or loss, including loss due to pilferage, 
during 1948. The report indicates that, while 
important economies are expected to accrue from 
the concentration of each form of transport on the 
services for which it is most suited, the recent 
trends of traffic receipts and of expenditure, notably 
in wages, coal and steel, hold out no hope of early 
improvement. 


WELsH INnpUSTRIES Farr. 


The Welsh Industries Fair, which is being held 
this year at the Drill Hall, Dumfries-place, Cardiff, 
was opened on Monday, September 5, and will 
remain open until the evening of Saturday, Sep- 
tember 10. The opening ceremony was performed 
by Alderman Huw T. Edwards, chairman of the 
Council for Wales and Monmouthshire, who, in the 
course of a short speech, referred to the fact that 
during the inter-war years unemployment in Wales 
was twice that elsewhere. This, he considered, was 
due to the fact that, in the past, too much reliance 
had been placed on the heavy basic industries, such 
as coal, iron and steel, and that insufficient interest 
had been taken in what he called the “‘ diversifica- 
tion” of industry. Since the formation of the 
Council, however, at least 600 firms had been intro- 
duced to Wales, and he felt that the exhibition 
proved the adaptability of the Welshman. After 
pointing out that the future did not rest with 
Governments, or bodies like that responsible for the 
exhibition, but on the people and the amount of 
work they were prepared to do, Mr. Edwards 
declared the exhibition open. Lack of space in the 
exhibition hall prevents justice being done to the 
progress in the development of light industries in 
Wales during recent years, as there is room for only 
some 40 exhibitors. The object of the exhibition 
is to show the variety and character of the newer 
lighter trades; as a consequence, the heavier 
industries are excluded and there is, therefore, not 
a great deal of interest to the average engineer. 
The exhibits cover a wide variety of products 
ranging from toys and domestic equipment to 
surgical instruments and light electrical fittings. 


Roya Navat Derence ScHoo.. 


An Admiralty announcement states that the 
Damage-Control and Fire-Fighting Training Schools 
of the Royal Navy, now established at Stamshaw, 
near Portsmouth, have been amalgamated with the 
Chemical Warfare Training Establishment. The 
new organisation, called the Royal Naval Defence 
School, came into being on September 1 and was 
given the name of H.M.S. Phoenix. The object of 
damage control is to keep ships floating, moving 
and fighting after they have been damaged by 
enemy action and, with the increase in the com- 
plexity of naval vessels, experience gained during 
the late war emphasised the need for greater atten- 
tion te be paid to means of reducing to a minimum 
the effect of damage sustained in action. Accordingly, 
approval was given for a school to be opened in 
London where officers could be instructed in this 
important requirement. After the war, this organi- 
sation, the Damage Control School, was moved to 
Portsmouth, to a site on which a similar establish- 
ment had already been set up for ratings. Adjoining 








this was the Fire-Fighting School, which now forms 
part of the Royal Naval Defence School. Under 
the new arrangement, both officers and men can be 
trained in the theoretical as well as the practical 
aspect of damage control and fire fighting. Such 
operations as leak stopping, the shoring of damaged 
bulkheads and pumping can be practised under 
conditions of smoke, darkness and flood approxi- 
mating to those of actual warfare. Stability prob- 
lems are demonstrated by means of a series of 
floating models which respond to the flooding or 
pumping out of compartments precisely as do the 
ships, from battleships and fleet aircraft carriers to 
destroyers, which the,models represent. 

uM Tue P. & O. Liner “ Hrataya.” 

The twin-screw passenger liner Himalaya, which 
was built at the Barrow-in-Furness yard of Messrs. 
Vickers-Armstrongs Limited, has completed her 
trials and was handed over to the owners, the 
Peninsular and Oriental Steam Navigation Com- 
pany, on Thursday, September 1. The Himalaya 
is a twin-screw turbine-driven vessel having a gross 
tonnage of 28,000, and is intended primarily for the 
company’s express service between the United 
Kingdom, Bombay and Australia. The designed 
speed is 22 knots, which will enable the time taken 
between England and Bombay to be reduced from 
20 days to 15 days, and from England to Melbourne 
from 38 days to 28 days. The Himalaya will share 
with the Orient liner Orcades, therefore, the dis- 
tinction of being one of the largest and fastest 
vessels on the Australian service. She has an 
overall length of 710 ft. and a moulded breadth of 
90 ft. 6 in., while the depth moulded to “‘C”’ deck 
is 50 ft. There are eight continuous decks, seven 
of which are arranged for passenger and crew 
accommodation. Two classes of passenger are 
carried, namely, first and tourist, 762 being accom- 
modated in the first class and 401 in the tourist 
class. During the speed trials carried out over the 
Admiralty measured mile off Arran, a mean speed 
of 25-13 knots was attained, the maximum power 
developed being approximately 42,750 shaft horse- 
power. Later a 12-hour trial at 33,400 shaft horse- 
power was carried out, and it is understood that 
the speed in this case was 24 knots. 


TURBINE STANDARDISATION IN THE UNITED 
STAaTEs. 


Nearly two years ago a Statutory Rule and Order 
(No. 2,386 of 1947) was issued confining the pro- 
duction of steam turbo-alternators in this country, 
of a capacity exceeding 10 MW, to 30-MW and 
60-MW sets. The steam conditions were standard- 
ised at 600 Ib. per square inch and 850 deg. F., and 
at 900 lb. per square inch and 900 deg. F. in the 
case of the 30-MW and 60-MW units, respectively ; 
the underlying idea being to reduce the time needed 
for construction. This policy has now been followed 
to some extent in the United States, where two 
standard specifications (Nos. 601 and 602), prepared 
by the American Institute of Electrical Engineers 
and the American Society of Mechanical Engineers, 
have been issued with the same end in view. Six 
sizes, of 11-5, 15, 20, 30, 40 and 60 MW, are recom- 
mended, of which all except the first are to be 
hydrogen-cooled at a pressure of 0-5 lb. per square 
inch. The steam pressure for the 11-5-MW sets 
isto be 600 Ib. per square inch and for the other 
capacities 850 lb. per square inch, except that 
1,250 Ib. per square inch may be used as an alter- 
native on the 40-MW and 60-MW units. Similarly, 
the temperature on the 15-MW sets is to be 825 deg. 
F., and 900 deg. F. on the other sets, with an 
alternative of 950 deg. F. on the two largest sizes. 
On the three smaller units the number of bled 
steam points is restricted to four, while five are 
permitted on the 30-MW, 40-MW and 60-MW 
sets. The guaranteed capacity of the turbine in 
kilowatts at the generator terminals is in future only 
to be 10 per cent. above the rating, instead of 25 per 
cent. as at present, while the power factor at 
generator rating is to be 0-85. The alternator 
terminal voltages specified are 12-5, 13-8 and 14-4 
kV, irrespective of the size of the unit. An exciter 
voltage of 250 volts is laid down, the corresponding 
slip-ring voltage being 225. The exciters and 
pilot exciters are to be driven either directly or 
through gearing from the alternator shaft. 





THE INSTITUTION OF 
NAVAL ARCHITECTS. 


BerorEe the war, it was the practice of the 
Institution of Naval Architects to hold their summer 
meetings alternately in the British Isles and in 
some other country, where there was an active 
profession of naval architecture. During the war, 
of necessity, that practice had to be abandoned, 
but it has now been resumed with a meeting at 
Copenhagen, by invitation of the Institution of 
Danish Civil Engineers and the Federation of 
Danish Shipbuilders. The opening meeting was 
held on Tuesday, August 30, in the lecture hall of the 
Danish Institution at 29, Vester Farimagsgade. 
As already announced in ENGINEERING, the meetings 
were arranged to last from August 30 to September 2, 
six papers (three by Danish authors and three by 
English members of the Institution of Naval Archi- 
texts) being presented at three technical sessions. 
The opening meeving was honoured by the presence 
of His Majesty King Frederik IX of Denmark, who 
accepted at the hands of the President (Admiral of 
the Fleet Viscount Cunningham of Hyndhope) the 
diploma of Honorary Membership of the Institution ; 
and of H.R.H. Prince Axel of Denmark ; His Excel- 
lency Sir Alec Randall, K.C.M.G., O.B.E., the 
English Ambassador at Cope n. A distin- 
guished company of Danish and other friends of 
the Institutions associated in the meeting. 

A warm, welcome was extended to the visitors by 
the chairman (Direktor Rode) on behalf of the 
Institution of Danish Civil Engineers and the 
Federation of Danish Shipbuilders, who expressed 
appreciation of the great honour that King Frederik 
had conferred upon the meeting by his presence. 
He felt sure that many ties of friendship would be 
established during the meeting and that otters, long 
established, would be cemented, promoting friendly 
feelings between the two nations, the cause of science, 
and the development of the art of shipbuilding. 

Admiral of the Fleet Lord Cunningham, as 
President of the Institution of Naval Architects, 
then addressed the meeting; he recalled that, in 
1911, honorary membership of the Institution of 
Naval Architects was graciously accepted by His 
Majesty King Frederik VIII of Denmark, his present 
Majesty’s grandfather, and brother of our own 
Queen Alexandra. It was the unanimous wish of 
the Council of the Institution of Naval Architects 
to do honour to this occasion by asking His Majesty 
to accept the Diploma of Honorary Membership of 
the Institution, and he formally asked His Majesty 
to be pleased to accept this tribute. 

His Majesty the King, on receiving the Diploma, 
expressed his thanks for the honour conferred, not 
only upon himself, but also upon Danish ship- 
builders. 


EXPERIMENTAL DanisH Martne Gas TURBINE. 


Mr. H. P. Christensen then presented his paper 
on ‘‘ An Experimental Danish Marine Gas Turbine.” 
The of his , said Mr. Christensen, 
was pap este the efforts, made in Denmark after 
the war to develop the gas turbine as a prime mover 
for industrial purposes, and, in particular, to survey 
its possibilities for marine applications. During the 
war, it was not possible to do much development 
work on industrial gas turbines, and, indeed, Danish 
engineers were not able to maintain their contacts 
with the surrounding countries, so that it was only 
after the war that they could acquire up-to-date 
knowledge of the progress made. In 1945, however, 
they began to experiment with a small axial com- 
pressor, in which the shape of the blades and the 
general operating conditions could be varied to 
suit the type of plant. The axial type was chosen 
because it offered the highest efficiency in associa- 
tion with relatively noiseless running. With the 
aid of the Danish Academy for Technical Science, 
various tests were made with assemblies of blades 
to find the most suitable profile. The blades were 
made in due course and an experimental compressor 
was built, an efficiency of 86 per cent. being reached. 
With this unit as a basis, a design was worked out 
for @ marine gas-turbine set of about 3,000 h.p., 
suitable to be interchanged with the engines nor- 
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Elsinore shipyard. Alternative designs were pre- 
pared, using a heat exchanger to recover the waste 
heat, an intercooler to cool the air under com- 
pression, and a combustion chamber to reheat the 
air between the high-pressure and the low-pressure 
turbines ; these arrangements could be used either 
with the open-cycle or the closed-cycle systems. The 
unit was designed for a pressure ratio of 5, an inlet 
temperature of 650 deg. C., a compressor efficiency 
of 83 per cent., a heat-exchanger efficiency of 90 per 
cent., and a working life of 100,000 hours, corre- 
sponding to an average merchant ship’s life of about 
20 years. No data existed, from which to compute 
the actual blade life, but it was assumed that the 


blades would have to be renewed after four years’ 


service, corresponding to the periods between the 


surveys necessary to maintain a vessel’s classifica- 


tion. Difficulties were encountered in selecting the 
materials for the blades, as it was found that the 


material which would stand, say, 800 deg. C., 
might not be the best at 650-700 deg. C. Eventually, 
the nickel-chrome alloys Nimonic 80A, Nimonic 80, 
and 19/9 D.L. were selected for the rotor blades of 
the turbines, the permissible stress being limited to 
4} tons to 5 tons per square inch. The rotor was 
forged from Firth-Vickers chrome-nickel steel, of 
the mark F.C.B. For the guide blades, it was 
decided to use Nimonic 75 or Vickers F.C.B. steels. 
The last-named material was used also for the inner 
shell of the combustion chamber, and for the pipes 
exposed to high temperatures. The turbine casing 
was cast in Holland of chrome-nickel steel, melted 
in an electric furnace. In collaboration with Messrs. 
Burmeister and Wain, Limited, a research organisa- 
tion was set up, and it was agreed that the Elsinore 
Shipyard should proceed to construct the high-pres- 
sure part of a complete unit, to obtain preliminary 
experience. This part was ready for testing in 
July, 1949, and consisted of an axial compressor, a 
simple tubular heat-exchanger, a combustion 
chamber and a high-pressure turbine. The pressure 
ratio was kept gt 2-3, corresponding to an output 
of about 500 h.p., which was used to augment the 
supply of electric current. Special attention was 
given to the turbine mounting. To obtain the most 
efficient design of heat exchanger, tests were carried 
out in the laboratory of the Technical College ; these 
showed that the design was sound. Drawings have 
been prepared to show the application of the new 
turbine to such purposes as the replacement of the 
existing 3,000-h.p. engines of the motorships Hans 
Broge, electric drive being selected to facilitate 
manoeuvring, and to ensure a minimum of vibration 
and no noise. The same plant, in a ship of 6,500 
tons deadweight, for the South American service, 
showed a space saving of two frame spaces in length ; 
but, unfortunately, this saving could not be realised 
in practice, because, as the author pointed out, the 
existing to regulations penalised the owner 
who reduced his engine-room capacity below 13 per 
cent. of the gross tonnage. 
Sir Amos L. Ayre said that the author’s compari- 
son of the weights of the gas-turbine and Diesel 
plants was arresting, showing that it might be 
possible to attain a reduction of 40 per cent. in the 
“steaming weight”; that would be a very great 
achievement indeed. The author had also indicated 
the saving of space which could result, and which, 
but for the absurd British tonnage laws, might be put 
to some really economical and efficient use. All 
would agree that the dead hand of tonnage measure- 
ment must be removed; otherwise, all modern 
developments in the re-designing of propelling 
machinery would be cramped. At present, the ship 
and engine designers, in their endeavours to give the 
shipowner the most efficient vessels, were greatly 
handicapped, and the shipowner was penalised 
throughout the lifetime of his ship. Types of engines 
kept prodding each other forward—recently, for 
instance, boiler fuel had been used very successfully 
in Diesel engines ; but it must be remembered that 
fuel costs were only about 15 per cent. of total run- 
ning costs. In Great Britain, it had often been 
wished that shipowners could be convined that they 
ought to take a closer interest in the matter. 
Mr. W. J. Ferguson expressed indebtedness to 
those designers of gas turbines who had frankly 
discussed their problems and the snags that they 





commercial operation, he said, had had now a 
rather longer period of service than those for which 
figures were given in the paper. A 13,000-kW 
set had now been running for 2,711 hours, the 
average load being 9,700 kW over that period. 
A 27,000-kKW set, which was commissioned in 
February, 1949, had been operated for a consider- 
able period, owing to the shortage of water for 
Swiss hydro-electric plants, and had completed 
599 hours at an average load of 15,000 kW before 
being shut down for the summer. Those sets were 
intended solely for standby purposes. He also 
referred to the gas-turbined locomotive built by 
Messrs. Brown, Boveri and Company for the Swiss 
Federal Railways ; it had completed 5,630 running 
hours and had covered 142,000 miles. With regard 
to sets under construction and in operation in 
England: while the gunboat No. 2009 might have 
a fuel consumption which would not appeal to people 
interested in merchant ships, the fact should not be 
overlooked that, so far as the demonstration of 
reliability was concerned, the operation of the 
vessel would do a lot to establish confidence in the 
plant among marine engineers. 

When considering the period of operation as an 
indication of reliability, it was necessary also to 
considered the running temperature ; not all the 
sets mentioned had been running at 650 deg. C., 
and he felt that, in choosing that temperature, the 
author had adopted a figure which would furnish 
useful data in a relatively short time. Discus- 
sing the temperature gradient from the blades 
through the rotor and down to the hub, Mr. 
Ferguson observed that, in the set described in 
the paper, there did not appear to be any attempt 
to cool the rotor, as was done in some sets. He also 
called attention to the author’s statement that it 
was possible to forge the rotor in a single piece, 
but that, for bigger rotors, forging might be so 
difficult that it would be necessary to use built 
rotors. There seemed to be a certain amount of 
reluctance in facing the built rotor. He knew 
that forgemasters were being encouraged to under- 
take research work with the purpose of producing 
bigger and better rotors in materials suitable for 
operation at high temperature; but, after all, 
welded construction made it possible to design a 
rotor in which the stresses due to temperature, 
gradient could be almost eliminated. 

Mr. H. Carstenson said that, as a Diesel-engine 
builder, he felt that the author’s comparison between 
the Diesel engine and the gas turbine was not 
quite fair to the Diesel. If the author had con- 
sidered a trunk-piston engine of the latest design, 
or @ normal crosshead engine with a little longer 
stroke and a welded frame, he might have saved 
some 27 tons in the weight of the Diesel unit; 
furthermore, the consumption of the gas turbine 
was about 20 per cent. higher than that of the 
Diesel. Taking both of these factors into account, 
the saving of weight due to the use of the gas 
turbine might then be only a few tons, on the 
basis of a round voyage to South America. 

Mr. A. J. Merrington understood that the experi- 
mental plant would consist of a high-pressure unit 
and a low-pressure unit, but that, so far, only the 
high-pressure unit had been completed. He asked 
the author to add a short summary of the experi- 
ence, including the troubles and failures, if any, 
with the high-pressure unit. He also inquired 
when the low-pressure turbine unit would be com- 
plete, so that the full 3,000 h.p. set would be 
running ; and wondered whether any trouble had 
been experienced with the ‘“‘ wild” heat from the 
unit, particularly from the exhaust gases, because 
that problem would have to be faced when gas- 
turbine plants were installed in ships. Dealing 
with the author’s reference to tonnage regulations, 
he thought that, if a revision of tonnage rules 
could be brought about by improved efficiency of 
the propelling machinery, it would be a great 
accomplishment, and he felt sure that the many 
authorities who were interested in improving water- 
tight sub-division would side with the author. 
International pressure from many quarters should 
produce results sooner or later. Referring to the 
gas-turbine unit which was to be installed in a 
British frigate, he believed that some concern was 





had met in the course of operation. The sets in 


high temperature of the exhaust; the volume of 
air and gases involved cutting considerable holes jn 
the deck, and the amount of heat developed by the 
power unit necessitated considerable increases jp 
the size of ventilating fans, which again meant 
larger holes in the deck. 

Mr. J. H. Wilson, referring to the statement that 
in the experimental compressor, an efficiency of 
86 per cent. was reached after various alterations 
and improvements were made, observed that, for 
the 3,000-h.p. design, the efficiency of the com. 
pressor was estimated to be 83 per cent. He asked 
the reason for the difference of 3 per cent.; each 
1 per cent. loss of efficiency in the compressor 
meant about 3 per cent. loss in the overall efficiency 
of the installation. y 

Professor C. W. Prohaska endorsed the opinions 
of Sir Amos Ayre and the author regarding the 
need for improving the tonnage regulations, especi- 
ally now that tankers were being built so much 
larger ; but, he said, if the suggested amendments 
would change the tonnage of existing ships con. 
siderably, he was afraid that the shipowners would 
oppose them for the change might be to their 
disadvantage. Professor Prohaska also thought 
that the author’s comparison of Diesel and gas. 
turbine plant was not quite fair, particularly with 
regard to space; if the comparison were made 
between the gas turbine and the geared Diesel, he 
did not think that there would be any appreciable 
saving of space. 

In his reply to the discussion, Mr. Christensen 

dealt first with the saving of space and weight 
when using a gas turbine as compared with Diesel 
plant. For the purpose of his investigation, he 
said, he had compared an existing Diesel installation 
with his proposed 3,000 h.p. gas-turbine installation, 
assuming a similar ship. He had chosen the Hans 
Broge because his firm built her and knew her per- 
formance in service. If he had compared the gas- 
turbine installation with a heavy slow-running 
Diesel plant, the saving in weight resulting from 
the use of the gas turbine would have been greater 
than he had indicated. Commenting on Sir Amos 
Ayre’s reference to fuel costs, Mr. Christensen 
suggested that engineers and shipbuilders often 
put too much stress on fuel savings. In former 
days, he had built a special steam turbine which 
showed fuel savings of 15, 16, and even 18, per cent. ; 
but to-day he would not recommend such an 
installation, without consideration of the route on 
which it was to work. If he had to provide a ship 
to operate in some part of the world where he 
would not expect very competent engineers, he 
would be more concerned with the maintenance of 
the machinery than with fuel economy ; it would 
be much more costly to have a ship lying in harbour 
for days together, awaiting replacement of parts, 
than perhaps to use 2 per cent. or 3 per cent. more 
fuel than the minimum attainable. 
Replying to Mr. Merrington, Mr. Christensen said 
that the experimental development of a turbine 
plant was almost beyond the resources of any 
individual firm. A combined effort was needed by 
all the interested parties. By building only the 
high-pressure plant, his firm felt that they could 
gain all the experience necessary, because in the 
high-pressure plant there were the same problems 
as in the combined plant ; by working for a year or 
so with different grades of oils and different loading 
conditions, they would gain experience on the basis 
of which they could design a complete plant which 
would prove reliable. The intention was to run 
the plant in their own power station first, at least 
for a year, and perhaps for two years. He agreed 
that one of the troubles with the gas turbine was 
due to the volume of low-pressure air at high 
temperature, necessitating the use of very big ducts. 
That would not cause much difficulty in an ordinary 
merchant ship, but he appreciated that it might 
do so in a warship. It was true, as Mr. Wilson 
had said, that he had given 86 per cent. as the 
efficiency of the experimental compressor, but had 
used 83 per cent. efficiency as the basis of the 
design of the 3,000-h.p. plant. This was done to 
ensure that he was on the safe side, because the 
efficiency of a compressor fell after a certain period 
of operation. 





felt regarding the large air intake needed and the 





(To be continued.) 
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EXHIBITION. 


On Thursday, September 1, Her Majesty the 
Queen opened the Scottish Industries Exhibition 
at Kelvin Hall, Glasgow; it will remain open 
daily, except Sundays, until Saturday, Septem- 
ber17. Allowing for the fact that heavy-engineering 
firms are always restricted in their scope at exhibi- 
tions, the Glasgow show includes a substantial 
proportion of engineering stands, of which most 
are in a Special engineering section. Not all these 
firms have their works on Clydeside, however ; 
indeed, one is exhibiting a small lathe made in the 
Western Isles. Engineering production in Scotland 
contributes much to the total for the United King- 
dom, as the following examples show. During 1948, 
Scottish firms were responsible for 41-0 per cent. 
of the total United Kingdom production of merchant 
ships, 48-3 per cent. of locomotives, 21-8 per cent. 
of railway wagons, 31-8 per cent. of watches and 
clocks, 62-5 per cent. of coal cutters, and 14-6 per 
cent. of coal conveyors. The exhibition, at which 
303 firms are exhibiting, is not an annual event. 
It is organised by the Scottish Council (Development 
and Industry), with the primary object of developing 
Scotland’s export trade. It in no way competes 
with the British Industries Fair, but it has obviously 
enabled many firms, who cannot justify the expense 
and difficulty of organising a stand three or four 
hundred miles away in Birmingham or London, to 
display their products in a well-staged trade fair— 
the largest ever held in Scotland. 

A machine which has attracted particular atten- 
tion is a dual-purpose model of the “ Possil” 
saw-sharpening machine, exhibited by Messrs. H. A. 
McQueen and Company, Limited, Hamac Works, 
700, Argyle-street, Glasgow, C.3. This machine is 
illustrated in Fig. 1, on this page ; it may be used 
for sharpening circular saws up to 72 in. in diameter 
or straight saws up to 84 in. long, the time required 
for changing from one operation to the other being 
only a few seconds. Saw teeth of any shape may 
be sharpened by the motor-driven grinding wheel, 
which is brought down on to the work by hand. 
As can be seen from the illustration, the saw blades 
are mounted on an angle-iron stand which also 
carries the machine head, the motor and the grinding 
wheel. The latter are mounted in such a way that 
they can be rotated about a horizontal axis through 
the machine head and tipped down so as to bring 
the wheel into contact with the teeth. The same 
part of the wheel is used for both topping and 
“gulleting,” and any desired grinding angle can be 
obtained by setting the position of the wheel. 
This grinding angle, once set, is maintained while 
every second tooth on the saw is gulleted; the 
angle then is re-set and the same teeth are topped, 
after which the saw is removed and reversed and the 
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Fig. 2. Powrer Barrow; Messrs. CocHRANE AND COMPANY 


(SHETTLESTON), LIMITED. 








Fig. 3. Om-Frep Am Heater; MEssks. 
LzrrH, CAaRDLE AND Company, LIMITED. 


same operations are carried out on the remaining 
teeth. The motor develops 4 h.p. and drives 
the grinding wheel at a speed of 2,200 r.p.m. through 
a V-belt and pulleys; a steel guard fits over the 
wheel to protect the operator. The depth of 
cut is controlled by a limiting device and a spacer 
indexes the teeth during grinding. All the electrical 
connections are made through sliding contacts 
contained in the machine head, so that the leads 
are not required to twist or bend. The machine is 
intended for use on a three-phase 400/440-volt 
supply, but also can be supplied for use on any 
alternating- or direct-current circuit. The net 
weight of the whole machine is 195 lb. 

The trend towards more complete mechanisation 
of handling and transporting equipment is exem- 
plified by one of the exhibits of Messrs. Cochrane 
and Company (Shettleston), Limited, Bank Works, 
Coatbridge. This is a power-driven barrow which is 
illustrated in Fig. 2, on this page. It comprises 
a skip with a capacity of 9 cub. ft., mounted on 
a welded chassis and arranged to tip forwards. 
At the rear of the chassis is a single pneumatic- 





tyred- wheel, which is used for steering, and at the 
front are two similar wheels, driven through a 
differential gear by a Villiers fan-cooled petrol 
engine. The driver is provided with a saddle-type 
seat situated over the rear wheel, and is in a posi- 
tion to operate all the controls. The skip can be 
tipped forwards by a hand lever and remains 
tipped until brought back by hand. It is held to 
the chassis by locking gear and may be replaced, 
when necessary, by a flat platform; the change- 
over can be carried out in a very short time. The 
engine develops 3 brake horse-power and drives 
the barrow at a maximum speed of 2} m.p.h., 
the power being transmitted through a single-plate 
clutch and a forward and reverse gear. Foot- 
operated expanding hub brakes are fitted, which 
may be locked for parking. Steering is by a T-type 
handle-bar, and the clutch is foot-operated. 

Messrs. Leith, Cardle and Company, Limited, 
Paisley, are showing an oil-fired industrial heating 
and ventilating unit which is an addition to their 
range of coke-burning models. It is illustrated in 
Fig. 3, on this page. In principle it consists of a 
combustion chamber, in which oil is burned at a rate 
of 3 gallons per hour, surrounded by an outer steel 
container and surmounted by a heat exchanger. 
Air for combustion is drawn in by convection and the 
hot gases produced rise through the heat exchanger 
and an automatic damper before being discharged 
through a chimney to atmosphere. An axial-flow 
fan is fitted under the combustion chamber and 
draws air through a filter from the building or from 
outside. This air is forced through an annular 
space between the outer casing and the combustion 
chamber, through the heat exchanger and out into 
the building by way of a discharge trunk and a 
diffuser. It leaves the diffuser above head level, 
and with a velocity which is great enough to give a 
range of about 70 ft. This provides rapid and even 
distribution of heated air throughout a considerable 
space. The unit may be placed on the floor of the 
building to be heated or installed in a separate 
housing, in which case the hot air is led into the 
building through extra ducting. It provides an 
output of 350,000 B.Th.U. per hour and delivers 
4,000 cub. ft. of warm air per minute. It is suitable 
for heating a volume of approximately 90,000 cub. ft. 

A development of great interest, which will 
be of fundamental importance to Scottish industry 
generally, is the setting up of a new mechanical 
engineering and research station at East Kilbride‘ 
about 8 miles south of Glasgow. This station is 
now being planned by the new Mechanical Engi- 
neering Research Organisation set up by the Depart- 
ment of Scientific and Industrial Research. Con- 
struction of the buildings has commenced already 
and a model of the project can be seen on the 
D.S.LR. stand. 

(To be continued.) 
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THE BRITISH ASSOCIATION 
MEETING AT NEWCASTLE- 
ON-TYNE. 


For the fifth time in its history, the annual meet- 
ing of the British Association for the Advancement 
of Science has been held in Neweastle-on-Tyne, the 
great centre of the coal trade, shipbuilding and other 
technical industries on the North East Coast. The 
meeting commenced on Wednesday, August 31, and 
was concluded on Wednesday last, September 7. 
The object of the Association is the advancement of 
science, and certainly the prosperity of Newcastle 
has been founded on this advancement at least 
as much as that of any other city in the United 
Kingdom. The banks of the Tyne from Scotswood 
to the sea are lined with factories and shipyards, 
all of which are dependent on the advancement of 
science for their continued prosperity. 

The opening meeting was held in the City Hall on 
Wednesday evening, August 31, the proceedings 
being inaugurated in an impressive manner by an 
academic procession, in which the Lord Mayor and 
the Vice-Chancellor of Durham University took 
part. Following this, the Honorary Degree of 
Doctor of Science was conferred upon Sir John 
Russell, O.B.E., F.R.S., the President of the Asso- 
ciation. Sir John was presented by the Public 
Orator of the University, Dr. Ian Richmond. 

The presentation was followed by an address of 
welcome by the Lord Mayor of Newcastle, Coun- 
cillor A. Charlton Curry, who expressed the hope 
that the current meeting would be at least as success- 
ful as the former meetings had been. He then 
invited the President to deliver his address on 
“World Population and World Food Supplies,” to 
which we referred in a leading article on page 229 of 
our last week’s issue. Before delivering his address, 


Sir John expressed thanks to the Vice Chancellor of 
the University, the Lord Mayor and citizens of New- 
castle-on-Tyne, and made a brief reference to the 
previous visits of the Association to the City. Sir 
John’s address was enthusiastically received and 


the vote of thanks was proposed by Sir David 
Rivett, Chairman of the Commonwealth Council for 
Scientific and Industrial Research. 

Most of the sectional meetings, including those of 
Section G (Engineering) with which we are mainly 
concerned, were held in King’s College and com- 
menced on Thursday morning, September 1. The 
first meeting of Section G, at which the chair was 
taken by the Sectional President, Sir Arthur 
Fleming, C.B.E., was devoted to papers and a dis- 
cussion on the subject of “‘ New Materials and their 
Engineering Significance,” introduced by a paper 
entitled ‘‘New Dielectric and Semi-Conducting 
Materials,” by Dr. R. W. Sillars, B.A., D.Phil. It 
is reprinted, in abridged form, on page 267. The 
only speaker in the discussion on this paper 
was Dr. J. S. Forrest, who first remarked that an 
interesting new class of semi-conducting materials 
which had considerable significance in the realm of 
electrical engineering was the semi-conducting 
ceramic glazes. These materials behaved like the 
true electronic semi-conductors described by Dr. 
Sillars, but they differed from the latter in that the 
semi-conducting metallic oxides were incorporated 
in an insulating glassy matrix. For some years, it 
had been realised that the reliability and “ effici- 
ency ” of high-voltage porcelain insulators could be 
increased if the voltage distribution on the porcelain 
surface could be controlled so as to prevent the 
occurrence of excessive voltage gradients and spark 
discharges. One of the most attractive methods of 
controlling the voltage distribution was to coat the 
porcelain with a suitable conducting glaze, and this 
had provided a strong incentive to develop conduct- 
ing ceramic glazes. The surface resistivity required 
was about 10 megohms and this value implied that 
a semi-conducting material must be used. The pro- 
duction of a semi-conducting glaze was a difficult 
ceramic problem. because it was necessary that the 
material should retain the semi-conducting proper- 
ties of the metallic oxides without sacrificing the 
desirable characteristics of a ceramic glaze, such as 
hardness and permanence and a smooth surface. 
Further, in common with other semi-conductors, 
the resistance of semi-conducting glazes was very 
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sensitive to small changes in composition, so that all 
the manufacturing processes and, in particular, the 
firing, must be controlled with a much higher 
degree of precision than was necessary for the pro- 
duction of ordinary electrical porcelain. An English 
porcelain manufacturer, in the course of the last six 
years, had been successful in producing various 
types of high-voltage porcelain insulators with semi- 
conducting glazes. These glazes consisted of a 
glassy matrix similar to an ordinary glaze but con- 
taining relatively large proportions of metallic 
oxides, such as Fe,0,, which, under suitable heat 
treatment, gave the material its conducting pro- 
perties. The conductivity was of the order of 
10,000 times that of ordinary glaze and it could be 
varied over a wide range. Insulators with semi- 
conducting glaze had been called “stabilised” 
insulators, because the voltage distribution was 
stable even when the humidity was high. The 
improvement which had been obtained in the per- 
formance of insulators operating outdoors in humid 
and polluted atmospheres was quite remarkable. 
The leakage current of a stabilised insulator was 
relatively steady and did not exhibit the “ surges ” 
which were characteristic of an ordinary porcelain 
surface in humid conditions and which often led to 
complete breakdown. 

Apart from the difficulties which arose in humid 
atmospheres, the control of the voltage distribution 
on very long insulator strings on high-voltage lines 
was a difficult problem ; for example, for an insu- 
lator string about 6 ft. long, the stress on the insula- 
tion at the conductor might be four times that 
towards the earthed end of the insulator string. 
Stabilised insulators might provide a solution to this 
problem. A slide exhibited showed a semi-conduct- 
ing glazed insulator unit having a resistance of 
100 megohms and four of these units would be used 
in series On an experimental 275-kV line now being 
erected. 

Another important application was the control 
of the voltage distribution in lightning arresters. 
High-voltage silicon-carbide lightning arresters of 
the type described by Dr. Sillars consisted of a 
number of sections in series, and it was necessary 
that the applied voltage should be shared equally 
between these sections, and that the time lag of 
the spark gaps should be as small as possible. 
These requirements could be achieved by coating 
the porcelain containers with semi-cond 1cting glaze. 

The voltage distribution on the terminations of 
high-voltage cables must be controlled to prevent 
an excessive voltage gradient in the region where 
the earthed sheath was terminated, and the use of 
semi-conducting glaze on the inner or outer surfaces 
of the porcelain was of assistance. A number of 
132-kV cable sealing-ends with semi-conducting 
glaze on the outside surface of the porcelain were 
in service on the grid system. Semi-conducting 
glazes had also been proposed for controlling 
voltage distribution in high-voltage air-blast switch- 
gear and in high-voltage direct-current generators. 
Like other semi-conductors, semi-conducting glazes 
had a high negative temperature coefficient, and 
this property could be utilised for the measurement 
of temperature; small glazed-porcelain elements 
0-1 in. in diameter and less than 0-5 in. long had 
been made for this purpose. Dr. Sillars had referred 
to the phenomena at the contact between a semi- 
conductor and a metal, and it was noteworthy 
that one of the difficulties in the applications of 
semi-conducting glazes was the deterioration of the 
glaze in the vicinity of the metal electrodes which 
made contact with the glaze. A few years ago, it 
had been found that, after several months of service, 
the glaze deteriorated and ultimately lost its con- 
ducting properties in these regions. Spark dis- 
charges then occurred across the gap and the glaze 
ceased to fulfili its function. Attention had been 
given, the: efore, to methods of reducing the deteriora- 
tion of the glaze, and a certain measure of success had 
been achieved by the use of higher-conductivity glaze 
in the vicinity of the electrodes and by silvering the 
glaze at the contacts. Recent work had demon- 
strated that.the deterioration was absent, or at 
least very much reduced, if the insulator were 
under oil, so that a long life could be anticipated in 
applications involving oil immersion. 

At the conclusion of Dr. Forrest’s remarks, the 





President invited Dr. F. Brailsford to deliver hig 
paper on “‘ Magnetic Materials for Electrical Power 
Plant,” which we propose to reprint in a later issue, 
As no member accepted his invitation to comment 
on the paper, the President explained that as the 
author of the next paper on the programme, “‘ Mctals 
for High Duty,” by Dr. R. W. Bailey, F.R.S., had 
not arrived, he proposed, pending his arrival, to 
invite Dr. W. G. Radley to open the general discus. 
sion. In accepting this invitation, Dr. Radley said 
that future progress was beceming increasingly de. 
pendent on the use of new materials. Many of the 
greatest forward steps had had little to do with 
materials ; for example, without the invention of the 
thermionic valve, there would have remained limits 
tothe distance over which telephony was possible, and 
both radar and television were made prasticable by 
the development of the cathode-ray tube. On the 
other hand, the full application of a new technique 
had often had to await the development of an 
appropriate material possessing either a particular 
property in highly developed form or possessing a 
hitherto unrealised combination of properties, 
As an illustration of the part played by materials 
in the past story of progress, it would be recalled 
that it had been shown about 50 years ago that 
distortionless transmission of signals over a cable 
was improved by the addition of inductance to the 
circuit. Inductance, or loading, coils were developed 
for insertion in land telephone cables, and some 
submarine cables in the shallow waters of the 
English Channel had been inductively loaded with 
coils. The requirements for the core material gave 
impetus to such metallurgical processes as produc- 
tion of iron dust by the carbonyl process in which 
the resulting particle diameter was about 5 microns, 
Coil-loading of deep-sea submarine cables was not 
considered practicable because of anticipated diffi- 
culties in laying and maintenance. There was the 
alternative of adding the required amount of induct- 
ance by means of a continuous wrapping of iron 
wire around the conductor, but, with the best soft 
iron available, the amount of inductance that could 
be added was insufficient to justify the cost of its 
application. The discovery that certain nickel-iron 
alloys possessed extraordinarily high initial perme- 
ability was, however, followed by the development 
by Elmen in the Bell Telephone Laboratories of the 
Permalloy series of alloys. These at once made 
continuous loading attractive. The first loaded 
ocean telegraph cable, the Western Union cable 
between New York and Horta (Azores), 2,328 miles 
in length, was capable of transmitting telegraph 
traffic at 1,920 letters per minute. This was a 
remarkable advance, as speeds of about 250 letters 
per minute were the maximum previously possible 
on non-loaded trans-oceanic cables. 

He thought it well to draw attention to the uses 
of these nickel-iron alloys in telecommunications as 
Dr. Brailsford had emphasised the corresponding 
helpfulness to power plant from the development of 
silicon irons. In the telecommunication field, much 
contemporary research on ferromagnetic materials 
was concerned with their use ac frequencies extend- 
ing upwards to 20,000 or 30,000 megacycles per 
second. The need for materials having a specified 
combination of permittivity and permeability 
together with certain restrictions on the conduc- 
tivity, arose during the war period in the search 
for radio-wave absorbing coatings to provide radar 
camouflage. They had, however, numerous and 
valuable potentialities in civil applications, including 
the improvement of blind aircraft-landing systems, 
by eliminating disturbing reflections, reflectionless 
terminations of lines, wave-guides, etc. Briefly 
they had proved useful in much the same way that 
dead black was useful in optical systems. 

It was obvious that a magnetic material meeting 
the above requirements should be a non-conductor, 
in order to eliminate eddy-current losses which, at 
the frequencies in question, would be excessive. 
There had been considerable interest in the study of 
the new materials known as “‘ ferrites ”” which were 
non-metals (oxides) and had values of specific 
resistance varying from 10-? to 107 ohm-cm. This 
study, although started in 1933, was continued 
intensively in the Netherlands during the five years 
of German occupation. The ferrites were sub- 
stances having the general composition MO.Fe,0;, 
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in which M was a bivalent metal. It was interesting | 
to remember that one of the series—the magnetic 
oxide of iron FeO.Fe,0,—seemed to have been 
jnown to the Chinese about 3,000 years ago, and to 
the Greeks about 2,300 years ago. Magnesium, zinc, 
copper, nickel, iron, cobalt and manganese ferrites 
yere all of technical interest. It had been dis- 
covered recently that mixed ferrites, consisting of 
, combination of zine ferrite with one or another 
material had much higher permeability at ordinary 
temperatures than the pure ferrites, although zinc- 
ferrite, itself, was not ferromagnetic. Its addition 
had the effect of lowering the curve temperature. 
By making this only a little above the ambient, the 
material could be utilised at nearly its maximum 
permeability so that, although 100 was a fair per- 
meability for a pure manganese ferrite, 1,000 was not 
wusual for @ mixed manganese-zine ferrite, and 
higher figures could be obtained. The attendant dis- 
advantage was that the performance of the material 
became very dependent on temperature, and, in 
practice, air gaps had to be introduced into the 
magnetic circuit in order to stabilise the performance 
when this material was used for the cores of con- 
yentional inductors. This had the incidental 
advantage of leading to a pot-type of design for the 
core; which facilitated production by avoiding the 
necessity for toroidal-winding machines and, at the 
same time, gave good screening between inductors. 

Dr. Sillars had referred to the new crystal triode 
or Transistor announced first by the Bell Telephone 
laboratories in June, 1948. See ENGINEERING, 
vol. 166, page 630 (1948). Since that date many 
laboratories had put considerable effort into tenta- 
tive designs of equipment using crystal triodes in 
place of thermionic valves. There were, however, 
certain factors which were likely to restrict the 
immediate use of crystal triodes. They were (1) 
low-input impedance and high-output impedance 
which made them unsuitable for insertion in normal 
circuits ; (2) high internal noise (at present about 
10 db. above valve noise) ; (3) relatively low stage 
gain compared with the valve; and (4) limitation 
of maximum, operating frequency. The extent to 
which these were inherent would only become 
evident as a result of further experiment and as the 
theory was developed. 

The importance of plastics first became apparent 
with the polymerisation of moulding resins of the 
phenol-formaldehyde, urea-formaldehyde and similar 
types. Polymerisation of a variety of other chemical 
compounds had resulted in materials having eharac- 
teristics which made them appropriate for use in 
high-frequency equipment. Of these polythene, the 
high polymer of ethylene, with a permittivity of 
2-3 and basic power factor of the order of 0-00015 
to 0-0003, had been of unusual value for the con- 
struction of high-frequency cables. The importance 
of keeping the dielectric loss low increased very 
rapidly with the frequency at which the cable was 
used; for a typical coaxial feeder with solid poly- 
thene core, the contribution to the total attenuation 
made by the dielectric loss might be 1 per cent. at a 
frequency of one megacycle per second, but would 
be about 30 per cent. at 1,000 megacycles per 
second, and nearly 60 per cent. at 10,000 megacycles 
per second. 

The mechanical and physical properties of poly- 
thene at normal temperatures, the speaker con- 
tinued, had extended the field of its use to applica- 
tions where these properties were of controlling 
importance. It was now the standard dielectric 
for the construction of new submarine telephone 
cables of the co-axial type. The very low moisture 
permeability of the material, however, had enabled 
two cables to be made recently in this country with 
an air space surrounding the central conductor, 
which was maintained in position by a worming of 
polythene. The recently laid Anglo-Dutch cable, 
which was of this type, and was 1-7 in. in diameter, 
would provide 84 telephone circuits. A solid-core 
cable of the standard size, 0-62 in. diameter, pro- 
vided only about one-tenth this number under the 
Same conditions. In America, polythene with a 


thin undersheathing of aluminium, was being used 
for sheathing land telephone cables, thus replacing 
lead which had been used for that purpose since the 
introduction of telephony. 
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LABOUR NOTES. 


Tue 81st Trades Union Congress opened at Brid- 
lington on Monday in a spirit of compromise, and a 
desire to avoid taking any action likely to embarrass 
the Government in its efforts to cope with the dollar 
shortage and the forthcoming general election was 
noticeable in many directions. in all, 889 delegates 
were elected by the 187 unions affiliated to the T.U.C. 
to attend the five-day congress, which closes to-day. 
The membership of these unions aggregated 7,936,600 
persons at the end of 1948, a net increase of 145,170 
on the figures for the preceding year. Increases which 
are known to have taken place during the past few 
months bring the total membership of the T.U.C. to 
over 8,000,000 at the present time. The increases are 
considered to be due largely to an influx of women 
members. The mining group of the T.U.C. shows an 
increase of 41,000, the engineering group one of 39,000, 
and the printing and paper group one of 15,000. There 
are, however, decreases of 7,000 in the membership 
of unions catering for general employees and of 4,000 
in the railway unions. In 1939, when the T.U.C. last 
met at Bridlington, the total membership numbered 
but 4,670,000. 





Sir William Lawther, in his presidential address, 
warned the delegates of the damage which was done 
to the country, in general, and to the cause of labour, 
in particular, by unofficial strike action. After 
commenting on the stoppages which had taken place 
during the first six months of the present year and 
stating that the numbers of persons concerned and days 
lost were not a credit to the workpeople involved, he 
said that unions must be on the alert against the misuse 
of the strike weapon. It was one of the strongest 
weapons in the whole trade-union armoury when it 
was used for clearly defined industrial purposes and 
when all other ways to redress wrongs had been 
exhausted, but this weapon had been abused in recent 
disputes. Sir William said that the time had arrived 
to say that unofficial strikes must be outlawed and 
trade-union discipline enforced against the organisers 
and leaders of unofficial stoppages. It was against 
commonsense that the unions should advocate, on the 
one hand, full employment and the improvement of 
wages and working conditions through greater produc- 
tivity and increased efficiency in industry, and, on the 
other hand, tolerate wild-cat disturbances of the 
orderly processes of production. 





Trade unionists must not set their sectional interests 


mere general increase in money wages would intensify 
our difficulties and even lower the standard of living. 
Originally, 15 resolutions, some of which criticised the 
Government rather freely, were placed on the agenda, 
but, by Monday, all the big unions had withdrawn their 
resolutions and, when the debate opened, only two 
were left to be discussed. 





The national conference of supervisors of the National 
Union of Railwaymen, which is held annually, took 
place this year at Southport, Lancashire, on Sunday 
last. A resolution was passed expressing dissatis- 
faction at the “‘ levelling down of supervisors’ salaries 
and conditions, which is undermining efficiency and 
incentive, and is in process of reducing our nationalised 
undertaking to a State-subsidised concern.’”’ The 
resolution called upon the national executive committee 
of the Union to commence immediate negotiations to 
secure for the supervisors, ‘‘ who are actually the non- 
commissioned officers of the railway service,” the 
maintenance of their conditions and a share in the 
management of the railways. The conference chair- 
man, Mr. A. F. Campbell, said that the delegates 
would probably be told that railway revenue would be 
unable to provide the money which would be required 
to bring supervisors’ salaries up to the desired standard. 





Mr. Campbell said that the Union might yet find 
it both necessary and desirable to conduct an inquiry 
of their own into the working of the railways. Although 
the conference had not met for that purpose, the 
delegates were united in deploring the downward trend 
in the service. Clearly, something was wrong. 





The United Kingdom index-of-retail-prices figure, for 
food only, rose by one point at mid-July, to 116. This 
is the highest figure attained by the index since its 
commencement on June 17, 1947. The rise was due 
mainly to small seasonal increases in vegetable prices. 
The figure for all items remained stationary at 111, 
for the third month in succession. The index of rates 
of wages, which measures the full-time weekly wage 
rates in the United Kingdom, rose by one point at 
the end of July, in the case of juveniles, to 112. The 
figures for men, women, and all classes, remained 
stationary at 108, 111, and 109, respectively. 





The lower-paid grades of adult employees in the- 





against the common weal. If they did, Sir William 
declared, the mandate of the present Government 
would not be renewed at the general election and a 
reversal of the policy of social welfare, progressive 
socialisation and full employment would ensue. 
Already there was an increasing use of the term “ over- 
full employment,” which indicated a general loosening- 
up of every department of the national life, with 
measures directed against restrictive practices and 
an insistence on payment by results, wherever these 
could be introduced. It amounted to a threat that, 
if no other way could be found to persuade the unions 
and their members to give value for money, a moderate 
degree of unemployment would be welcome. 





In the course of an address to the congress on Monday 
afternoon, Mr. James Griffiths, the Minister of National 
Insurance, who attended as fraternal delegate from the 
Labour Party, stated that they wanted to see the pool 
of knowledge and experience which was vested in the 
workpeople of the country used to improve the effi- 
ciency of industry. The Labour Party executive and 
the T.U.C. General Council were already considering 
ways and means for bringing about this development. 





An outstanding feature of the congress was the 
address by the Prime Minister, Mr. C. R. Attlee, on 
Wednesday morning, but, prior to that, a debate 
took place on the operation of the Conditions of 
Employment and National Arbitration Order, No. 1305. 
ieecedl salem are strongly opposed to the Order, 
which limits the right to strike and insists on the com- 
pulsory arbitration of disputes in certain cases. A 
resolution, moved by the National Union of Journalists 
and supported by the National Union of Railwaymen 
and the National Union of Vehicle Builders, urging 
that the Order should be repealed at the earliest 
possible date, was remitted to the General Council. 





The central évent of the whole congress, however, 
was the debate yesterday on wages prices and profits, 
which incorporated a discussion of the General Council’s 
outspoken report on the economic situation. That 
report states plainly that any extensive price reductions 
are impossible so long as the world’s economic situation 





(To be continued.) 


remains in its present state, that little can be hoped 


metal-finishing industry will have their hourly rates of 
pay increased as the result of an award by the National 
Arbitration Tribunal. Male operatives in grade 3 will 
receive 13d. an hour more and women employees, in 
the same grade, an increase of 1}d. an hour. In grade 2, 
the increases will be ?d. an hour for men and 4d. an 
hour for women. The award, which was announced on 
Saturday, makes no alteration in the wage rates for 
workpeople in grade 1, the highest-paid group. The 
question of increases in juvenile rates was referred 
back by the Tribunal to the two sides of the industry 
for negotiation. The union had claimed an increase 
of 3d. an hour for employees in all grades, with propor- 
tionate increases for juveniles. 





THE ‘ BRABAZON’’ 130-TON 
CIVIL AIR LINER. 


An important milestone in the history of British 
aviation was passed on Sunday, September 4, with the 
successful completion of the maiden flight of the 
Brabazon 130-ton air liner. This aircraft, it will be 
remembered, was conceived in 1943, when the Govern- 
ment committee set up to consider the post-war 
requirements of British civil aviation recommended 
the development of five different types of aircraft. 
These ranged in size from small feeder-line machines 
to the 130-ton Brabazon, claimed to be the largest 
civil land-plane in the world and certainly the most 
ambitious project ever undertaken by the British 
aircraft industry. The flight on Sunday, therefore, 
marked the culmination of nearly six years’ endeavour 
and doubtless will be remembered for many years to 
come as one of the most notable achievements of 
British aviation. 

The Brabazon aircraft, which is illustrated in Figs. 1 
and 2 on page 262, was designed and constructed by 
the Bristol Aeroplane Company, Limited, Filton, 
Bristol. The type has been developed specifically as a 
trans-oceanic air liner, intended primarily for use on 
the London-New York service of the British Overseas 
Airways Corporation. It is a fully-pressurised high- 
altitude long-range monoplane having a span of 230 ft., 
a length of 177 ft., and a height, measured to the top 
of the fin, of just under 50 ft. The wing is assembled 
from three sections, namely, a centre section, or inner 
wing, and two outer wings. The inner wing passes 
through the fuselage and has a span of 100 ft. and a 
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maximum depth of 6 ft. 6 in. The two outer sections 
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THE 


“ BRABAZON ”’ 


130-TON CIVIL AIR LINER. 


THE BRISTOL AEROPLANE COMPANY LIMITED, FILTON, BRISTOL. 


are each 65 ft. long, and are arranged to accommodate 
the flexible crash-proof fuel tanks which carry 13,500 
gallons of petrol. The first aircraft will be employed 
solely on research work, and is not equipped, therefore, 
for carrying passengers. Subsequent aircraft of this 
type, however, will be fitted out to carry approximately 
100 mgers, who, together with the crew, will be 
accommodated mainly on one deck; there is a half- 
deck rise over the wing centre section, however, which, 
on the ty version, will be used for the dining 
saloon, lounge-bar and kitchen. The dressing rooms 
and toilets will be situated below the dining saloon, 
and the baggage and mail holds below the two parts 
of the main deck. The bullion room and the crew’s 
sleeping quarters, rest room and toilet will be placed 
aft of the flight deck and forward of the front cabin. 
The accommodation and flight deck on the existing 
machine and all future machines will be pressurised so 
as to maintain an equivalent cabin altitude of 8,000 ft. 
while flying at 25,000 ft. 

The Brabazon I is powered by eight Bristol Cen- 
taurus XX 18-cylinder air-cooled sleeve-valve radial 
petrol engines, each of which develops a take-off power 
of more than 2,500 brake horse-power. It should be 
pointed out, however, that subsequent machines of 
this type will be fitted with paired Bristol Proteus 
propeller-turbine engines. The engines on the Mark I 











Fre. 2. 


are enclosed completely in the inner wing and are 
arranged in pairs, each engine driving one element of 
a 16-ft. diameter contra-rotating six-blade Rotol 
airscrew. The airscrews are self-contained units having 
their own constant-speed, feathering and pitch-reversing 
mechanisms. The engines are installed in separate 
fireproof cells in the leading edge of the wing and are 
supported by a box structure which forms an integral 
part of the wing. The engines forming a pair are set 
at an angle to each other, their centre lines converging 
at an included angle of 64 deg. The drive from each 
engine is transmitted to its appropriate propeller by 
bevel reduction gears. The two sets of gears are 
contained in a common gearbox, and the bevel pinions 
are connected to the engines by flexible shafts. The 
propellers are carried on coaxial forward-extending 
shafts and are located ahead of the wing leading edge, 
as shown in Fig. 1. 

The coaxial shafts, together with the gearbox, are 
encased by a housing known as the propeller “ stalk,” 
which, with the propeller spinners, form small nacelles. 
Access to the engines for servicing and engine changing 
is gained through large openings formed in the upper 
and lower surfaces of the wings, the openings being 
closed by doors hinged at their forward edges. Each 
engine, together with its mountings, exhaust system 
and cowling, forms a complete unit which can be 








removed readily from its fireproof cell. The twin 
exhaust manifolds are arranged so that the exhaust 
gases are discharged rearwards below the lower surface 
of the wing. The accessories for aircraft services are 
—_ round a gearbox secured within the wing 

hind the front spar. The gearbox is driven by a 
flexible shaft from a power take-off at the rear of the 
bevel-reduction gearbox. 

With an all-up weight of 290,000 Ib., the Mark I 
aircraft will have an initial operating ceiling of 25,000 ft., 
but this will increase as fuel is consumed. The maxi- 
mum level speed at this altitude has been estimated 
as 300 miles an hour, and the recommended most- 
economical cruising as 250 miles an hour; the 
rate of climb is “P roximately 750 ft. per minute. 
When carrying a nal load of fuel, the aircraft will 
have a still-air range of 5,500 statute miles, this range 
being required on the London to New York route so as 
to allow for the adverse head winds, encountered during 
the ‘west-bound flight at altitudes of 20,000 ft. and 
over. During its maiden flight, the Brabazon was 
piloted by Mr. A. J. Pegg, chief test pilot of the Bristol 
Aeroplane Company. According to reports, the aircraft 
was flown at heights of between 3,500 ft. and 4,000 ft., 
while the speed was kept down to approximately 160 
miles an hour. 

(Zo be continued.) 
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UNIVERSAL MILLING AND ENGRAVING MACHINE. 


MACHINES UNIVERSELLES BILLETER AND COMPANY, 


NEUCHATEL. 








UNIVERSAL MILLING AND 
ENGRAVING MACHINE. 


P . ee ane a ” 
Tne Billeter universal milling and engraving machine | 


shown in the accompanying illustration has recently 
been improved. 
Universelles Billeter and Company, 15, Maillefer, 
Neuchatel, Switzerland, for whom the Adam Machine 
Tool Company, Limited, Hanley-road, Finsbury Park, 
London, N.4, are the agents in this country. The 
machine is designed for the quantity production of 
small components which require milling, profiling, 
drilling or engraving, and an almost unlimited variety 
of shapes and profiles, within the capacity of the 
machine, can be generated by means of cams which are 
made to suit each job. Conventional machine-tool 
slides are not employed in the design of the machine. 

The worktable and cutter head are each free to 
pivot about separate vertical axes, and are mounted 
on roller bearings. Each is moved independently in 
the horizontal plane by means of a lever, the end of 
which is swung about the vertical axis by a horizontal 
plate cam, the roller follower being held against the 
cam by a spring. Thus, both the worktable and the 
cutter head move, and their relative motion, deter- 
mined by the shapes of the two cams, generates the 
required form. A third, bell-shaped cam, fixed to the 
underside of the lower plate cam, raises or lowers the 
worktable so as to alter the depth of milling and produce 
steps in the work. One revolution of the cams repre- 
sents one machining cycle, including approach and 
return movements. The cam arbor is driven by a 
}-h.p. motor, and 12 speeds can be obtained by means 
of a V-belt and pulleys. The normal range of speeds 
is from 7 to 100 seconds per revolution, but by adding 
a gearwheel the range becomes from 90 to 300 seconds 
per revolution. The cutter, when used for machining 
soft metals, is driven at 9,000 r.p.m. by a direct- 
coupled $-h.p. motor connected to a high-frequency 
source of three-phase current. Lower speeds for hard 
metals, from 500 to 3,000 r.p.m., can be provided, and 
a machine can also be arranged for compressed-air 

rive, 

The tolerance on parts machined is + 0-0006 in. 
(0-015 mm.), but under certain conditions this may 
be as small as + 0-00025 in. (0-005 mm.). There are 
two sizes of the machine: No. 1, which will machine an 
area 1-89 in. by 1-57 in. (48 by 40 mm.), and No. 14, 
which will machine an area 2-83 in. by 1-81 in. (72 by 
46 mm.). The overall size of the components is not 
limited to these dimensions, and may be, for the two 
machines, up to 3-15 in. by 5-91 in. (80 by 150 mm.), 
and 4-72 in. by 10-24 in. (120 by 260 mm.), respec- 
tively. The normal maximum vertical travel of the 





| 





workpiece is 0-31 in. (8 mm.) for the No. 1 machine 
and 0-59 in. (15 mm.) for the No. 14 machine. The 
recent improvements, already mentioned, are the pro- 
vision of a rotatable worktable which has two positions, 


| one for loading and one for machining ; and a mechan- 


It is made by Messrs. Machines | 





ism for adjusting the height of the table to within 
0-00025 in. (0-005 mm.). A suction attachment (not 
shown) is provided for removing the cuttings from the 
workpiece. Several machines are readily operated by 
an unskilled woman; it is only necessary for her to 
reload the worktable at the end of each cycle. 





THE BURNING OF BOILER FUELS 
IN MARINE DIESEL ENGINES. 


At the present time there is probably little to choose 
between the Diesel engine and the steam turbine for 
the propulsion of medium-sized vessels; each system 
has its own protagonists and a good case can be put 
forward for both classes of machinery. The situation 
would be altered radically, however, if the Diesel 
machinery could be adapted to operate-on the same fuel 
as that used in the boilers of a turbine vessel. Much 
work has been done in this direction and the results 
obtained so far show that it is possible to burn a normal 
grade of boiler fuel in marine Diesel engines. Mr. John 
Lamb, manager of the Marine Research and Develop- 
ment Department of the Anglo-Saxon Petroleum Com- 
pany, Limited, is, possibly, the leading exponent for 
using boiler fuels in Diesel engines, and in December, 
1947, he presented a paper before the Institute of Marine 
Engineers on this subject. In this paper, Mr. Lamb 
gave details of the method by which boiler fuels were 
used successfully in the Diesel engine of the Auricula, 
a 12-knot single-screw tanker. Before trials were 
carried out in the actual vessel, however, numerous 
experiments were carried out on a single-cylinder 
engine which approximated closely to one cylinder of 
the Werkspoor-type engine installed in the Auricula. 
After more than a year’s work, it was ascertained that 
boiler fuel could be used, provided it was both purified 
and clarified in centrifugal-type separators and main- 
tained at a temperature in the neighbourhood of 
180 deg. F. Arrangements were made, therefore, to 
incorporate similar modifications in the fuel system of 
the Auricula, and subsequently several successful 
voyages were accomplished during which boiler fuel 
was used. 

On August 17, the Auricula completed three years’ 
service burning a normal grade of boiler fuel in her 
4,000 indicated horse-power four-cycle Hawthorn- 
Werkspoor Diesel engine. During the three years, 
the vessel was operated as a normal tanker in the 





Western Hemisphere, and covered 217,823 miles between 
pilot vessels at an average s of 12-04 knots. The 
engine was operated at full power for 18,100 hours 
during which 141,000,000 revolutions were run. 
During the first year’s service, much research work was 
done, and the engine, as a consequence, — for long 
periods under exacting conditions. The engine, for 
example, was run at greatly reduced powers in order 
to determine the modifications required to ensure 
reliable operation under such conditions, and to ascer- 
tain the effect on combustion of varying the supercharge 
air pressure. For a portion of the first year, Diesel 
fuel was used when the vessel was entering and leaving 
port, but during the following two years, boiler fuel 
having a viscosity of between 1,200 seconds and 1,500 
seconds Redwood | at 100 deg. F. was used exclusively, 
bunkers having been lifted mostly at Mexican Gulf 
orts. 

r The whole of the high-viscosity fuel used in the 
Auricula was purified and clarified as recommended in 
Mr. Lamb’s paper, and the amount of solid matter 
extracted by the purifier has varied from 23 Ib. to 
10 oz. per ton of fuel, and by the clarifier, from 160 oz. 
to 2 oz. per ton of fuel. The cylinder liners have been 
gauged regularly, and the average maximum wear up 
to May, 1949, was 0-0038 in. per 1,000 hours full-power 
operation. Fuel-injection and exhaust valves have 
been operated for an average of 1,500 hours before 
removal and during a recent inspection of the engine, 
which was dismantled for periodic overhaul, it was 
noted that the condition of the working parts was no 
worse than that found on engines operated on normal 
Diesel fuel. On one piston which had been withdrawn 
for the first time after operating for 1,704 hours, there 
was little carbon and all the rings were free and well 
lubricated ; the other pistons were in a similar state. 
Possibly the most outstanding feature was the condition 
of the exhaust valves, the working faces of which were 
entirely free from pitting and the complete assemblies 
might well have been replaced in the engine without any 
attention beyond removal of carbon. 

The performance, generally, has been exceptional. 
On no occasion has the ship been delayed in port for 
engine-room requirements and the stoppages at sea 
directly attributed to the use of high-viscosity fuel 
total 6} hours only ; not once has the engine failed to 
respond to the controls. Although no major difficulties 
have been encountered, the high sulphur content of 
the fuels used, namely 2} to 3 per cent., has had an 
adverse effect on certain parts. The packing for the 
piston cooling-water pipe, for example, has been found 
to be unsuitable for use with high-viscosity fuels. 
Furthermore, it has proved necessary to attend to the 
piston-rod oil-scraper packing situated at the top of 
the crankcase in order to prevent acid contaminants 
entering the crankcase and, therefore, the lubricating 
oil. 

There has been, of course, a considerable saving in 
the fuel bill. When the Auricula was commissioned, 
the cost of Diesel-fuel and high-viscosity fuel was 83s. 
and 6ls. per ton respectively, and the existing prices 
are 99s. 6d. for Diesel fuel and 47s. 4d. for the fuel the 
engine is using. On the basis of the prices now ruling 
at Curacao and the daily consumption at sea during 
the past three years, the annual saving in the fuel bill 
for the Auricula was 7,734. Mr. Lamb has pointed 
out, however, that the increase obtained in the fuel 
flexibility is of equal importance as many other forms 
of transport already are calling for Diesel oil. The 
Auricula is not the only vessel to have been converted 
as eight other Diesel tankers of the Anglo-Saxon fleet 
are operating on boiler fuel. These have traded all 
over the world and have lifted bunkers in Venezuela, 
the Near East and the Far East. The rate of conver- 
sion depends on the availability of the necessary parts. 
It is treated, however, as a routine job and, so far 
as four-cycle engines are concerned, the burning of 
boiler fuel has passed well beyond the experimental 


stage. 





REPAIR OF A KILN TYRE BY WELDING.—The advan- 
tages of the shielded-arc system of welding are illustrated 
by a repair on a badly-damaged kiln tyre, which was 
recently carried out by the Lincoln Electric Company, 
Limited, Welwyn Garden City, Hertfordshire. A frac- 
ture extended through the full thickness of the tyre, 
the replacement of which would have necessitated 
shutting down the kiln for a fortnight. The repair was 
effected more cheaply by welding, in less than 60 hours, 
all the material round the damaged area being first 
removed with a scarfing torch so as to form a V-groove for 
welding. Backing strips were then placed in position to 
ensure complete penetration and to eliminate the possi- 
bility of a nick at the base of the weld. An insert 
section of 2-in. hot-rolled plate was next tacked into 
position and tke area filled with 60 Ib. of welded metal 
from Fleetweld 5 electrodes # in. in diameter. During 
this operation the tyre was maintained at a temperature 
of 400 deg. F. to prevent hair cracks forming and to 
reduce the stress caused by expansion. 
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BRIDGING THE GAP BETWEEN 
SCIENCE AND INDUSTRY.* 


By Str Artaur P. M. Fiemtne, C.B.E. 


NEWCASTLE is the centre of one of the oldest and 
finest coal mining areas in the world, and there are 
references to the mining of coal here as far back as 1180. 
In shipbuilding and ship-repair Tyneside is pre-eminent 
—the first iron ship was built on the Tyne, and the 
pioneering work of welded construction of ships was 
carried out here. George Stephenson built his first 
locomotive, and opened engine works, in Newcastle. 
William, Lord Armstrong, founded the famous engineer- 
ing, shipbuilding and armament works at Elswick. 
Joseph William Swan did much of his early work on 
the first incandescent electric lamp, particularly in 
regard to the filament, at his home at Low Fell, near 
Gateshead. Sir Lowthian Bell, who developed the 
Cleveland ironstone field in the middle of the nineteenth 
century, is considered to have been the founder of 
scientific blast furnace practice. Sir Charles Parsons 
made his first turbine in 1884, and the famous engineer- 
ing works which he set up has supplied prime movers 
for ship propulsion and for the generation of electrical 
power all over the world. The influence of the steam 
turbine on the economic generation of electrical power 
has been far-reaching and one of the outstanding 
milestones in engineering progress. The Newcastle 
and District Electric Supply Company was the first 
public supply company to employ three-phase alternat- 
ing current, which they introduced in 1900. In 1904 
the Newcastle-upon-Tyne Electric Supply Company 
constructed the Carville station employing a 3,500-kW 
axial flow turbo-alternator set having more than twice 
the capacity of any set then installed. For many years 
the Carville “B” station held the record for being 
the most economical power station in the world. When 
later, in 1930, the company opened the new Dunston 
power station more records were broken by the machines 
installed—three 50,000-kW turbo-alternators, the last 
to be built under the direct supervision of Sir Charles 
Parsons. Another famous Tyneside engineer was 
C. H. Merz, consulting engineer on electric traction to 
the Newcastle Electric Supply Company and responsible 
for the electrification of the North Eastern Railway 
Company’s line in 1903 and many other electrification 
schemes in all parts of the world. 

Tyneside has always been research-minded. As long 
ago as 1813 a Sunderland Committee was formed to 
attempt to solve problems in mining. They contacted 


Sir aren pad Davy on the question of lighting, and he 


produced a miner’s safety lamp in five months. In 
more modern times, from 1922 to 1927, the Newcastle 
Electric Supply Company provided power facilities for 
the Electrical Research Association’s circuit breaker 
research. This led to the development of the Wedmore 
and Whitney patents in 1927 for gas-blast circuit 
breaker construction which attracted world-wide atten- 
tion. 

Mention must be made of the North East Coast 
Institution of Engineers and Shipbuilders. Established 
in 1884, this Institution has always been keenly inter- 
estered in the training of young engineers and its reports 
on the training of apprentices have had wide influence. 
Many classic engineering papers have been read before 
the Institution. 

Many of the great achievements of the past as, for 
example, the work of Parsons, have resulted from the 
patient and persistent work of inventors and indus- 
trialists based on the fundamental discoveries of the 
scientist, and such discoveries will always be a starting- 
point for new industrial enterprises. To-day, however, 
the function of science in relation to industry is not 
only to provide a new idea which may have industrial 
application but also to provide the means whereby that 
application can be most completely achieved. The 
achievement will always involve many industrial pro- 
blems, and it is in the surmounting of these problems, 
whether they be associated with men, materials, 
machines or money, that is the modern conception of 
the application of science to industry. 

The function of industry is to make natural resources 
available for the use of man. This may be by the 
extraction of minerals from the earth, by the generation 
of power from flowing water, by the combustion of oil 
or coal, or by the nuclear disintegration of certain 
elements, or it may be by the conversion of raw 
materials into a finished product through a sequence of 
manufacturing operations—each of which may be an 
industry in itself. Industries become closely inter- 
related but all depend on the engineer for power, 
machinery, transport and communication. The tools 
and processes of one industry often assist the progress 
of others, and it is economically important to ensure 
that every process employed is carried out scientifically 
—that is to say, by the elimination of waste of time, 
effort and materials. Industry never remains static— 
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it marches forward on an ever-widening front, and the 
rate of its progress depends on two factors—the 
acquisition of new knowledge and its effective use. 

In earlier days, new knowledge resulted from the 
accumulated experience of workers and was stimulated 
by pride in achievement and by competition. To-day, 
new knowl , to which there is no finality, is derived 
increasingly from organised scientific research. In the 
past, a new scientific idea usually arose from the con- 
templation of natural phenomena by scientists working 
more or less in isolation. To-day, to an increasing 
extent, discoveries are the result of team work. 
Facilities for research in pure science have greatly 
increased in recent years. In the Universities post- 
graduate research is carried out more extensively, some 
of the large industrial companies have established long- 
term research laboratories and the Research Associa- 
tions have, in some instances, directed some of their 
facilities to pure science investigations. With rising 
costs of labour and materials, most of such fundamental 
research is becoming increasingly expensive and, 
depending on its character, the cost may be prohibitive. 
Notably is this true of research in some phases of 
nuclear physics—a field of science which may ultimately 
be of t significance to the engineer in connection 
with the development of nuclear energy for industrial 
purposes. The particle accelerators used in this field 
of research may weigh thousands of tons and require 
buildings of cath -like proportions for their housing 
—conditions which would have staggered physicists 
only a few years ago. The magnitude of operations 
involved in such types of fundamental research em- 
phasises the need for co-operation to avoid wasteful 
overlapping of expenditure. 

The first stage in turning new scientific knowledge to 
industrial account is carried out by industrial research. 
This requires the provision of laboratory facilities and 
of staffs trained to interpret the significance of scientific 
discoveries in the light of their possible industrial 
applications. Such research may lead to the develop- 
ment of entirely new industries and assist in the 
rejuvenation of existing industries by effecting improve- 
ments in tools, materials and processes. It may also 
provide new research instruments such as the electron 
microscope and the mass spectrometer, and techniques 
such as the new methods of perception and research 
afforded by the use of radio-active isotopes. Particu- 
larly important to engineering are researches in metal- 
lurgy resulting in, for example, materials of improved 
creep qualities so essential to the advancement of steam 
turhine practice. In gas turbines considerable gains in 
efficiency and output would result if alloys that will 
stand the hot gases at temperatures only slightly in 
advance of present practice were available. Improve- 
ments in magnetic materials and in the quality of many 
insulating materials would be greatly prized by the 
electrical engineer. 

When an idea has been tested experimentally in the 
industrial research laboratory the next process in the 
transmutation is to see whether it has marketable 
possibilities, and whether manufacture can be carried 
out economically. Many apparently promising ideas 
emanating from the research laboratory may be found 
to be non-competitive on account of cost and difficulties 
of production. In this stage it is often found desirable 
to set up pilot plants in which production problems 
can be solved and products turned out on a scale 
sufficient to enable quality and competitive marketable 
values to be determined. The personnel concerned 
with this phase must, in addition to sound scientific 
knowledge, have experience in the various aspects of 
commercial production. In many respects, this is one 
of the most critical phases in the transmutation process. 
The transition from the development stage to com- 
mercial production also presents a wide range of new 
problems. For this reason it is generally found best to 
make the team which has successfully nursed the new 
product through the development stage, responsible 
for getting it into production and seeing it through 
initial difficulties to the point where it is accepted and 
absorbed into the orthodox manufacturing programme. 
With the facilities for production and distribution 
established, the important problem is to keep the pro- 
duct and its production up to date. This involves the 
application of all relevant new knowledge as it becomes 
available. For example, new tools, which are an 
improvement on those being used, may appear, new 
materials of construction may come forward, and new 
processes may find fruitful application. The experi- 
ence of users must be taken into account and statistical 
analysis of the significant variable factors must be made. 
These variables relate to such matters as quality of raw 
materials, quality and rate of production, etc., which 
though often minute in themselves indicate the steps 
which must be taken to improve efficiency. The effects 
of troubles in production arising from these variables 
are often misleading, and the only way to deal with 
such problems satisfactorily is by the investigation of 
the cause—for this purpose the technical knowledge 
now so freely available is the most effective tool. 





The importance of reducing the time lag at every 





step between the discovery of a new idea and its 
ultimate conversion into a usable product cannot be 
over-estimated. Economically, it results in securing 
markets ahead of competitors, and as has been rightly 
said, “it is as important to be first to apply new 
knowledge as to have been the discoverer.” In thig 
connection it is significant that industrialists in America 
excel in the —' with which they carry into effect 
any new project. The value of time in making a new 
idea marketable seems to be much more a utely 
realised there than here, and the reactions in normal 
times of the American industrialist in this respect are 
often not far short of those obtaining under war-time 
stress. The need for extending the facilities fo, 
research, whether in fundamental science or industria] 
application, requires little emphasis. On the other 
hand, there must, of vourse, always be an economic 
balance between the cost of research and the national 
economy in respect of money and personnel, and there 
is a serious weakness in our national economy due to 
the fact that the knowledge available from research 
is by no means always fully used. With the small 
concern this may arise from lack of technical staff able 
to assimilate and turn to account new scientific know. 
ledge or it may be due to reluctance to risk capital in 
the plant and equipment necessary to implement the 
new project. 

The personnel involved in the efficient use of new 
knowledge covers the whole range from the apprentice 
entering industry at the school-leaving age up to the 
highest ranking officers, and there is need, not only for 
fundamental training in theory and practice, but con. 
tinuous alertness to apply all new knowledge to the 
ever-changing conditions. At the professional level, 
educational facilities for engineers are well established 
in both Universities and Technical Colleges, but it is 
important that the teaching staffs should have greater 
opportunities for maintaining contact with industrial 
practice which is expanding and changing at an acceler. 
ated pace. Some firms have provided “ Summer 
Schools ” in their works to enable teachers to familiarise 
themselves with up-to-date practice, but from time to 
time longer periods of, say, six months to a year, in 
engineering works or industrial research laboratories 
would be really invaluable to both teacher and industry. 
Much attention is being directed to the study of 
Further Technological Education and to the facilities 
for making scientific and technological knowledge 
which is too new to be included in the normal curriculum 
quickly available to young engineers who have already 
reached professional levels. > 

So much has been written about the education and 
training of the various grades of personnel that repeti- 
tion here is unnecessary, but particular attention might 
be drawn to the training of the industrial research 
worker, the development engineer, and the higher 
management personnel. Some laboratories absorb 
their industrial research workers at graduate level, 
while others prefer Ph.D.’s, and some provide the 
graduate entrants with training in the works before 
employment in the laboratory. Again some firms 
arrange for the graduate who has shown promise in 
the laboratory to return to a University for advanced 
training in this particular field, and by so doing he 
will usually advance to a higher degree. Since it will 
be the development engineer’s function to negotiate the 
difficult transition of a new project from the laboratory 
into the works, he should preferably have had some 
research experience as well as sound practical training 
and knowledge of works practice and factory processes. 
In recent years much attention has been paid to training 
for management, and facilities are now available for 
the classroom instruction of young engineers and others 
in the subjects which constitute ‘* Management.” 
Previously such knowledge was obtained by the lengthy 
and laborious process of individual experience. Know- 
ledge of ‘“‘ Management ”’ subjects is, however, no 
substitute for the quality of leadership which is the first 
essential in a successful manager. 

In connection with engineers at the graduate level, 
comparison is often made between the conditions in this 
country and in the United States—to the disparage- 
ment of the former. It is not, however, always realised 
that the term “ graduate ’’ in the United States and in 
this country may signify quite different educational 
levels, and while there are notable exceptions, broadly 
speaking the educational level at entrance to the 
American Universities is lower than in this country. 
No doubt, this to some extent accounts for the very 
large numbers of students in the United States who 
pursue post-graduate courses, some of which are of a 
very high standard. From an engineering point of view, 
the problem of practical training is quite different in 
the two countries. Here we insist on practical experi- 
ence as an essential part of an engineer’s training, 
whereas in the United States very little actual practical 
work on the bench or in the machine shop is included. 
The very large number of engineering graduates in the 
United States, many of whom would be considered here 
to have reached only the technician, as against the pro- 
fessional, standard, does provide an asset of great value 
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to industry, and enables every production activity to 
be undertaken by men who possess a knowledge of 
underlying principles. In the United States there are 
ractically no part-time educational facilities such as 
are available in this country through the National 
Certificate system, whereby young people entering 
industry at the school-leaving age can, if they have the 
enterprise and initiative, acquire a high level of tech- 
nical education, although they lack the advantages of 
the broader general education which all University 
courses provide. The part-time courses in spite of their 
limitations provide a most valuable supply of both 
technicians and professional engineers. The system 
also affords the means of revealing latent talent which 
represents a most important national asset. 

The economic importance of utilising science in pro- 
moting new, and assisting existing, industries, needs no 
emphasis. The competition for world markets will 
grow keener and we need to turn to account all our 
assets of skilled craftsmanship and technical and 
scientifically trained personnel to maintain a lead over 
our less experienced competitors. Our needs in this 
respect are urgent and in his Presidential Address last 
year Sir Henry Tizard pointed out the importance of 
employing to the utmost the knowledge we already 
possess but do not utilise. He also expressed the view 
that our standard of technology is lower, and our pro- 
portion of highly scientifically educated people in 
executive control of industry less, than is the case with 
some of our international competitors. 

An outstanding example of bridging the gap between 
scientific discovery and its practical application was 
provided in the war by the production of the atomic 
bomb. The starting-point was the discovery of the 
electron fifty years ago. This discovery inspired physic- 
ists the world over to study atomic structure, and funda- 
mental research in this field led to the discovery of 
the means of producing nuclear disintegration. Then 
followed the discovery, just before the war, of uranium 
fission and the chain reaction which enabled the 
release of a vast amount of energy from the nuclear 
disintegration of the uranium isotope of U-235. Carry- 
ing this discovery into effect involved extensive research 
activities both in physics and electrical engineering, 
and ultimately led to the construction of plant and 
equipment on an unprecedented scale. This work, 
conducted in America with characteristic vigour and 
irrespective of cost, achieved results which are well 
known. The knowledge on which this achievement was 
based is being extended by continued post-war research 
on a very large scale, and this, while primarily con- 
ducted from the point of view of ante security, will 
eventually produce knowledge of great benefit to 
mankind. 

The post-war research under the control of the 
Atomic Energy Commission is conducted in a number 
of important laboratories in different parts of the United 
States each specialising in a particular aspect of the 
subject. For example, the Knoll Laboratory is study- 
ing nuclear disintegration with a view to its being 
applied to the production of industrial power, and the 
Radiation Laboratory of the University of California 
is concerned with particle accelerators—the newest of 
which when completed will weigh about 4,000 tons 
and product 6,000 million electron volts. Certain of 
the laboratories of the Atomic Energy Commission are 
directed by industrial organisations. Training schemes 
have been established for instruction in the new tech- 
niques involved when dealing with products and pro- 
cesses that are dangerous to health, and in the new 
laboratory and engineering constructions that these 
atomic energy developments require. 

The economic production of industrial power by 

nuclear disintegration does not appear likely to be 
successful for a long time, but already great benefits 
have arisen from the war-time development of the 
atomic bomb. One by-product, radio-active isotopes, 
has provided a new and extremely sensitive means of 
perception of great potential alue in almost every field 
of industrial research. Arising out of the whole of this 
atomic bomb development, and apart from benefits 
that may come from industrial power and the use of 
radio-active isotopes, great potential benefit will accrue 
to the United States because large numbers of scientists 
are gaining experience in the practical applications of 
nuclear physics, and will be able to turn to industrial 
account new discoveries that may be made in this field 
of science. It will be the shortage of adequately 
experienced scientists that is most likely to delay 
corresponding progress in these new industrial fields in 
Great Britain. 
_ National security demands the maintenance of our 
industry at its maximum efficiency, and this depends, 
to an increasing extent, on the scientific personnel. 
Outstanding leaders in pure science are rare, and the 
demand in this country for industrial scientists and 
technologists of the highest calibre already exceeds the 
supply. In order to ensure that the available personnel 
is employed to greatest advantage, a greater degree 
of co-operation between the work carried on in 
Government and industrial laboratories is necessary. 
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METALS FOR HIGH DUTY.* 
By R. W. Baty, D.Se. (Eng.), F.R.S., M.I.Mech.E. 


Wownper must commonly be excited by the increasing 
range of alloys which represent modern developments, 
and by the duties expected of them. One may well 
inquire to what extent these developments mark a 
progressive exhaustion of the margins available for 
improvements to a stage where further advance will 
be limited and difficult to achieve. That the process is 
governed by the principle of diminishing returns seems 
almost certain, but fortunately the properties needed 
very often depend upon a combination of factors for 
their higher values. The introduction of a new and 
additional factor may therefore <> widen the range 
and eftectiveness of the resulting materials that the 
march of progress appears to continue with little or no 
sign of abatement. 

High duty needs, in the employment of metals, 
usually involve such intrinsic properties as strength 
(sometimes without serious decline at high tempera- 
tures) hardness, density (high or low) endurance under 
impact and repeated stress and strain, low notch 
sensitivity, and permanence in various media. These 
properties vary in degree of importance according to 
the application concerned. No less important than 
excellence in these properties, in allowing high duty 
working conditions, are uniformity and soundness, and 
consequently a prominent place must be given to 
means for detecting defects and imperfections. 

Considering structural parts, carbon steels, especially 
mild steel, have long occupied first place in quantity, 
range of application, relatively low cost and general 
reliability. Greater strength without undue sacrifice 
of other properties would be welcome, and something 
has been done to provide for higher-duty service by 
modification of the normal elements of composition, 
principally by increasing the manganese and silicon 
contents beyond their usual amounts. Such steels 
have found application in structural steelwork, such 
as bridges and high-duty railway rolling stock, where 
saving of weight has importance, but it is unlikely that 
much more can be done without the introduction of 
other elements, which, of course, leads to the large 
subject of alloy steels. Here the elements added, 
notably nickel and chromium, may be substantial in 
amount, but a field for inquiry is offered and is being 
examined where relatively small amounts of an element 
are added capable of exercising a strengthening action 
by precipitation or dispersion hardening. 

The development of alloy steels began with the 
addition of nickel to improve physical properties. 
This occurred in high-quality steels for guns where 
cost would not be an important consideration. It was 
not long before the usefulness of chromium was appre- 
ciated, and now this element is extensively used for 
low-alloy steels of superior physical properties, high 
reliability and moderate cost. High-duty steels for 
structural purposes should usually possess good resist- 
ance to atmospheric corrosion and for this purpose the 
advantage of adding copper to the extent of about 
0-5 per cent. has long been known and practised. 
A development in structural steels by the United 
States Steel Corporation has used silicon and chromium 
to raise the yield point and tensile strength, and 
copper and high phosphorus to improve corrosion 
resistance, giving a steel of the following approximate 
percentage composition: C 0-08, Mn 0-3, P 0-13, 
8 0-03, Si 0-7, Cr 1-0, and Cu 0-4, 

Such a steel has been extensively used in the United 
States for railway carriages and wagons, and it is now 
being produced in this country by Messrs. Colvilles 
Limited, and the Appleby-Frodingham Steel Company 
for similar high-duty applications. Typical physical 
properties of this class of steel as j-in. plates, as rolled, 
are given in Table I. 

















MPR et __Tasre I. 2 
Yield Tensile El. 
Red. of 
Point, | Strength, | Per cent. 
Direction. ; Area, 
Tons per | Tons on : 
sq. ay | sq. sag 8 in. Per cent. 
Length .. a 26-0 3 25-0 61-3 
Cross .. -| 26-2 | 34-9 24-0 57-9 
The properties of normalised plates are a aera 
similar. The figures in Table I may also be taken to 


represent structural steels where the increase in strength 
has been obtained principally by the use of manganese 
of 1 per cent. to 1-4 per cent. Further increase in 
yield point and tensile strength is obtained hy addition 
of nickel up to.0-5 per cent., so that plates fcr struc- 
tural work as rolled and tempered having yield point 
values up to 28 tons per square inch and tensile 
strengths up to 40 tons per square inch are obtainable. 
Thus the stress-carrying capacity of mild steel has been 





* Paper read before Section G of the British Associa- 
tion at Neweastle-on-Tyne, on Thursday, September 1, 
1949. 








increased by about 50 per cent., which is a very 
important advance, particularly in structures which 
carry an important load arising from their own weight. 

The development and use of nickel-chromium and 
nickel-chromium-molybdenum steels for high-duty 
applications, which, like nickel steels, first occurred 
in connection with ordnance, is too well known to 
require comment, except perhaps to remark that 
these have furnished a range of steels which still lead 
their class, offering tensile strength at present limited 
only by our ability to machine them, combined with 
good ductility and toughness. Consequently these 
have found application in high-duty forgi of all 
sizes from small bolts and parts for aircraft engines to 
turbine discs and rotors of turbo-electric generators of 
the largest capacity, and pressure vessels for the 
chemical industry of a size limited by the weight of 
ingot that can be made and handled. In small parts, 
such as bolts, tensile strengths of the order of 100 tons 
per square inch are attained, and quite large forgings 
having tensile strengths of 70 tons to 80 tons per 
square inch have been made. The last 50 years have 
seen the common use of such steels, double and more 
in tensile strength (with maintenance of good ductility) 
than the carbon steels previously employed, allowing 
a commensurate increase in working stress. Such high 
duties, however, necessitate a quality and a degree of 
freedom from defect not demanded from their pre- 
decessors. 

A type of defect which made its appearance in 
nickel steels and which became more widespread in 
nickel-chromium and _nickel-chromium-molybdenum 
steels, now commonly known as hair-line cracks or 
hair cracks, assumed the character and proportions of 
a disease of world-wide distribution, breaking out here 
and there and disappearing without clear indication 
of its causes and prevention. Much research has been 
carried out here and abroad by metallurgists, and the 
steel industry, in ccnnection with this malady, notably 
in this country under the Heterogeniety of Ingots 
Committee of the Iron and Steel Institute, and the 
major factors concerning its cause and prevention have 
become known. Occasionally, however, it appears 
unexpectedly, its cause often being assigned to a 
variation in thermal treatment, or to the existence of 
deleterious segregation. Consequently it would be 
most imprudent at this stage to relax any measures 
we have for discovering its presence. 

So far, in reference to strength, atmospheric tempera- 
tures have been implied. It was not until about 1920 
that attention was directed more specifically by metal- 
lurgists and engineers to higher duties in the sense of 
increasing operating temperatures in steam and 
chemical plant. Then, and for some time after, it was 
necessary to use existing materials, and consequently 
it became necessary to ascertain their proporties at 
elevated temperatures. The earliest contribution in 
this country to the modern development in the testing 
of materials at elevated temperatures was by the late 
J. H. S. Dickenson, then chief metallurgist of the 
English Steel Corporation, who published his results 
in an important paper, “Some Experiments on the 
Flow of Steels at a Low Red Heat.”* His apparatus 
is of interest as the prototype of the high-precision 
creep-testing machines now used in large and ever- 
increasing numbers. 

The early work soon disclosed the limits of usefulness 
of carbon steels for steam plant, and an existing nickel- 
chromium-molybdenum steel with a low nickel content, 
designated “‘ Vibrac,” ap’ to be the most suitable 
material for high-duty bolts, which were required for 
steam-turbine cylinders. This steel offered fairly good 
resistance to creep under stress, and its tendency to 
develop notch brittleness in service was small compared 
with nickel steels, which would then have been the 
natural choice as the next step from carbon steels 
and wrought iron, previously found adequate for 
service pressures and temperatures. The author’s 
creep-test data indicated that although the nickel- 
chromium-molybdenum steel offered resistance 
at temperatures up to 450 deg. C. (842 deg. F.), it fell 
off rather rapidly at higher temperatures, and the 
nickel present was suspected as the element responsible 
for this trend. Meanwhile, in Germany, Promper and 
Pohl had demonstrated the powerful stiffening effect of 
molybdenum upon carbon steels. Having confirmed 
this and ascertained the influence of the percentage 
molybdenum added, we thought that a promising 
direction of advance would be to reduce, or even leave 
out, the nickel of our nickel-chromium-molybdenum 
steel, and increase the molybdenum content. These 
anticipations were realised in a series of experimental 
steels made at our suggestion by the United Steel 
Companies, and resulted in the introduction of the 
chromium-molybdenum steels which have since been 
widely used for bolts for high temperatures. 

An accompanying advantage of leaving out nickel 
was a virtual immunity from embrittlement under 
service temperatures and a greatly reduced risk of 
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hair cracks and of parts during manufacture 
and heat treatment. As a consequence, in addition to 
nickel-chromium-molybdenum steel for high-tensile 
bolts and parts for high temperatures being re 
by chromium-molybdenum steel, this steel was used 
extensively for normal-temperature applications. 

Although a stage had been reached where the 
immediate needs of steam plant for the highest con- 
templated pressures and temperatures could be satis- 
fied, development to more severe conditions was 
naturally to be expected, and consequently exploratory 
investigation was begun for improved steels. Com- 
mencing with a basic 0-5 per cent. molybdenum steel, 
the influence of a second added element and also of 
several tertiary elements were examined and it was 
concluded that molybdenum-vanadium steel was the 
most promising next step in advance, and to ascertain 
the manufacturing ition, full-sized parts were 
ordered and tested. These confirmed the soundness of 
this conclusion. As a consequence, the turbine cylinder, 
its bolts, and turbine diaphragms and blading, the 
rotor and steam piping of the Battersea B, Set 4a, 
primary turbine were ordered in this material. This 
was in 1937, and we then realised that we had reached 
a position with material providing a good margin for 
further development to more severe conditions. These 
conditions are only now being realised by plant 
operating in the United States and by plant recently 
ordered in this country by the British Electricity 
Authority. 

The foregoing developments have been inspired 
principally by the need to maintain stress-carrying 
capacity and permissible deformation or creep at 
increased operating temperatures. Increasing the 
temperature reduces the permissible stress for a 
particular steel, and so a stress is reached where 
would be too massive and another steel becomes 
necessary. Generally, the working stress would not 
much exceed 5 tons per square inch or be much less 
than 2 tons per square inch. As temperatures are 
raised, therefore, the metallurgical problem is largely 
one of finding a steel to keep working stress to this 
range. The question of surface oxidation, either by 
air or steam, has not arisen seriously, but, with 
increasing steam temperatures and the consequent 
greater rates of oxidation which will occur, the problem 
of oxidation and scaling now becomes of considerable 
importance. Experimental data suggest that there is 
little difference in the oxidation and scaling rate of 
these low-alloy ferritic steels from carbon steel, and 
possibly also of low-alloy ferritic steels as a class. 
Much higher temperatures are therefore likely to 
compel the use of high-allcy or austenitic steels. Upon 
the score cf strength at elevated temperatures it 
seems very probable that much improvement of 
ferritic steels cannot be expected. Both strength and 
scaling may therefore unite to bring about a change to 
austenitic steels if the march to still higher tempera- 
tures in steam plant continues, and then a situation 
would be reached in which the gas turbine now 
operates. One may hazard the opinion, however, that 
the factors of cost and manufacturing difficulties of 
the sizes of parts for large power steam turbines are 
likely to postpone this change for a considerable time, 
and consequently any gain in resistance to scaling and 
strength which can be achieved with ferritic steels 
would have particular value. 

The urgent development of gas turbines for aircraft 
during the last war forced the production of new and 
improved alloys for operating temperatures well in 
advance of those reached in steam plant. Fortunately, 
the desired life was short, less than 1/300th of what is 
normally expected for the first line operation of steam 
power plant, and working stresses could therefore be 
used which would have been quite inadmissible for the 
latter. Indeed, for this reason and aided by a measure 
of cooling, it has been possible to use ferritic-steel 
turbine discs with entire success. For blades where 
the full gas temperatures operate, however, materials 
of the highest capacity for duty at elevated tempera- 
tures have been essential. In this respect, this country’s 
pioneer developments on jet propulsion, and the 
leading position attained therein, have been greatly 
aided by the early progress made here in producing 
heat-resisting alloys of superior strength, notably the 
Mond Nickel Company’s introduction of their “ Ni- 
monic” alloys, which still retain a leading position, 
and the late Dr. W. H. Hatfield’s introduction of 
Rex 78 alloy. In the meantime, the very extensive 
investigation and testing undertaken in the United 
States led to the production of alloys of comparable 
performance, accompanied by the appearance here of 
alloys of the same general type. The numerous chemi- 
cal compositions of these alloys conveniently fall into 
the groups shown in Table II, on this page. 

It is of interest that the alloys which have the highest 

rformance, namely, in groups 3, 4 and 5, are either 
ree or nearly free of iron. Further development may 
occur similarly with chromium as the base element. 

Alloys resistant to deformation at high temperatures 
are naturally difficult to forge and usually they are 





not easy to machine, so that alternative ways of manu- 
facture of finished parts have been sought. Even 
if present needs can be met by wrought materials there 


placed | is always the prospect that alloys of improved strength 


may prove to be unforgeable. Consequently, much 
attention has been given to the process of precision 
casting by the “lost-wax” or wax-pattern method 
and sintering has been considered or tried. Very 
creditable results have been obtained in making 
ay pe turbine blades and other parts, but so 
ar their assured quality is inferior to that obtained 
with wrought material. The difference may be an 
inherent feature of the processes, but when forging or 
rolling becomes impracticable or uneconomical, and 
sufficiently attractive properties are offered by a casting, 


TABLE II. 
Group. 
(1) Chromium-nickel- 
iron + small additions 
of Mo, W, Cb, Ti. 


Typical Alloy. 

Firth-Vickers F.C.B. (T). C 
0-12, Si 0-6, Mn 1-6, Ni 
12-5, Cr 18-0, Cb 1-45. 

Firth-Vickers H.R. Crown 
Max. C 0-25, Si 1-5, Ni 
12-0, Cr 24-0, W 3-0. 

S. Fox and Company. Red 
with nickel exceeding Fox 33. C 0-1, Si0-8, Ni 
chromium. 31-0, Cr 20-0, Ti 1-0. 

(3) Nickel - chromium + Mond Nickel Company’s Ni- 
small additions of Al, monic 80. C 0-05, Si 0-70, 
Ti. Mn 0-4, Fe 3-0, Ti 2-4, Al 
0-5, Cr 21-0, Bal. Ni. 

Jessop and Company’s G18b. 
C 0-4, Si 1-0, Ni 13-0, Cr 
13-0, Co 10-0, W 2-5, Mo 
2-0, Nb 3-0. 

Allegheny Ludlum Steel 
Corpn., U.S.A. S816. C 
0-4, Ni 20-0, Cr 18-0, Mo 
4-0, W 4-0,Cb3-0, Fe 3-5, 
Co (balance) 45-0 approx. 

Vitallium (U.S.A.). C 0-2, 
Cr 28-0, Mo 6-0, Co 
(balance) 65-0 approx. 


(2) Similar to (1) but 


(4) Nickel - chromium - 
cobalt-iron + small 
additions of Mo, W, Cb, 
Ti. 


(5) Cobalt - chromium 
with additions of Mo, 
, A 


this process for certain alloys may become essential. 
With advance in alloy complexity and difficulty, 
sintering may likewise have to be utilised. 

Moving blades obviously demand a standard of 
quality higher than what is permissible for stationary 
blades. Alloys which have proved fully satisfactory as 
castings for stationary turbine blades are Vitallium of 
group (5) which was extensively used for the exhaust- 
turbine supercharger blades in the U.S. Super Fortress 
engines in the last war, and H. R. Crown Max. of group 
(1), although less resistant to deformation, is an 
excellent casting alloy of appreciably lower cost. 

The factors of cost and availability are both of very 
considerable importance in the selection of alloys, the 
first particularly in connection with the industrial 
possibilities of gas turbines and the second in connection 
with military and naval requirements. In industrial 
gas turbines, therefore, one must expect a range of 
alloys to be used which would be chosen as the most 
economical to meet the conditions occurring at different 
stages of the expansion, and in military and naval 
cases both design and selection of material would be 
influenced by availability and ease in production. 
Experience with complex alloys has shown that an 
increase in size may multiply manufacturing difficulties 
unexpectedly and seriously, and therefore in the 
development of new alloys of promising performance 
an early exploration and assessment of the influence 
of size should be made. 

In all high-duty alloys for elevated temperatures, 
whether ferritic steels for the less severe duties or the 
complex austenitic steels and alloys for the most severe 
conditions, heat treatment plays an important part 
in creating the maximum endurance under specific 
conditions of operation. Experiment is usually needed 
to disclose the appropriate treatment in a icular 
case although its general character will often have 
been suggested by experience with the class of alloy 
concerned. Thus, with ferritic steels for long-time 
service, quenching and tempering will usually result 
in higher creep resistance at the lower temperatures 
of its useful range of operation than would occur with 
normalising, but at the higher temperatures of the 
range the latter treatment usually confers superior 
performance. In the case of austenitic steels and 
special alloys precipitation phenomena often play an 
important part in the behaviour and performance, 
and heat treatment must accordingly be viewed from 
this standpoint. 

A negative approach to satisfy high-duty demands is 
to reduce the severity of the conditions ; for example, 
in the case of high temperatures by lowering the metal 
temperature by some cooling means or by reducing the 
loading by employing alloys of lower density, as in 
the extensive use of aluminium alloys in aircraft 
construction and equipment. The possibility of a 





SEPT. 9, 1949. 


— 





new range of low-density alloys, intermediate in dengit 
between aluminium alloys and steels, and having high 
strength, has been opened up by the production of 
titanium metal and alloys based upon this metal, 
A considerable amount of development work has been 
done in this field in the United States with industria] 
alloys in view, and is continuing. It is possible that 
in time engineers may be furnished with another con. 
structional alloy of the strength of steel in its different 
conditions, and of only about half its density. 

The process of sintering, already extensively used jn 
the production of high-duty carbide metal cutting 
tools, and of carbide armour-piercing projectiles has 
possibilities in the case of small parts where casting and 
hot working processes are impossible or impracticable, 
As applied hitherto the process is relatively expensive 
and has been confined principally to cases where the 
cost is fully justified by the economic results following 
from the use of the product, as in the case of metal 
cutting, or by the vital need of the product. The 
process, however, is now being given wider uses ag 
means of producing parts in common metals and alloys 
which are competitive with die castings and stampings, 
provided the quantities are very large. The solidity 
or density of the metal produced is dependent upon the 
pressure applied to the “compact ” before sintering, 
and is a function also of the time of sintering and its 
temperature, which would naturally be as high ag 
practicable. An interesting application of sintering 
where pores have virtue in providing a metal to meet 
high-duty conditions, in the form of high temperatures, 
is where the metal is porous, and cooling media, gaseous 
or liquid, can flow through the metal pores. In the 
case of liquid cooling media, evaporation would take 
place at the heated surface to which the liquid flows, 
and the method has ge rey | been termed “ sweat 
cooling.”* In order to obtain the requisite porosity, 
the compact is made of an intimate mixture of the 
metal powder and a non-metallic powder which de. 
composes at a temperature below the sintering tempera. 
ture. Ammonium bicarbonate has been found to be a 
suitable material. The escaping gases resulting from 
decomposition form small channels connecting the pores. 

In accepting metals for high-duty services the 
question of quality is clearly very important, but a 
distinction should be made between defects and imper. 
fections. In connection with certain low-alloy steels 
the defect of hair-line cracks was referred to earlier. 
These and like serious weaknesses where they occur 
would be excluded by rejection of the part; but 
apparent imperfections such as segregation and 
variation in physical properties are generally in some 
degree characteristic of the material, its mass, and the 
position in the mass. Experience and judgment is 
required in determining whether an imperfection is a 
normal one, in assessing its extent, and in deciding 
sometimes if its location is one which would not in 
any way affect the reliability of the part in service. 
In reaching a conclusion, the fullest use should be 
made of the best means available for detecting defects 
and imperfections, including microscopic and macro- 
scopic examination and non-destructive testing, as 
by magnetic and ultrasonic methods of test. 

Assuming sound and uniform material, modes of 
failures of high-duty metals influence in some cases the 
selection of material and the choice of working stresses. 
This is particularly true of materials operating at high 
temperatures. The more resistant materials, which 
usually have good ductility at atmospheric temperature 
and under short-time tests at elevated temperatures, 
very frequently have poor ductility under operating 
conditions of sustained stress and temperature. This 
arises from the mode of failure under these conditions 
being by intergranular fracture. In addition, therefore, 
to considering what deformation would be permissible 
dimensionally, it is necessary to provide a sufficient 
margin of security against the initiation of inter- 
granular failure. For this reason, permissible de- 
formations may often appear to be unnecessarily 
small, and working stresses correspondingly low. 
Intergranular cracking with very small evidence of 
ductility can occur due to steep fluctuating temperature 
gradients as may occur in the stationary blades of jet- 
propulsion turbines due to local hot spots, especially 
at starting. Tésts show that different materials vary 
widely in their ability to withstand repetition of such 
thermal shock without cracking, and consequently this 
mode of failure has an important bearing upon the 
selection of material. 

The subject of this paper is a very wide one, and 
any one section could well by itself provide ample 
scope for a paper or papers. All the author can hope 
is that he may have succeeded in drawing attention to 
some aspects of the development and use of high-duty 
metals which has characterised engineering progress 
and in a considerable measure made it possible. 





* Pol Durvez and Howard E. Martens, “ The Powder 
Metallurgy of Porous Metals and Alloys having 4 
Controlled Porosity,” American I. of M. and M. Eng., 
April, 1948. 
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NEW DIELECTRIC AND SEMI- 
CONDUCTING MATERIALS.* 


By R. W. Srxars, B.A., D.Phil. 


Tue electrical engineer usually requires his insu- 
jating materials to have as low a conductivity as 
ible in all circumstances and in all senses, and his 
conductors to have the highest conductivity possible. 
There is hope of further progress in insulating materials, 
put little prospect of improving on the metals that 
have long been known as the best conductors, unless 
it should ever seem worth while to refrigerate electrical 
machinery to the point where superconduction is 
sible. Then we should change to unfamiliar con- 
ductors ; perhaps metal compounds rather than metals 
themselves. 

Leaving aside this speculation, there are conducting 
materials of use to the engineer, particularly the light- 
current engineer, not by saving copper losses, but by 
enabling him to perform circuit conjuring tricks which 
were impracticable without them. The electronic 
semi-conductors display a fascinating variety of elec- 
trical properties. By “electronic semi-conductors ” | 
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we mean substances which are relatively poor con- 
ductors but which, like metals, rt electricity by 
flow of electrons, and not, like electrolytes, by flow 
of ions. A great many of them are compounds of 
metals, such as the oxides and — of copper, 
lead, nickel and titanium, innumerable compounds of 
many metals, but there are also the elements boron, 
silicon, germanium, selenium and tellurium. The 
major characteristics which these substances have in 
common are that their resistivity is acutely dependent 
on small changes of composition or of impurity content, 
that it falls with rising temperature, and, furthermore, 
at electrical contacts with another material, or another 
piece of the same material, that a voltage is built up 
which is not proportional to the current and may 
depend on its direction. These are generalisations ; not 
all semi-conductors display all these properties in all 
circumstances. 

_ They differ fundamentally from metallic conductors 
in that the electrons which carry the current are a 
few which have temporarily escaped from rather weak 
attachments to fixed ions, where they would be held 
if the temperature were very low. Whereas the con- 
ducting electrons of a metal have no ties and can move 
freely at all temperatures, the conduction electrons in 
& semi-conductor are released by the thermal energy 
corresponding to the temperature, and after wandering 
about a while will return to a fixed position until 
released again. The higher the temperature the more 





* Paper read before Section G of the British Associa- 


~ at Newcastle-on-Tyne, on Thursday, September 1, 
949, 
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electrons are free at any instant and the higher the 
conductivity ; a semi-conductor is fundamentally an 
insulator which is too hot to insulate, even at room 
temperature. The fixed ions from which these elec- 
trons are released are generally adventitious ones 
which do not properly belong to the lattice structure ; 
they are referred to as ‘“‘ impurities ’’ and this type of 
material is called an “ impurity semi-conductor.” 

The rapid fall of resistance with increase of tempera- 
ture is illustrated in Fig. 1. Temperature coefficients 
of —3 per cent. to —5 per cent. per deg. C. at room 
temperature are obtainable, with resistivities varying 
from hundreds to hundreds of thousands of ohm-cms. 
The higher temperature coefficients generally go with 
materials of higher resistivities, while in a given ma- 
terial the temperature coefficient varies inversely as 
the square of the absolute-temperature. 

The substances used commercially for their negative- 
temperature coefficient are: (1) Nickel, cobalt and 
manganese oxides, or mixtures of them, fused or 
sintered into small beads of about 4 mm. diameter, 
each with two fine platinum wire electrodes embedded 
in it. These beads are often enclosed in a glass bulb. 
(2) Mixtures of titanium and magnesium (or other 
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used. Another obvious use is for compensating the 
opposite change of resistance of copper in electrical 
instruments and voltage regulators, which can be 
done more efficiently by a small resistance of large 
temperature coefficient than by a swamp resistance of 
zero temperature coefficient. 

A great variety of light current applications is 
possible, of a type exemplified by Fig. 2, where an 
amplifier stage is fed from a potential divider, one arm 
of which is a semi-conductor resistor 8. The output 
of the amplifier can be altered by varying 8, by passing 
a current through a heater coil surrounding it. This 
current may be derived from an external source so 
as to regulate the gain according to some external 
condition, or from the output of the amplifier itself so 
as to hold the output constant, or make it vary with 
input in some prescribed manner. The bead type of 
resistor, with a minute heater coil embedded in a 
glassy coating surrounding the bead is commonly used ; 
alternatively, the control current may be fed through 
the semi-conductor bead itself. Many schemes have 
been proposed where the semi-conductor forms part 
of an input network to give automatic gain control, 
“expander’’ and “compressor” amplifiers, and 
constant-output oscillators. 

An important result of the negative temperature 
coefficient is that if a steadily increasing current is 
supplied from a high-resistance source, the resistance 
falls, of course, due to heating, and a curved volt- 
current relation results. It is easy to show that a 
point comes where the fractiona! drop of resistance is 
greater than the fractional rise of current so that the 
voltage actually falls as the current rises (Fig. 3). If 
the resistance in the rest of the circuit is not too high, 
the combined volt-current characteristic will be that 
of Fig. 4, and when the voltage reaches the value 
Vmax. the current will jump from I, to I, and remain 
on the high-current branch until the voltage is reduced 
to Vinin., when the current will drop from I, to I,. 
This can be made the basis of “trigger” and “ flip- 
flop ’’ circuits, and also of time-delay devices, because 
this volt-current curve develops only if the change 
takes place over a time long compared with the 
t' time constant of the piece of semi-conductor. 
This may be a few minutes for a rod, a few seconds 
for a bead, several milli-seconds for the thin flakes 
used for bolometers, and a fraction of a milli-second 
if contact is made to the semi-conductor with a fine- 
pointed wire so that only the small portion around 
int is effective. If a low-frequency alternating 
ripple of periodic time long compared with this thermal 
time constant is superposed on a steady current at a 
point such as X in Fig. 3, the impedance presented to 
it is the negative resistance represented by the line A B ; 
if a high frequency is used, it becomes the positive 
resistance C D, while at an intermediate frequency the 
im ce is inductive as indicated by the ellipse. 

materials we have considered so far do not 
show any noticeable rectifying properties under the 
conditions we have been discussing. It is nevertheless 
true that, in general, a contact between an impurity 
semi-conductor and some other conductor will rectify 
under suitable conditions, with the familiar type of 
volt-current curve; and if free surfaces of two pieces 
of similar semi-conductor are put in contact, a volt- 
current curve of a similar type, but more or less 
symmetrical, that is, non-rectifying, is often obtained. 
The general lines on which these phenomena can be 
explained are well understood, but as there is not 
time to discuss their explanations as well as their 
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alkaline earth) oxides formed and sintered, by the 
techniques used in making porcelain parts, into discs, 
rods or thin flakes, and provided with metal film 
electrodes, deposited in any convenient way. These 
materials are “impurity’’ semi-conductors, the so- 
called impurities being small excesses of metal or 
oxygen. This excess, and therefore the conductivity, 
depend critically on the atmosphere and temperature 
of preparation and may alter if the resistor is over- 
heated. This may be one reason why such resistors 
are not as stable as one would always like, though 
| they are good enough for most purposes. 

| More recently materials consisting of solid solutions 
of magnetic iron oxide (Fe,0,) in various salts, such 
as magnesium chromate, zinc chromate and zinc 
titanate, have been put forward. These materials do 
not fit entirely into the picture of impurity semi- 
conductors ; their free electrons depend on the mixture 
of ferrous and ferric ions in the lattice, and their 
properties are stated to be less dependent on the exact 
conditions of production and less affected by heating 
in use. It is extremely probable that other materials 
will appear in due course. The most direct use of these 
large temperature coefficients is for the measurement 
of temperature or radiation, especially where high 
sensitivity rather than precision of absolute value is 
required, and where delicate instruments and elaborate 
amplifying equipment are to be avoided. For these 
purposes small beads and thin flakes are normally 











practical significance I have chosen to deal with the 
latter, and will simply say that they result from a 
region of space charge just within the surface of the 
semi-conductor, which consists of fixed impurity ions, 
the electrons of which have left them to take up 
bound positions of lower energy at the surface layer of 
atoms. Only a relatively small number of electrons 
have enough en to etrate this region against 
the field due to the positive space charge and negative 
surface charge, and therefore it forms a layer of high 
resistance, but an externally applied potential modifies 
the charge distribution so that the resistance changes, 
giving the non-linear volt-current curve. These effects 
due to barrier layers are instantaneous in response so 
far as most electrical measurements can detect, and 
must be clearly distinguished from the curved volt- 
current relation due to simple heating effects which 
we have already considered. The two effects do, in 
some cases, occur simultaneously and their different 
natures must be distinguished. 

A further detail must be added to the general picture 
of semi-conductors ; we noted that conduction is due 
to electrons freed by thermal energy. We must add 
that in many semi-conductors the electrons behave as 
if they had a positive, not a negative, charge. This 
effect is accounted for quite naturally in the quantum- 
mechanical theory of solids, which we need not delve 
into; it appears also in metals, notably bismuth. It 
is known as P-type conduction (P for positive carriers), 
or conduction by holes, because the seemingly positive 





electrons correspond to vacant places, or holes, where 
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electrons would be at low temperature, but from 
which they have been lifted by thermal energy to 
bound positions. This point has not mattered in our 
discussion so far, but it is important in rectifiers 
because the direction of easy flow is always that which 
takes the charge carriers out of the semi-conductor, 
whether they are the normal N-type (negative elec- 
trons), or the P-t holes. Thus the direction of 
rectification depends on the type of conduction. 
Cuprous oxide and selenium both conduct by positive 
holes, so that the low-resistance direction for these 
rectifiers is when the semi-conductor is positive to the 
counter-electrode. We need not dwell on these recti- 
fiers, most engineers are familiar with them and there 
has been no big advance in understanding their beha- 
viour. Indeed, remarkably little is known in detail 
about conduction in selenium. 

By contrast, the mechanism of conduction in the 
elements silicon and germanium is understood in 
considerable detail, thanks to a vast amount of pains- 
taking theoretical work and experimental work carried 
out largely in the United States during and after the 
war. Incidentally, this work has provided a remark- 
ably complete confirmation of the general theory of 
semi-conduction. Either of these elements can be 
given any desired conductivity within a wide rai 
by addition of suitable small quantities of other ele- 
ments, often called “dopes.” Elements, such as 
phosphorus and antimony, with one more electron in 
the outer shell of the atom than silicon or germanium, 
produce the ordinary or N-type conduction by negative 
electrons; elements such as boron and aluminium, 
with one electron fewer in their outer shells, produce 
conduction by positive holes, or P-type; and the 
direction of rectification is, of course, opposite in the 
two cases. In ice, silicon is a much better rectifier 
when used as a hole conduction; germanium when 
used as N-type. 

The main value of these rectifiers in the radio field 
lies in their low capacitance across the barrier layer. 
Rectification is only effective when contact is made 
over a very small area, of the order of 0-0005 cm. 
diameter, presumably because with larger diameters 
the internal resistance of the current-path leading to 
the contact area becomes comparable with the barrier 
resistance, which can no longer make itself felt. The 
structure of the barrier layer is, however, quite complex 
and imperfectly known. [For radio-detection and 
mixing a low forward resistance is essential and is 
obtained by addition of impurities, but the exact 
compromise between capacitance, noise level, and 
volt-current characteristics, is a complex one which 
has been reached empirically by trying out materials 
with various dopes for each purpose. Very pure silicon 
and germanium juce rectifiers of relatively 
high resistance in both forward and reverse directions 
which will stand very high reverse voltages on a single 
contact, up to 200 volts in the case of germanium. 

Silicon and germanium contacts display still other 
remarkable features of behaviour such as the photo- 
diode effect, which there is no time to discuss, but we 
cannot leave these elements without mentioning the 

rmanium triode or Transistor amplifier which came 
om the Bell Laboratories last year. It consists of 
two point contacts close together, but not necessarily 
on the same surface of a piece of germanium, and a 
large base electrode which corresponds with the cathode 
of a thermionic valve except that it is biassed positive, 
not negative, with to the other output terminal 
(Fig. 5, page 267). e input point is slightly biassed 
in the direction of easy conduction, i.e., positive. The 
germanium used is the same as for high back-voltage 
rectifiers, of the N-type with the highest possible 
resistance, that is, with no intentional impurity. The 
main features of this amplifier are an input impedance 
of 100 or 200 ohms, an output impedance of several 
thousand ohms and a maximum output of a few tens 
of milliwatts from a pair in push-pull. An equivalent 
circuit with typical values of parameters is shown in 
Fig. 6. Power gains of ten to 100 times, or even 
higher, can be obtained, most of which is a voltage 
step-up; the current magnification is generally a 
factor of only one to two. Operation is satisfactory up 
to 1 to 10 megacycles per second. The noise level at 
audio frequencies on the output side is of the order of 
100 microvolts per unit band-width or 55 to 70 decibels 
above that to be expected from the thermal noise from 
a matched input signal source if the amplifier itself were 
noiseless. 

These characteristics are so different from those of a 
thermionic triode that it is hard to predict where the 
most effective applications will be found, though line 
telephony seems a fairly safe guess. In comparing 
germanium with thermionic triodes one must remember 
that though they are extremely small and require no 
heater supply, the equivalent of an anode supply is 
still needed, and, if they are to be used in cascade, 
interstage transformers are essential if most of the 
gain is not to be sacrificed. Explanations of the action 
of this amplifier have been given by Dr. J. Bardeen 
and Dr. W. H. Brattain in the Bell Laboratories, and 





by Professor N. F. Mott, depending on the fact that 
the germanium used is an N-type conductor and has 
the corresponding barrier layer at the output electrode, 
but positive holes will enter from the input electrode 
and will exist long enough to reach the output, past the 
barrier which forms no obstacle to a positive-charge 
carrier. 

We said before that a contact between two free 
surfaces of the same semi-conducting material often 
has a non-linear volt-current curve, and there are at 
least two materials where this fact is used. The first 
is the silicon-carbide resistor which consists of a large 
number of grains of this semi-conductor pressed to- 
gether or held together in a bonding material. The 
sum of the characteristics of all the contacts between 
grains produces a resistance which falls as the current 
or voltage rises ; instantaneously since this is a barrier 
layer effect. A typical material will pass 100 micro- 
amperes per square inch at 100 volts per inch, 10 mA 
per square inch at 1,000 volts per inch, and 100 amperes 
per square inch at 10,000 volts per inch. This property 
is used to increase the sensitivity of voltage tors, 
and in various circuits where voltage discrimination 
is required, but the major application at present is 
to the prevention of over-voltages, either where a 


nge | circuit is being interrupted, or where a steep-fronted 


current surge may pass in to equipment of high 
impedance, as when lightning induces surges in a 
transmission system. 

Most types of lightning arresters consist of silicon- 
carbide resistors in series with spark gaps, the latter 
serving to interrupt the current which flows when con- 
ditions return to normal after a surge. A similar type 
uses pellets of lead peroxide instead of grains of silicon 
carbide, the lead peroxide performs the same function 
of passing a low current at ordi voltages, and a 
heavy current without excessive voltage rise, but its 
action is quite obscure, it does not seem to be a normal 
barrier phenomenon; rather the rise of resistance 
depends on the current having — for a certain 

iod of time. While on the subject of transmission 
i I should perhaps mention another use of semi- 
conductors, namely, the production of high-resistance 
conducting films for grading potentials on porcelain 
insulators to prevent local concentration of electric 
stress. For this p , the composition employed 
is a complex of iron oxide and various silicates, applied 
in the same manner as an ordinary glaze. 

I have spoken at length on semi-conductors because 
developments in this field are giving circuit engineers a 
number of new “‘ degrees of freedom’’. Resistors need 
no longer be eters which are fixed, apart from 
minor and mildly irritating variations with temperature ; 
they can be made to vary widely with temperature, or 
with time through temperature changes, and to fall 
with rising current either instantaneously or after a 
time-lag. It is conceivable too that a resistor which 
increases in value with rising voltage, like a saturated 
diode, may be obtainable ultimately in useful form, or 
resistors which look like a resistance at one frequency 
and like an inductance at another. Resistors which 
change appreciably in value when placed in a magnetic 
field are 'y known, and thin films, the lengthwise 
resistance of which changes when a crosswise electric 
field is applied, also seem possible. Other jies, 
such as high thermo-electric e.m.f’s., and Hall 
coefficients may prove useful. As these and other 
possibilities develop it will be extremely interesting to 
see the uses to which they are put. The major limita- 
tion and mystery of semi-conductors, particularly 
where barrier effects are concerned, is the electrical 
noise generated in them, the source of which is still 

lained. 


unexp) 

The subject of semi-conductors has been dealt with 
at some length because developments in this field have 
been more varied than in the field of new dielectrics. 
It has been well established that organic substances 
consisting only of carbon and one other monovalent 
element have a vanishingly small dielectric loss, and 
it was not surprising that the polymers of styrene and 
the less brittle ones of ethylene, containing only 
carbon and hydrogen, aided enormously the progress of 
radar and other very high frequency equipment. The 
main limitation of polyethylene is its low softening- 
point, and it seem unlikely that this can be raised in 
substances consisting only of carbon and hydrogen, 
unless the long chains of carbon atoms can be cross- 
connected after the material has been moulded to the 
required shape, but no satisfactory means of doing this 
is in sight. The polymer of tetrafluorethylene, on the 
other hand, has molecules of which the mutual attrac- 


tion is so strong that the substance tends to decompose | ing 


before it softens, and is insoluble in all liquids; so 
that although it is an almost perfect dielectric material 
it is so intractable that it can very rarely be used. 
There may be some hope of polymers intermediate in 
properties between those of ethylene and tetrafluor- 
ethylene, but none has so far been produced com- 
mercially, 

ing to insulation for electrical machines, there 
is no doubt that a major advance in machine design 





requires the development of insulators which will 
withstand higher temperatures than the usual combing. 
tions of cellulose (paper or fabric) with Bakelite, ( lyptal, 
cellulose acetate, and drying-oil varnishes. The classic 
method of using mica bonded with a varnish raises the 
permissible temperature to that which the varnish can 
withstand. Glass fabrics in combination with the 
more heat-stable organic varnishes are often useq 
but have some disadvantages primarily caused by the 
relative coarseness and brittleness of glass {fibre 
Recently, the technique has been developed of making 
asbestos paper, and this, impregnated with a heat. 
resisting varnish, has found some uses where ability to 
withstand high temperature is more important than g 
high breakdown strength and low moisture absorption, 

The new fibre made from esters of terephthalic acid, 
and known as ‘‘ Terylene’’, promises to * useful, for 
although it is an organic compound it will stand the 
comparatively high temperature of 180 dey. ¢. 
it has a very low moisture absorption, and can be 
woven into fine fabrics of good mechanical strength, 
Even given a heat-resisting fabric, however, the 
organic varnishes used to fill up the interstices deter}. 
orate at temperatures only a little higher than those 
which cellulose can withstand and a significant develop. 
ment has been the effort to use, as insulators, the 
group of substances known as silicones, or polysiloxanes, 
the molecules of which consist of chains of alternate 
silicon and oxygen atoms with side groups of carbon and 
hydrogen attached to the silicon atoms. They can be 
produced in the form of liquids, rubbers and varnishes, 
and it is mostly the varnishes which have been used ag 
impregnants for woven-glass fibre. They will stand 
higher temperatures than the Bakelite, Glyptal and 
other organic varnishes, because the chemical bonds 
in the silicones are stronger than those in the carbon 
compounds. So far, the tendency has been to use sili. 
cone varnishes in small quantities at difficult hot spots 
existing in machine designs, rather than to design new 
machines running at much higher temperatures with 
insulation entirely of silicones. The reasons for this 
are not easily summarised, but the high cost of the 
material, the limited forms in which it can be produced, 
and the limitations on running temperature imposed 
by other factors, such as lubrication of bearings, have 
hindered in this direction. 

Apart pom. the problem of high temperature insula. 
tors, there have been some interesting developments 
in resins which can be hardened in situ, like Bakelite, 
but which, unlike Bakelite, can permeate a fabric 
without a solvent as carrier, and can be polymerised 
from a fluid to a dense solid without the production of 
water or any other substance. A variety of resins of 
this type can be produced, generally ester chains 
carrying double bonds which can be split to give 
cross-linking of the chains. Such resins generally 
contract by a few per cent. on hardening, but this is 
not a disadvantage for such work as the impregnation 
of coils, which they can do very effectively. 

Among ceramics, the low-loss steatites, and the 
magnesium oxide-zirconium oxide-titanium dioxide 
ceramics with permittivities ranging from 10 to 100 are 
now well known, and are in common use. More spec- 
tacular are those obtained by sintering together the 
oxides of barium, strontium and titanium in various 
proportions, resulting in materials of permittivities up 
to several thousand, which are in many ways the 
electrical analogue of the ferro-magnetic metals. Thus 
the curve of electric displacement D against field E 
shows hysteresis like that of a B-H curve, and a 
domain structure exists analogous to the magnetic 
domains in iron. When a a> crystal is viewed by 
transmitted polarised light and an electric field is 
applied the movements of the domain boundaries 
can be watched. 

These high-permittivity materials are rather sensitive 
to ——- changes, and this fact, together with 
the difficulties of handling thin ceramic sheets, 
nn ag = gam see ace =o poeta 
capacitors; but num of specialised applications 
will doubtless arise. When polarised, these materials 
display strong piezo-electric effects and promise to be 
of considerable use for all the applications in which 
mechanical oscillations are converted to electrical ones, 
and vice versa. 

Like other titanates they can be made semi-conduct- 
ing by heating in a reducing atmosphere, and it is 
possible, in principle, to produce a material with any 
desired uctivity and ittivity within a wide 
range. There is the further possibility of introducing 
magnetic iron oxide into such a ceramic, and so produc- 
. materials the permittivity, permeability and 
conductivity of which combine to give radio propagation 
and attenuation constants lying in a range not now 
available. 

Reviewing the field of insulators generally, it ma 
be reasonably hoped that the next decade or so w 
see in use plastic materials for both radio- 
frequency and power-frequency applications which will 
withstand considerably higher temperatures than those 
now common. 
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THE ‘‘ PROTEUS ’’ GAS- 
TURBINE PROPELLER 
AIRCRAFT ENGINE. 


ALTHOUGH it has been known for some time 
that the Bristol Brabazon Mark 2 air liner and the 
Saunders-Roe Princess-class flying boats will be 
powered by Bristol Proteus propeller-turbine engines, 
it has not been possible to publish details of the 
design as it has been on the Air Ministry’s secret 
list. This condition no longer applies, however, 
and recently the Bristol Aeroplane Company, 
Limited, Filton, Bristol, released full information 
regarding its design and performance. The Proteus, 
which ran first in January, 1947, is the second 
gas-turbine engine to be produced by this ccmpany, 
and although smaller than its predecessor, the 
Theseus, it develops considerably more power. It 
has been designed specifically for operation at from 
300 to 400 miles an hour at altitudes of from 


pressor outlet so that the air passes rearward through 
the combustion chambers, an arrangement which 
reduces the length of the engine. After leaving 
the combustion chambers, the hot gases pass 
through suitably-shaped ducts to the first row of 
turbine nozzles. The turbine has three stages, the 
first two rotors being coupled together to drive the 
compressor, while the third rotor is integral with 
a shaft which passes forward through the centre 
of the compressor to drive the propeller through 
an epicyclic reduction gear. On leaving the 
turbine, the gases pass to a controllable-orifice 
nozzle which provides the jet thrust. 

As previously mentioned, the compressor has 
12 axial stages followed by a single centrifugal 
stage. The axial-flow rotor, which is illustrated in 
Fig. 2, on page 270, is designed to rotate at 10,000 





r.p.m., and owing to this high speed, it is constructed 
|of discs, one for each stage. Hollow flanged 
| steel shafts are bolted to the two end discs, and 





|the whole assembly is held together by eight 


centrally-disposed burner at the upstream end. The 


air is led into each chamber through a smail swirl 
casing, followed by the primary and secondary 
air holes in the liner walls, swirl being imparted 
both to the fuel prior to atomisation and to the 
incoming air so as to ensure efficient mixing and a 
centrally-burning flame. Only two igniter plugs 
are fitted and, as a consequence, the combustion 
chambers are interconnected to allow the flame 
to pass from chamber to chamber ; the connection 
also ensures that all the chambers operate at the 
same pressure. The liners are located by plugs 


| screwed into the outer casing, while at the down- 


stream end, each liner is provided with a spacing 
ring free to slide in the outer casing, thereby allowing 
fcr differential expansion. The liners are made 
from Nimonic 75, and the outer casings from mild- 
steel sheet sprayed with aluminium. The combus- 
tion chambers are longer than usual, so as to ensure 
that the gases are well mixed and at an even tempera- 


| ture before entering the turbine. 

















30,000 ft. to 40,000 ft. 
output of 3,200 propeller-shaft horse-power together 
with 800 Ib. thrust from the exhaust jet at sea-level 
static conditions. At 35,000 ft. and a speed of 
350 miles an hour, it develops 1,260 shaft horse- 
power, the thrust from the exhaust jet under these 
conditions being 560 Ib. These are the maximum 
outputs, limited to a period of five minutes. The 
specific fuel consumption at sea level is 0-688 Ib. 
per shaft horse-power per hour, this figure falling 
to 0-510 lb. per shaft horse-power per hour at 
35,000 ft. and a speed of 350 miles an hour. 

A photograph showing a general view of the engine 
is reproduced in Fig. 1, on this page, from which it 
will be seen that it is of exceptionally compact 
design, a feature which enables it to be fitted in the 
wings of an aircraft with little interference to their 
aerodynamic properties. Probably the most notable 
feature of the Proteus engine, and one which it shares 
with other Bristol propeller-turbine engines, is the 
mechanical separation of the compressor and 
propeller turbines, an arrangement which simplifies 
the propeller driving system and renders starting 
much easier, since a smaller starter motor can be 
used. Air enters the engine at the rear of the com- 
pressor and passes through a 12-stage axial compres- 
sor before entering a single-stage centrifugal com- 
pressor. The compressed air then flows from the 
centrifugal compressor into eight combustion 


chambers located round the compressor casing. 
The direction of the air flow is reversed at the com- 


Fie. 1. GENERAL VIEW OF ENGINE. 


It develops its maximum | high-tensile steel bolts which pass through the| As 


| 12 discs. These bolts, however, do not take any 
| Shear load, as the torque is transmitted from 
stage to stage by dowels in to the face of each 
disc. The compressor blades are of high-speed 
aerofoil section, and both the discs and blades are 
made from light alloy, the blades being anodised. 
The blades are fitted to the rotor by the usual form 
of “‘ fir-tree”’ fixing, and are kept at the correct 
distance apart by distance pieces, while the stator 
blades fit into circumferential grooves of dovetail 
section formed in the stator casing. On leaving the 
axial compressor, the air passes through an annular 
duct in an intermediate casing before it enters the 
centrifugal compressor. Incorporated in the duct 
are eight guide vanes which support a central housing 
for the forward bearing of the axial compressor. 
Owing to the temperature rise in the axial com- 
pressor and the high rotational speed, the impeller 
of the centrifugal compressor is made from steel. 
It is bolted to a short shaft arranged to rotate in a 
roller bearing, and in order to prevent the air from 
passing to the intermediate casing and the gear 
casing, labyrinth seals are fitted at each side. 

On leaving the centrifugal compressor, the air 
flows through a diffuser casing to eight combustion 
chambers which, as previously mentioned, are 
arranged round the casing of the axial compressor, 
the air being turned through 180 deg. at the outlet 
from the centrifugal compressor. The combustion 





chambers are of conventional design, each having a 


previously mentioned, three stages are 
employed in the turbine, the first two driving the 
compressor and the third driving the propeller. The 
turbine wheels are made from heat-resisting stainless 
steel and the blades from Nimonic 80, the blades 
being fitted to the wheels by “ fir-tree”’ roots in 
the usual manner. The turbine nozzles also are of 
Nimonic 80, and are cast in segments containing 
from three to seven blades according to the stage. 
The first turbine wheel is integral with a short 
shaft, to the end of which is fitted a toothed coupling 
for driving the compressor. The first- and second- 
stage wheels have radial serrations formed on their 
adjoining faces, and are clamped together by a 
sleeve which passes through their centres. The 
short extension shaft rotates in two bearings located 
in the turbine-mounting spider, the rear bearing 
being a ball thrust bearing to resist the thrust from 
the turbine. The drive is transmitted from the first 
two stages of the turbine to the compressor through 
a splined muff coupling, an arrangement which 
allows the compressor and turbine sections of the 
engine to be assembled separately ; it also allows 
the two components to expand independently in 
an axial direction. At the third stage, the gases are 
cooler and greater stresses can be taken by the 
turbine components. The propeller-turbine wheel, 
therefore, is run at a slightly higher speed than 
the compressor, the former running at 10,700 
r.p.m., whereas the latter runs at 10,000 r.p.m. The 








propeller-turbine wheel and blading are similar to 
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Fig. 4. Epicycric PropELLER REDUCTION GEARING. 


those which drive the compressor; the complete 
rotor is illustrated in Fig. 3, on this page. The 
propeller-turbine wheel, together with the first- 
and second-stage compressor-driving wheels, can 
also be seen in Fig. 6, on the opposite page, which 
shows a longitudinal section through part of the 
turbine. The thrust of the propeller turbine is 
taken by a ball bearing situated in the rear casing, 
and the drive is transmitted to the propeller shaft 
in a manner similar to that employed on the com- 
pressor assembly, the drive shaft being visible to 
the left of the turbine wheel in Fig. 3. The pro- 
peller shaft is tubular and, as previously mentioned, 
is coaxial with the compressor. 

The turbine wheels are cooled by passing air over 
their faces in the usual manner, the air being bled 
from the several stages of compression. In addition 
to cooling the turbine wheels, the air acts as a seal 
between the blade roots and the nozzles, thereby 
preventing the hot gases from passing down over 
the faces of the turbine wheels. In order to accom- 
plish this, the tappings from the compressor are 
arranged so that the air reaching the blade roots is 
at a slightly higher pressure than the hot gases at 





that particular stage. For the first-stage turbine, 
the cooling air is bled from the volute casing of the 
centrifugal compressor, and is led to two of the 
hollow spider arms which support the turbine. This 
air then separates into two streams, one of which 
passes over the front face of the first-stage turbine 
wheel and the other, through drillings and grooves 
in the hollow turbine shaft, to the space between 
the first- and second-stage wheels. It then flows 
over the rear face of the first-stage wheel and escapes 
through a labyrinth seal across the front of the 
second-stage wheel. Air for cooling the rear face 
of the second-stage wheel and the forward face 
of the propeller-turbine wheel is bled from the 
seventh stage of the axial compressor. This air 
stream is led to the turbine through another spider 
arm and, after passing through a further set of 
grooves in the turbine shaft, enters the space 
between the second-stage and propeller-turbine 
wheels. Part of the air then flows over, and cools, 
the rear face of the second-stage wheel, while the 
remainder filters through a labyrinth seal and cools 
the forward face of the propeller-turbine wheel. 
The rear face of the propeller-turbine wheel is cooled 











Fig. 3. Turrp-Stace TurBine Roror. 
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| by a separate supply of air tapped from the fifth 
stage of the compressor. This is led to the rear 
turbine bearing and escapes over the turbine wheel. 

Obviously, a high-ratio reduction gear is required 
on any engine of this type in order to reduce the 
speed of the propeller turbine to a value suitable for 
the propeller. In the Proteus, the ratio is either 
11-1 to 1 or 11-9 to 1 and the reduction is accom- 
plished by using the compound epicyclic train 
of gears illustrated in Fig. 4, on this page. The 
power from the turbine is transmitted to the 
sun wheel which, in turn, drives the larger gears of 
four compound planet wheels. The planet carrier 
is integral with the propeller shaft, and is driven 
by the reaction of the smaller gears of the compound 
planet wheels against the fixed annulus. The load 
on the annulus is balanced by a torque meter com- 
prising eight cylinders and pistons containing oil 
under pressure, which provides a reliable indication 
of the turbine performance. The gearing is sup- 
ported at the front end by a ball bearing fitted to 
the propeller shaft, and at the rear by a roller 
bearing. 

Two starter motors are fitted to the top of the 
gear casing, inclined at an angle to each other, 
as shown diagrammatically in Fig. 5, on this 
page. The two motors are arranged to drive the 
bevel gear, lettered a in the diagram, which, in turn, 
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is connected to the spur gear b through a dog clutch, 
the drive being transferred to the compressor 
through the gear c, which is splined to the compressor 
shaft. The gear c also serves to drive the fuel- and 
lubricating-oil pumps. The oil pumps, together with 
the sump, are situated at the bottom of the gear 
casing, and are driven through the gear d and a set 
of bevel gears. The fuel pump is located just above 
the centre line on the side of the gear casing, and is 
driven by the gear e and the bevel gears f. The 
lubricating-oil pump delivers oil at a pressure 
of 650 Ib. per square inch to the propeller pitch- 
control mechanism, and to a reducing valve; this 
reduces the pressure to 80 Ib. per square inch, at 
which pressure the oil is supplied to a differential 
pump, the reduction gearing and the torque-meter 
pump. A portion of the oil is reduced to 30 Ib. 
per square inch and is fed to a metering pump, 
which delivers a predetermined flow of oil to the 
major bearings of the engine. 

The propeller-pitch control is operated by a 
floating piston which slides in a fixed cylinder, the 
position of the piston being controlled by oil 
delivered from the differential pump already 
mentioned. This pump, which is of the reversible 
gear type, is used to maintain a constant ratio 
between the speeds of the compressor and the 
propeller turbine, and is designed so that the pump 
casing and the driving wheel for the internal gearing 
of the pump rotate in the same direction. The 
rotational speed of the casing is governed by the 
compressor, and that of the pump driving wheel by 
the propeller-turbine shaft. So long as the com- 
pressor and turbine run at the correct speed ratio, 
no relative movement takes place between the 
pump casing and the driving wheel, but should the 
ratio deviate from the correct value, then relative 
movement will take place and the pump will deliver 
oil. If the turbine speed is too high, the oil is 
pumped to the pitch-control piston so that the 
pitch is increased and the turbine speed reduced, or, 
if too low, the pump works in the reverse direction 
and the pitch of the propeller is decreased. 

The turbine is fitted to the aircraft by a ring 
Situated near the rear of the compressor casing 
and designed to suit either a monocoque or conven- 
tional supporting structure. A cylindrical sheet- 
metal sheath is bolted to the ring ; this encloses the 
compressor casing and acts as a support for the 
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forward end of the compressor and the gear casing. 
The rear end of the compressor is suspended from 
the main support by eight hinges and trunnions, 
to allow for both axial and radial expansions. 
The turbine section is fitted to the faired intake of 
the compressor, the method employed for joining the 
two assemblies allowing for the differences in 
expansion. 

The complete engine, less the exhaust cone and 
jet pipe, has an overall length of just over 113 in., 
and a maximum diameter of 38} in.; the dry 
weight is 2,900 Ib. 





SALE OF OVERSEA STANDARD SPECIFICATIONS IN THE 
UntTED Kinepom.—tThe British Standards Institution, 
24-28, Victoria-street, London, S.W.1, have requested 
us to remind our readers that they act as the agents, 
in the United Kingdom, of all oversea national standards 
organisations. Copies of the specifications issued by 
these bodies are available for purchase by United King- 
dom firms. 

THe Suez Canal Company.—It is stated by the 
Suez Canal Company that the question of the letting of 
contracts for the work of excavating a by-pass to the 
Suez Canal has given rise to inaccurate reports. The 
company announce, therefore, that the work has been 
entrusted to a French group composed of five firms, 
namely, La Compagnie de Bétons Armés et Travaux 
Hydrauliques, La Compagnie des Entreprises Hydrau- 
liques et de Béton Armé, La Société Frangaise d’Entre- 
prises de Dragages et de Travaux Publics, La Société 
Anonyme des Grands Travaux de la Seine, and La Société 
Anonyme des Entreprises A. Monod. The estimated 
cost of the work is 1,650,000,000 French francs, and it is 
expected that the contracts will be completed in 15 
months. 

** BRITISH TRANSPORT ”? EXHIBITION.—An exhibition, 
which was opened by the Minister of Transport (the 
Rt. Hon. A. Barnes, M.P.) at Charing Cross (London 
Transport) station on Friday, September 9, is designed to 
show graphically the results of the first year’s working 
of British Railways under the new system of control. 
It achieves this aim by the display of a number of 
diagrams, transp jes and dels, which illustrate 
some of the stages of development, and gives examples 
of how the services were improved in 1948. The exhi- 
bition, which has been produced by the Design Research 
Unit, will remain open until Sunday, October 9, and may 
profitably be visited after a study of the Commission’s 
first annual report, to which we refer on pages 277 and 
284 of this issue. 














ENGINEERING AND MARINE 
EXHIBITION AT OLYMPIA. 
(Concluded from page 249.) 


In this, the concluding article on the exhibition 
which was held at Olympia, we refer primarily to 
some exhibits in the welding section, although the 
first few exhibits described were in the engineering 
and marine section. 

On the stand of the Submarine Signal Company 

(London), Limited, Shakespeare-street, Watford, 
there was displayed a range of echo-sounding equip- 
ment, either for indicating visually, or for giving a 
continuous record of the depth of the sea bed. 
Among these instruments was a recording type of 
echo-sounding ‘‘ Fathometer,”’ which records, on a 
moving chart, variations in depth within a maxi- 
mum depth of either 120 fathoms (720 ft.) or 300 
fathoms (1,800 ft.). The complete unit, with its 
transmitting and receiving apparatus, is of the 
supersonic type, and measures depth by registering 
the time required for trains of highly-damped high- 
frequency sound waves to travel from the ship’s hull 
to the sea bed and back. These waves are generated 
by injecting into a magneto-strictive oscillator, 
momentary current pulses from condenser dis- 
charges, which are initiated by applying triggering 
voltages to a cold-cathode tube. The oscillator 
itself consists essentially of a laminated nickel-core 
inductance unit housed in a case containing oil, the 
complete assembly being known as the transmitter. 
By virtue of the magneto-strictive properties of the 
core, the oscillator is set into self-vibration with each 
current pulse, the vibrations being transmitted 
through the oil to the sea outside the casing and 
thence to thesea bed. The recorder may be installed 
at any convenient point in the ship’s chart room or 
on the bridge. Under norma! conditions, the equip- 
ment gives 82 soundings per minute for 120 fathoms, 
and 33 soundings per minute for 300 fathoms. The 
transmitting oscillator and the receiving oscillator 
are of similar design, both being housed close 
together in the hull of the ship. A small motor- 
generator set is provided to supply alternating- 
current, and an amplifier is installed to amplify the 
returning sound waves. 
British Insulated Callender’s Cables, Limited, 
Norfolk House, Norfolk-street, London, W.C.2, were 
showing a selection of the cables they have developed 
both for general ship wiring and for wiring the 
ancillary apparatus used on board. They were also 
exhibiting current-collecting equipment for cranes 
and conveyors, and "bus-bar sections. Among the 
cables for general ship wiring, emphasis has been 
piaced on the company’s polychloroprene-compound 
sheathed, varnished cambric-insulated types, which 
are now available as an alternative to lead-sheathed 
cables in a wide range of sizes and ratings, both 
single and multi-core for voltages up to 600 volts. 
The substitution of the conventional lead-alloy 
sheath by non-metallic polychloroprene results in 
a considerable reduction in weight, greater flexi- 
bility, higher resistance and less liability to crack. 
In addition, it is unnecessary to earth or bond the 
sheath of such cables, while the material is non- 
inflammable and proof against vibration. 

Silicone rubber-insulated cables for use in unusu- 
ally high temperatures, and tough flexible rubber 
cables for employment with welding machines so 
as to ensure resistance to spattering molten metal, 
adequate flexibility and absence of kinking were also 
shown. The current-collecting equipment was 
of both copper and cadmium-copper, with suitable 
insulators and other accessories. Both the simple 
pick-up type of collector and the miniature trolley 
boom collectors were on view, the slipper heads being 
fitted with renewable carbon or metal inserts. 

A new range of distribution pillars designed 
specially for three-phase four-wire electric systems 
were exhibited by Messrs. W. T. Henley’s Tele- 
graph Works Company, Limited, 51, Hatton- 
garden, London, E.C.1. These pillars are made in 
four sizes with maximum working currents of 200, 
300, 500 and 1,000 amperes. The first three of these 
can be fitted with cartridge fuse-links, withmaximum 
ratings of 250, 400 and 600 amperes, respectively, 
while all the units can be provided with solid links. 





The standard Henley wedge links can be employed as 
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Fic. 106. Toree-Puase Four-Wrire Distrisv- 
TION PanEL; W. T. HENtEY’s TELEGRAPH 
Works Company, LIMITED. 


an alternative to the fuse-links. Provision for a fifth 
core is also standard on all units up to and including 
the 500-ampere size. This fitting consists of a porce- 
lain base and carrier fitted with a cartridge fuse-link 
with a capacity of 60 amperes, and is placed at the 
bottom of the unit. Fig. 106 shows a pillar of the 
new design, with one 1,000-ampere unit with solid 
links, one 500-ampere, one 300-ampere and one 
200-ampere unit, all with fuse-links on the phases, 
and solid links on the neutral and 60-ampere fuses 
on the fifth core. The range of units includes those 
of the tail-less types for multi-core cables and those 
of the tail type for vulcanised rubber and single-core 
lead-covered cables. 

The pillar shells are of cast-iron. The front is 
provided with a door with a standard wedge lock and 
there is a bolt-on panel at the back. The cast-iron 
plinths, roof and roots are detachable, and the roots 
have been designed so that they can readily be fitted 
with sheet-metal bases when the pillars are used 
indoors. Care has been taken to ensure adequate 
ventilation. The overall depth of the pillar from 
back to front is 14} in., the height above ground is 
3 ft. 11 in. and the depth of the root 18 in. Single 
doors can be provided with widths of 17 in., 22 in., 
27 in. and 32 in., or double doors with a width of 
42 in. Combinations up to a pillar width of 74 in. 
can be built up by using standard parts. All the 
shells are provided with fixing lugs to take the 
supporting arms for the fuse units, and a large casting 
socket is fitted to the root. 

The sealing chambers are of cast-iron with ground 
joints, and are fitted with the usual standard lead- 
cone glands or brass wiping glands, with or without 
armour grips. Non-magnetic fronts are used on the 
500-ampere and 1,000-ampere units and all the seal- 
ing chambers are provided with large compound 
filling holes. In order to avoid crossing the cores 
inside the sealing chamber, all the cable fittings 
are interchangeable and can be arranged to suit the 
lay of the cores. Each set consists of two long and 
two short fittings arranged right and left hand. 
Separate one-piece porcelain insulators are fitted 
on the front of the units for each phase and neutral. 
Special precautions have been taken to obtain a 
compound-tight joint both between the insulator 
and the sealing chamber, and between the fittings 
and the insulator where the former pass through 
the latter. 

The fuse-links are fitted with shrouded porcelain 
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carriers with wedge clamping devices, which are 
operated by insulated knobs. The *bus-bars are of 
laminated tinned copper, and are protected by 
angle-section insulating shields. These shields 
are fixed to the pillar shells, but can easily be de- 
tached for cleaning. Coloured "bus-bar indicators 
are fitted inside the pillar. Instrument current 
transformers of the ring type and ammeter sockets 
can be provided on all units except the 1,000-ampere 
size. Ventilating units can be installed where 
required, and can be fitted with porcelain lamp 
holders for carbon-filament heating elements or 
65-volt heating units. Clamps are employed for 
anchoring the vulcanised-rubber and single-core 
paper-insulated lead-covered cables to the bottom 
of the units, bonds also being provided for the 
latter type of cable. 

The radio-frequency induction heater which was 
shown by Messrs. Rediffusion, Limited, Broomhill- 
road, Wandsworth, London, S.W.18, has a power 
output of 7 kW at a frequency of 475 kilocycles per 
second. The maximum circulating current in the 
work coil is 350 amperes, while the maximum voltage 
across the coil is 1,000 volts. The general appear- 
ance of the heater is shown in Fig. 107, on this page. 
It comprises power-pack and oscillator sections, 
which form self-contained units and are bolted 
together and enclosed in quickly-detachable alumi- 
nium covers. The switchgear is grouped on a sub- 
chassis, which can be swung out on a hinge, so that 
all the units are exposed. The output loading 
condensers are housed beneath a quickly-removable 
panel above the output terminals, the latter being 
arranged at one side to facilitate permanent installa- 
tion. The transforming equipment consists of 
one oscillator and six rectifying valves, all of which 
are of the industrial silica envelope type. The 
transformers are oil-cooled, and the switchgear is 
robust enough, to ensure a high degree of reliability. 
The heating coils may be either air- or water-cooled. 
In the latter case the supply is controlled by a 
device which shuts off the power if the water flow 
falls below a pre-determined rate, and at the same 
time gives a warning. Similar provision for 
indicating overloads is also made, and a process 
timer is fitted to control the heating cycle within 
close limits. The heater measures only 30 in. by 
30 in. and is designed so that it can be taken to a 
machine for the heat treatment of articles as they 
are produced. 
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The stand of the Lincoln Electric Company, 
Limited, Welwyn Garden City, Hertfordshire, was 
notable for a display of arc-welding accessories. 
Among these mention may be made of the R.C.M. 
cable connector, a full description of which ap- 
peared on page 312 of our 167th volume (1949). 
This is made of tough light alloy covered with an 
insulating sheath of hard rubber, which has been 
specially designed to exclude moisture. No solder 
is required, the conductor being fitted to the connec- 
tor simply by using a spanner. The face shield, 
which was also being shown, is moulded from a single 
piece of reinforced plastic compound, the exterior 
being smooth so that no spatter can lodge. The 
shield incorporates 3} in. by 4} in. lenses which are 
carried in a moulded-rubber frame so that the risk 
of breakage is reduced if it is dropped. 

Among the other exhibits the ‘‘ Shield-Arc 
Junior’ Welder, illustrated in Fig. 108, may be 
noted. This consists of a squirrel-cage induction 
motor arranged for ‘“‘across-the-line”’ starting, 
which is connected directly to a direct-current gener- 
ator. The coils of this generator are wound with 
glass-covered wire, and are laid in mica-lined slots, 
while the leads to the commutator are secured by 
high melting-point solder. The ends turns are 
covered with mica tape, so that no part of the insula- 
tion is inflammable. The voltage and current of the 
generator can be varied independently, so that 
during operation a uniform working current is 
obtainable, and welding can be carried out on all 
metals and alloys of a variety of gauges. Both 
bare- and shielded-arc type electrodes can be used. 
The machine is said to be specially suitable for 
employment with the carbon arc. As will be seen 
from the illustration, the welder is of drip-proof 
construction, and can be either bolted to the floor 
or mounted on a three-wheeled trolley. 

On the stand of Messrs. Cyc-Arc, Limited, 27-29, 
New North-road, London, N.1, were various forms of 
stud-welding plant, including the electro-hydraulic- 
ally operated stud-welding head and electronic 
controller illustrated in Fig. 109. This equipment 
is designed for the mass-production welding of 
studs or fittings ranging in size from } in. to { in. 
diameter, at a rate of approximately 500 per hour. 
Its performance within this range is limited solely 
by the capacity of the welding-current supply, and 
by the speed of the operator in manipulating the 
workpieces, the welding cycles being initiated and 
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completed automatically when the controls and stud 
have been set. The stud is first inserted into the 
chuck of the welding tool and then placed in con- 
tact with the plate to which it is to be welded 
thereby short-circuiting the prospective electrical 
supply from the welding generator. Operation 
of a push-button control-switch simultaneously lifts 
the stud about 4 in. above the plate and switches 
on the welding current, thereby drawing an arc 
which melts the base of the stud and creates a 
crater of molten metal in the plate. After a period 
determined by the timing controller, the stud is 
automatically returned to the plate and the current 
switched off. The chuck is raised hydraulically, but 
is lowered to return the stud to the plate by a light 
spring pressure. A pilot arc of about 15 amperes 
first ionises the gap between the raised stud and 
plate, so that if dirt or grease prevents the ionisation 
current from reaching its full value then the main arc 
fails to strike. This arrangement ensures that welds 
are only made between surfaces which are reasonably 
clean. 

The electronic controller is a self-contained 
assembly. It houses the electronic circuits for 
initiating and controlling the duration of the 
welding current, the welding contactor, the trans- 
former and rectifier units, and a graduated series 
resistor for adjusting the value of the welding 
current. Tappings from the resistor are brought 
to four recessed sockets on the left-hand side of the 
front panel, the cable to the welding tool being 
inserted into the socket most suitable for the 
work in hand. In general, however, the resistor 
need only be used for small components, since the 
equipment as a whole is designed to supply a 
steady current, the duration of which is appropriate 
to the nature of the work. The welding time is 
preset by a small rotary potentiometer on the 
control panel. The complete equipment is de- 
signed for operating from a 200 to 240-volt single- 
phase 50-cycle supply, the primary winding of the 
transformer being tapped for 200, 220 and 240 
volts. 

The principal exhibit on the stand of Murex 
Welding Processes, Limited, Waltham Cross, Hert- 
fordshire, was a 300- to 400-ampere Diesel-engine 
driven welding set which is fitted with a new form 
of cartridge starter. This allows the engine to be 
started instantaneously under any climatic condi- 
tions by striking a trigger. The engine is directly 
coupled to a 9-kW generator, above which the 
control panel is mounted. The complete unit is 
enclosed in a steel cover, and is mounted on a chan- 
nel-steel bedplate which, in turn, is carried on a 
four-wheeled pneumatic-tyred trailer. This trailer 
is fitted with a drawbar and with parking and auto- 
matic brakes. 

The engine, which is of the Dorman 4 D.S. type, 
has four cylinders with a bore of 90 mm. and a 
stroke of 120 mm. It is rated at 34 brake horse- 
power at 65 deg. F. when running at 1,500 r.p.m. 




















The radiator is fan-cooled and is divided into two 
sections, one for the cooling water and the other for 
the lubricating oil. A 10-gallon fuel tank is 
mounted under the canopy. The 9-kW generator, 
which is connected to the engine by a flexible 
coupling, is of the drooping-characteristic self- 
stabilising type. Its output can be varied from 
50 to 300 amperes at 30 are volts by a combined 
series and field control. On open circuit the arc 
voltage rises to about 70 volts. The generator has 
class Binsulation throughout. A portable regulator 
enables the operator to adjust the output without 
having to return to the set. 

Another interesting Murex exhibit was the weld- 
ing set illustrated in Fig. 110. This is a four- 
operator equipment with an output of 300 amperes 
per operator, and consists of a 150-cycle alternator 
which is directly coupled to a three-phase induction 
motor. Excitation is provided by a Magniton 
exciter, which is designed to maintain the welding 
voltage within close limits. It is claimed that the 
use of a frequency as high as 150 cycles per second 
simplifies the maintenance of steady arc conditions, 
and makes it possible to use smaller and more 
portable regulators. 

Among the automatic arc-welding plant displayed 
by Messrs. Fusarc, Limited, Team Valley Trading 
Estate, Gateshead-on-Tyne, 11, was a deck-welding 
machine which, though primarily designed for marine 
work, is also suitable for making long welds in any 
position relatively remote from the power supply. 
It is designed to operate on welding currents of 
between 110 to 1,100 amperes, and at any rate 
between 25 and 130 ft. per hour. The traversing 
speed is controlled by a variable-speed motor 
mounted in the carriage and driving through 
reduction gearing and a two-speed gearbox. A 
gear lever at the rear of the carriage provides low, 
neutral and top gear changes, intermediate speeds 
being selected by a rheostat handle on the welding 
head on top of the carriage. The head can rotate 
about its vertical axis through 210 deg., a simple 
locking lever being provided to fix it in any required 
position within this arc. The electrode wire, which 
is coiled on a spool at the back of the welding head, 
is fed to the work between two driving wheels, which 
are driven by the head mechanism. A rheostat 
wheel on the head sets the feed of the electrode wire, 
and a potentiometer control is provided for the arc 
voltage. The head also contains an angle control 
sector for fillet welds, and is fitted with a fume 
extractor. There is a selector switch for positive 
or negative welding, as well as a remote control box 
for increasing or decreasing the current from the 
generator. The front wheels of the carriage are 
provided with a car-type steering mechanism, a 
small steering wheel at the front enabling the 
operator to follow irregular paths. 

One of the switchgear exhibits on the stand of 
Messrs. A. Reyrolle and Company, Limited, Heb- 
burn, Co. Durham, was the 150-MVA, 3-3 kV, 800- 
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ampere air-break circuit-breaker illustrated in Fig. 
116, on page 282. In this illustration this circuit- 
breaker is shown withdrawn from its cubicle, but at 
the exhibition one side of the enclosure was replaced 
by a Perspex sheet to show the internal construction. 
The ’bus-bars, current transformers and the circuit- 
breaker itself are housed in separate chambers, 
which are incorporated in an enclosure of heavy- 
gauge sheet steel mounted on a base. The circuit- 
breaker chamber is ventilated to allow the escape of 
gases produced during operation and to prevent 
internal condensation. In addition, a small heater 
is provided to eliminate condensation when the 
equipment is not in use. The air-insulated "bus- 
bars consist of individually-insulated copper lamina- 
tions, which run from phase to phase of adjacent 
panels so as to obviate the use of link connections. 
This lamination is increased locally where the *bus- 
bars pass through the insulated end-barriers, thus 
sealing the *bus-bar chamber. 

The circuit-breaker carriage is mounted on wheels 
with machined flanges which engage with guide 
rails. These rails are shaped so that the circuit- 
breaker is lifted from the floor and aligned when 
it is inserted in the enclosure in the isolated position 
and is positively guided into the fully-home position. 
When clear of the enclosure, the carriage can be 
easily manceuvred in any direction. The isolating 
contacts are of the “‘ flexless ”’ multi-finger self-align- 
ing type, and engage with flat-tongued contacts 
which are connected to the ’bus-bars and the circuits 
within the enclosure. The circuit-breaker is of the 
single-break type, the moving contacts being hinged 
blades, while the fixed main contacts are self- 
aligning and self-gripping. The fixed arcing con- 
tacts consist of fingers which are tipped with special 
arc-resisting metal at the point of break. The 
transfer of current from the main to the arcing 
contacts during breaking is facilitated by a pair of 
intermediate fingers, a rapid break being obtained 
by springs operating on the low-inertia blade- 
contact assembly. 

The arc chute is fitted with baffle plates of 
resisting material, while a blow-out coil, which only 
comes into operation during the arcing period, 
ensures effective electromagnetic control. It is 
assisted by a puff of air which has been found to be 
particularly advantageous when the current is very 
small. The exhaust gases are cooled and de-ionised 
by aspecial cooling unit. The operating mechanism 
is trip-free, and can be operated by either a solenoid 
or a hand-charged spring. This charging can be 
effected when the circuit-breaker is either open or 
closed, but interlocking is provided so that the spring 
cannot be released when the circuit is closed. 
Auxiliary contacts on the carriage disconnect the 
secondary circuits when the breaker is withdrawn 
from the fully-home to the isolated position. They 
can be re-engaged by hand for maintenance testing 
when the circuit breaker is isolated. Similarly, 
when putting a panel into service, the secondary 
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circuits can be made and proved with the circuit- 
breaker isolated. 

Messrs. Reyrolle also exhibited a concentric-con- 
trol single-operator arc-welding set, an illustration of 
which appears in Fig. 111, on this page. This set 
consists of a generator with a drooping voltage 
characteristic, which is driven by an alternating- 
current motor. It hasan intermittent rating of 300 
amperes and a continuous rating of 200 amperes. 
The motor and generator form a compact unit, the 
rotor and armature being mounted on a common 
shaft which runs in ba!) and roller bearings. Starting 
is effected by a push-button-operated air-break con- 
tactor, either the star-delta or direct-on systems 
being used. Overloading is prevented by a bi-metal 
self-resetting switch which is mounted close to the 
stator winding. The welding current is controlled 
by a snap-action main selector switch, with self- 
cleaning contacts and with a definite location at each 
step. This switch is mounted concentrically with a 
fine regulator, the combination providing continuous 
regulation over the current range of 20 to 300 
amperes. The rarige of current at the selected step 
is indicated on the selector handwheel. 

Among the exhibits of Messrs. Petbow, Limited, 
Station Estate, Balmoral-road, Watford, Herts., 
was a range of engine-driven welding sets, including 
a 250-ampere air-cooled petrol-engine set weighing 
under 4 cwt., and the Diesel-engine unit illustrated 
in Fig. 112. This machine, which can be mounted 
on a trolley if desired, is designed to supply welding 
currents of up to 300 amperes for each of two opera- 
tors. It incorporates two drooping-characteristic 
direct-current generators in a common framework, 
which is flange bolted to the engine casing. Each 
generator is continuously rated at 200 amperes at 
25 volts, its minimum output being 20 amperes at 
about 20 to 25 volts, and short-time output 300 
amperes at 30 volts. They may be paralleled to 
deliver 400 amperes continuously or 600 amperes 
for short periods. Welding-current ranges are 
chosen by fitting wander leads on selected plugs, 
fine regulator control being provided to give inter- 
mediate currents and infinite variation over the full 
range. The generators are screen-protected, and 
cooled by a centrifugal fan fitted to the armature 
shafts. They are directly driven at a governed speed 
of 1,500 r.p.m. by a Perkins overhead-valve six- 
cylinder Diesel engine, developing 52 brake horse- 
power and employing a fuel pump with a pneumatic 
system, for governing the fuel supply. A 15-gallon 
fuel tank is installed. Starting is effected by hand, 
with the aid of a Kigass easy-starting device and 
decompressor. 

Messrs. Rockweld, Limited, Commerce Way, 
Croydon, Surrey, exhibited various polythene 
products such as tubes up to 24 in. bore and poly- 
thene-lined drums for the transport of chemicals, 
as well as a wide range of welding equipment includ- 
ing electrodes, transformers, motor-generator sets, 
engine-driven sets and accessories. Among these 
was a crocodile type of electrode holder designed 
as an easily replaceable unit which may be employed 
continuously at 330 amperes without overheating, 
or with a current up to 550 amperes, provided it is 
used in turn with two or three others, and allowed 
to cool after about five or six electrodes, that is, 
after about 12 to 15 minutes of steady working. 

The Quasi-Arc Company, Limited, Bilston, 
Staffordshire, exhibited a range of arc-welding 
sets, including engine-driven and motor-generator 
types, as well as a lightweight unit developed 
primarily for sheet-metal welding or for use in 
small workshops. It comprises a step-down air- 
cooled single-phase transformer having a maximum 
output of 13-6 kVA, with a regulator to vary 
the welding current from 15 to 170 amperes, and is 
suitable for 16 to 8 s.w.g. electrodes. The trans- 
former has primary tappings for supply voltages 
between 200 and 450 volts, being designed for 
connection across @ single-phase or across two lines 
of the normal three-phase 50-cycle mains supply. 
The maximum primary current, at an uncorrected 
power factor of 0-31, is 70 amperes at 200 volts 
and 30 amperes at 450 volts. Current control is 
effected by two selector switches mounted on the 
front panel and providing a total of 32 current set- 
tings. The overall weight of the unit is about 3} cwt., 
and its dimensions 12 in. by 13 in. by 28 in. high. 
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Fig. 112. Two-Oprrator WELDING 


The unit may be used with a 4-kVA capacitor 
should a power-factor improvement be required. 
This improves the power factor to about 0-6 for an 
average welding load of 90 amperes, the primary 
current at 200 volts thereby being reduced to 50 
amperes, and, at 450 volts, to 22 amperes. 

The Are Manufacturing Company, Limited, 
Actare Works, Goldhawk-road, London, W.12, 
exhibited examples of their air-cooled transformers 
for welding work. These are made in four ranges : 
up to 200 amperes, from 200 to 300 amperes, from 
300 to 450 amperes and from 400 to 600 amperes. 
In the case of the three.last units the second figure 
given indicates the maximum intermittent rating. 
All these transformers are constructed to comply 
with British Standards Specification No. 638, and 
the latest models have an open-circuit voltage of 
100 volts. Two high-frequency units, one fitted 
with a spark and the other with a valve oscillator, 
have been developed to provide a combination of 
transformer and ioniser which will allow satisfactory 
plant for welding non-ferrous metals to be con- 
structed. These units have been designed so that 
radio interference is reduced to a minimum, as is 
shown by tests carried out by the Pos: Office. 
Another apparatus exhibited on this stand was a 





Set; Messrs. Petsow, LIMITED. 


new design of argon arc-welding plant for welding 
light alloys. This comprises a welding trans- 
former, high-frequency ioniser, direct-current sup- 
pressor unit, power-factor correction condenser 
and control gear. No auxiliary plant is required, 
except the cylinder which supplies argon to the 
electrode holder. Welding current is supplied to 
the electrode from a transformer and regulator, 
which have been specially designed for long welding 
runs as distinct from intermittent work. The pri- 
mary winding of the transformer has tappings suit- 
able for connection to 380, 400, 420 and 440-volt 
mains, while the maximum secondary voltage is 
110 volts. Infinitely-variable control between 25 
and 300 amperes is obtainable by operating two 
handwheels. 

The high-frequency ioniser incorporated in the 
equipment is a spark oscillator with a specially 
designed air-cored transformer and an output fre- 
quency of 3-5 megacycles per second. This ioniser 
operates momentarily when the arc is struck, and 
thus corrects any tendency to instability during 
welding. A separate filter circuit of Post Office 
design is included to reduce radio interference to a 
minimum. The direct-current suppressor unit is 
connected in series with the secondary circuit, and is 
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therefore capable of carrying the full welding 
current. The supply to the set is controlled by a 
main contactor, which is operated through a remote 
control switch and isolates the transformer when 
the equipmentis notin use, thus reducing the no-load 
josses. Connections for the gas and cooling-water 
supplies are provided on the welding torch. A 
safety device in the cooling-water circuit is inter- 
locked with the main contactor, so that the set is 
shut down if the water supply fails and to prevent 
it being switched on if the water is not turned on. 

The equipment exhibited on the stand of the 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, included their origi- 
nal marine gas turbine, which has been in experi- 
mental service on M.G.B. 2009 since August, 1947. 
This turbine, which was shown with part of its outer 
cover removed, has a designed output of 2,500 shaft 
horse-power, and was described in ENGINEERING, 
vol. 164, page 271 (1947). On trial with this 
turbine the vessel developed a speed of 33 knots 
and the engine was started from cold and accelerated 
to full power in 60 seconds. 

A number of welding sets with their accessories 
were also shown, among which mention may be made 
of the automatic welding-electrode head, which is 
illustrated without its faceplate in Fig. 113, on 
page 282. This device consists essentially of a 
direct-current motor which drives a pair of rollers 
through gearing. These rollers grip the electrode 
of an arc-welding set, and draw it through an 
adjustable straightener into a tubular nozzle. 
The welding current, which may be alternating or 
direct, is led to this nozzle, the circuit being com- 
pleted through the arc and an “earth” connection 
on the workpiece. For mounting purposes, the 
head is provided with a supporting arm of tubular 
section and a flanged bracket, which can be clamped 
between shaped boss projections on the casing 
and a saddle. This mounting enables the nozzle 
to be rotated and the electrode to be fed at any 
angle within 360 deg. To ensure that, with a given 
welding current, the head will feed the electrode 
forward at a rate which will give a constant arc 
length, a system of electronic control has been 
adopted. In this system the arc voltage is opposed 
to a voltage established by a potentiometer, and 
these voltages are then applied to the grids of a 
balance valve. The plate currents of this valve, 
after amplification, are passed to phase-shifting 
transductors, so that their phases are displaced. 
These phase displacements are applied to the grids 
of two thyratrons, so that the amount of power 
passing into the armature of the electrode feed motor 
is regulated. As the field of this motor is per- 
manently over-excited, its torque is proportional to 
the armature current, the result being that, as the 
arc lengthens, the speed at which the electrode is fed 
forward is increased. Similarly, as the arc shortens 
the speed is decreased, both changes being so rapid 
in practice that a constant arc length is maintained. 

Another accessory shown on the stand was a 
2-ton manipulator, forming one of a range of equip- 
ments which have been designed for handling 
assembled parts during welding. This manipulator, 
which is illustrated in Fig. 114, on page 282, consists 
essentially of a fabricated framework stand in which 
bearings are fitted. The work table is supported in 
trunnions which are mounted in these bearings and 
is provided with a number of radial slots for clamping 
the work. To enable the assembled parts to be 
arranged so that welding can be effected in the hori- 
zontal direction, the work table can be tilted, as 
shown in Fig. 114, an electric motor operating 
through a worm and wheel gearing being provided 
for this purpose. This drive is also fitted with a 
locking mechanism, so that the table can be held 
in any desired position. The table can be rotated 
horizontally by a second motor through worm 
hearing, control of both motors being effected 
from a push-button station on the frame of the 
manipulator. 

These machines can, of course, be used for other 
duties where freedom of rotational and tilting 
movements is desired, for instance, in die making, 
where heavy dies have to be turned at different 
angles for convenience in working. 

The X-ray unit illustrated in Fig. 115, on page 282, 
was exhibited by Messrs. Newton Victor, Limited, 


15, Cavendish-place, London, W.1, as a typical 
example of their industrial equipment. It is rated 
for continuous operation at 140 kV with a penetra- 
tion range from 30 to 140 kV, and has been designed 
for the examination of iron and steel sections up to 
1} in. thick and of all light alloy and plastic fabri- 
cations. The X-ray tube on this equipment is im- 
mersed in a shock-proof container, which is fitted 
with a thermal relay, so that the set is tripped out 
if the oil becomes overheated. For norma] operation 
the oil is water-cooled, so that the unit can be oper- 
ated continuously. The tube unit is connected to 
the high-voltage generator by two heavily-insulated 
metal-sheathed cables, which may be of any length 
up to 50 ft., thus facilitating the examination of large 
specimens when the generator cannot be conveni- 
ently placed near the X-ray tube. The necessary 
switches and meters for regulating the tube current 
and voltage, as well as a high-precision X-ray expo- 
sure time switch, are mounted on a control panel 
which can be fixed to the wall. 


Messrs. R. A. Lister (Marine Sales), Limited, 
Dursley, Gloucestershire, exhibited a range of 
marine-propulsion engines, including a Blackstone 
125-kW marine auxiliary-generator and compressor 
set, and a 480-brake horse-power eight-cylinder 600- 
r.p.m. Blackstone Diesel engine. This is fitted with 
an interesting type of reverse and reduction gearbox 
incorporating a magnetic synchroniser or clutch 
which is designed to transmit the drive through a 
magnetic slip coupling at low powers, and to provide 
full mechanical drive at high powers or under 
cruising conditions. 

The British Rototherm Company, Limited, Merton 
Abbey, London, S.W.19, displayed a wide range of 
temperature measuring and control equipment. 
This includes bimetallic and distant-reading thermo- 
meters, chart temperature recorders, as well as 
pressure gauges, barometers and a flow indicator 
which uses a magnetically-driven rotating member 
to indicate the speed of liquid flowing in a pipe, 
the indicating member being contained in a small 
compartment completely isolated from the liquid. 
One of the non-indicating temperature controllers, 
model 1002, directly regulates electrical loads up 
to 3 kW. It has a normal type of mercury-in- 
steel thermal element with a sensitive bulb which 
is joined by capillary tubing to a Bourdon tube in 
the main case. The case also houses a mercury 
switch, a temperature setting or controlling ad- 
juster, an ammeter for indicating the electrical 
load, and a master switch. Mercury fills the Bour- 
don tube as well as the capillary and the steel bulb, 
so that the tube uncoils as the mercury expands 
with increase of temperature. The free end of the 
Bourdon tube tilts the mercury switch causing it to 
operate and make or break the load current when 
the required temperature is reached. Control tem- 
perature is set by a simple external pointer and 
knurled locking nut, the pointer swinging over a 
temperature scale on the front of the instrument. 
The scale can be supplied to suit any temperature 
range between — 20 deg. F. and 1,000 deg. F., the 
smallest range for an instrument being 100 deg. F. 
The mercury switch is actuated by changes of tem- 
perature equal to about + 6 per cent. of the full 
temperature range for which the unit is designed. 
Capillary in lengths up to 50 ft. can be supplied with 
either non-inflammable braided covering or copper 
sheathing. 

Messrs. Venner Time Switches, Limited, Kingston 
By-Pass-road, New Malden, Surrey, displayed time- 
switches, delay relays, and clock movements, as well 
as electrically-controlled stop-watches and a buoy 
lamp designed mainly for the repair of submarine 
cable. Their exhibits also included a transportable 
contour projector with magnifications of 10, 25, 
and 50 for the checking of small parts and the tooth 
forms of pinions and gearwheels. The unit is 
mounted on a four-wheeled tubular trolley. 

The ‘‘ Metaflex”’ joints which were shown by 
Messrs. James Walker and Company, Limited, Lion 
Works, Woking, Surrey, were developed in the first 
place for marine engineering applications, to stand 
up to the increased steam pressures and tempera- 
tures which are coming into use, and for which the 
conventional jointing materials, such as compressed 
asbestos fibre, are hardly adequate. These edge- 








used in America for some time, but only recently 
have they been manufactured in this country. For 
accurate location between bolts in open flanges, 
Metaflex joints are provided with outer steel guide 
rings, whiclyalso serve to give additional support to 
the gasket. For enclosed positions, such as recessed 
flanges and boiler header caps, steel guide rings are 
not required. Metaflex joints are recommended 
for service with almost any kind of gas or liquid 

high pressure or temperature ; the asbestos filling 
can be replaced by other material, if necessary. 
On account of their resiliency, Metaflex joints are 
suitable for installations subject to vibration, and 
equipment in which the parts are liable to expansion 
or contraction through extreme temperature changes. 

The Cooper Roller Bearings Company, Limited, 
King’s Lynn, Norfolk, exhibited a range of split 
roller-bearings, some of which were shown completely 
assembled, and others in a sectioned condition to 
reveal methods of construction and operation. 
Units for a 17-in. bore tunnel shaft, intermediate 
shafts, connecting-rod big-ends, and for general 
industrial use, were shown on the stand. The 
same firm also displayed one of their pulley-type 
clutches with a part cut away to show its arrange- 
ment on a 2-in. diameter shaft. The clutch was 
designed so that the driving shaft idled in the bearing 
when the machine was declutched. Other exhibits 
of general interest and of wide industrial applica- 
tion were those of Messrs. Dunlop Special Products, 
Limited, Fort Dunlop, Erdington, Birmingham, 24, 
as well as those of Messrs. British Ropes, Limited, 
52, High Holborn, London, W.C.1. The first- 
mentioned firm displayed sections of a rubber mat 
specially produced to serve as a foundation, and 
to reduce vibration from heavy or continuously 
running plant. Apparatus was also arranged to 
show to what extent vibrations could be damped 
by rubber mountings, and to demonstrate the 
strength and the use of rubber couplings between 
non-coaxial shafts. The exhibits of Messrs. British 
Ropes, Limited, included nylon net, and lengths of 
nylon towing rope up to 7} in. circumference. Such 
ropes, because of their great strength and elasticity, 
can be supplied in smaller sizes for a given duty 
than the usual hemp or sisal ropes, samples of which 
were also displayed. Satisfactory towing and 
marine tests on the nylon ropes have been carried 
out. Short lengths of steel ropes, including those 
of locked coil section, were also displayed, together 
with samples of sisal matting. 

Research and development matters affecting the 
welding industry as a whole were indicated by test 
equipment, models and photographs depicting 
some of the investigations being carried out by the 
British Welding Research Association, 29, Park- 
crescent, London, W.1. Their stand was on that 
of the Department of Scientific and Industrial 
Research. Testing plant included a fatigue machine 
with some of its strain gauge equipment for measur- 
ing the vibrating stresses and for finding the endur- 
ance limits of welded joints and pipes. Three- 
dimensional models illustrated the nature of the 
metallurgical problems being tackled to secure 
satisfactory or improved forms of welding. 

This concludes the four articles on the Engineering 
and Marine Exhibition, which closed last Saturday. 
The general impression which remains with us, after 
examining and describing many of the exhibits, is 
that the standard of design and workmanship was 
uniformly high. Such is not always the case with 
trade exhibitions and fairs, but the Engineering 
and Marine Exhibition seems to attract old firms 
with a traditional standard of excellence and new 
firms who embrace the same tradition. 





INSTITUTION OF ELECTRICAL ENGINEERS.—The open- 
ing meeting of the 1949-50 session of the Institution of 
Electrical Engineers will be held at Savoy-place, Victoria- 
embankment, London, W.C.2, on Thursday, October 6, 
when the President (Professor E. B. Mouliin) will deliver 
his inaugural address. 


Atomic ENERGY CONFERENCE.—A conference of 
British, American and Canadian scientists is to be held 
at Chalk River, Canada, from Monday, September 26, 
to Wednesday, September 28, to review the working of 
the arrangements for the release of scientific and technica] 
information on atomic energy. The principal duty of 
this conference will be to review the contents of the 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Continued from page 258.) 


In last week’s issue of ENGINEERING, we reported 
the opening of the summer meeting of the Institution 
of Naval Architects at Copenhagen, and the first 
paper, on “‘An Experimental Danish Marine Gas 
Turbine.” The second paper, presented at the 
meeting on the morning of August 30, dealt with 
“* Denmark’s Ships Since the Liberation, 1945,” and 
was contributed jointly by Mr. A. C. Hardy, B.Sc., 
and Mr. A. J. Merrington, C.B.E., B.Sc., both of 
whom had been directly concerned with the repairs 
and rehabilitation of the tonnage found in Danish 
waters at the time of the liberation. 


DeENMARK’s Sutps SINCE THE LIBERATION. 


When Denmark was liberated, said Mr. Hardy, 
who read the paper in abstract, every ship that 
could be evacuated from German waters had been 
removed to the Danish waterways. This German 
shipping included 280,000 gross tons of merchant 
ships (including those partly completed), over 700 
minor German war vessels, 50 tugs, 11 floating 
cranes, 80 lighters, 500 small craft and four floating 
docks. In addition, over 300,000 tons of Danish 
ships were in urgent need of repair and dry-docking 
to enable them to. operate in the Allied shipping 
pool. Under the direction of the United Maritime 
Authority, all shipping that could be made service- 
able was to be reconditioned as quickly as possible 
for use in the war against Japan. The Danish 
shipbuilders and ship-repairers formed a ship repair 
committee who did much excellent work, though the 
war against Japan terminated before the large 
programme of dry-docking and repairs could be 
completed. In 1944, the Danish merchant marine 
totalled just over 2,000 vessels, with an aggregate 
gross tonnage of 993,922 ; but, after the liberation, 
more ships were urgently needed, and, in the first 
quarter of 1949, there were nine Danish ships, 
totalling over 31,000 gross tons, building in British 
yards. Meanwhile, Danish owners had placed in 
service on the North Sea the passenger motorships 
Kronprins Frederik and Kronprinsesse Ingrid, 
with a sea speed considerably above that of their 
predecessors. The same policy was being adopted 
in the twoships building for the Copenhagen-Aalborg 
all-night service, which would be cut from 10} hours 
to 8 hours. The interest of the Royal Danish Navy 
in recent years, Mr. Hardy continued, had leaned 
towards the smaller and less costly types—torpedo 
boats, submarines, minesweepers, patrol craft, etc. ; 
and the authors wondered whether, in future, 
Danish naval policy would tend towards the use 
of gas turbines or high-speed Diesel engines for 
torpedo boats and coastal craft; whether they 
would go in for the welding of warship hulls and 
the use of aluminium-alloy superstructures; and 
what would be the future of Danish naval aviation. 
They observed with some surprise the apparent lack 
of activity regarding high-pressure water-tube 
boilers and geared turbines, while noting with 
interest the work that was being done in Denmark 
on the development of the gas turbine. 

Vice-Admiral A. H. Vedel (Royal Danish Navy), 
who opened the discussion, after expressing his 
appreciation of the assistance given by the authors 
when Denmark was co-operating with Britain just 
after the war, discussed some of the questions 
raised in the paper concerning ships in the Danish 
Navy. He recalled that, in the autumn of 1944, on 
behalf of the Danish Navy, he had written the first 
letter on this subject to the British Admiralty, 
which had reached London via Sweden. He had 
received an affirmative reply, and in June, 1945, 
he had attended the first meeting with the British 
Admiralty in London, the result of which was that 
the Danish Government had bought two frigates 
and a corvette ; furthermore, Denmark had obtained 
some British minesweepers and some submarines. 
The most important job to be done in the first place 
was the training of personnel in mine-sweeping. 
Later, there were the problems connected with the 
construction of ships. In the near future, har- 
monious development of the Navy would be seen 





to be in accordance with modern warfare, and the 
appropriate types of ships would be produced. 
With regard to aviation, he said that Denmark had 
Army and Navy air forces, but in the future these 
would be united into one Air Force, chiefly a force 
of fighters. | On the question whether periodical 
examination and maintenance work should be 
carried out by dockyard personnel or by the crews 
of ships, he pointed out that a considerable part of 
the crews consisted of personnel with only limited 
training, whereas such work was usually carried out 
by well-trained members of the crew on board every 
ship. 

Mr. H. P. Christensen said that the Danes would 
like to place on record their appreciation of the 
co-operation given by the British authorities, and 
especially their technical staff. The task of the 
Ship Repairing Committee, he said, was very 
difficult, because naturally, all Danish shipbuilders 
were most anxious to play their part, even though 
it be a modest part, in reconditioning Danish ships 
and making them serviceable for the continuation 
of the war against Japan. With only limited stocks 
of coal and steel, they had pursued persistently the 
reconditioning of the Danish merchant fleet, which 
had suffered severely during the war. On the 
question whether or not Denmark would be left 
behind with their Diesel engines when the rest of 
the world were using other types of marine engines, 
Mr. Christensen declared with assurance that 
Danish marine engineers would do their best in the 
future, as in the past, to be among the leading 
shipbuilding nations. 

Mr. N. K. Nielsen, the Danish Director of Naval 
Construction, said that one of the results of the 
co-operation between the constructors and engineer 
officers on the staff of the Flag Officer, Denmark, the 
representatives of the British Ministry of War 
Transport and the Royal Danish Navy was that 
one of the captured German floating docks was 
allocated to the Royal Dockyard at Copenhagen, 
where it had facilitated greatly the urgent repair 
and maintenance of a considerable number of 
ex-German minesweepers which were allocated to the 
Royal Danish Navy. and the rebuilding and recon- 
ditioning of Danish naval ships which had suffered 
by scuttling or when in German hands. Mr. Nielsen 
agreed with the authors that the hulls of future 
naval ships should be welded throughout; that 
method, except for the seams of the shell plating, 
had been used for some years before the war in 
Danish minesweepers, and after the war it had been 
used in torpedo boats of 350 and 760 tons, with 
satisfactory results. Certain parts of the accommo- 
dation on board, and to a certain extent the deck- 
houses, had been made of aluminium alloys, and he 
agreed that they ought also to use that material for 
other superstructures. Large torpedo boats, in 
the future, might use superheated steam and high- 
pressure boilers working at 600 lb. per square inch, 
or even more, but, for the lighter ships, gas turbines 
might be considered. High-speed Diesel engines 
might be preferred in motor torpedo boats. For all 
ships, it was intended to press for shock-absorbing 
devices for machinery, instruments, etc. 

Mr. J. Turnbull, noting that Denmark was 
referred to in the paper as ranking eleventh among 
the nations as shipowners, said he felt that that 
was not a true reflection of the interest which 
Denmark took in shipping matters. In terms of 
gross tonnage per head of population, he calculated, 
Denmark came into fourth place among the nations, 
being preceded only by Norway, Great Britain and 
the Netherlands. He had used the 1939 figures 
because these were ail that he had available. 

Mr. H. P. Christensen, as a Danish shipbuilder, 
suggseted that, if Mr. Turnbull would also calculate 
the position of Denmark as a shipbuilding nation, he 
would find that in most years it ranked first. 

Professor J. L. Mansa, referring to the warning 
that we should not look away from the steam 
engine, said that the number of ships powered 
with modern steam engines was perhaps rather 
small, but some interesting steamships had been 
built in Denmark during and after the war, having 
modern boilers of rather small size and recipro- 
cating engines. The experience gained with them 
would be valuable if and when it was considered 
better to use steam engines more widely. Every- 





thing developed, including the steam engines, and 
Denmark was following development very closely, 

Mr. Merrington, in a brief reply, commented on 
Vice-Admiral Vedel’s remarks and hoped that the 
signing of the Atlantic Pact would again bring the 
two countries together as naval colleagues in working 
out the technical problems associated with warships, 

This concluded the technical session. Following 
the morning’s discussions, the members and their 
ladies were entertained to luncheon by the Institu. 
tion of Danish Civil Engineers, after which they 
spent the afternoon at the marine exhibition, 
“The Ship,” which was held in the Forum hall, 
Copenhagen, from August 19 to September 4. The 
party was welcomed at the Forum by Mr. ©. A. 
Moller, M.Sc., chairman of the executive committee 
of the exhibition. Among the many interesting 
exhibits was a demonstration of wooden ship 
building. The keel of a small vessel was laid on the 
opening day and she was partly framed by the 
time of the Naval Architects’ visit. 

On the evening of August 30, the Institution of 
Danish Civil Engineers and the Federation of 
Danish Shipbuilders entertained the President 
and members of the Institution of Naval Architects, 
and their ladies, to dinner. The distinguished 
company included His Royal Highness Prince Axel. 
Mr. H. P. Christensen presided. 

The toasts of King Frederik [IX and King George 
VI having been honoured, the chairman proposed 
the toast of the Institution of Naval Architects. 
For centuries, he said, British shipbuilders had led 
the world, and the Institution had contributed 
greatly to the development of modern naval archi- 
tecture and marine engineering. It was a source of 
much gratification that King Frederik had been 
appointed an Honorary Member of the Institution, 
and the Danish shipbuilders appreciated especially 
His Majesty’s statement that he regarded the 
appointment as an honour to Danish shipbuilders. 
The meeting in Copenhagen would strengthen further 
the friendship that had been established between 
British and Danish shipbuilding industries. 

Admiral of the Fleet Viscount Cunningham, 
President of the Institution, who responded, said 
that it was with the greatest pleasure that the 
Institution accepted the opportunity to resume its 
pre-war custom of holding a meeting in a friendly 
foreign country. The invitation had been extended 
in 1947, when the Institution had hoped to combine 
a visit to Denmark and Sweden, but, owing to the 
difficulties of reaching Scandinavia at that time, 
it had been necessary to postpone the meeting. 
Both their Danish and Swedish friends, however, 
had kindly left the invitation open. In Britain, 
Lord Cunningham continued, it had been recently 
observed, this time with great pleasure, that the 
North Sea still appeared to hold no terrors for the 
Danish invading oarsmen. The thought had 
occurred to him that it might have been appropriate 
for the Institution of Naval Architects to return the 
compliment by manning similar craft and navigating 
their way to Denmark. However, the members had 
crossed the North Sea in those magnificent new 
Danish ships, the Kronprins Frederik and Kron- 
prinsesse Ingrid, a much less fatiguing means of 
transportation and involving no embarrassing wear 
and tear of garments. The President complimented 
the Danish shipbuilders and shipowners on the 
great interest of the exhibition, ‘‘ The Ship,”’ which 
the members of the Institution had visited that 
afternoon ; and thanked the Institution of Danish 
Civil Engineers and the Federation of Danish 
Shipbuilders for their generous hospitality and for 
the banquet which the guests had so greatly enjoyed, 
with the traditional Danish acknowledgment, 
“Tak for Mad.” 

Mr. Orla Rode, vice-president of the Institution 
of Danish Civil Engineers, endorsing the welcome 
voiced by the chairman, spoke of the growing 
co-operation between the engineers of Denmark 
and other countries. Danish engineers, he said, 
were happy that the Institution of Naval Architects 
was the first organisation outside Scandinavia to 
hold a joint meeting with the Danish Institution. 
That deserved a toast—‘‘ Long live the Institution 
of Naval Architects and our mutual understanding.” 
The toast was honoured with enthusiasm. 

(To be continued.) 











SEPT. 


16, 1949." 


LITERATURE. 


The Rise of the Gas Industry in Britain. By DEAN 
CHANDLER and A. DoueLas LacEy. The Gas Council, 
Gas Industry House, 1, Grosvenor-place, London, 
S.W.1. [Price 15s. net.) 

In reviewing, on page 543 of our 167th volume 
(1949), the special centenary issue of our contem- 
porary, The Gas Journal, we commented on the 
large amount of interesting historical data contained 
in it. Much of this historical material was contri- 
buted by Mr. Dean Chandler, but it represented 
only @ fraction of the information that he had 
collected during his long association with the industry, 
in the course of which he has devoted himself for 
many years to the task of gathering the facts on 
which to base a definitive history. While the full 
story of gas supply as a public utility has yet to be 
written—or, at least, published—in a manner that 
would leave nothing more of moment to be said, 
this volume issued under the egis of the British Gas 
Council (now the Gas Council) goes a long way to re- 
move any reproach that gas has been less fully docu- 
mented than, say, steam; and the average engineer, 
even though he be gas engineer, will probably find 
that this new work, in which Mr. Douglas Lacey 
has collaborated in collating the vast quantity of 
facts and references accumulated by Mr. Chandler, 
will provide either an answer or the means to find an 
answer to most of the inquiries likely to arise. At 
the same time, the authors have succeeded in 
compiling a volume that can be studied with equal 
interest and profit by those whose interest in the 
subject is merely that of the uninstructed user. 

The gas industry now has to its credit approxi- 
mately 150 years of public service, of which the 
present volume purports to cover o the first 
50 years. A hint is given that others are in prepara- 
tion, designed to deal with the subsequent develop- 
ment of the industry ; but this later period, being 
more fully documented, is hardly likely to provide so 
many details that are relatively little known, and, in 
the nature of things, may tend to be overloaded with 
particulars of a commercial and legislative nature of 
interest mainly to the specialist. Moreover, the 
later years have brought a change in the character 
of the industry due to the fact that the use of gas for 
heating has attained to a much greater importance 
than its use for lighting. Mr. Chandler and Mr. 
Lacey are here concerned mainly with gas as an 
illuminant, and with the pioneers—Murdoch, 
Winsor, Clegg, Accum and others—who created 
the industry. The biographical side of the survey is 
one of its most important, and the decision to 
reproduce at length some of the documents associated 
with their early endeavours gives considerable added 
interest to the more familiar particulars of their lives 
and work; the appendixes, in fact, occupy nearly 
half of the book. The eighth and last of them is a 
reprint of an article in The Penny Magazine of 1842, 
describing “‘ A Day at the Westminster Gas-Works ” 
—meaning thereby the Great Peter-street plant of 
the ‘‘ Chartered Company,” which eventually became 
the world’s largest gas undertaking. An interesting 
historical detail that the authors have established 
is that Pall Mall was not the first London thorough- 
fare to be lighted by gas, as has been often stated ; 
this distinction is now shown to belong to Golden- 
lane, E.C.1, which was provided with an experi- 
mental installation some months earlier, in July, 
1807. Winsor’s experiment in Pall Mall was 
evidently later, as it was described in The Atheneum 
of January 1, 1808, in terms which show clearly 
that it was then of very recent occurrence. The 
Golden-lane test was made at the cost of the pro- 
prietors of the Golden-lane Brewery. It is not 
quite clear from the text whether, at this time, 
“the proprietors ”’ were Messrs. Whitbread and 
Company, or whether they acquired the Golden-lane 
brewery at a later date, and incorporated it with 
their establishment on the south side of Chiswell- 
street, which appears to be the one shown in the 
full-page illustration, Fig. 24. The book is well 
illustrated with reproductions of early prints, but 
we incline to doubt the date attributed to Fig. 47, 


which reproduces a photograph stated to be of 


“the Strand (about 1865)”; 1895 would seem to 
be nearer the mark. 
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ANNUAL REPORT OF THE BRITISH 
TRANSPORT COMMISSION FOR 1948. 


As noted briefly on page 257 of last week’s issue of 
ENGINEERING, the first annual report, statement of 
accounts and statistics of the British Transport Com- 
mission, for the year ended December 31, 1948, have 
been submitted by the chairman of the commission, 
Sir Cyril Hurcomb, to the Minister of Transport, in 
accordance with the requirements of the Transport Act, 
1947. The sections of that Act which were of engineer- 
ing interest were summarised in ENGINEERING, vol. 165, 
page 18 (1948), and the following is a summary, on 
similar lines, of the first annual report. 

Of the five executives which come under the com- 
mission, the Railway Executive is the most important. 
The section of the report dealing with it, records the 
approval of the commission to the executive’s proposal 
to break up, during 1949, 1950 and 1951, 85,000 surplus 
mineral wagons, practically all former privately-owned 
vehicles which were old, expensive to maintain, and 
difficult in traffic because of their low capacity and grease 
axleboxes. The resultant annual saving in interest, 
renewals and repairs is estimated at at least 1,000,000/. 
During the year, the executive began an investigation 
into the possible development of high-capacity wagons, 
and also considered the “ ideal” stocks and types of 
locomotives and carriages. As a result of improve- 
ments in freight-traffic working, a number of small 
marshalling yards and exchange sidings were closed. 
On the signalling side, it was agreed, after tests, dis- 
cussions, etc., that the most satisfactory warning 
system applied to locomotives for the use of drivers 
would be one which provided (1) a location device at a 
semaphore distant signal in the clear position and at a 
colour-light signal at green ; and (2) a distinct audible 
warning, with brake application, at all signals showing 
a caution aspect, including colour-light signals at yellow 
or double yellow. There need be no audible warning 
at signals showing a “‘ stop” aspect, as the men were 
content to rely upon locating stop signals after receiving 
a warning and an automatic brake application at the 
preceding caution signal. This brake application 
would be capable of being re-set from the engine cab. 

At the beginning of 1948, all available steam loco- 
motives were in traffic, but by the end of the year 366 
serviceable steam locomotives had been taken out of 
traffic and placed in store, with resultant economies. 
To improve the availability of locomotives, the utilisa- 
tion of repair facilities on an inter-regional basis for the 
day-to-day maintenance of locomotives is being 
developed wherever possible in order to reduce the 
distance components have to be transported to repair- 
ing points. Intensive training of footplate staff in 
firing duties is being developed so as to make the best 
use of coal supplies, which now include a considerable 
amount inferior in quality to that supplied before the 
war. In order to stimulate the inter-regional use of 
locomotives, the route availability in the regions of 
locomotives allocated to other regions is being deter- 
mined. 

The post of Executive Officer (Design), which was 
established at the Railway Executive, was a necessity 
as it could obviously no longer be left to the regions to 
produce locomotives and rolling stock of individual 
designs as in the days before nationalisation. The 
number of locomotives under or awaiting repairs in the 
main works was reduced from 1,489 in January, 1948 
(equal to 7-29 per cent. of the net CIE stock of 
20,438) to 1,214 (6-14 per cent.) at the end of the year. 
The revised programme of new locomotives estimated 
to go into traffic during 1948 was 440, of which 328 were 
to be built in railway shops and 112 in contractors’ 
shops. The actual numbers built were 314 and 96, 
respectively, the balance being carried forward for 
construction during the early months of 1949. Owing 
to the reduced allocation of steel to the railways, it was 
necessary to postpone the delivery of certain locomo- 
tives from 1949 and 1950 to 1950 and 1951. Various 
committees on the standardisation of practices in loco- 
motive engineering have been dealing with a unified 
shopping system for all regions; the allocation of 
repairs among the main works, sub-shops and motive- 
power depots; a uniform classification of repairs; a 
standard system for controlling the stocks of spare 
boilers; the adoption of four standard whitemetal 
bearing alloys in place of 13 used by the former com- 
panies, and the standardisation of brass and bronze 
alloys ; the supply of materials to depots ; and loco- 
motive works organisation. 

With regard to coaching stock (of which there is a 
shortage), new construction during 1948 was frustrated 
by the issue, in December, 1947, of the Government 
White Paper on Capital Investment ; the proportion 
of coaches under or awaiting repair was reduced from 
14-45 per cent. on December 21, 1947, to 11-25 per 
cent. by August Bank Holiday, 1948. The White 
Paper allowed for the production of 48,000 wagons ; 
the number ordered was 47,229, and 40,814 were 
actually built, the deficiency being largely due to 





shortage of steel: The proportion of wagons under or 





awaiting repair was reduced from 13 per cent. at the 


beginning of the year to 9-8 per cent. (i.e., 115,237 
wagons) at the end of the year. It is expected that 
the proportion will be reduced to 5} per cent. by the 
end of 1949. (At the present time there are approxi- 
mately sufficient wagons to meet traffic requirements.) 
In the Eastern ion, the construction of 85 mixed- 
traffic locomotives for the Manchester-Sheffield-Wath 
electrification is proceeding. In the London Midland 
Region, investigations are being conducted with the 
object of reducing the pravdlmcre: | periodic examination 
of the electrical equipment of motor coaches. A motor 
car unit of the Liverpool-Southport stock has run 
satisfactorily for two years without attention to the 
control gear, whereas the usual period between examina- 
tions is 50 days. The two 1,600-h.p. Diesel-electric 
locomotives of the London Midland Region were used 
together for working passenger trains between Euston 
and Carlisle, but were subsequently withdrawn from 
service for examination of the little-end bearings, which 
had given some trouble. An experimental Diesel- 
electric locomotive of 800 h.p. for mixed freight traffic 
is nearing completion. Extensive trials carried out 
in the Eastern Region with four Diesel-electric loco- 
motives which were designed and constructed during 
the war at Doncaster W orks, with electrical equipment 
supplied by the English Electric Company, gave an 
average availability of 88 per cent., and an annual 
mileage on hump shunting of 10,000 miles. The 
Railway Electrification Committee which was appointed 
by the Commission in 1948 to review the Pringle Report 
(1927) in the light of technical development and progress 
in the past 20 years, has met on four occasions to con- 
sider the terms of reference and to collate information 
from home and world sources to help them to reach 
a decision on the system or systems of electrification 
most suitable for the surface railways coming within 
the jurisdiction of the Commission. 

Under the heading ‘“‘ Design of Rolling Stock,” the 
report deals with a number of matters, such as the 
locomotive trials and the Rugby testing station, which 
have already been described in ENGINEERING. There- 
fore, as with the rest of the report, we have abstracted 
items which are new or of fresh interest. To provide 
data in connection with the standardisation of carriages, 
a series of trials was carried out in the autumn between 
Marylebone and Nottingham. Bogies to the designs of 
each of the four former main-line companies were 
run in new condition and records were made of the 
quality of riding. The tests were then repeated but 
with the bogies in worn condition. The results are 
being studied as a guide to design. Preliminary designs 
of new standard locomotives were prepared in consulta- 
tion with the operating department and are being 
examined by the civil engineers. 

In a first report of the Locomotive Standards Com- 
mittee, dated May 31, 1948, the present types of loco- 
motives were surveyed, and the executive approved a 
recommendation that construction up to the end of 
1950 should be based on the existing designs of former 
companies. Recommendations were expected in. the 
spring of 1949 on the standardisation of the principal 
locomotive details and fittings. Proposals are also 
being formulated for the standardisation of the 
mechanical parts of Diesel shunting locomotives, with 
the object eleaiiting the equipment of different makers 
to be utilised. Proposals are well advanced for the 
design of new standard coaching stock. Committees 
are also dealing with wagon standards, power brakes, 
and locomotive testing. In addition to the foregoing, 
designs were proposed and were in varying stages of 
being worked out for : alternative type of mixed-traffic 
locomotive for the Manchester-Sheffield electrification ; 
“ electric-Diesel ” locomotive, to avoid the need for 
electrifying freight yards in connection with electrifica- 
tion schemes; equipment for a third Diesel-electric 
locomotive for the Southern Region with eight-wheel 
bogies, to widen experience of the locomotive as a 
vehicle on the track; and (works inherited from the 
former companies) 1,600-h.p. Diesel-mechanical loco- 
motive on the “Fell” principle; 800-h.p. Diesel- 
electric locomotive for secondary services; and two 
gas-turbine locomotives for the Western Region. 

The report contains tables of statistics relating to 
commercial, operating and other matters, and a few of 
these figures may be noted here. Two tables which 
classify steam locomotives show that, in terms of 
tractive effort, the largest group, of 6,737 engines, is that 
between 20,000 and 25,000 lb. ; the smallest group, of 
559, is over 35,000 lb. Also, by wheel arrangements, 
the 1 up of tender locomotives is 4,210 of the 
0-6-0 type, then 2,575 of the 4-6-0 type. BY far the 
largest group of tank locomotives consists of 3,010 of 
the 0-6-0 t The figures for consumption of fuel 
and electricity for traction purposes on British Railways 
are given thus: locomotive coal, 63-69 lb. per engine 
mile (a decrease of 1-96 per cent. compared with 1947) ; 
electricity, 2-58 units per car mile (decrease of 0-77 per 
cent.) ; Diesel oil, 0-35 gallon iy engine mile (increase 
of 6-06 per cent.) ; and fuel oil, 5-65 gallons per engine 





mile (decrease of 2-59 per cent.). 
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. 3. Tage Atrcorarr Takina OFF ON Its MAIDEN FLIGHT. 


THE “ BRABAZON”’ 130-TON 
CIVIL AIR LINER. 
(Continued from page 262.) 

As briefly recorded on page 261 of our issue for last 
week, the Brabazon 130-ton civil air liner successfully 
— its maiden flight on Sunday, September 4. 
A photograph of the aircraft taken during the first 
flight, is reproduced above, from which it will be seen 
that, despite the size, it has exceptionally graceful 
lines. Since that time the machine has made several 
further flights, notably on Wednesday, September 7, 
when it was in the air for over 2} hours, and on Thurs- 
day, tember 8, on which day it appeared over the 
air display at Farnborough, organised by the Society 
of British Aircraft Constructors. As pointed out in 
the previous article, the Brabazon was designed speci- 
fically as a trans-oceanic air liner and is intended 
primarily for use on the London-New York service of 
the British Overseas Airways Corporation. It can be 
described as an all-metal mid-wing monoplane of 
orthodox construction, which embodies a semi-mono- 
coque fuselage, the principal metals used in its con- 
struction being aluminium alloys, magnesium alloys, 
and a small percentage of high-grade steels. 

The fuselage is circular in cross-section throughout 
most of its length, but the aftermost 25 ft. is oval. The 
centre section has a constant diameter of 16 ft. 9 in. 
for 25 ft., the fuselage tapering forward and aft from 
the centre section. The complete fuselage is built up 
from frames and stringers to which the skin is riveted. 
The frames are made from light-alloy channel sections 
suitably notched for the passage of the stringers. 
Altogether there are 66 frames, which are identified by 
the number of inches forward or aft of the frame 
where the rear spar of the wing centre section is taken 
through the fuselage. This method of numbering the 
frames has been adopted in Fig. 6, opposite, which 
shows, in diagrammatic form, an outline drawing of the 
fuselage, the frames forward and aft of the datum 
frame having the prefix F and R, respectively. With a 
few exceptions, the frames are set at intervals of 34 in. 
They are made in several gauges ranging from 18 s.w.g. 
to 12 s.w.g., the heavier gauges being introduced where 
apertures, such as doors and windows, occur. The 
frames are built up from a number of segments joined 
together by gusset plates, the majority being made in 
six segments. Some of the segments can be seen in the 
foreground of the photograph reproduced in Fig. 5, 
on this page, which shows the fuselage under con- 
struction. The notches for the stringers were cut out 
with a conventional cropping tool and, after heat 
treatment, the segments were flanged on a 4,000-ton 
Fielding rubber-bolster press using Tufnol blocks, the 
outer, or skin-attachment, flanges being set at a 
progressive angle forward and aft of the parallel 
portion of the fuselage in order to allow for the changing 
contour. During the flanging process, it was found 
that the segments sprang out of shape, but this was 





Fie. 5. Fusetace UNpER CoNnsTRUCTION. 


corrected by wheeling. The frames were assembled 
on lofted layout boards, which, in order to save space, 
were designed so that a number of frames could be 
assembled on one board. The maximum number of 
frames on each board, however, was limited to five, 
so as to prevent overlapping. The transverse floor 
members may be considered as an integral part of 


each frame as they were riveted in position before the 
frames were placed in the assembly jig. They are of 
| atcend construction, the top and bottom booms being 
rmed from angle sections set back to back, and the 
diaphragms stiffened by vertical angles riveted in 
position. 
The frames where the front and rear spars of the 
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having front and rear angle-section booms machined 
from light alloy. These are fitted round the periphery 
of a diaphragm which, in turn, is reinforced by angle- 
and I-section extrusions riveted to its face. In order 
to allow for the wing incidence, the lower portions 
of the front- and rear-spar frames are set at an angle 
of 3} deg. to the vertical; this arrangement can be 
seen in Fig. 6. The frames at the forward and after 
end of the pressure cabin, namely, frames Nos. F 1029 
and R 680, also differ from standard. Both are con- 
structed from rolled right-angle Z-section light-alloy 
members and are, of course, fitted with diaphragms to 
form the pressure bulkheads. The forward pressure 
frame and bulkhead was made in two sections, which 
were joined together on the vertical centre line by t 
plates, the diaphragm being stiffened by light-alloy 
angles riveted in position. The after pressure bulkhead 
is larger, and the frame segments, therefore, are made 
from 14-gauge light-alloy sheets, whereas, on the 
forward bulkhead 18-gauge material was used. Special 
frames were introduced also at such stations as the 
pick-up points for the tail-plane assembly. 

Three main longerons are incorporated in the fuselage 
structure, namely, a roof longeron which extends along 
the pressurised portion of the fuselage, and two lower 
longerons which extend along the underside of the fuse- 
lage. The starboard lower longeron runs from frame 
Nos. F 870 to R 340, and the port longeron from F 870 
to R136. The top longeron is constructed from two 
channel-section members set back to back, while the 
two lower longerons are machined from DTD 3664 light- 
alloy extrusions having an acute-angle section. The 
cross-section varies, however, along the length of the 
aircraft in order to give the correct distribution of 
stress and to save weight. In addition to the main 
longerons, local longerons have been fitted. 

Because of the size and weight of the components, 
the methods employed for the assembly of the Brabazon 
were unique in several respects. Unlike most aircraft, 
which usually are built in sections and assembled 
afterwards, the Brabazon was erected as a continuous 
assembly, a system somewhat analogous to that 
employed in shipbuilding in that the frames and 
stringers formed a skeleton which afterwards was 
plated. Furthermore, the fuselage, inner-wing and 
tail-plane fixtures were arranged as a single structure ; 
for descriptive purposes, however, the three fixtures 
can be treated separately. In order to ascertain the 
most convenient form of fuselage assembly fixture, a 
full-scale section of the nose was built before the design 
of the fixture was settled. The construction of the 
nose portion ‘also gave an opportunity for studying 
the various methods of sealing the joints. As a result 
of this trial, the fixture shown diagrammatically in 
Fig. 7 was evolved. It consists basically of a series of 
sets of four channel-section stanchions lettered a in 
the diagram, which were set at right angles to the 
centre line of the aircraft. These support three cradles 
shaped to the contour of the fuselage, the upper stan- 
chions and cradles being provided with hinges so that 
the complete fixture can be dismantled with ease on 
completion of the fuselage. The cradles are con- 
structed from angle sections bent to the required 
radius and fitted with hard-wood blocks shaped to 
conform with the fore-and-aft taper of the fuselage. 
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Plates for locating the frames are bolted either to the 
supporting brackets for the cradles or to channel- 
section longitudinals which brace the structure in the 
fore-and-aft direction. Two of the locating plates can 
be seen in Fig. 7, where they are lettered 5, while a 
photograph of the fixture, taken during its erection, is 
reproduced in Fig. 4, opposite. It will be seen from 
Fig. 7 that the two outside vertical stanchions support 
an arch; this is used to locate the top main longeron 
during erection. The stanchions and arch supports, 
however, were not provided for each frame, but were 
introduced at only every fourth frame station. It 
should, perhaps, be mentioned at this juncture that 
the Bristol Aeroplane Company, rather than wait for 
the completion of the special assembly hall then being 
built, decided to’ proceed as far as possible with the 
erection of the aircraft in an existing hangar, a decision 
that saved many months of delay and one of credit 
to the company. The photographs reproduced in 
Figs. 4 and 5, therefore, were taken in the existing 
hangar and not in the new assembly hall. 

The first components to be placed in the fuselage- 
assembly jig were the frames, complete with transverse 
floor members, followed by the remainder of the floor 
structure; some of the frames can be seen in position 
in Fig. 5, — which shows the fuselage partially 
assembled. The majority of the intercostal floor 
members consist of angle sections, a line of tubular 
supporting struts being introduced both port and 
starboard between the floor structure and the bottom 
of the frames ; the struts are spaced in the fore-and-aft 
direction at every other frame. A temporary wooden 
working floor was then installed; this was located 
above the permanent floor and was supported from the 
longitudinal members of the assembly jig. This floor 
not only gave access to the upper fuselage components, 
but played an important part in bringing the frames 
and the top longeron into their correct positions and 


axis of the aircraft but does not, of course, set them 
in the vertical plane. This was accomplished by fixing 
metal plates to the temporary floor at each frame 
station and scribing on each plate the line of the 
corresponding frame, the position of the lines being 
determined from the frame-locating plates. A plumb- 
line was then suspended from the top of each frame in 
turn and the position of the frame apex adjusted until 
the plumb bob was true with the scribed line. For set- 
ting the position of the top main longeron in relation to 
the floor members, holes were drilled in the floor at each 
frame station so as to allow an internal micrometer to 
pass through the floor. The lower end of the micro- 
meter rested on the transverse floor member while the 
upper end was brought into contact with the underside 
oF. the longeron. The longeron was supported from the 
temporary floor by a bipod, to the top of which was 
fitted an ordinary screw jack the height of which was 
adjusted until the correct relationship was established. 
By this method, it proved possible to locate the longeron 
within + 0-010 in. of the plan dimension. 

After the frames and longeron had been established 
in their correct positions, the frames were linked 
together by the stringers, followed by the skin plating ; 
this was started at the two ends of the fuselage, the 
skin being riveted to both the frames and the stringers. 
In order to save weight and give the correct stress 
distribution, the thickness of the skin decreases fore 
and aft from the centre bay, Most of the skin fitted 
to the centre bay is 16 gauge, but some 14-gauge sheets 
have been used, notably at the intersection of the main 
plane. The majority of the skin fore and aft of the 
centre bay is 18 gauge, the size of the panels varying 
according to the position on the fuselage. Obviously, 
with such a large surface area to cover, several hundred 
pounds could have been added to the structure weight 
if all the sheets were supplied at the upper tolerance 
limit. Arrangements were made, therefore, with 
the suppliers, the Northern Aluminium Company, 
Limited, to manufacture sheets to exceptionally close 
tolerances, with the emphasis on keeping to the minus 
limit. On standard 18-gauge sheets, for example, the 
usual tolerances are + 0-005 in. and — 0-002 in, 
whereas those supplied for the Brabazon were manufac- 
tured to a tolerance of + 0-0025 in. and — 0-003 in. 

The frames and stringers were placed in the assembly 
jig with their skin-attachment flanges undrilled. The 
holes for the rivets were then marked out by hand and 
the flanges drilled, the holes being used subsequently 
for drilling the various sections of the skin plating. 
With the exception of the centre bay, all panels needed 
shaping to conform to the contour of the fuselage, 
and in order to save time and labour, a wooden replica 
of the bottom half of the fuselage was constructed along- 
side the frame, four wheeling machines being installed 
adjacent to the wooden replica ; where needed, small 
wooden patterns were made for other stations on the 
aircraft. The wooden cradles referred to previously 
were used for fitting the skin to the underside of the 
fuselage, the cradles supporting the skin while riveting 
proceeded. It should be emphasised, however, that the 
cradles did not bear any weight of the aircraft until 
the top main-longeron locating lamps and frame plates 


were dismantled. 
(To be continued.) 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ POLYTHENE.”—Single-screw cargo vessel, built 
by the Goole Shipbuilding and Repairing Company, 
Limited, Goole, for Messrs. Imperial Chemical Industries, 
Limited, London, S.W.1. Main dimensions: 130 ft. by 
25 ft. by 10 ft.; deadweight capacity, 370 tons. Diesel 
engine of 400 b.h.p. at 300 r.p.m., supplied by Messrs. 
Crossley Brothers, Limited, Openshaw, Manchester, 11. 
Trial trip, August 9. 


M.S. “ Srapiirry.”—Single-screw cargo vessel, built 
by the Goole Shipbuilding and Repairing Company, 
Limited, Goole, for Messrs. F. T. Everard and Sons, 
Limited, London, E.C.3. Main dimensions: 225 ft. by 
36 ft. by 16 ft. ; deadweight capacity, 1,700 tons. Diesel 
engine of 800 b.h.p. at 300 r.p.m., supplied by Messrs. 
Newbury Diesel Company, Limited, Launch, August 27. 


M.S. “ British RESOURCE.”—Single-screw tanker, 
built and engined by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, for the 
British Tanker Company, Limited, London, E.C.2. 
Main dimensions: 547 ft. (overall) by 69 ft. 6 in. by 
37 ft. 6 in. to upper deck; deadweight capacity, about 
16,000 tons on a draught of 30 ft. Six-cylinder Hawthorn- 
Doxford oil engine, to develop 6,400 b.h.p. at 115 r.p.m. 
in service, and a speed of 14 knots. Trial trip, September 
6 and 7. 

M.S. “‘ REGENT LEOPARD.”—Single-screw tanker to 
carry oil in bulk, with accommodation for twelve passen- 
gers, built by the Blythswood Shipbuilding Company, 
Limited, Scotstoun, Glasgow, for The Bowring Steamship 
Company, Limited, London, E.C.3. Main dimensions : 
460 ft. (between perpendiculars) by 61 ft. by 33 ft. 8 in. ; 
deadweight capacity, 12,300 tons. Six-cylinder sinégle- 
acting four-stroke Burmeister and Wain-type Diesel 
engine, to develop about 3,300 b.h.p., built by Messrs. 
John G. Kincaid and Company, Limited, Greenock. 
Launch, September 7. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Synthetic-Resin Bonded-Paper Sheets.—Originall 
published in 1943, specification B.S. No. 1137 covering 
synthetic-resin bonded-paper sheets for use as electrical 
insulation at power frequencies, has now been revised. 
With a view to reducing testing to a minimum, the 
revised specification has been divided into mandatory 
and optional clauses, the former being limited to the 
tests necessary for the rejection of inferior material. 
The principal alterations in the new revision are as 
follows. ree alternative types of specimen are 
permitted for the determination of the tensile strength, 
and details of suitable grips for holding the specimens 
in the testing machine are given in an appendix. 
An alternative type of electrode of tinfoil is i 
for the determination of power factor at 50 cycles per 
second. Tinfoil electrodes, attached to the specimen 
by petroleum jelly, are mandatory for power-factor 
tests at 1,000 cycles per second. A separate specifi- 
cation for synthetic-resin bonded-paper material for 
use at high frequencies is in preparation. [Price 
2s. 6d., postage included.] 

Trolley and Contact Wire for Electric Traction.— 
A second revision of B.S. No. 23 covering trolley and 
contact wire for electric traction has now been issued. 
The specification was originally published in August, 
1905, and a first revision appeared in April, 1933. 
The pee alterations made in the new edition are 
as follows. In the first place, one section wire only, 
having a cross-sectional area of 0-125 sq. in. aeniinally 
4/0 S.W.G.), has now been adopted to meet the require- 
ments of trolley-omnibus and tramway undertakings. 
The profile of this wire has been designed to give 
improved non-fouling conditions. Secondly, two sec- 
tion wires, having cross-sectional areas of 0-25 sq. in. 
and 0-3 sq. in., respectively, have been adopted for 
railway electrification. The profile of the 0-25 sq. in. 
contact wire remains unchanged, but the profile of the 
0-3 sq. in. wire has been re-designed so that the top 
lobe is similar to that of the 0-25 sq. in. wire, thus 
permitting interchangeability of fittings. Thirdly, as 
the use of bronze-alloy wire has been very much 
restricted, this alloy has been omitted from the present 
edition. In the fourth place, in order to prevent exces- 
sive variation in mechanical characteristics throughout 
any length of wire, which can give rise to unsati 
running conditions, a clause limiting the variation in 
tensile strength to 10 per cent., in any one length, has 
been inserted in the specification. Lastly, in the case 
of cadmium-copper alloy wire, the minimum cadmium 
content is now specified at 0-7 per cent. This has 
necessitated a slight reduction in the conductivity of 
the wire. [Price 2s., postage included.] 


BOOKS RECEIVED. 


Universal Directory of Railway Officials and Railway 
Year Book, 1949-1950. Compiled under the direction 
of the editor of The Railway Gazette. The Directory 
Publishing Company, Limited, 33, Tothill-street, West- 
minster, London, S.W.1. [Price 30s.] 

Werkstattkniffe. No. 7. Schleifen. By Drrt.-Ina. 
GrorG BRUHEIM. Fourth revised edition. [Price 
3-60 D.M.] No. 14. Winke fiir den Modellbauer. By 
RicHaRD Liéwer. [Price 3-50 D.M.] Carl Hanser- 
Verlag L d-Eck-St 7, Munich 27, Germany. 

Renfrew— Airport for Glasgow. By the MINISTRY OF 
CIVIL AVIATION and CENTRAL OFFICE OF INFORMATION. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. net.) 

Strength of Materials. .4 Textbook Covering the Syllabuses 
of the B.Sc. (Eng.), I.C.E., and I.Mech.E. Examina- 
tions in this Subject. By Dr. F. V. WARNOCK. Seventh 
edition. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
[Price 15s. net.] 

Hot-Tinning. By W.E. HOARE. Tin Research Institute, 
Fraser-road, Greenford, Middlesex. [Gratis.) 

The British Shipbuilding Research Association. Reports. 
No. 6. Standard N lature and Symbols for Hull 
and Propeller, Resistance and Propulsion, Strength and 
Vibration. No. 7. Code of Procedure for Measured 
Mile Trials. No. 13. Survey of Existing Information 
on Steam Pipes for Advanced Steam Conditions. Part I. 
Provision for Thermal Expansion and Estimation of 
Stresses, by A. W. JONES. Including Information on the 
Grapho-Analytical Method of Stress Analysis and 
Admiralty Practice, by LIEUTENANT (E) P. T. Hoaru. 
No. 14. Alternating Current for Ships’ Auziliaries. 
By J. E. Ricnarps. No. 21. A Short Survey of 
Information Regarding the Significance of the Impact 
Test. By A. M. BaxTER. No. 23. Bibliography on 
Strength of Ships. By H. TORRANCE. Offices of the 
Association. 5, Chesterfield-gardens, Curzon-street, 
London. W.1. [Gratis.] 

University of Ilinois. Engineering Experiment Station. 
Bulletin Series No. 380. Fatigue Strength of Fillet- 
Weld, Plug-Weld, and Slot-Weld Joinis Connecting 
Steel Structural Members. By PROFESSOR WILBUR M. 
WILSON, PROFESSOR WILLIAM H. MuNSE, and PrRo- 
FESSOR WALTER H. BRUCKNER. Under the Super- 
vision of the Committee on Fatigue Testing (Structural) 
of the Welding Research Council, The Engineering 
Foundation. [Price 60 cents.] No. 381. An Investi- 
gation of the Backwater Profile for Steady Flow in 

atic Ch L. A Report of an Investigation 
Conducted in Co-operation with The United States 
Geological Survey. By PrRoressoR WALLACE M. 
LANSFORD and WILLIAM D. MITCHELL. [Price 50 
cents.) No. 383. Progress Report on Performance 
of a One-Pipe Steam System in the I=B=R Research 
Home. A Report of an Investigation Conducted in 
Co-operation with the Institute of Boiler and Radiator 
Manufacturers. [Price 25 cents.) The Director, 
Engineering Experiment Station, University of Illinois, 
Urbana, Illinois, U.S.A. 

Chemie fiir Bauingenieure und Architekten. By Dr. 
RICHARD GROUN. Fourth revised edition. Springer- 
Verlag, Jebensstrasse 1, Berlin-Charlottenburg 2, 
Germany. [Price 16-50 D.M.] 

Massachusetis Institute of Tech 
tion. I tion and I in the Radio Industry. 
By W. RUPERT MACLAURIN. The Macmillan Company, 
60, Fifth-avenue, New York, U.S.A. [Price 6 dols.] 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 30s. net.] 

Massachusetts Institute of Technology. Studies of Innova- 
tion. The Electric-Lamp Industry: Technological 
Change and Economical Development from 1800 to 1947. 
By ARTHUR J. BRIGHT, JR. The Macmillan Company, 
60, Fifth-avenue, New York, U.S.A. [Price 7-50 dols.] 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 37s. 6d. net.] 

Department of Scientific and Industrial Research and Fire 
Offices’ Committee. Report of the Fire Research Board 
with the Report of the Director of Fire Research for the 
Year 1948. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. net.) 

Department of Scientific and Industrial Research. Road 
Research. Road Note No.7. Filling and Sealing 
Materials for Joints in Concrete Roads. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
4d. net.) 

Federation of British Industries. Report of the Conference 
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PERSONAL. 


Mr. W. R. S. STEPHENSON has been nominated to be 
the next Master of the Cutlers’ Company of Hallamshire, 
Sheffield. _ He will be installed as the 310th Master Cutler, 
in succession to LIEUT.-COLONEL J. P. Hunt, on October 4, 
Mr. G. M. FLATHER has been nominated Junior Warden 
and Mr. G. Winton LEE, Senior Warden. 


Mr. J. B. THomson, M.I.C.E., M.I.Mun.E., A.R.1.C.S., 
Borough Engineer and Surveyor, Southall, Middlesex, 
is to take office as chairman of the Council of the 
Royal Sanitary Institute, 90, Buckingham Palace-road, 
London, 8.W.1, on October 1. 

THE ENGLISH ELECTRIC COMPANY, LIMITED, Queen's 
House, Kingsway, London, W.C.2, announce that, as 
from September 1, Mr. A. FRISWELL has been appointed 
general manager, steam-turbine division, and that Mr. 
A. C. Hirst, B.So. (Lond.), M.I.Mech.E., M.I.E.E., has 
been made sales manager of the steam-turbine division, 
in place of Mr. R. H. Howatr, who has left the company’s 
service to take another appointment. Mr. M. H. Siup- 
son, D.L.C., B.Sc. (Lond.), A.M.I.Mech.E., A.M.I.E.E., 
has been appointed chief sales engineer, steam-turbine 
division, in succession to Mr. A. C. Hirst. 


Mr. E. W. CoLBeck, M.A., F.1.M., metallurgical and 
research director of Messrs. Hadfields Limited, East 
Hecla Works, Sheffield, has accepted an invitation to 
become a member of the Inter-Service Metallurgical 
Research Council. 


Mr. E. W. Parry, assistant engineering manager to 
Messrs. Cammell Laird and Company, Limited, Birken- 
head, has been made a local director, and Mr. P. B. 
HUNTER has been appointed to the board. 

Mr. J. F. Wison, ship-repair manager, Palmers 
Hebburn Company, Limited, at Hebburn and Jarrow 
since 1939, has retired. 


Mr. J. B. Smrru, M.B.E., has relinquished his position 
as general production manager of the Brockhouse 
Organisation to take up the duties of general manager 
to B.M.S., Limited, Johannesburg, and its associated 
factories in South Africa. The control of these companies 
was acquired for J. Brockhouse and Company, Limited, 
West Bromwich, by Mr. J. L. BROCKHOUSE, M.A., on 
the occasion of a recent visit to the Union. 


Mr. James HaMMOND, who has been in the service 
of Oldham and Son, Limited, storage-battery makers. 
Denton, Manchester, for 50 years, for the last 29 as 
secretary, has retired and has been succeeded by Mr. J. 
FLATLEY, F.C.1LS., hitherto assistant secretary. Mr. 
Hammond, who was elected to the board in 1946, is 
continuing to serve as a director. 


Mr. H. TWEEDALE retired, on September 5, from the 
position of divisional accountant to the North Western 
Division, British Electricity Authority, Wilmslow-road, 
East Didsbury, Manchester, 20, and has been succeeded 
by Mr. A. MCLELLAN. Mr. Tweedale is continuing in 
the service, for the time being, to carry out specialist 
duties. 


THE COLLEGE OF ESTATE MANAGEMENT has moved its 
headquarters to St. Albans-grove, Kensington, London, 
W.8. (Telephone: WEStern 1546-7-8.) The Building 
and Quantities Department, however, is remaining at 
219, Knightsbridge, S.W.7, and the Postal Section at 11, 
Store-street, W.C.1. 


The Import Licensing Department of the BoaRD OF 
TRADE will be transferred, as from Monday, September 19, 
from their present premises in Regent-street to Romney 
House, Tufton-street, London, S.W.1. (Telephone: 
ABBey 9080.) The Machinery Section of the Depart- 
ment, however, and the staff dealing with European 
Recovery Programme claims, will remain at 91, Victoria- 
street, S.W.1. (Telephone: ABBey 7898.) 


Messrs. GEORGE KENT, LIMITED, Luton, Bedfordshire, 
have opened a showroom for their various engineering 
products at 190-201, High Holborn, London, W.C.1. 
These premises previously were reserved for domestic 
machinery and labour-saving devices which still are han- 
dled by the company but.are no longer its main products. 





THE LATE Mr. H. L. H. Horman-Hunt.—We note with 
regret the death, on September 10, of Mr. Hilary Lush- 
ington Holman Holman-Hunt, C.1.E., chief engineer and 
secretary to the Government of Burma from 1923 to 
1933, when he retired. Born on May 6, 1879, the son 
of William Holman-Hunt, O.M., the pre-Raphaelite 
painter, he was educated at Temple Grove, and Welling- 
ton College. He was subsequently trained at Heidelberg. 
also in France and at the Royal Indian Engineering 
College at Coopers Hill. He entered the Public Works 
Department, Burma, in 1901, and served that country 
for the remainder of his career, except during the 1914-18 
war, when, as an officer in the Indian Army Reserve of 
Officers, he was attached to the Indian Labour Corps, 
and was mentioned in dispatches in 1919. He was 
awarded the Royal Humane Society’s Medal in 1907. 
Mr. Holman-Hunt was a member of the Institutions of 
Civil and Mechanical Engineers. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel.—Considerable gratification is apparent 
among makers regarding both the current trend of 
operations and the prospects for the next few months. 
Outputs are being maintained at a high level, and with 
the raw-material supply position continuing to give 
reasonable assurance of meeting all requirements, there 
will be considerable surprise if the record-breaking out- 
puts attained before the holidays are not repeated. The 
scrap situation is improved out of all recognition from 
the sombre outlook of about 12 months ago, and sub- 
stantial reserves have been accumulated as a buffer 
against possible delivery difficulties during the winter. 
The demand for steel shows a reduction in sympathy 
with the contraction experienced more or less generally, 
but orders still suffice to maintain capacity operations 
in most branches of the industry. Contracts for new 
ships are scarcer and shipbuilders’ requirements tend to 
ease, but heavy-plate mills, nevertheless, are fully 
engaged on bookings for the shipyards, power-plant 
producers, and locomotive and wagon builders. Large 
sections and bars are easier. Re-rollers would welcome 
increased orders, light sections and small bars being 
quiet. Sheet-makers are heavily booked forward for 
both home and export delivery. 


Scottish Coal.—The supply position was notably 
affected last week by the unusually high temperatures 
prevailing. For the first time for a lengthy period the 
quantity of coal available was, if anything, slightly in 
excess of the immediate requirements of inland consumers, 
The change was perhaps most marked in round coal. 
A few weeks of colder weather, however, would probably 
transform the position. Industrial fuel has also been 
adequate, ample dross being available to offset the 
shortage of graded sorts. Electricity works have been 
in receipt of heavy tonnages of smalls. Railways have 
found the switch of round coal to them a problem, and 
delays in turning round wagons have resulted. Some 
gasworks have experienced a similar difficulty, particu- 
larly as retort throughputs have been limited by a slack 
demand for gas. The shipping section benefited from 
the easier trend, and cargoes have been more readily 
obtained. Exports of 114,473 tons during August 
exceeded those in July by 51,870 tons. The total coal 
shipments from Glasgow Harbour during the year, to 
the end of June last, amounted to 561,000 tons, namely, 
50,000 tons more than ir the preceding 12 months. 





NOTES FROM THE SOUTH-WEST. 

CARDIFF, Wednesday. 
The Welsh Coal Trade.—The chief topic of interest on 
the Welsh steam-coal market during the past week has 
been concerned with the attitude of certain foreign 
buyers in turning down early deliveries. The reason 
given for this action was the possibility of the devalua- 
tion of the pound. The Italian market was one of those 
chiefly concerned and although several orders were circu- 
lating on the outward-freight market, little business 
could be concluded. From now until next June Italy 
has contracted to take about 500,000 tons of Welsh coals 
and a good activity is expected for this direction in the 
months ahead. Some Dutch buyers have also turned 
down prompt supplies. French shipments were being 
steadily made, last week, and the programme was well 
up to date while a steady rate of delivery was maintained 
for South America. Cargoes continued to go forward to 
Spain on recent lines and it was indicated that there 
might be more activity in this market shortly. Portu- 
guese trade continued to be held within check. The 
home market continues brisk, and bookings for this 
direction are still ample to assure a ready outlet for a 
large part of production. Patent fuel receives keen 

support and cokes are usually well sold ahead and firm. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, tin-plates were in good demand and sales to 
home consumers, for Period 4, showed a further increase. 
On the other hand, the export demand was weaker and 
much less business was done. Steel sheets continue 


to be a strong feature and iron and steel scrap is again in 
demand. 





BRITISH SCIENTIST TO RECEIVE FINNISH HonouR.— 
Sir Alfred Egerton, F.R.S., Professor of Chemical 
Engineering at the Imperial College of Science, London, 
and chairman of the British Council’s Science Advisory 
Committee, and Lady Egerton, are now in Helsinki to 
attend the centenary celebrations of the Finnish Institute 
of Technology. He is to receive an honorary degree 
of the Institute and to deliver a lecture on British 
researches on combustion. Lady Egerton is to lecture 
to women’s voluntary organisations in Helsinki and 
later in Stockholm, where Sir Alfred is meeting Swedish 
scientists. Their visit ends on September 20. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—There is no slackening of steel produc- 
tion ; on the contrary, there is a tendency towards 
bigger output as improved facilities are brought into use. 
Gradually in some qualities the supply position has 
improved to the extent of permitting fuller production 
of some steel products the make of which had been 
retarded for some time owing to the lack of sufficient 
supplies of high-carbon steels. New business is not so 
readily obtained as it was, and some steelmakers point 
to growing competition, notably from Germany. Heavy 
engineering departments, however, report a very healthy 
state of order books. There is no easing of the demand 
for heavy forgings and castings for power plants, and 
marine and general engineering work. Iron foundries 
specialising in air-conditioning and heating equipment 
are doing very well. Light iron foundries have reserve 
capacity in their builders’ ironwork section. Ample 
supplies of gas are available through the South Yorkshire 
Gas Grid, and there are unrestricted supplies of electricity 
for electric-arc and high-frequency induction furnaces. 
Those steelmakers dependent upon fuel oil continue to 
accelerate the production of steel and are receiving 
adequate supplies of oil. Makers of edge tools for numer- 
ous industries report well-filled order books and a main- 
tenance of export business with the Dominions. The 
engineers’ small-tools industry continues to be extremely 
busy. 

South Yorkshire Coal Trade.—Coal production is 
returning to normal following some loss of production 
during Doncaster race week. Locomotive hards are in 
improving supply, and industrial steams are sufficient to 
cover all current requirements. Coking coal is eagerly 
sought to enable coke-works to meet incessant calls for 
furnace coke. Gas coal is in good request, and the 
make of gas coke is more than sufficient to meet the 
current demand. Export inquiry is expanding but, 
for the present, the best qualities asked for are not in 
sufficient supply. Coal for coastwise traffic is in fuller 
request. Patent fuel is active and firm. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The economic crisis is attracting 
increased attention, but both home and overseas cus- 
tomers for iron and steel are still in the market with 
substantial orders to place. A much-needed appreciable 
improvement in the output of Cleveland ironstone cannot 
yet be reported, but other native raw materials are in 
fairly satisfactory supply and the import of good quality 
foreign ore is maintained on a considerable scale. The 
large distributable parcels of iron and steel scrap are 
readily taken up for early consumption at works where 
considerably greater quantities of common foundry iron 
than are now obtainable usually move into use. North- 
East Coast foundries are not getting nearly enough iron 
for their current needs and most of their supplies have 
to be brought by rail from the Midlands. Manufacturers 
of semi-finished and finished commodities are now keeping 
fairly well abreast of their commitments. Steel plants 
are again approaching capacity productions and the 
cancellations of uncompleted contracts at the end of the 
month promise to be lighter than at one time seemed 
likely. 

Foundry and Basic Iron.—The supply of ordinary 
foundry pig iron is still inadequate for current needs 
and the shortage continues to compel considerable con- 
sumption of cast-iron scrap, the supply of which, fortun- 
ately, is substantial North East Coast founders expect 
to receive increased deliveries of Midland brands of iron. 
The production of basic iron is absorbed by makers’ 
own consuming plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
output of East Coast hematite does not cope fully with 
the needs of regular users, but some expansion of produc- 
tion in the near future is confidently looked for. There 
is a ready sale for the distributable tonnages of low- and 
medium-phosphorus grades of iron. Refined-iron manu- 
facturers are able to execute their clients’ orders satis- 
factorily. 

Manufactured Iron and Steel.—Orders in hand for semi- 
finished and finished iron keep producers actively engaged, 
and the inquiries circulating indicate that customers still 
have considerable purchases to make to cover their 
prospective requirements. Steel production is heavy and 
expanding but while the demand for most descriptions 
of material still exceeds the supply, stocks of some com- 
modities are accumulating and the suggestion is heard 
that some relaxation of controls might now be possible. 
Large deliveries of home-produced and imported steel 
semies maintain re-rolling mills busily employed. Ship- 
builders, engineers, power-plant producers and firms 
providing all descriptions of railway equipment are using 
impressive tonnages of finished steel. Several finished- 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Central London Branch: Monday, September 19, 
6.50 p.m., St. Ermin’s Hotel, Caxton-street, S.W.1. 
“Private Generation of Electricity versus Purchase 
from Public Supply,” by Mr. T. P. Wakeford. Stockport 
Branch: Monday September 19, 8 p.m., White Lion 
Hotel, Underbank, Stockport. Film on “ Electronics 
in Industry.” 


INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, September 21, 7 p.m., James 
Watt Memorial Institute, Birmingham. “ Industrial 
Incentives,”” by Mr. R. N. Marland. Liverpool Section : 
Wednesday, September 21, 7.15 p.m., Radiant House, 
Bold-street, Liverpool. ‘‘ Electronic Control of Machine 
Tools and Self-Regulating Systems,” by Mr. 8S. A. 
Ghalib. Coventry Graduate Section: Wednesday, Sep- 
tember 21, 7.15 p.m., Coventry Technical College, The 
Butts, Coventry. ‘“‘ The Production of Screw Threads,”’ 
by Mr. A. E. Fisher. Manchester Section : Wednesday, 
September 28, 7.15 p.m., Mechanics Institute, Crewe. 
“ Developments in Oxygen Cutting,” by Mr. E. Ryalls. 
Shrewsbury Sub-Section: Wednesday, September 28, 
7.30 p.m., Technical College, Shrewsbury. ‘ Electronics 
in Industry,” by Mr. A. 8. Dale. Yorkshire Graduate 
Section: Saturday, October 1, 2.30 p.m., Technical 
College, Bradford. Film on “ Mechanical Handling.” 


INCORPORATED PLANT ENGINEERS.—London Branch : 
Wednesday, September 21, 7 p.m., Royal Society of 
Arts, John Adam-street, W.C.2. Film on “ Atomic 
Physics.”” Western Branch: Wednesday, September 21, 
7.15 p.m., Grand Hotel, Bristol. ‘‘ Administration and 
the Works Engineer,” by Mr. W. D. Austin. South 
Yorkshire Branch. Joint meeting with INSTITUTION OF 
WorKS MaNnaGeErRS: Thursday, September 22, 7.30 p.m., 
Grand Hotel, Sheffield. Address by Mr. D. Lacy- 
Hulbert. West and East Yorkshire Branch: Monday, 
September 26, 7.30 p.m., Mines Department, The 
University, Leeds. Lecture and film on “ Modern 
Lighting,” by E. L.M.A. (Great Britain), Limited. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—London 
Section: Thursday, September 22, 6.30 p.m., London 
School of Hygiene and Tropical Medicine, Keppel-street, 
W.C.1. Anrual Meeting, followed by an address by 
Mr. C. O. Stanley. 


INSTITUTION OF MECHANICAL ENGINEERS.—Industrial 
Administration and Engineering Production Group, in 
conjunction with the North-Western Branch: Thursday, 
September 22, 6.45 p.m., Engineers’ Club, Albert-square, 
Manchester. Discussion on ‘‘Some Experiments on 
Tapping,” to be opened by Mr. E. Johnson. Western 
Branch: Wednesday, September 28, 7 p.m., Merchant 
Venturers’ Technical College, Bristol. “ Portishead 
Generating Station—The Influence of Maintenance on 
Development,” by Mr. S. M. Hill. AUTOMOBILE DIVISION : 
North-Western Centre: Wednesday, September 21, 
7.15 p.m., Engineers’ Club, Albert-square, Manchester. 
“Sulphur in Diesel Fuels,” by Prof. Ir. J. J. Broeze 
and Mr. A. Wilson. 


INSTITUTE OF INDUSTRIAL SUPERVISORS.—West Brom- 
wich Section: Tuesday, September 27, 7.30 p.m., 
Grammar School, West Bromwich. Inaugural meeting, 
address by Mr. R. S. Bache. London Central Section: 
Wednesday, September 28, 7.30 p.m., The Polytechnic, 
Regent-street, W.1. Inaugural meeting, addresses by 
Sir Percy H. Mills and Mr. J. C. Jones. Dudley and 
District Section: Thursday, September 29, 7.30 p.m., 
Dudley and Staffordshire Technical College, The Broad- 
way, Dudley. Inaugural meeting, addresses by Mr. 
A. W. Gibson and Mr. C. C. Bianchi. 

LONDON ASSOCIATION OF ENGINEERS.—Saturday, 
October 1, 6.30 p.m., St. Ermin’s Hotel, Caxton-street, 
S.W.1. “ Printing,” by Mr. Gilbert Smith. 





BUILDING WEEK AT TUNBRIDGE WELIS.—An exhibi- 
tion of machines and equipment, used in building work, 
models and plans of the new town of Crawley, layout 
plans and house designs of several local authorities, a 
number of other displays and a series of daily lectures 
constitute the “‘ Building Week ” to be held in the Civic 
Centre, Tunbridge Wells, from September 19 to 24. It 
has been sponsored by the Ministry of Works, in associa- 
tion with professional and industrial organisations, tech- 
nical colleges and other bodies. The function will be 
opened at 11.30 a.m. on Monday, September 19, by the 
Rt. Hon. C. W. Key, M.P., Minister of Works, and the 
daily lecturers will include Sir Lancelot Keay, Dr. T. W. 
Parker, Sir Thomas P. Bennett, and Sir Harold Emmer- 
son. Further particulars may be obtained from the 
Building Week Officer, Ministry of Works, Hawkenbury, 





steel commodities continue in strong request for export. 





Tunbridge Wells, Kent. 
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EXHIBITS AT THE ENGINEERING AND MARINE EXHIBITION. 
(For Description, see Page 271.) 


























Fie. 113. Automatic WELDING Heap; MeEtro- Fig. 114. Two-Ton MAnrPuLatTor; METROPOLITAN-VICKERS ELECTRICAL CoMPANY, 
POLITAN-VICKERS ELECTRICAL COMPANY, LIMITED. LIMITED. 























Fire. 115. 140-KV X-Ray Untt; Newton Vicror, Fic. 116. 150-MVA 3-3-KV Arm-Breax Crrcurr BREAKER; Messrs. A. 
LIMITED. REYROLLE aND ComMPANY, LIMITED. 
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BRIDGING THE GAP. 


‘** No man, nor any body of men, is good enough, 
or wise enough, to dispense with the tonic of criti- 
cism.” So wrote the greatest of the Huxleys in 
1887, protesting against pulpit pronouncements not 
open to discussion. Science, since then, has greatly 
advanced, and it is noteworthy that the last two 
presidential addresses of the British Association’s 
Section G (Engineering) have been open to free 
debate. Last week at Newcastle, Sir Arthur 
Fleming spoke for an hour without a note, in deliver- 
ing the address which we printed on page 264, ante. 
The discussion was opened by Sir Andrew McCance, 
and after Sir Claude Gibb and others had taken 
part, it was wound up by Sir Henry T. Tizard. 
Delivered with charming and disarming modesty, 
Sir Arthur’s address was heard with rapt attention, 
but few of his audience can have realised that they 
were listening to one of the few men in the world— 
probably less than a hundred—who are responsible 
for the spending of a million pounds a year on 
research. Yet by those familiar with modern 
expense ratios and the balance sheets of big business, 
this immense figure is easily deduced. Few of his 
audience would realise that under the direction of 
such a leader there may be as many highly qualified 
scientists and technicians as are to be found in the 
corresponding faculties of all the universities in the 
kingdom. To make clear what the spending of a 
million pounds a year on research may mean, we 
may recall that about 30 years ago, when Lloyd 
George launched the Department of Scientific and 
Industrial Research, with the ‘million fund,” 
many people regarded it as another of the wizard’s 
visions. But after ten years of application in 
various directions, including nearly 20 research 
associations, the million pounds was not used up. 

One great merit of Sir Arthur Fleming’s address 
lies in the pregnant metaphor used as a title. Few 
who discussed it seemed to ask themselves what it 
meant. Generally, it seemed to be assumed that 
the ‘‘gap” is the time interval between the birth 
of a scientific idea and the industria] realisation 





of the idea on a manufacturing basis. Sir Andrew 








McCance, in a very realistic statement, gave the 
familiar and long-accepted period of 25 years, as 
the usual “‘ gap,” citing the Parsons turbine and the 


269| electric lamp as examples. Sir Henry Tizard, 


in a brilliant speech, seized on this statement and 
adduced the Whittle jet and the Haber nitrogen 
process as counter examples. Both points of view 
need a good deal of caution and adjustment. In 
the board room a quarter of a century is a handy, 
feasible, vista on which to base financial provisions. 
It is a fair expectation of life for a sound man in his 
prime. It may come to be the accepted time- 
interval between successive world wars ; the period 
needed for a new generation to grow up oblivious 
of the horrors suffered in previous conflicts. The 
25-year period seems to fit a good many important 
developments in which patents have been granted 
extensions, as, for example, those of Watt, Parsons 
and Michell, but it is only a loose and easy figure 
which needs a tolerance of a few years either way. 
On the other hand, the examples chosen by Sir 
Henry Tizard are not invulnerable. The use of 
atmospheric nitrogen and jet propulsion are not 
such recent proposals as some may have gathered 
from the debate. Assuming that Sir William 
Crookes first ‘‘ aired ’ the one in 1898 and that the 
Whittle ideas began in 1928 there are 16 or 17 
years in both cases before fruition can be claimed. 
But these two inventions and the still more spectacu- 
lar atomic bomb did not ripen under peace-time 
suns. All three were forced in the hot-house of 
war, which is immune from economic laws. 

The assumption that the gap between science and 
industry is merely a time interval is open to question. 
It ignores the elementary ideas of causation. In 
the world of industry it is not uncommon to hear 
so-called leaders assert that they judge men by 
results. But what is a result? In matters of 
production—so many units per week--a result is 
tangible, but when we come to deal with matters 
of science and research the idea of a result is not so 
easily caught. Often what may be regarded as a 
result to-day becomes to-morrow the cause of a 
new and unexpected series of results and causes. As 
Aldous Huxley once put it: “‘ It often happens that 
the unintended effects of an action are much more 
considerable than the intended ones.” 

What is this “‘ gap’ between science and indus- 
try? Isitsomethingnew? Has it always existed ? 
What caused it? When did it start? Is the gap 
getting wider? Is the gap a mere discontinuity 
as between two numbers or two letters of the alpha- 
bet? Is it more profitable to regard the gap 
between science and industry as a schism of the 
kind that is usually accepted between intellect and 
will, between thought and action, between the mind 
and the body? Is it a good thing that the gap 
between science and industry should be bridged or 
reduced ? Would it not be a good thing to widen 
this gap? Just as many people have been coun- 
selled to wait and deliberate before speech or other 
action, would it not be a wholesome consummation 
to have all scientific ideas or inventions put in 
quarantine until the needs and welfare of mankind 
were obviously calling for this or that device ? 

When did the gap between science and industry 
first become manifest ? In 1500, Jack o’ Newbury 
had a cloth factory with about 1,000 hands, includ- 
ing fullers and dyers. Wm. Stumpe had an organisa- 
tion even greater at Malmesbury and Osney. No 
one at that time observed a gap between science 
and industry—neither word was then used in its 
present sense. Perhaps the story begins a century 
later at Gorhambury, near St. Albans, where Francis 
Bacon was writing his Advancement of Learning 
and discovering the method of scientific discovery. 
He declared that he had ‘taken all knowledge for 
his province.” His modern disciples have turned 
their backs on him and take as little knowledge as 
may serve their turn to get a diploma or to gain 
admission to a narrowly closed society of specialists. 
In America, according to an eminent authority, it 
is possible to take a bachelor’s degree in jig and 
tool design. Leaving Bacon with his last and fatal 
experiment near the Watling Street we may proceed 
in about 175 years to meet “Mr. Belton at a place 
which he has called Soho about two miles from 
Birmingham . . . I shall never forget Mr. Bolton’s 
expression to me ‘I sell here, Sir, what all the 
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world desires to have—Power.’” This quotation 
is taken from Boswell and seems not to have been 
noticed before by engineers, perhaps because of the 
spelling of Boulton’s name. Boswell says that 
‘* Bolton ” had 700 people in his works, he regarded 
him as “‘an iron chieftain’ and ‘“‘a father to his 
tribe.” There was no gap here between science 
and industry ; James Watt, a great scientific genius 
and Mathew Boulton, an outstanding industrialist, 
were bosom friends. Boulton spurred Watt to 
make his rotary engine for mill power and Watt 
devised his horse-power so that Boulton could charge 
their royalties. Seventy years later we have 
Joseph Whitworth, the father of precision science 
in engineering, who stipulated three years of work- 
shop employment for his Whitworth scholars. So 
we may continue with Armstrong, Bessemer, Fer- 
ranti and countless others. These men were scientific 
and of the essence of industry. The union of science 
and industry was not confined to engineering. 
Agriculture made enormous advances. In the 
Eighteenth Century, oxen more than doubled, and 
sheep trebled in weight ; the medieval sheep was 
the size of a rabbit. Townshend’s four-year course, 
Bakewell and Colling’s new methods of cattle breed- 
ing, Jethro Tull’s improvements in sowing, and 
Coke of Holkham’s treatment of soil are all con- 
spicuous examples of applied science. Coke, later 
Earl of Leicester, spent moe than half a million 
sterling on the improvement of his estates. These 
developments constitute the so-called agrarian 
revolution and they made English farming a model 
for the rest of the world to copy. 

At the beginning of the present century a marked 
change began to creep into industry. This was due 
largely to American influence and to the work of 
F. W. Taylor, an American genius whose influence 
on manufacture was as great as that of Parsons on 
power generation. Taylor’s personal achievements 
were considerable, but the effects of his example have 
been incalculable. Born at the right time and place, 
he brought the spirit of science into the workshops. 
By the introduction of scientific management he 
inculcated the habit of objective, disinterested, 
fact-finding efficiency. He sent himself letters of 
rebuke and even fined himself, to the great glee of 
his subordinates. By his devotion to measurement, 
record, and impersonal scientific methods, Taylor 
did more to bridge the gap between science and 
industry than any other man of his time. His work 
and methods are familiar to many engineers in this 
country, but for some subtle reason they have not 
been absorbed so thoroughly as in America. Many 
have tried to copy Taylor’s methods and found that 
they were not applicable under British conditions. 
But the essential part of Taylorism, which is applic- 
able in every country, is the spirit of science. To 
copy assembly lines and belt conveyors is quite a 
different thing and may be quite unsuitable in a 
country of old craft traditions. 

One of Taylor’s contributions was functional 
organisation and this arose very naturally out of 
the problems of his time—a rapidly expanding 
economy with large numbers of unskilled workers. 
From his functional organisation arose an exaggera- 
tion of the principle of division of labour, so easy 
to apply, so rapidly effective in results and so 
degrading and corrupting to the employees. Mr. 
Henry Ford proudly stated some years ago that a 
man in the Ford plant put the nuts on the wheel 
studs but did not turn them; the next man with a 
power brace screwed them up. With this kind of 
occupation scattered throughout an organisation it 
would be surprising if there were no gaps. Sir 
Andrew McCance very rightly condemned the undue 
division of labour, but the evil was well known to 
Bacon and even to Seneca, as was pointed out in a 
letter to The Times on August 4, 1948. 

In his closing remarks, Sir Henry Tizard em- 
phasised the need for applications rather than new 
results from pure science. This is certainly better 
than the policy of the D.S.LR. between 1920 and 
1930 when all research associations were exhorted 
to pursue ‘‘ fundamental research.” It is doubtful 
if such advice goes to the heart of the matter. The 

scientific spirit is one of the great bridges in all 
human activity and it is sorely needed not only by 
industrial employees but also by what are. known 
as “‘ scientific workers.” 


THE FIRST YEAR OF BRITISH 
TRANSPORT. 


THE first annual report* of the British Transport 
Commission, which was published in the form of a 
House of Commons Paper on Wednesday, Septem- 
ber 7, is a portentous document of 175 pages of text 
and 250 pages of financial and statistical tables. 
It will, therefore, by its very bulk, relieve the anxiety 
of those who feared that accounts of the operation 
of our present nationalised industries would be so 
dessicated as to render it impossible for any useful 
deductions regarding progress towards success or 
failure to be drawn from them. Indeed, as far as 
quantity at least is concerned, there is too much 
rather than too littlo in this report. One result has 
been that our contemporaries generally have been 
content to reproduce a few of the more salient facts 
and figures ; and have confined their comments to 
an expression of satisfaction that the position dis- 
closed is not worse. 

We do not propose to follow this example beyond 
saying that the debit balance for the year under 
review was rather more than 4,700,000/., a figure 
which is “‘only a small percentage of the gross 
traffic and other receipts ; and in ordinary circum- 
stances . . . might not cause undue concern.” As 
this figure was very much less than that given in a 
number of authoritative forecasts it has naturally 
been favourably received by many of the financial 
experts. It is clear on further examination, how- 
ever, that, had strict accounting practice been 
followed, the correct figure would have been over 
13,000,0007. It is only fair to point out that the 
Commission themselves call attention to this discre- 
pancy ; and further remark that the results of the 
present year’s operations are likely to be worse 
rather than better. It is therefore clear that British 
Transport is not yet launched on that voyage of 
prosperity which its supporters prophesied would 
result from nationalisation. Indeed much time will 
elapse, and many difficult problems will have to be 
solved, before it can fairly be said to have done so. 

The report does not, however, deal entirely with 
financial matters, as will be seen from the summary 
of its contents, which we publish on page 277 of this 
issue. As is correctly recorded, it is the general 
duty of the Commission ‘‘to secure the provision 
of an efficient, adequate, economical and properly 
integrated system of public inland transport and 
port facilities.” Such an integrated system must 
also be reliable, speedy and safe in order to provide 
for “‘ the needs of the public, agriculture, commerce 
and industry.” A separate chapter is devoted to 
the “‘ progress ” which has been made towards the 
attainment of these objectives, but a perusal of 
it leads to the uneasy feeling that little has been 
done beyond the “‘ planning”; and in some direc- 
tions even this stage has hardly been entered. For 
instance, a short section towards the middle of the 
report, which deals with new works on the main 
line railways, indicates clearly, as is perhaps inevit- 
able, that. the greater part of these activities had 
already been included in the programmes of the 
former companies. Details of ‘‘new projects of a 
major character,” which have been approved by 
the Railway Executive are, it is true, also given. 
When we read, however, that these ‘‘ major pro- 
jects” include the provision of a new telephone 
exchange at Swindon and the improvement of the 
crane equipment at Fishguard Harbour we may 
perhaps be forgiven if we experience a certain feeling 
of anti-climax. It is surely not by such ‘“ major 
works” that the claims of its supporters that 
nationalisation will result in better transport 
throughout the country, will be justified. 

It is rather more satisfactory to learn from the 
relevant sections of the report that the number of 
locomotives under or awaiting repair was steadily 
reduced during 1948, but not so satisfactory that 
the programme of new locomotive construction had 
to be cut owing to shortage of material. Efforts to 
improve the coaching-stock and waggon positions 
were also to some extent frustrated by Government 
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policy; and the same applies to permanent way 
renewals in which branch the hopes of overtaking the 
arrears, which had accumulated during the war 
years, were disappointed. As it is, the rate of 
renewal is running at about 2,000 miles a year, 
which means that it will still be some time before 
pre-war conditions are universally recovered. 

The attainment and overtaking of these condi- 
tions must, of course, be the constant endeavour of 
the engineering staffs of British Transport. This 
fact, they realise ; and they are to be congratulated 
on having done so much in the face of difficulties, 
which are not solely of a material kind. The ulti. 
mate object of their endeavours must be, however, 
to provide a service which will enable traffic of all 
kinds to be moved from its place of origin to its 
destination with the least possible delay. ‘This 
being so, ‘it is little surprising that, although it is 
reported that ‘“‘the year’s working was charac- 
terised by an improvement in operating efficiency 
in almost all the ways in which it is normally 
measured,” that the information given to support 
this statement should be so meagre. 

For while special mention is made of the improve- 
ments introduced in the services to the Continent, 
and particular stress is laid on the fact that 7,500 
special trains were run during the year, and that 
the facilities for cheap travel were extended, little 
is said about any policy that may be under con- 
sideration to counteract the falling off in passenger 
traffic. It is true that the report is ostensibly a 
record of work done and not a forecast of future 
activities. At the same time, the past and future 
cannot be wholly divorced ; and, indeed, are not 
divorced in dealing with many of the subjects 
covered. It would, therefore, have been interesting 
to learn how the Commission, or perhaps more 
correctly the Railway Executive, propose to deal 
with such questions as the overlapping of services 
from London to large provincial towns, the provi- 
sion of improved cross-country communications, 
the handling of the ever-increasing suburban traffic 
of London and other cities, the future of branch 
lines and the co-ordination of railway and omnibus 
timetables. These are all matters which should 
not fail to be dealt with in the interests of operating 
efficiency. They are also matters the consideration 
of which need not be delayed by the pressure of 
problems such as the continuing shortage of 
materials. 

It would be unfair at this early stage to criticise 
the Commission for not having done more. It is 
faced with an enormous task, the performance of 
which is hedged about with difficulties which must 
often seem insuperable to its members. It would, 
however, be well advised to keep the object of its 
existence ever in view; and in so doing to resist 
the temptation to confuse the essential with the 
inessential, or the fundamental with what is only 
of ephemeral importance. To make room for some 
of the information which, as we have suggested is 
lacking in the report, we could have dispensed with 
such statements that during 1948 the Press Section 
issued 75 editorial announcements in regard to the 
various activities of the Executive ; that to handle 
the traffic for the XIVth Olympiad was “a difficult 
and complex task,” or even that identifying discs 
for Road Transport Executive vehicles have been 
designed. To put first things first is a sound rule, 
and if, as Sir Cyril Hurcomb points out, the position 
is unsatisfactory, the best way to improve it is to 
lay down sound basic principles for administration, 
organisation and operation, and to impose upon 
them efficient methods of conduct for every-day use. 

The more the report is studied the clearer it 
becomes that much remains to be done before this 
end is attained. It is also clear that more has been 
done in certain directions than in others. This is 
shown by the relative amounts of space that are 
devoted to the various parts of the Commission’s 
activities. Finance is allotted 30 pages; the rail- 
ways, including London Transport, 80 pages ; road 
transport, eight pages ; docks and inland waterways, 
12 pages, and hotels, four pages. Yet it cannot be 
said that the difficulties of reorganising, say, road 
transport are only tenth those of the railways, 
either in quantity or quality. They are indeed 
greater rather than less under both headings ; and 
they remain a task for the future. 
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NOTES. 


(Congress ON Hypraviic Srructures RESEARCH. 


Tue third international congress organised by the 
Association Internationale de Recherches pour 
Travaux Hydrauliques, which opened at Grenoble 
on September 5, concluded at Toulouse, on Septem- 
ber 9, with a visit to the hydraulic laboratories of the 
University of Toulouse. The attendance numbered 
pearly 250, from some 27 countries, so that even the 
liberal accommodation of the lecture theatre at the 
Institut Polytechnique of the University of Grenoble 
was somewhat overtaxed. At the opening meeting, 
on the morning of September 5, the chair was taken 
by Mr. E. Meyer-Peter, President of the Congress 
(or ‘* Réunion,” as it was termed officially) and vice- 
president of the parent Association; and the 
delegates were welcomed on behalf of the University 
by Professor Felix Esclangon, the Principal of the 
Institut Polytechnique, who observed that Grenoble 
University was famed for its summer courses for 
external students and suggested that, perhaps, the 
delegates might regard themselves in that light. 
The meeting then proceeded to business, the 
subject of the first technical session being that of 
oscillatory motion in hydraulic channels and mains. 
The morning of September 6 was devoted to the 
discussion of papers on losses of head, and the 
afternoon to a visit to the hydraulic laboratories 
of the organisation known as Neyrpic—a composite 
title embodying the names of the firms of Neyret- 
Beylier and Piccard-Pictet, once separate under- 
takings but now under a unified direction which 
includes the operation of the laboratories under 
Professor P. Danel. On the evening of the same 
day, the delegates and their ladies were entertained 
to dinner by the Reception Committee of the 
“Réunion,” with whom were associated for the occa- 
sion the committee concerned with celebrating the 
sixth centenary of the accession to France, in 1349, 
of the territory known as the Dauphiné, of which 
Grenoble is the centre. The chair was taken at the 
dinner by Mr. Georges Gariel, who presides over the 
latter committee, and whose brother, Mr. Maurice 
Gariel, is the present President of the association of 
external (foreign) students of the Institut Polytech- 
nique. On the day of the dinner, this association 
attained to the 50th anniversary of its formation, so 
that the occasion provided the opportunity to link up 
several commemorations. Professor W. Fellenius 
(Sweden) responded on behalf of the guests to the 
welcome extended to the delegates. The technical 
session on September 7 was concerned mainly with 
the movement of solids in a stream of water—either 
deliberately, for the transport of substances or 
as a natural process; and later in the day the 
delegates visited the switchgear and transformer 
works of Messrs. Merlin and Gerin, on the outskirts 
of Grenoble. In addition to those visits mentioned 
above, others were paid to the hydro-electric plant 
at Génissiat, and at Donzére and Mondragon (both 
of the latter forming part of a single project); to 
dams at Chambon, and Sautet and Cordéac ; and, 
on the journey to Toulouse, to the Roman aqueduct, 
the Pont du Gard, near Nimes. 


DELAMBRE AND THE METRIC SysTEM. 


On September 19, occurs the bicentenary of the 
birth of the French mathematician and astronomer 
Jean Baptiste Hoseph Delambre, who, if not the 
founder of the metric system of weights and 
measures, at least played the foremost part in 
bringing that great project to fruition. He was 
40 years of age when appointed by the then 
Royal Academy of Sciences a member of the 
Commission entrusted with the plan for introducing 
a new system of weights and measures. To him fell 
the task of measuring a great part of an arc of the 
meridian from Dunkirk to Barcelona and his 
work was not completed until 1810, when the last 
of his three volumes entitled Base du Systéme 
Métrique Décimal . . .” was published. The 
French Revolution had long been in the making 
and when it broke in 1789 few keen observers 
were perhaps surprised. At first it was a more or 
less peaceful movement, and it was in this stage 
when, on May 8, 1790, the Constituent Assembly 
charged the Academy of Sciences with the organi- 








sation of a better system of weights and measures. 
Losing no time, the Academy formed a commis- 
sion to which they appointed the great mathe- 
matician Lagrange, the eminent chemist Berthollet, 
the civil engineer Prony, and the astronomers 
Laplace, Méchain and Delambre. A further step 
was taken shortly afterwards by the Constituent 
Assembly which is worth recalling. In the years 
just preceding the Revolution, the English and 
French governments had joined forces in a notable 
geodetic survey to ascertain the difference in longi- 
tude between Greenwich and Paris observatories, 
and the Constituent Assembly, in August, 1790, on 
the motion of Talleyrand, expressed the desire 
that the king should write to the English govern- 
ment representing the advantage of the two nations 
uniting to adopt a common unit or standard of 
weights and measures. If this interesting proposal 
were ever made, nothing came of it. The French 
commission having been set up, it proceeded to 
discuss the three sorts of natural standards, the 
length of the pendulum in latitude 45 deg., the 
length of a quadrant of the equator, and that of 
a quadrant of the meridian from the equator to 
the pole. Adopting the last, Méchain was given 
the task of measuring an arc from Rodez to Barce- 
lona, while Delambre was to measure the northern 
and longer part from Rodez to Dunkirk. The 
work of Delambre and Méchain was begun when 
conditions in the country were fairly normal, but 
as political tension and popular unrest spread they 
often met with difficulties and, in 1794, Robes- 
pierre went so far as to depose the members of the 
Commission as being deficient in ‘‘ republican 
virtues and their hatred of kings.” With the fall 
of Robespierre the work was resumed and, by 
April 7, 1795, it had progressed sufficiently for the 
newly-named ‘‘ metre,” the 10,000,000th part of 
the distance between the pole and the equator, to 
be proclaimed by law the new unit of length. Four 
years later the metric system was completed and on 
November 2, 1801, was made the only legal one. 
It is of interest to recall that Delambre began his 
life’s work as a literary man. It was through 
attending the public lectures of Lalande that the 
course of his life was changed, for Lalande became 
his staunch friend and on Lalande’s death in 1807, 
Delambre succeeded to his chair at the famous 
Collége de France. His death occurred on August 
19, 1822. 


THE INSTITUTION OF ENGINEERING DRAUGHTSMEN 
AND DESIGNERS. 


In a letter published on page 355 of our issue of 
May 5, 1944, the formation of an Institution of 
Engineering Draughtsmen was proposed. The case 
for and against such a proposal was set forth in a 
leading article which appeared in the same issue, 
and also in a series of letters published subsequently. 
Widespread interest was aroused, and, in 1945, at 
the end of the war in Europe, a founding committee 
was called together and the Institution of Engin- 
eering Draughtsmen and Designers was established. 
The fifth edition of a pamphlet of general informa- 
tion, containing also regulations compiled under the 
authority of the Council of the Institution to come 
into force on January 1, 1950, has now been pub- 
lished by the Institution, together with an examina- 
tion syllabus for 1950. The main objects of the 
Institution are threefold. In the first place, it 
exists to promote the general advancement of the 
science of engineering design and to forward the 
practice and standardisation of mechanical draughts- 
manship. Secondly, the Institution is intended to 
serve the industry and the community by furthering 
the optimum utilisation of two- and three-dimen- 
sional drawing technique with respect to engin- 
eering needs. The third aim of the Institution is 
to raise the status of the profession of engineering 
draughtsmen and designers to the generally ac- 
knowledged highest level and standard. Admission 
to membership of the Institution is based on 
passing the prescribed examinations involving a 
test of theoretical knowledge, an assessment of the 
candidate’s professional ability by means of a 
thesis and working drawings, and a thorough scru- 
tiny of his integrity. There are four grades of 
member, namely, fellow, member, associate mem- 
ber and graduate, and 20 branches have been 





established, namely, at Enfield, Windsor, Gravesend, 
Bedford, Dereham, Loughborough, Smethwick and 
Bearwood, Stroud, Bristol, Malvern, Newark-on- 
Trent, Swansea, Manchester, Halifax, Glasgow, 
Woolton, Eastbourne, Welling, Hook and Basing- 
stoke. The headquarters of the Institution and the 
office of the general secretary, to whom all communi- 
cations should be addressed, are at King Edward 
Building, 341, Regent’s Park-road, London, N.3. 


Apvisory SERVICE FoR FouNDRIEs. 


Through the joint action of the British Cast Iron 
Research Association, Alvechurch, Birmingham, 
and the Council of Ironfoundry Associations, Crusa- 
der House, 14, Pall Mall, London, S.W.1, an advisory 
service is being set up by ironfounding employers. 
The scheme has the backing of the Joint Iron 
Council, and the Research Association is to appoint 
a team of suitably-experienced men who can be 
called in by ironfounders seeking to raise the 
operating efficiency of their works. In effect, the 
team will be engaged in operational research and 
will be available to visit any foundry by invitation. 
Confidential reports will be made to the manage- 
ment of the foundry visited, on any steps that may 
be needed to improve the performance of their 
works. The matters at issue may concern the 
quality, output or cost of the product, or the best 
use of man-power. The Research Association is at 
present inviting applications from three or four 
types of technicians, namely, an executive officer 
having experience in management and costing, an 
engineer to undertake investigations in planning 
and mechanisation, a metallurgist, and, possibly, a 
specialist in working conditions. The new advisory 
service, it is pointed out, will supplement the efforts 
of the mutual-aid groups which have been set up 
already by some ironfounding industry employers’ 
associations acting in co-operation. The Council of 
Tronfounding Associations, in conjunction with the 
Joint Iron Council, in recent years, have assumed a 
considerable measure of responsibility for the evolu- 
tion of the industry on progressive lines, and the 
establishment of the new advisory service is a 
practical step towards attaining the national need 
for higher productive efficiency. 


THe ENGINEERING AND MARINE EXHIBITION. 


The British Engineers’ Association state that 
records kept by them at the Engineering and 
Marine Exhibition, which closed last Saturday, 
show that visitors had been received from 35 
oversea countries, embracing every continent. In 
addition to visitors from the United States and 
European countries, others came from various parts 
of Africa, from Australia, New Zealand, India, 
Pakistan, Ceylon, China, Egypt, Greece, Iraq, 
Israel, Italy, the Lebanon, Norway, Poland, 
Russia, the South American states, and Yugoslavia. 
The British Engineers’ Association, which was the 
chief sponsoring trade association of the exhibition, 
also state that exhibitors confirmed that this, 
besides being the largest exhibition in the series, 
which was inaugurated in 1906, was also the most 
successful. It was generally agreed that inquiries. 
had been not only plentiful but of the type desired 
by exhibitors. Large orders are not normally 
placed on the spot at exhibitions of this nature, but 
the inquiries were such as to give excellent reason 
to suppose that much business will materialise to 
the benefit of the United Kingdom export trade. 
No official attendance figures have been received 
up to the time of going to press, but it is believed 
that the total attendance was about 25 per cent. 
more than in 1947. 


TECHNICAL ASSISTANCE TO UNDER-DEVELOPED 
CouNTRIES. 


At the ninth session of the Economic and Social 
Council of the United Nations, which concluded 
on Monday, August 15, it was decided that the 
United Nations and such international organisations 
as those dealing with food and agriculture, health 
and civil aviation, should combine to help the 
under-developed countries so that their national 
economies might be strengthened. As a result, the 
Economic and Social Council agreed upon a draft 
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resolution, which is being submitted to the General 
Assembly. If this resolution is adopted, it will 
be tantamount to approval of the guiding principles 
and administrative arrangements proposed. It will 
also provide the Secretary with authority to allocate 
funds for technical assistance of economic develop- 
ment and act as an invitation to all governments 
to make voluntary financial contributions. It 
would, however, appear from a statement made by 
Mr. A. D. K. Owen, United Nations Assistant 
Secretary General in Charge of Economic Affairs, 
at a Press conference in London on Tuesday, 
September 6, that finance is less an obstacle to the 
implementation of this policy than is the lack of 
skilled man-power on the professional level. It has 
been proposed, therefore, not only to organise 
missions of specialists in particular subjects to 
discover what can be done in the next five years 
in these countries, but to establish industrial and 
technical scholarships to enable natives concerned 
to be adequately trained. Mr. Owen insisted that 
it was not intended that a detailed survey of 
resources should be made by the United Nations 
Organisation, the idea being that this should be 
done in due course by native experts. The Organi- 
sation also would not be directly responsible for 
providing the necessary capital resources. It was, 
however, one of their problems how best to narrow 
the gaps between the different states of economic 
development which existed in the world, and the 
policy which had now been outlined and, it was 
believed; would be an important step in that 
direction. 


ANALYSIS OF THE BritisH Roap Posrrion. 


The British Road Federation, 44, Bloomsbury- 
square, London, W.C.1, having apparently decided 
that argumentum ad hominem, whether addressed to 
Government, local authorities or individuals, is 
having little effect, has now resorted to history to 
make its point that our roads are out of date and 
that improvement is every day becoming more 
necessary. Reversing the time machine back to 
1285, the Federation records that the Statute of 
Westminster of that year decreed that “the high- 
wayes leading from one markett towne to another 
shall be so enlarged that neither tree nor bush 
remain whereby a man may lurk to do hurt within 
200 foot on the one side and 200 foot on the other 
side ’’ ; more than 660 years later the Federation are 
still agitating for the removal] of trees and other 
obstacles which obstruct the drivers’ vision at cross- 
roads and dangerous corners. Again, in 1555, it was 
enacted that two Surveyors of the Highways should 
be appointed in each parish to maintain the roads 
in their districts, roads which at that time were 
**so decaid that neither man nor beast is able to 
pass without great danger.” At the present time, 
4,513 people are being killed and 148,884 injured 
annually on British roads, and the Federation claims 
that a high percentage of these accidents are due to 
bad road conditions. In 1784, a traveller warned 
others that they would find ruts 4 ft. deep and 
floating with mud on a road near Wigan, while in 
1949 a correspondent in the Wrexham Leader re- 
ported holes 6 in. deep, which is held to show that 
in 150 years improvement has been in degree rather 
in kind. The Federation contends that ‘‘ the history 
of Britain’s roads is hardly a tale of stirring achieve- 
ment”; and that their condition will make no 
favourable impression on visitors to the great 
exhibition of 1951. The matter is mainly one of 
finance. Before the war an average of about 
591, million pounds was spent on our roads each year. 
Since the war this has fallen to 47]. million, in spite 
of rising costs. 





THe Late Mr. H. T. M. ANGWIN.—The Adelaide 
correspondent of The Times reports the death of Mr. Hugh 
Thomas Moffitt Angwin, C.M.G., B.E., who was engineer- 
in-chief to the State of Southern Australia from 1936 
to the time of his death. He was born on October 8, 
1888, and educated in Adelaide, and from 1915 to 1929 
worked on the construction of the locks and weirs on 
the River Murray and on the scheme for using Lake 
Victoria as a reservoir for the system. Subsequently, he 
was chief engineer of the Harbour Board of South 
Australia. Mr. Angwin was a member of the Institution 
of Civil Engineers. 





LETTER TO THE EDITOR. 


FUNDAMENTAL UNITS OF LENGTH. 


To THe Eprror or ENGINEERING. 


Sm,—On page 184, ante, Dr. Rowell qualifies his 

igi remark concerning the difference of 
0-223 mm. which he considers to exist between 
“‘technical metres”? in different countries. His 
argument is that existing metric measuring equip- 
ment made before 1931 could show discrepancies of 
the relative magnitude of 1 part in 4,500 because of 
the differing temperatures of adjustment accepted 
in certain countries until 1931. We do not believe 
that any precision engineer possessing such measur- 
ing equipment made before 1931 would consider 
using it for important work at the present time 
without having it recalibrated in terms of length 
standards adjusted to 20 deg. C. In consequence, 
the remarks in Dr. Rowell’s last paragraph now have 
little weight. 

In the same letter Dr. Rowell makes some diver- 
sionary statements which require modification. 
Evidence of the relative stability of the family of 
platinum-iridium metres has been obtained from 
work, commenced 30 years ago, in which 25 members 
were inter-compared at the Bureau International des 
Poids et Mesures. The results for individual metres 
were all in agreement to within + 1 part in a million 
with the original determinations made before 1889, 
the mean of all the results agreeing with the original 
mean to within | part in 10 millions. Confirmation 
of this internal evidence of good stability has been 
obtained from extensions of this work to all members 
of the family. 

As to wavelength measurements of the metre, 
Dr. Rowell is apparently unaware that nine deter- 
minations were made between 1893 and 1940 
involving at least seven different copies of the metre. 
The individual determinations, while exhibiting 
variations within a range of + 3 parts in 10 millions 
from the mean, give no indication of any progressive 
change, and the mean value happens to be only 0-01 
of a wavelength lower than that quoted by Dr. 
Rowell for the 1905-06 determination. 

Yours faithfully, 
F. A. Goutp. 
H. BaRRE.LL. 
Metrology Division, 
National Physical Laboratory, 
Teddington, Middx. 
August 30, 1949. 





OBITUARY. 


MR. A. H. HALL, C.B., C.B.E. 


Tr is with regret that we note the death of Mr. 
Arthur Henry Hall, which occurred at his home at 
Farnham, Surrey, on September 10. Mr. Hall, 
who was a former Chief Superintendent of the 
Royal Aircraft Establishment, Farnborough, Hamp- 
shire, was the eldest son of the late Mr. H. S. Hall, 
the author of mathematical books, and was born 
at Clifton, Bristol, on August 17, 1876. After 
receiving his general education at Clifton, he went 
up to Trinity Hall, Cambridge, where he obtained a 
first class in the Mechanical Science Tripos. In 
1898, he entered the works of Messrs. William 
Denny and Brothers, Limited, Dumbarton, as an 
apprentice, and, in 1904, was appointed a super- 
visor in the Ordnance Department of the War 
Office. In the following year, he became assistant 
mechanical engineer at Woolwich Arsenal and 
remained in this post until the spring of 1914, when 
he was made assistant superintendent, Royal Small 
Arms Factory, Enfield Lock. On the outbreak of 
war, however, he returned to Woolwich Arsenal as 
assistant superintendent, Mechanical Engineering 
Department. In 1917, Mr. Hall was transferred to 
the Admiralty, where he held the position of Director 
of Mine and Torpedo Production. For the subse- 
quent two years, he was in charge of the production 
not only of mines and torpedoes, but of various 
anti-submarine devices. In 1919, Mr. Hall’s services 
were lent to the Ministry of Munitions, and he was 





appointed Controller of Stores Disposal and served 
on the Disposal and Liquidation Commission. 

In 1926, Mr. Hall entered a new field of engineering 
when he was appointed Superintendent of Produc. 
tion, Royal Airship Works, Cardington, Bedford. 
shire. Among other work he supervised the con. 
struction of the airship R101. He was not long 
at Cardington, however, for on April 1, 1928, he 
was called upon to take over the position of Chief 
Superintendent of the Royal Aircraft Establish- 
ment, Farnborough, in succession to Mr. W. Sydney 
Smith, C.B., O.B.E., who retired on that date. 
Mr. Hall continued in this position until 1941, when 
he retired on attaining the age of 65. The 13 years 
during which he held the position of Chief Super- 
intendent witnessed many developments, and the 
prominent place occupied by the Royal Aircraft 
Establishment in the sphere of aeronautics is due, 
to an appreciable extent, to Mr. Hall’s influence and 
leadership. He served as consultant to the Ministry 
of Aircraft Production until the conclusion of 
hostilities in 1945. For his services Mr. Hall was 
created a C.B.E. in 1918 and a C.B. in 1937. He 
was elected an associate member of the Institution 
of Civil Engineers in 1904 and of the Institution of 
Mechanical Engineers in 1905, and was transferred 
to the class of member of the former institution in 
1919 and of the latter in 1906. He was elected a 
Fellow of the Royal Aeronautical Society in 1926, 





THE BRITISH ASSOCIATION 
MEETING AT NEWCASTLE- 
ON-TYNE. 

(Continued from page 261.) 

MetTats For HicH Dury. 


On the completion of Dr. Radley’s remarks, the 
President invited Dr. Bailey, who had arrived in 
the meantime, to present his paper on “ Metals 
for High Duty.” This paper was reprinted in our 
last week’s issue, on page 265. At its conclusion, 
Dr. Bailey exhibited a number of wax moulds 
and castings in tungsten carbide made by the cire 
perdu process, in addition to some armour-piercing 
shells and other objects produced by the sintering 
process. 

The first speaker on Dr. Bailey’s paper, Dr. A. T. 
Bowden, said that from the vast number of different 
alloys produced by the metal industries to meet the 
requirements of modern technology, Dr. Bailey had 
selected four types for brief consideration, namely, 
the high-strength low-alloy structural steels, the 
standard alloy steels, the steels now used or likely 
to be used in the near future in steam-turbine 
plants, and the steels and other alloys now used or 
likely to be used in the near future in gas-turbine 
plants. As Dr. Bailey had pointed out, the idea 
behind the development of the high-strength, low- 
alloy structural steels was to produce steels with 
higher yield points than mild steel while retaining 
as many as possible of the other attributes of mild 
steel, such as low cost, and the achievement of the 
required mechanical properties in the as-rolled or 
normalised condition and good weldability. The 
first steels of this type developed were those in which 
manganese and/or silicon were increased beyond the 
limits usually present in carbon steel. Later, many 
types of steel containing different combinations of 
copper, nickel, chromium and molybdenum were 
developed, and in much of this type of steel now used, 
phosphorus in amounts up to 0-12 per cent. was an 
essential alloying element. He understood that 
one of the most successful attempts to obtain a high 
yield point in the normalised condition combined 
with good weldability had been to add a very 
smal) amount of boron to carbon-molybdenum steel. 

Passing to the consideration of the standard alloy 
steels, to which nickel, chromium and molybdenum 
and combinations were added in various amounts 
to obtain high strength combined with reasonable 
ductility in the hardened and tempered condition 
and suitability for hardening in large masses, Dr. 
Bailey had pointed out that steels of this type were 
first used for guns and armour plate and from this 

inning, towards the end of last century, the large 
number of nickel, chromium, nickel-chromium, 
nickel-chromium-molybdenum, chromium-molyb- 
denum and nickel-molybdenum steels now in general 
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use had been developed. When the steam conditions 
jn steam turbines had been advanced beyond the 
point at which mild steel was capable of withstand- 
ing the stress-temperature conditions involved, 
carbon-molybdenum stee] had been introduced, 
and for some time it had been used in all countries 
for all components, from boiler and superheater 
tubes to rotors and cylinders. During the time 
carbon-molybdenum steel had been in use, much 
attention had been given to the development of 
improved steel, and many compositions based on 
different combinations of chromium, molybdenum, 
vanadium and silicon, had been studied. As Dr. 
Bailey had mentioned, it was generally believed 
in this country that, of the steels investigated in 
this connection, the molybdenum-vanadium steel 
was the best. 

The desire to use ferritic-steel discs in aircraft 
gas turbines, had promoted the development of steels 
of this type for high-temperature use, and the out- 
come of this work in this country appeared to be 
the development of a chromium-molybdenum- 
vanadium-tungsten steel. It was not certain at 
present whether this complex steel or molybdenum- 
vanadium steel had the best high-temperature 


those who had taken part in the discussion, ad- 
journed the meeting until the afternoon, when 
papers on subjects connected with mining would be 
taken. 

Yrevp-Pr.ar TECHNIQUE. 


At the meeting on Thursday afternoon, Septem- 
ber 1, a paper in two parts on “ Yield-Pillar Tech- 
nique in Deep Coa] Mining,” by Messrs. Haswell 
Alder, Arthur Walker and E. L. J. Potts, was 
presented, the first part being given by Mr. 
Walker. The President, Sir Arthur Fleming, 
occupied the chair. The object of the new tech- 
nique explained in the paper, which will be reprinted 
in subsequent issues of ENGINEERING, is to enable 
roof loads comparable with those experienced in 
the shallower seams to be obtained over a limited 
area at depth, and so make possible the adoption of 
room and pillar methods of working in the deeper 
seams. For this purpose it is necessary to permit 
a minute yield of the coal pillars. The second 
part of the paper, which was read by Mr. Potts, 
dealt with a photo-elastic investigation of the 
stresses involved in the yield-pillar technique. 
Some of the results obtained were illustrated effec- 
tively by the exhibition of a coloured cinematograph 


mechanical properties, or which would be used most | gim 


extensively for aircraft gas-turbine discs, but there 
was little doubt that the molybdenum-vanadium 
steel would be most widely used in steam plants. 

It was generally true that the mechanical pro- 
perties of the ferritic steels now enabled them to be 
used up to the highest temperature permitted by 
their oxidation resistance. At present, therefore, 
any components required to operate under higher 
stresses or at higher temperatures than those steels 
could withstand, had to be made in austenitic steels, 
but attention was being given to the development of 
ferritic steels which would have much better oxida- 
tion resistance than those now in use, combined with 
sufficient high-temperature strength to permit their 
use at temperatures for which ferritic steels were 
not suitable at present. 


The aircraft gas turbine had been responsible for 
spectacular advances in the high-temperature 
mechanical properties of austenitic steels and for 
the development of special alloys based on nickel 
or cobalt, mainly used for blades. It was not 
unlikely that tne alloys now available approached 
very closely to the limit that could be reached with 
alloys based on iron, nickel or cobalt that could be 
forged, and the next stage in the development of 
alloys in this class would probably involve the use 
of alloys based on chromium or molybdenum and 
production by precision casting or sintering instead 
of forging. 

The next speaker, Mr. F. Twyman, F.R.S., asked 
for information about apparatus for determining the 
presence of minute quantities of columbium in high- 
duty steel and about the smallest quantities likely 
to be involved. He had been told recently that the 
rust-resisting properties of Delhi iron pillar, to which 
was attributed an age of 3,000 years, were due to a 
small quantity of columbium. As the impurities 
were something like 1 per cent., the amount of 
columbium must have been very small. To this 
Dr. Bailey replied that columbium had assumed 
considerable importance in connection with materials 
for high temperatures because it was one of the most 
active of the carbide-forming constituents. The 
most likely quantity was of the order of one per 
cent., but if Mr. Twyman had in mind something 
like 0-001 per cent., he did not think that serious 
attention would be needed for that very small 
amount unless it produced some effect of which he 
had no experience. He asked what percentage 
Mr. Twyman was endeavouring to determine; to 
which Mr. Twyman replied that he had been asked to 
give an indication of the presence of columbium. 
He had had no particular percentage in mind. 

Wing-Commander T. R. Cave-Browne-Cave said 
he would like to know whether the value of Young’s 
Modulus. for these alloy steels was appreciably 
different from its value for mild steel. The matter 
was of importance in connection with the stiffness 
of a structure and its resistance to vibration. To 
this question Dr. Bailey replied that Young’s 
Modulus did not vary very much, but there was a 
variation in the yield point. 

The Chairman, after thanking the authors and 





The first speaker in the discussion which followed 
was Dr. H. S. Rowell, who said that in stress 
analysis, in ordinary forms of engineering, the 


stresses were not usually so important as the strains. | 


He inquired if there were any means of illustrating 
stresses better than celluloid, and if there were any 
method of ascertaining the strains rather than the 
stresses so as to obtain a better picture of subsidence. 
To this Mr. Potts replied that it was hoped to produce 
a material which could be used between roof, seam 
and floor and to correlate the results obtained with 
an investigation by the photo-eleastic method. 

Professor Granville Poole, who followed, said the 
developments that had taken place in America were 
due in no small measure to the adoption of the 
method described by the authors and it was grati- 
fying to note that it had originated in the north 
country many years ago. Most of the deep seams 
at present working in this country employed the 
longwa]] system which, in many cases, was more 
expensive than the room-and-pillar system. There 
were exceptions where the geological conditions 
enabled the Meco-Moore cutter-loader to be used, 
and such machines made a great difference to the 
cost. In this country there were seams which could 
not be worked by the room-and-pillar system, 
but the yield-pillar technique should assist in the 
development of that system at greater depths. 
He thought the authors would agree with him 
that the subject was by no means exhausted and 
that more research work was required ; the results 
so far, however, were certainly promising. 

The only other speaker in the discussion was 
Mr. J. A. Nimmo, who asked for an explanation of 
certain apparent discrepancies between some of the 
diagrams in the paper. When Mr. Potts had given 
this, the President congratulated the authors on 
what he said was an excellent example of the 
scientific approach to a practical problem of a very 
difficult character. 


Matns LIGHTING aT THE CoAL Facer. 


The President then invited Dr. H. Cotton, M.B.E., 
M.LE.E., to deliver his paper entitled ‘‘ Mains 
Lighting at the Coal Face,” and as the paper was 
accompanied by a practical demonstration of the 
necessary apparatus it was given in the Physics 
Laboratory of the College. The paper is reprinted 
on page 292 of this week’s issue, so that we need not 
refer here to its subject matter. 

The first speaker in the discussion, Professor 
G. W. O. Howe, asked whether the system, shown 
in Fig. 1 of the paper, were suitable for both direct 
and alternating current. To this Dr. Cotton replied 
that it was essentially an alternating-current 
system as it required 120 volts and no direct-current 
voltage of that order would be available at the coal 
face. The question of cost having been raised, 
Dr. Cotton said the system he advocated had not 
been manufactured yet, but the cost, he thought, 
would be considerably less than that of the other 
system referred to. The system was simpler 
generally and the components were also simpler. 





The iron in the cores could be reduced considerably, 
and there were no plug-and-socket connections 
which were quite expensive. One point worth 
considering was efficiency, and much depended upon 
what was meant by efficiency. From the point 
of view of lumens per watt the system was less 
efficient than the constant-voltage system. If, 
however, efficiency were considered on the basis of 
lumen-hours per shilling, the efficiency of his system 
would not be less. In any case, so little energy 
was used that efficiency should not be regarded in 
too academic a manner. The main point was to 
obtain the correct environmental conditions for the 
men working at the coal face with the safety 
resulting from proper illumination. 

Asked whether considerable energy would not be 
dissipated in the looped cable when the lamps were 
out, Professor Cotton agreed, but pointed out that 
that was a disadvantage in any constant-current 
system. Efficiency, when reckoned in lumens per 
watt, he added, was definitely low, but not seriously 
low. One kilowatt was not important in a mine 
where the demand on the station might amount to 
several thousand kilowatts. 

Dr. Rowell asked whether the basis of efficiency 
ought not to be the cost of the light in terms of a 
man’s wages, to which Professor Cotton replied that 
the true basis of efficiency was how much light was 
obtained for a given expenditure, including main- 
tenance. The system he advocated would score 
here because of its simplicity. He mentioned an 
article which had appeared recently in the technical 
press in which the author deplored the fact that 
coal-face lighting increased the cost of coal by 23d. 
aton. What was more important, Professor Cotton 
thought, was the safety of the men at the coal face 
and proper environmental conditions. Asked 
whether there was not a disadvantage in moving a 
length of live cable after a shift, Professor Cotton 
said the cable would not be alive. The system would 
be dismantled and taken forward ; whatever system 
was employed, hand or cap lamps had to be used 
for moving it. In reply to a question whether the 
whole face required to be lighted or only that por- 
tion where the work was being done, Professor 
Cotton said the ideal would be to provide adequate 
illumination for the whole coal face, but that would 
be impossible. All that could be done was to 
improve illumination, and experience in other indus- 
tries had shown that great improvements could be 
achieved by comparatively small increases in the 
illumination level. 

Asked whether greater flexibility would not be 
with a single lead instead of a pair, Professor Cotton 
pointed out that this would result in a large part of 
cable being out of use, acting as an inductance and 
producing considerable inductive reactance. 

At the conclusion of the discussion, the President 
thanked the author and the speakers and adjourned 
the meeting until the following morning. 


(To be continued.) 





WOMEN’S ENGINEERING Socrety.—The 27th annual 
conference of the Women’s Engineering Society will be 
held in London from September 23 to 25 at the Electrical 
Association for Women, 35, Grosvenor-place, S.W.1. 
Delegates will assemble on the first day, Friday, Septem- 
ber 23, at 6.30 p.m., and at 7.45 p.m., after a buffet 
supper, the President, Mrs. F. D. Heywood, Ph.D., 
B.Se., will deliver an address on “‘ Metallurgy as a 
Career.” At 9.15 p.m. there will be a Council meeting. 
On Saturday, September 24, at 9.15 a.m., a party will 
leave Waterloo Station to visit the Metallurgy Division 
of the National Physical Laboratory. At 1.30 p.m. 
there will be a luncheon at 35, Grosvenor-place, after 
which the annual general meeting will be held, to be 
followed by an open discussion on the policy of the 
Society relating to equal pay. The annual dinner will 
be held that evening at St. Ermin’s Hotel, Caxton-street, 
S.W.1, at 7 for 7.30. In the afternoon of Sunday, 
September 25, at 2.30, a visit will be paid to Dr. H. 
Heywood and Mrs. F. D. Heywood, at 6, Crescent-road, 
Sidcup, Kent, to view an exhibition of research work on 
antimony-tin-lead alloys by the President, antique 
microscopes and scientific instruments of 1720-1850, 
and an experimental solar water heater by Dr. H. 
Heywood. The conference will conclude at 4.30 p.m. 
The conference secretary is Miss Joan Cooper, M.A., 
35, Grosvenor-place, London, S.W.1. (Telephone : 
SLOane 0401.) 
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FLYING DISPLAY 
OF BRITISH AIRCRAFT. 
(Continued from page 252.) 

A NoTaRLE feature of the Society of British 
Aircraft Constructors’ Annual Display was the 
number of new jet-propelled military types. These 
included Britain’s first jet-propelled bomber, the 
English Electric Canberra ; two high-speed fighters, 
the Supermarine 510 by Messrs. Vickers-Armstrongs 
Limited, and the Hawker P.1052; and two new 
fighters by the de Havilland Aircraft Company, 
Limited. A last-minute entry, which was not 
demonstrated in flight but was on view in the air- 
craft park, was the remarkable “‘ delta-wing ” Avro 
707, shown in Fig. 7, and built by Messrs. A. V. 
Roe and Company, Limited, Greengate, Middle- 
ton, Manchester. The delta-wing design is be- 
lieved to promise good supersonic performance, 
and the Avro 707 has been built as a research 
aircraft for investigating airflow and control charac- 
teristics. The aeroplane is powered by a Rolls- 
Royce Derwent engine, installed at the rear of the 
short fuselage, with a bifurcated entry above the 
wing ; the exhaust cone is in the tail end of the 
fuselage. The-plan-form of the wing is a more or less 
equilateral triangle, and the wing section does 
not appear to be particularly thin. The sharply 
swept-back fin has a dorsal extension reaching just 
forward of the engine air-intakes. Control is by 
rudder and elevons, and dive flaps are fitted. The 
main wheels of the tricycle undercarriage retract 
inward, and the nose wheel retracts backwards. The 
various smail protuberances, seen on the starboard 
side just below the cockpit canopy, under the nose, 
and on the pitot-mast extending from the sharp 
fuselage nose, are in connection with the test 
instrumentation. This interesting aeroplane shows 
how remarkably aircraft design has been stimulated 
by the advent of the gas-turbine jet-propulsion 
engine and its potentialities for high speed. 

One of the most impressive performances, 
especially of manceuvrability, was given by the new 
jet medium bomber, the Canberra, which is shown in 
Fig. 8. The Canberra is designed and built at their 
Preston works by the English Electric Company, 
Limited, Queensway House, Kingsway, London, 
W.C.2. This firm is not new to aircraft construction, 
for in the years following the first World War they 
built a number of aircraft, including the flying boats, 
Cork, Kingston and Ayr, and the successful light 
aeroplane, the Wren ; but in 1926 they dropped out 
of the aviation industry, and did not re-enter it until 
the second World War. In 1942 they acquired 
control cf the aero-engine builders, Messrs. D. Napier 
and Sons, Limited, and during the war they manu- 
factured Hampden and Halifax bombers. Since the 
war they have been building Vampires for the 
de Havilland Aircraft Company, Limited. In 1945, 
the English Electric Company once again entered 
the aircraft design field. 

As can be seen from the illustration, the Canberra 
is a twin-engined mid-wing monoplane, without 
sweepback ; the tailplane has a moderate dihedral, 
and the single fin has straight lines, a square-cut 
top surface, and only slight dorsal-extension. 
The Canberra is powered by two Rolls Royce 
** Avon ”’ axial-flow jet turbines, the most powerful 
British jet engine. The static take-off thrust of 
the Avon is 7,500 lb.; no other details of the 
performance and construction have been re- 
vealed. These engines are installed conventionally 
in wing nacelles at the outer-wing and centre- 
section wing joints. The aircraft is designed, 
aerodynamically and structurally, for bomber duties 
at altitudes in the region of 40,000 ft., at high Mach 
numbers ; in this connection the low aspect ratio, 
4-3, and the absence of fillets between the wing roots 
and the fuselage, and between the engine nacelles and 
wings, are interesting features of the design. The 
fuselage lines are remarkably clean, and are unspoilt 
by external aerials or other projections. The fuselage 
is of circular cross-section, and the cabin, well 
forward of the engines, is said to be very quiet; a 
tear-drop canopy gives good all-round and down- 
ward vision. . A tricycle undercarriage is fitted, the 
main underearriage units being to. English Electric’s 
own design. These are single-leg units retracting 
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Messrs. A. V. Rog anp Company, LiMrren. 




















Fie. 9. 


sideways into the inner wing. The coupled nose- | 





“Venom” Stncte-Szat Fichter; DE Haviitanp Arrcrarr Company, LIMITED. 


tip tanks, which, in fact, tend to improve the air 


wheels retract backwards into the front fuselage. | flow over the wings. Other than the wing, the 


The wing span is 64 ft., giving a gross wing area of 
1,000 sq. ft., the length of the bomber is 65 ft. 6 in., 
and its height is 15 ft. 7in. No details of weight or 
performance are yet available. 

The high-performance single-seat four-gun fighter 
shown in Fig. 9 is the Venom, developed by the 
de Havilland Aircraft Company, Limited, Hatfield, 
Hertfordshire. A development of the Vampire, 
which was described on page 237 of our 160th 
volume (1945), this aircraft is powered by a single 
5,000-Ib. thrust de Havilland Ghost jet-turbine 
engine, described on page 520 of our 163rd volume 
(1947). The wing of the Venom has a lower thick- 
ness-chord ratio than the Vampire, and a slight 
sweep-back ; this aerodynamic refinement, together 
with the higher power of the Ghost engine, gives 
the Venom a considerably higher speed and climb 
performance than the Vampire, which has a 3,500-Ib. 
thrust de Havilland Goblin jet engine. A compara- 
tively low wing-loading has been retained, so that 
take-off and landing characteristics are unimpaired, 
and the flight demonstrations showed that this 
aircraft has excellent handling qualities. Wing-tip 
fuel tanks are a new feature ; the wing is stressed 
for full manceuvrability with these tanks full, but 
they can be jettisoned if necessary. Performance 





is not adversely affected by the presence of the wing- 





structure of the Venom is substantially the same 
as that of the Vampire; the tail surfaces and 
booms are unchanged, the nacelle diameter is the 
same, and only minor modifications to the rear 
fairing panels are required by the installation of the 
Ghost engine in place of the Goblin. While 
primarily designed as a high-performance high- 
altitude fighter, provision has been made for conver- 
sion to a ground-attack aircraft carrying under-wing 
bombs or rocket projectiles. Another Vampire 
development, illustrated in Fig. 10, on the opposite 
page, is the D-H. 113 Vampire night fighter, designed 
to accommodate air-interception radar equipment 
and operator. A private venture of the de Havilland 
Company, this is the first jet-propelled night fighter 
to be built. The two-seater cockpit is based on the 
Mosquito cockpit, which is approximately the same 
diameter as the Vampire nacelle. Apart from this, 
the night-fighter airframe is identical with that of the 
earlier Vampire. An important factor in these two 
new de Havilland developments is that the change- 
over from Vampire production can be accomplished 
with a minimum of retooling and, therefore, quantity 
production of either the Venom or the Vampire 
night fighter can be put in hand with little 
delay. 

The prototype of the Attacker, built by the 









































3 10. “ Vamere” " 

















Fie. 1). 





SUPERMARINE 510 Stncie-Seat FIGHTER ; Messrs. VICKERS-ARMSTRONGS 


LIMITED. 








Fie. 12. Hawker P. 1052 Stnate-Szat Ficuter; Messrs. Hawker Arecrart, LIMITED. 


Supermarine branch of Messrs. Vickers-Armstrongs 
Limited, Vickers House, Broadway, London, 8.W.1, 
first appeared in the 1946 Flying Display at Radlett, 
and was illustrated on page 282 of our 162nd volume 
(1946). Since then, some more information on this 
aircraft has been released. In production for the 
Royal Navy, this single-seat fighter is powered by 
a Rolls Royce Nene jet-turbine engine, which is 
installed amidships. The air intakes are on either 
side of the cockpit, with ducts through the fuel-tank 
bay, and the jet emerges through a single nozzle 
in the tail. For deck landings, the naval Attacker 
is equipped with lift spoilers, deck-arrester hook, 
and long-stroke undercarriage struts. The elevator 
and ailerons are fitted with spring tabs, the star- 
board aileron also being fitted with an electrically- 
operated trimming tab. The lift spoilers are 
manually operated ; used in conjunction with the 


large-area flaps, they give an increased rate of 
descent, so that the engine revolutions per minute 
may be kept high during the approach, and the 
throttle control need not be touched until the air- 
craft is arrested. Fuel is carried in the wings 
and the fuselage, the capacity of the normal fuel 
tanks being 290 gallons; in addition, a 270-gallon 
drop-tank can be carried under the fuselage. The 
cockpit is pressurised to a pressure-differential of 
34 Ib. per square inch, and, together with other 
vulnerable points, is armoured. Four 20-mm. 
Hispano guns are fitted, with a total of 624 rounds 
of ammunition; and up to four 300-lb. rocket- 
projectiles or two 1,000-lb. bombs can be carried 
under the wings. 

Fig. 11 shows the Supermarine 510, a development 
of the Attacker, and also powered by a Rolls-Royce 
Nene jet-turbine engine, developing 5,500 Ib. static 





high-speed capabilities; wings and tail surfaces 
are well swept back, and the fuselage nose is 
sharp. The aircraft is of stressed-skin construction. 
As on the Attacker, a conventional tail-wheel type 
undercarriage is fitted, fully enclosed when retracted; 
from the weight aspect, the tail-wheel type under- 
carriage is lighter than the tricycle layout. The 
pilot’s cockpit is well forward and would appear 
to provide an excellent field of view. The overall 
length of the aircraft is 38 ft. 1 in., and the height, 
tail down, is 8 ft. 93in. The wing span is 38 ft. 8} in. 
and the area 273 sq. ft. A symmetrical aerofoil 
section is used for the wing, which is finished to 
very fine limits to ensure aerodynamic efficiency. 
Performance or weight figures have not been 
revealed, but it is known that the Supermarine 510 
will be used for transonic research. 

Another high-speed jet fighter development is the 
Hawker P. 1052, built by Messrs. Hawker Aircraft, 
Limited, Sutton-lane, Langley, Bucki hire. 
This is a swept-wing version of the Hawker P. 1040, 
the naval version of which, the N. 7/46, was first 
demonstrated at Farnborough last year, and was 
described on page 258 of our 166th volume (1948). 
The P. 1052, shown in Fig. 12, is a mid-wing 
monoplane ; the wings have 35 deg. of sweep- 
back, but the tail surfaces are not swept. The 
fuselage, similar to that of the earlier P. 1040, 
incorporates double-entry wing-root air intakes for 
the Rolls Royce Nene engine, which is installed 
amidships ; twin propelling-nozzles emerge just 
aft of the wing roots, as on the P. 1040, and in 
contrast to the Supermarine 510, whose single jet 
nozzle is in the tail of the aeroplane. The twin- 
nozzle layout is considered by Hawkers to allow 
more room in the fuselage for fuel storage. The 
retractable tricycle undercarriage of the P. 1040 is 
retained. The wing span is 31 ft. 6 in. and the 
overall length 37 ft. 93 in. The aircraft is designed 
for high-speed aerodynamic research ; performance 
figures are secret, but it is known to be capable of 
near-sonic speed. 

(To be continued.) 





RoyaL AERONAUTICAL SocreEtTy.—The Baden-Powell 
Memorial Prize, awarded to the best candidate in the 
Associate-Fellowship Examinations of the Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1, has 
been won by Mr. P. J. Wingham, a student member, 
who sat for the May, 1949, examinations. 





THE Late Mr. B. F. CLarK.—We note with regret 
the death of Mr. Bernard Francis (Frank) Clark, which 
occurred at his home in Bowden, Cheshire, on August 24, 
after being taken ill while on holiday at Scarborough. 
Mr. Clark, who was in his 74th year, had been a director 
of Simon-Carves Limited, Cheadle Heath, Stockport, 
and was still serving as a part-time director and consul- 
tant. He joined the firm in 1920 and was appointed a 
director in 1926, retiring in 1945 after 25 years of service. 
For the last 20 years of his active career he was head of 
the firm’s power-plant department, in which capacity he 
displayed much initiative and engineering ability. Mr. 
Clark was a member of both the Institutions of Mechanical 
and Civil Engineers, having been elected to the former 
in 1921 and to the latter in 1935. 





THE LATE Mr. G. W. E. Hooper, T.D.—We note 
with regret the death of Mr. George William Ewart 
Hooper, which occurred at Stafford on September 3. 
Mr. Hooper, who was secretary of the English Electric 
Company, Limited, was born at Highgate in 1889 and 
educated in London. He joined the staff of the works 
accountant at the English Electric Company’s Willans 
Works, Rugby, in 1920. In 1926, Mr. Hooper was trans- 
ferred to the company’s London office as assistant to the 
chief accountant. He was appointed assistant secretary 
in May, 1930, and secretary in 1933. Im 1940, Mr. 
Hooper’s headquarters were moved to Stafford. He was 
chairman of the trustees of his firm’s various pension 
schemes and, in April, 1947, was made a member of the 
Council of the Chartered Institute of Secretaries. Through- 
out his life, Mr. Hooper took a great interest in the 
Territorial Army, joining the Artists’ Rifles in 1909 
and later the 22nd Field Brigade, Royal Artillery, with 
which he saw much active service in the war of 1914-18, 
being mentioned in dispatches. He took an active part 
in training the Rugby Battery of the 68th Field Brigade, 
R.A., retiring in 1926 on his transfer to London, where 
he joined the Hertfordshire Yeomanry, finally retiring 
with the rank of major in 1938. For his services he was 





awarded the Territorial Decoration. 
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ASLIB ANNUAL CONFERENCE. 


Tue 24th Annual Conference of Aslib, the first to be 
held since the amalgamation of the Association of 
Special Libraries and Information Bureaux with the 
British Society for International Bibliography, was 
held at Ashorne Hill, Leamington Spa, Warwickshire, 
from the evening of Friday, September 9, to Monday, 
September 12. 

is year marks an important stage in the history 
of the association. For the last five years it has been 
supported by a grant from the Department of Scientific 
and Industrial Research on the same basis as similar 
—- made to research associations, the sum furnished 
lepending on the income from members’ subscriptions. 
A new agreement was entered into on January | of this 
year; the Department is to make a grant of 4,000I. 
for 1949, contingent on the subscription income reach- 
ing 2,5001. The grant will rise to 6,000/. in 1952 and 
1953, subject to a corresponding increase in income 
from other sources. To meet these conditions, Aslib 
can raise its subscription rates, and this is being dealt 
with ; but the main source of larger funds must lie in 
a considerable growth in membership. Amalgamation 
with the British Society for International Bibliography 
has helped in this direction, but apart from this there 
has been a gratifying increase in the last year or so. 
This is due in part to the fact that Aslib has become 
widely known, and partiy to the growing realisation 
both in official bodies and in commercial firms of the 
useful functions which information departments and 
special libraries perform. It is perhaps true that the 
smaller firms, with limited facilities and staff, may 
benefit even more than the larger concerns by the 
greater opportunities for co-operation with other 
organisations which membership of Aslib brings. 

It is in e way desirable that those who are 
responsible for the organisation and running of special 
libraries should take advantage of the specialised 
information which is available in the numerous reports 
of the proceedings of Aslib and which is added to at 
each conference. As in all assemblies of the type 
which are held at Ashorne Hill, the participants obtain 
much information about the practical experience of 
other workers as a result of contacts made and friend- 
ey established. 

t is natural that most of the papers read at Aslib 
conferences should be concerned with the machinery 
and minutiw of information departments. Many of 
these matters lie outside the scope of this journal, but 
the broad interests of such departments do not. Some 
60 or more of the organisations represented at the 
Conference are engaged on some aspect of engineering 


work. 

Three papers on some recently started special 
libraries should be of especial interest to those in 
process of forming new information centres. The first 
of these papers, “ The Library of the Institute of the 
Motor Industry,” by Mr. C. E. C. Hewetson, dealt with 
the formation and organisation of a small library, 
staffed only by the librarian and a shorthand-typist, 
serving the interests of the members of an incorporated 
institution which provides qualifications for executives 
and administrative staff in the motor industry. Miss 
M. Gosset described “‘ The Library of the Atomic Energy 
Research Establishment,” a reference and lending 
library for the scientific and technical staff of the 
establishment, the main interest focusing on nuclear 
physics, but also covering all fields of science and tech- 
nology. The third paper was presented by Mr. 
E. Owen, on “ The Library of the British Shipbuilding 
Research Association.” This library forms part of the 
Intelligence section of the Research Assocation, and in 
addition to serving as a reference and lending library 
to research staff and member-firms of the Association, 
is used by the intelligence staff in connection with their 
information duties. Two other matters discussed were 
methods for abstracting material of technical value 
which might be contained in the incoming and outgoing 
correspondence of a manufacturing firm, and methods 
of locating and obtaining official publications of interest 
to any particular firm or individual. The discussion 
on this latter subject was largely concerned with the 
contents and arrangement of the daily, monthly and 
annual catalogues published by H.M. Stationery Office. 
One of the three papers read on the subject of official 
publications was presented by Mr. W. Cox, Director of 
Publications of H.M. Stationery Office. He stated that 
the Stationery Office was run as a commercial concern, 
but he did not explain why it charged for its catalogues. 
This is not the practice of commercial firms. 





Dry Ror In Burtpines.—An exhibition to demonstrate 
the nature and prevention of dry rot was opened on 
Tuesday at the Building Research Centre, 9, Conduit- 
street, London, W.1. It has been arranged by the 


Forest Research Laboratory, Princes Risborough, Bucks., 
under the aegis of the Department of Scientific and 
Industrial Research, and will remain open between 
10 a.m. and 5 p.m. on Mondays to Fridays, and to 1 p.m. 
on Saturdays. The provisional closing date is October 1. 








LABOUR NOTES. 


Tue railway Board of Conciliation appointed by the 
Minister of Labour, Mr. George Isaacs, to effect a 
settlement of the problems confronting the railway 
service over salaries, wages and working conditions, 
which had been the cause of a dispute between the 
Railway Executive and the railway unions, published 
two reports on Friday last. One dealt with the 
railway employees other than those employed in the 
railway workshops. The main demands of the men 
were for an all-round increase of 10s. weekly and for 
time-and-a-quarter payment for work on Saturday 
afternoons. The Board state, regarding these claims, 
that, after the most careful consideration and with the 
fullest sense of their responsibility to the railwaymen, 
“in whose praise much had see, Sarg 4 been said,” 
and to the national interest, the ‘had reached 
the unanimous conclusion, and so recommend, that 
neither the claim for a flat rate or any increase, nor 
the claim for enhanced payment for time worked after 
noon on Saturday is justified at the present time.” 





During the sittings of the Board, however, six agree- 
ments were reached between the unions and the 
Railway Executive which will result in improvements 
in pay and working conditions for large sections of 
railway employees. One of these agreements provides 
that, in future, work done on what should be a man’s 
rest day will be paid for at time-and-a-half rate if it 
occurs on a week-day between 6 a.m. and 10 p.m., 
and at time-and-three-quarters if it takes place on a 
week-day between 10 p.m. and6a.m. Work ‘ormed 
after midnight on Saturdays will receive double-time 
payment. All these rates are in lieu of existing 
payment at time-and-a-quarter rate. Rural rates of 
pay are abolished and rural employees engaged at the 
owest-rate will receive, in future, wages on the lowest 
“industrial area” scale, namely, 92s. 6d. a week. 
More sympathetic treatment is provided for staff 
down-graded owing to accident or eyesight failure. 
Other agreements allow for the introduction of a new 
system of “ marking” signal boxes, on which the 

ing of signalmen is based, and for the payment 
of the minimum driver’s rate to firemen, when firing, 
provided that they have worked 287 driving turns. 





In support of the main claim, the Board were informed 
that 11 per cent. of the conciliation grades, comprising, 
in the main, all non-salaried staffs, receive minimum 
rates of less than 41. 12s. 6d. weekly, and 55 per cent. 
less than 51. weekly. The Board, however, had informa- 
tion that minimum rates in other industries had been 
fixed, by negotiation, at less than the 4/. 12s. 6d. men- 
tioned and they comment further, that, although the 
average weekly basic rate for the lowest railway grade 
is 4]. 128. 10d., the av total weekly earnings for 
these employees is, actually, 5J. 12s. 7d. The Board 
attach documents to their report in support of their 
statement. 


It is estimated that if an increase of 10s. weekly were 
granted to the lowest-paid grade and differentials 
were maintained on the present basis for the other 
grades, the cost to the Railway Executive of the 
concessions would be well over 14,000,000/. in a full 
year. A further 1,750,0001. would be required yearly 
to meet the cost of the increased pay demanded by the 
N.U.R. for work on Saturday afternoons. Ways 
suggested by that Union for raising the 15,750,0001. 
included the raising of passenger fares and freight 
charges. A statement produced on behalf of the 
Railway Executive showed that, following the increase 
of fares and freights in 1947, gross receipts from these 
sources fell short of the 364,000,000/. which they were 
seg to produce by no less than 27,000,000I. 

r careful consideration, the Board came to the 
conclusion that the raising of these charges might 
defeat itself. Another suggestion was to limit road 
licences and thus compel firms to use the railways. 
The Board declined tc discuss a proposal that the neces- 
sary funds for the concessions should come, in effect, 
from the 24,000,0007. now required to meet the annual 
interest on the 800,000,000/. railway compensation 
stock, and rejected the suggestion that this burden 
should be transferred to State funds, on the ground 
that it raised questions of high policy. 





A second deals with the claims of the railway 
shopmen which, as in the case of the other railwaymen, 
include demands for a flat-rate weekly-wage increase 
of 10s. and extra pay for Saturday-afternoon work. 
In considering the problems of the pay and working 
conditions of the shopmen, the Board acted under 
different terms of reference and the ies were not 
committed in advance to t the decisions of the 
Board, as was the case with the claims of the rest of the 
railwaymen. This was mainly owing to the opposition 
of the Confederation of Shipbuilding and Engineering 








Unions, who represent some of the shopmen. The 
Board recommend that these claims should be referred 
to the Railway Shopmen’s National Council for negotia- 
tion in acco ce with the constitution procedure of 
the Council without undue delay. Altogether, some 
650,000 persons, including some 130,000 shopmen ave 
affected by the reports of the Board of Conciliation. 
The N.U.R. Executive committee have considered 
these reports and it is expected that a special delegate 
conference will be called in about a fortnight’s time 





On Monday the Railway Executive issued a state. 
ment accepting the recommendations of the Board of 
Conciliation. In the course of this the Executive 
pointed out that the six claims agreed upon (and 
detailed in the second paragraph above) were to be 
applied retrospectively as from September 5, and that 
steps were being taken to implement the recommenda- 
tions of the Board regarding subsidiary claims on which 
the parties had failed tc reach agreement. These recom- 
mendations concerned a 42-hour week for station. 
masters and agents and certain supervisory grades ; 
increased allowances for staff required to be “‘ on call” 
at certain times; and a revision of the scale of pay 
operating for employees in signal-boxes. 





The statement of the Railway Executive seems 
generally considered to be an indication that the offer 
of various sums of up to 3s. a week for their lower-paid 
employees, made before the dispute was placed before 
the Board of Conciliation, has now been withdrawn. 
The Railway Executive and the National Union of 
Railwaymen both agreed beforehand to abide by the 
decision of the Board but signs are not lacking that the 
rank and file of the Union are very disappointed by the 
rejection of their main claims. At a meeting «f the 
London District Council of the N.U.R., held last Tues- 
day, it was decided to put a recommendation to “ go- 
slow ” to a mass meeting of London railway employees 
called for Monday next. 





Statistics published by the National Coal Board on 
September 13 showed that during the second quarter 
of the present year the gross profits realised by the 
Board totalled 6,376,883/., compared with 7,272,9831. 
in the first quarter; the net surplus for the second 
quarter was 2,491,8831., against 3,832,6501. in the first 
quarter. While there was a decline in output, average 
earnings showed a very slight rise. Thus, underground 
employees earned 11. 17s, 0-3d. per manshift during the 
quarter under review, against lJ. 16s. 11-9d. in the 
March quarter. Similar figures for surface employees 
were ll, 4s, 11-5d. per manshift, compared with 
ll, 4s. 11-3d. In the June quarter, the average weekly 
wage of men working underground was 91. 2s. 8d. and 
that of surface employees 61, 148. 5d. 





Speaking after a meeting of the area executive of the 
National Union of Mineworkers, held in Barnsley, on 
Monday, Mr. W. E. Jones, secretary of the Yorkshire 
area, appealed to colliers in the county, who were not 
already working an extra voluntary weekly shift, to 
undertake to work two Saturday shifts a month. He 
added that, so far this year, the output of coal in 
Yorkshire had been greater by 1,000,000 tons than the 
production in the corresponding period of 1948. The 
executive, however, had made recommendations which 
aimed at producing a further additional 500,000 tons 
during the remainder of the present year. 





Claims on behalf of labourers in the iron and steel 
industry for increased holidays with pay have been 
rejected by the National Arbitration Tribunal. The 
existing agreement for this grade of employee in the 
industry provides for 13 days’ paid holiday each year 
and for payment of up to three shifts annually to any 
labourer required to work on a recognised public 
holiday. The National Union of General and Municipal 
Workers, representing the men, sought to improve on 
these conditions by claiming twelve day’s holiday pay 
yearly, together with six other days each year which 
were to be regarded as holidays with pay. The Union 
also asked for double pay for anyone required to work 
on any of these six days. hearing evidence from 
the Union and from the Iron and Steel Trade Em- 
ployers’ Association, the Tribunal announced on Sep- 
tember 6 that they found that the Union’s claim “ has 
not been established at present.” 





THE NEWCOMEN SocretTy.—A visit has been arranged 
by the Newcomen Society, for Friday, September 30, to 
the Kennet and Avon Canal to see the Watt pumping 
engines there, said to be the oldest in service in the 
world. Mr. K. W. Willans, who will conduct the party, 
has in prospect a steam trial of one of the engines. 
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MAINS LIGHTING AT THE 
COAL FACE.* 
By Dr. H. Corron, M.B.E., M.1.E.E. 

In the case of a normal lighting installation, such as 
that of a building, the installation can be planned 
irrespective of the type of lamp to be used, provided 
that the maximum current required at any point is 
known. The lamp, whatever its type, has no adverse 
reaction on the installation system, and, in fact, the 
type of lamp can be altered as desired from time to 
time. This does not necessarily apply to any system of 
mains lighting at the coal face ; in fact, failure to recog- 
nise the possibility of the reaction of a lamp on the 
system may lead to dangerous conditions. The points 
considered are therefore (1) the lamp, (2) the system of 
supply to the lamp, and (3) the possibility of danger 
arising from the reaction of the lamp on the system. 

With every possible system of the supply of elec- 
tricity to a consuming device, the interruption of a 
current-carrying circuit or the accidental contact of 
two conductors between which a potential difference is 
maintained will lead to sparking. This problem is not 
dealt with because it is common to power systems as 
well as to lighting systems and experience seems to 
indicate that the complete answer is provided by cir- 

There are, at t, two types of electric lamp 
available for coal-face lighting from the mains, namely, 
the metal-filament lamp and the low-pressure mercury- 
vapour fluorescent lamp. There are also two types of 
fluorescent lamp available, namely, the hot-cathode 
and the cold-cathode. 

Consider first of all the filament lamp. This lamp 

can cause an ignition if the bulb is broken and the 
filament, still glowing, becomes surrounded by an 
explosive mixture. e risk of an explosion depends 
on the heat content of the filament, this being a func- 
tion of the filament dimensions and of the tem: 
For a given wattage, a high-voltage thin filament gives 
the least risk, but such a filament is easily broken, and 
an essential condition is that the lamp shall be robust. 
To lower the temperature, the lamp can be under-run 
to a small extent, and this, incidentally, reduces glare. 
The disadvantage of an under-run filament is the 
lowered efficiency as given by the ratio lumens per 
watt, but it should be realised that if the requirements 
of safety and efficiency are contradictory, then safety 
should come first. It is possible to arrange for the 
automatic ejection of the bulb from its fitting in the 
event of the breakage of the outer enclosure of a lamp, 
thereby preventing any subsequent flow of current. 
This does not give absolute safety because the mechan- 
ism might fail to function in the event of a crack or 
amall hole in the outer protective glass. Again, the 
heat capacity of a filament might prevent a fall in 
temperature sufficiently rapid to preclude entirely the 
risk of an explosion in the event of an explosive mixture 
coming into contact with the filament. This risk is 
very remote. It can be said, therefore, that the 
filament lamps at present available do not possess a 
sufficient margin of safety for their use with a mains- 
operated system. It should not be impossible, how- 
ever, to devise a lamp which is safe in operation. 

Next consider the fluorescent lamp. This has the 
advantage of high efficiency and low brightness, but 
it has the disadvantage of mechanical weakness since 
the lamp is an extended tubular source. Already it is 
reported that the breakages with lamps at the coal 
face are very serious. The lamp circuit is well known, 
but is given in Fig. 1 for convenience. When the line 
is energised the starting switch closes (or it may be 
closed initially) and this allows current to flow through 
the series circuit consisting of filament and inductive 
ballast in series. In this way, the electrodes are 
pre-heated with consequent electron emission. After 
a time interval, the starting switch opens thereby 
interrupting the current. As a result, the inductive 
ballast causes a high induced voltage which, because 
of the -heating of the electrodes, is able to break 
down the path through the lamp, and the di 
then follows. If, for any reason, the lamp fails to 
ignite the process is repeated. Again, if the supply 
voltage falls to too low a value for stable operation, 
which is a common occurrence at the coal face, then 
the starting process will again be initiated. It will 
thus be seen that it is possible for the voltage impulse 
to occur many times during a normal shift. 

During normal running, only portions of the elec- 
trodes will carry the lamp current, but because of 
discharge processes, which need not be considered here, 
the electrodes as a whole will be kept at a temperature 
high enough to ignite an explosive mixture. 

An explosion can take place if the arc tube is broken. 
If the circuit remains intact the starter will continue 
to function and will therefore pass the pre-heating 
current through the electrodes, raising them to a tem- 


* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne, on Thursday, September 1, 
1949. Abridged. 








perature high enough to ignite the mixture. The 
Poesbility of the filaments remaining intact and these 
phenomena therefore taking place, is much greater 
than in the case of a filament-lamp, because, in the 
latter case, the lamp as a whole is but little larger than 
the filament, a lamp breakage thus usually meaning 
a filament as well. With the fluorescent 
lamp also, an ejector mechanism can be fitted, but here 
again it does not cover every contingency. 

From the point of view of the possibility of an 
ignition by the lamp itself it is better to use cold starting 
and running, in which case the filaments are short- 
circuited in themselves, as shown by the broken lines 
in Fig. 1, and therefore do not carry current. From 
the “—— point of view there are serious objections to 
this. e vol impulse to start the lamp is increased 
and the lamp life is reduced. If this reduction in life 
can be tolerated or, alternatively, if the lamp makers 
can produce a lamp in which the electrodes are modified 
to suit cold starting, then, considering the lamp only, 
the cold-started fluorescent lamp can be regarded as 
safe. Considered in relation to the circuit, the matter 
may be entirely different. 

The system of coal-face lighting introduced by the 
National Coal Board, and at present in operation in a 
number of collieries, is a constant-vo system 
operated at 120 volts. To secure portability, the system 
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employs a number of units each consisting of a lamp 
with lengths of cable attached, each cable end terminat- 
ing in a half coupler. It will be seen that in each unit 
there are two half couplers and two cable glands. 
At the coal face, all the units are connected by plugging 
together male and female half couplers, the result 
giving a large number of plug and socket connections 
and a large number of cable ds, all in series. When 
the system is moved forward to a new position it is 
inevitable that, when carrying the lamps, the attached 
cables will drag along the ground, with detriment to 
both mechanical and electrical efficiency. 

In Fig. 1 is shown, in diagrammatic form, the connec- 
tions for one unit of the N.C.B. system : it will be seen 
that the lamp is connected directly to the supply cable. 
When a fluorescent lamp is used, the voltage impulse 
at starting and at re-striking is applied directly to the 
cable and therefore to the cable couplers. These 
couplers are designed for 120 volts, but the voltage 
impulse is about 1,000 volts with preheating of the 

les, and greater than this with cold starting. 
Experience with cable couplers which are not frequently 
connected and disconnected, and which, furthermore, are 
not subjected to over-vo has proved that there 
is the possibility of a breakdown with such a device. 
With the N.C.B. system small cable couplers designed 
for low-voltage operation are frequently subjected to 
impulsive over-voltages of the order of eight times their 
normal working voltage, and this with a lamp which 
cannot be considered safe in all circumstances. If 
additional safety is secured by the use of cold-starting, 
then the ratio of voltage impulse to normal voltage will 
be greater still. These couplers are in the most 
dangerous position in the mine and it is the author’s 
considered opinion that the system is unsafe. 

The disadvantages of the N.C.B. system are (a) the 
multiplicity of joints, either cable couplers or cable 
glands, all in series with one another, and (b) the 
imposition of voltage impulses on to those joints where 
fluorescent lamps are used. The author’s system 
was devised to overcome both objections. The only 
way to eliminate joints or connectors in the main 





cable is to adopt the series m and to supply the 
lamps through th erg ok this is yo the 
main cable can be a single-core cable doubled back on 
itself and pl into the transformer. By earthing 
the middle point of the transformer secon the volt- 
age above earth cannot exceed one-half of the total 
secondary voltage. In order that the lighting unit 
may be entirely free of the cable, which is a great 
advantage, the supply to the lamp, whether of the fila. 
ment or fluorescent type, is from the secondary of a 
small transformer, the primary of which is rag ed 
main cable. To this end the lamp transformer is 
made with a detachable yoke as indicated in Fig. 2. 
With a properly-designed system of securing the yoke 
to the lamp fitting the lamp can be fixed at any desi: cd 
point, can be removed and carried to a new working 
place without the impediment of lengths of attached 
cable, and finally it can be moved from point to point 
along the cable while still alight. It has been suggested 
that this aeonseny in choice of lamp position is of no 
moment because the lighting at the face is planned. 
The answer to this is that no lighting installation can 
be planned unless all conditions are known, and the 
planning of coal-face lighting assumes that all the faces 
at which a given installation will be used must be 
identical. With the lamp free a grouping of lighting 
units can be chosen to suit the locality and also to suit 
the particular task being performed. 

The series system is peculiarly suited to constant- 
current working, and when this system was first 
announced,* ordi constant-current operation was 
envi . This necessitates a transformer which is 
large in relation to its output, and it has been realised 
since that by departing from true constant-current 
working, operational advan , in addition to a reduc- 
tion in transformer size, can be secured. 

Experimental lamps have been made in three forms, 
mainly (a) a 25-watt 25-volt filament lamp, (6) one 
2-ft. fluorescent lamp, and (c) a fitting with two 2-ft. 
fluorescent lamps. Experiments were made to deter- 
mine the relationship between primary current, amount 
of iron in the lamp transformers, and the number of 
secondary turns. For the lamps demonstrated the 
primary current is 160 amperes. With a coal-face 
150 yards long, the drop in the cable alone is about 
seven volts. When a lamp is applied, the voltage must 
increase automatically in order to give the necessary 
additional voltage to the main cable acting as the 
primary of each lamp transformer. For the 25-watt 
filament lamp, this increase is 0-3 volt per lamp, and for 
the two-lamp fluorescent unit it is 0-5 volt per unit. 
Assuming an average spacing of 10 yards, which is a 
reasonable value in view of the flexibility of the system, 
a 150-yard face will require 15 units. If these are of 
the two-lamp type, the vol at the supply end of the 
main cable therefore 15 x 0-5 + 7 = 14:5. 
If we say 20 volts to allow for contingencies, we see 
that an important electrical characteristic of the 
system is the very low voltage. With the middle 
point of the secondary of the main transformer earthed, 
the maximum vol above earth is of the order of 10 
at the transformer, decreasing as the distance from the 
transformer is increased, and becoming zero at the far 
end. Thus, shock danger is eliminated. 

By choice of weight of iron in the lamp transformer, 
and choice of the number of secondary turns, any kind 
of lamp can be used ; in fact, several kinds can be used 
with one and the same installation, if desired. 

As there is no electrical connection whatever between 
lamp and supply cable, there is no possibility of the 
starting or re-striking impulse of a fluorescent lamp 
reaching the cable. us the system can be used with 
the safest possible fluorescent lamp, namely, the cold- 
starting lamp, thereby giving a combination which, it is 
claimed, is tly superior to the N.C.B. system from 
the point of view of safety. In view of the expense, 
both initial and maintenance, of coal-face systems using 
fluorescent lamps, the author is of the opinion that the 
best solution to the problem lies in the development 
of a metal-filament lamp which is safe. If such a lamp 
were available it would enable the greatest danger of 
the N.C.B. system to be eliminated. A more ideal 
solution would be one utilising such safe lamps in 
conjunction with a system of supply, such as that 
suggested by the author, in which the many plug and 
socket connectors, inseparable from the N.C.B. system, 
are eliminated. The President of the Association 
of Mining Electrical and Mechanical Engineers stated 
recently that “we may see a new type of non-glare 
lighting at the coal face where ‘ black light ’ would 
activate fluorescent screens.” It is not possible to 
assert whether this is more a statement of the kind 
of thing which is possible, or a serious suggestion for 
the lighting of the coal face. If the latter, one cannot 
help wondering what would be the life of fluorescent 
screens in such a locality. In any case, the “ black ” 
lamp, being a compact source of relatively high vapour 
pressure at an exceedingly high temperature, can hardly 
be classed as a lamp which is safe under all conditions. 





* Trans. Inst. Min. Eng., vol. 108, part I. 
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MAGNETIC MATERIALS FOR ELECTRICAL POWER PLANT. 
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By F. Bratsrorp, Ph.D., Wh.Sch., M.I.E.E. 


Tue electrical industry owes its existence to the 
occurrence of that rare phenomenon in nature known 
as ferromagnetism. This is an unusual effect because, 
for all the ninety-four elements, it is found, like a 
kind of accidental refinement, superimposed on the 
other common physical properties, only in iron, nickel 
and cobalt; that is, if we except the rare element 
gadolinium. By a fortunate coincidence, iron, the 
most highly magnetic of these, is also cheap and 

lentiful. it is true to say that, but for the remarkable 
erromagnetic properties of iron, the economic genera- 
tion, distribution and utilisation of electrical power 
would not be practicable, and most of the great advances 
in science and industry and in human amenities during 
the last century would not have occurred. 

Magnetic circuits are an essential of every 
generator, transformer and motor, and of most of the 
equipment employed for protection, measurement and 
other purposes. Obviously, improvement of the 
magnetic materials employed can introduce benefits 
throughout the industry and is a matter of prime 
importance. It is an object of this paper to review 
the progress and possibilities in this direction, with 

icular reference to those materials used in the 
electrical industry in the test quantities, namely, 
the iron and silicon-iron alloys. 

A few characteristic curves will serve to show the 
magnetic properties important to the designer and the 
limitations these properties impose upon him. A typical 
magnetisation curve is shown in Fig. 1 for a dynamo 
sheet. In motors, both alternating and direct current, 
the maximum power output from a given frame size is 
limited mainly by magnetic saturation in the teeth. 
The motor designer therefore wants a material with 
the highest possible saturation value, and, in fact, his 
interest is chiefly in that part of the curve from B = 





* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne, on Thursday, September 1, 
1949. Abridged. 
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15,000 gauss mest. In transformers, however, the 
maximum amplitude of the working flux density in the 
core is limited to a point near the knee of the magnetisa- 
tion curve, because if this induction is much exceeded 
there will be excessive magnetising-current and wave- 
form distortion. 

The next characteristic of importance is the hysteresis 
loop, examples of which for different maximum induc- 
tions are shown in Fig. 2 for a typical 4 per cent. silicon- 
iron transformer sheet. The hysteresis loss when the 
iron is taken through a slow cycle of alternating mag- 
netisation is proportional to the area of the loop. 
Typical iron losses at a frequency of 50 cycles per 
second are shown in Fig. 3, for a 4 per cent. silicon-iron 
sheet of 0-014 in. thickness. The total iron loss con- 
sists of a hysteresis component determined from the 
area of the static hysteresis loops shown, an eddy- 


90 per cent. of the total loss. Hysteresis loss may be 
considerably reduced by appropriate treatments, and 
the shape of the magnetisation curve may also be 
greatly improved. It is in these two directions that 
practical progress may be made at the present time. 

The improvement of magnetic materials, par- 
ticularly the reduction of iron losses, is an urgent 
need. The electrical industry has always and con- 
stantly striven to design and make a better product. 
Power equipment has been brought to such a high 
state of development that further substantial progress 
depends upon the availability of better materials. 
Designers of rotating machines and transformers are 
faced with the practical difficulty of dissipating waste 
heat without exceeding permissible temperature limits, 
and this problem is heavily vated by iron losses. 
For example, in a 50,000-kW turbo-alternator about 
250 kW of iron loss will be produced in the machine. 
In a large transformer core built from the best available 
British silicon steel, there will be about 1 kW of iron loss 
to every 2 or 24 cubic ft. of core. Together with other 
losses, these figures represent a high concentration of 
heat in a small space, and adequate cooling entails 
complications in design with a substantial increase in 
the size and cost of equipment. 

Moreover, the full iron loss occurs continuously in 
machines and transformers as long as they are excited 
and independently of the load, and the wider question 
of the amount of this steady waste of power arises. 
The British Electricity Authority supplies a peak 
load of about 12,000 MW. The very minimum trans- 
former capacity to carry this load, bearing in mind 
that three or four transformations between generation 
and use will in general occur, is estimated by Giles as 
50,000 MW, which, alone, would account for about 
200 MW of iron loss. However, taking into account 
all the standby and other connected transformers. and 
the losses in generators and motors, the average rate 
of iron loss can hardly be less than 500 MW. The 
total installed capacity of Dunston B power station 





on the Tyne is about 200 MW. Hence, the point may 
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be illustrated by saying that, in the country as a whole, 
the full continuous combined output of all the installed 
generating capacity of Barton, Brimsdown B and 
Dunston B power stations must be bled off to feed these 
parasitic iron losses. 

There is another serious aspect from our standpoint, 
in that America has left this country far behind in 
the production of high-quality electrical sheets, especi- 
ally for transformers. From the point of view of 
overseas competition, this is obviously a situation 
which should be quickly corrected. 


The theoretical and laboratory work on magnetics 
in the past two decades indicates the directions to be 
followed in order to improve engineering magnetic 





trons. Each electron with 
its negative charge spins on its own axis, and in virtue 
of this has a magnetic moment equal to one elementary 
unit, the Bohr magneton. It is deduced from experi- 
mental evidence and quantum theory, that in the free 
iron atom, 15 atoms have a spin which is positive with 
respect to a particular axial direction, and the remaining 
11 spin in the opposite direction. There are thus four 
uncompensa’ spins which impart to the atom a 
magnetic moment of four magnetons, although for 
the metal in the crystalline state the average value per 
atom is somewhat lower. At room temperature, iron 
has a body-centred cubic crystal structure, as shown 
in the bottom left-hand corner of Fig. 4, and, due to 


taneously magnetised to saturation in this way; but 
it is also divided up into regions known as domains. 
In a spherical strain-free specimen of iron the directions 
of the domain vectors would be initially distributed 
without preference among the six possible cube-edge 
crystal directions. In a thin lamina, however, the 
domain vectors may take up preferred positions parallel 
to the sheet surface as indicated in Fig. 4. 

Fig. 5, on page 293, illustrates the process of magnet- 
isation in which a few domains are shown diagrammatic- 
ally as rectangular blocks. As the field H applied to 
the specimen is increased from zero, the magnetisation 
increases, at first as at A, by a smooth movement of 
the domain boundaries, allowing the total volume of 





electrostatic forces of interaction between neighbouring 


domains favourably directed with respect to the 
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MAGNETIC MATERIALS FOR ELECTRICAL POWER PLANT. 


Fig.16. 
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field to grow at the expense of the remainder. Eventu- 
ally, the boundaries reach energetically unstable 
positions and leap forward, as between A and B, 
producing a series of discrete jumps or steps in the 
magnetisation curve, as illustrated. It is with these 
irreversible discontinuities that we associate the 
hysteresis loss which the electrical engineer is so anxious 
to have reduced. Valuable theoretical work has been 
done on this subject by many workers, including 
Becker, Kersten and Neel, and by Stoner and Wohl- 
farth. To raise permeability and to reduce hysteresis 
loss, it is necessary to remove any impediments to a free 
and easy movement of the domain boundaries, and one 
requirement is to eliminate to the maximum extent 
possible all sources of internal strain producing lattice 
distortion within the constituent crystals of the poly- 
crystalline material. 

There is little doubt that, in a well-annealed com- 
mercial alloy, the chief cause of poor magnetic properties 
rests with the incidental impurities present. Carbon 
and sulphur are icularly harmful, as indicated by 
Yensen’s results for iron in Fig. 6,on page 293. Yensen 
also produced results showing how hysteresis loss might 
be reduced by increasing grain size. Cioffi purified 
small ring samples of iron by prolonged high-tempera- 
ture annealing in a pure hydrogen atmosphere, reducing 
the interstitial impurities to a few thousandths of 1 per 
cent. each. Fig. 7, on page 293, shows how the hystere- 
sis loss was reduced to about one-twentieth of its 
original value for a commercial sheet, and how the 
permeability was also enormously increased. 

Test specimens have been cut from large single 
crystals of iron and of silicon-iron, and the directional 
magnetic properties of the crystals determined. Fig. 8, 
on the opposite page, shows results due to Honda and 
Kaya for iron. The cube edge is a direction of easy 
magnetisation, while the diagonals are more difficult. 
In the latter cases there is a pronounced knee to the 
curves, occurring, in agreement with theory, at about 


1 1 
V3 and V3 of the} saturation value, respectively. 


This purely academic investigation on single crystals 
has given results which, as a matter of fact, are of the 
greatest practical importance, particularly to the trans- 
former engineer. The ordinary hot-rolled iron and 
silicon-iron polycrystalline sheets in general use have 
a more or less random arrangement of their constituent 
crystals, so that the magnetisation curve is a mean 
of that for all crystal directions. The curve is, in fact, 
not much different from that for the intermediate [110] 
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direction of a single crystal, and consequently, in the 
case of a transformer, the amplitude of the working 
flux density is limited, as already mentioned, to near 
the knee point, say 13,500 gauss for a 4 per cent. silicon- 
iron. The transformer engineer would prefer a magneti- 
sation curve more like that for the [100] direction, 
because then the working flux density could be 
increased considerably without excessive magnetising 
current or harmonics. Fig. 9, on the opposite page, 
shows the hysteresis losses measured by Wilson in these 
same directions in the case of single crystals of a 2-1 
per cent. silicon iron, from which it will be seen that the 
[100] axis is the direction, not only of highest permea- 
bility, but also of lowest hysteresis loss. 

The experimental work of Yensen, Cioffi and others 
has shown that, if steel and sheet-making processes are 
controlled to keep impurities to a minimum and to 
produce a larger grain size, then considerable improve- 
ment in magnetic quality is possible. It is now Ameri- 
can practice, for some of the better grades of hot-rolled 
material, to reduce carbon by a decarburising treatment 
on the sheet in its finished thickness, and to obtain 
larger grain size by a special rolling technique. Fig. 10 
compares two steels of the same thickness and silicon 
content, (a) the ordinary hot-rolled product as manu- 
factured and used in this country for the last 20 years 
or more, and (b) a material widely used in American 
turbo-generators, which has had the special treatments 
mentioned and has been finally annealed in either town 

or hydrogen. Material (b) is about 40 per cent. 
awe in loss than material (a) and is, in fact, little 
higher in loss than the best British 4 per cent. silicon 
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ENGINEERING” 
superior to it in mechanical properties and in saturation 
value. Curve (c) in Fig. 10 is for the best-quality 


4} per cent. silicon steel generally available. 

In the case of transformer steels, another method 
which is being employed to reduce iron losses is to raise 
the silicon content even as high as 5 per cent., with 
additions of aluminium also. There are serious objec- 
tions to this, because the material is very brittle and 
the saturation value and upper part of the magnetisa- 
tion curve are di Moreover, although a very 
substantial reduction in loss is obtained at Bnay. = 
10,000 gauss, which is the test induction still widely 
used as a standard though now rather out of date, the 
reduction of loss at Bmax. = 13,000 gauss or higher 
is not nearly so marked. 

The original introduction of the silicon steels, follow- 
ing the investigations of Barrett, Brown and Hadfield 
about 50 years ago, was, at the time, a remarkable step 
forward. The most important advance since then has 
undoubtedly been the development of the directional 
cold-rolled transformer steels. This began in this 
country about 1930, in experiments on the nickel-iron 
alloys by Smith, Garnett and Randall, but the successful 
extension and application of the to the silicon 
steels were due to Goss and others in the United States 
from about 1934 onwards. At the present time, a high 
fraction, probably more than half, of the total output 
of American transformer cores in all sizes, is being 
made from cold-rolled silicon steel having an iron loss 
which is only about one half of that of the best steel 
available in quantity in this country. It would be a 





steel, while, having substantially less silicon, is much 


little surprising, too, if before long this steel is not 
further improved. 
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In the cold-rolling process, hot-rolled 3} per cent. 
silicon-steel strip, 0-1 in. in thickness, is cold-reduced to 
0-014 in. with one intermediate anneal. The strip 
is then decarburised and annealed in pure dry hydrogen 
at about 1,100 deg. C., the carbon content being finally 
about 0-005 per cent. This treatment causes the 
finished sheet to have directional properties similar 
to those of a single crystal due to a nearly parallel 
alignment of the constituent crystals, their preferred 
position being illustrated in Figs.11 and 12, on page 294. 
Fig. 11 shows the curves for an early sample of Goss 3 
per cent. silicon cold-rolled steel, on Fig. 12 those for a 
single crystal of 3-85 per cent. silicon iron. The cube-edge 
crystal axes lie along the rolling direction of the sheet, 
which is thus also a direction of low ifon loss and 
improved shape of magnetisation curve. Because of 
the directional properties, the material is unsuitable 
for rotating machines, but is entirely satisfactory for 
transformer cores, even of the conventional built-up 
type. A comparison between the present American 
3} per cent. silicon cold-rolled steel (curves B), and the 
best British alternative hot-rolled 4} per cent. silicon 
transformer steel (curves A) is given in Fig. 13. The 
great superiority of the former, both in its magnetisation 
characteristic and in iron loss, will be apparent, and it is 
obvious that this material represents a great advance 
in the art of manufacturing silicon steel. . 

In speculating on possible future developments, there 
is little doubt that, because of its cheapness and high 

ic saturation value, iron must continue to 
the basic element employed. The scope for improve- 
ment of soft magnetic materials by alloying iron is 
severely restricted, since the alloys must be si 
phase, and since most alloying constituents produce 
an undesirable fall in saturation value. This is illus- 
trated in Fig. 14. Cobalt is an exception which 
enables an increase of about 10 per cent. in saturation 
value to be obtained. The cobalt-iron alloys have 
their special uses but are uneconomic for general 
purposes owing to the high cost of cobalt. 

An important well-known series of alloys is obtained 
by alloying iron and nickel. With a composition 
near FeNi, very low hysteresis and very high permea- 
bility in low field strengths are obtainable. Fig. 15 
illustrates the extent to which hysteresis loss can be 
reduced by careful heat-treatment and purification of 
these alloys. Unfortunately, from the point of view 
of power equipment, the pr i are expensive and low 
in saturation value. The way in which the latter 
varies with composition is shown in Fig. 16, on 295. 
Within a certain range of composition, the nickel-iron 
alloys may also be improved by heat-treating in a mag- 
netic field. The improvement in maximum permeability 
obtainable is illustrated in Fig. 17, this being for 
one direction in the strip at the expense of the lateral 
directions. Similar experiments with iron and silicon- 
iron, so far, have produced only minor improvements. 

Comparatively recently, research work in Holland has 
shown that non-metallic magnetic materials of high 
permeability and very high electrical resistivity may be 
Pp by combining, in suitable proportions, certain 
oxides known as ferrites. Initial permeabilities as 
high as 4,000 and saturation values of about 5,000 
gauss have been obtained. The fact that such remark- 
able magnetic materials can be devised is a clear 
reminder that all avenues of approach to the problem 
of improving magnetic cater have not yet been 
fully explored. 

In the present directional cold-rolled silicon steel, 
the take up a preferred position with the 
diagonal (110) planes el to the surface of the sheet. 
If, instead, these could be made cube-face (100) planes, 
the most difficult [111] direction would be eliminated 
for all practical purposes, and the sheet would have the 
same improved properties both along the rolling 
direction and at right-angles to it. The material would 
still be etically anisotropic, but less so than before, 
and in built-up transformer cores would give a lower 
corner loss. It might even be considered for turbo- 
alternator stators. Fig. 18 illustrates the improve- 
ment to be expected. So far, this type of preferred 
crientation has not been produced in silicon-iron, though 
it has been done in a 4 per cent. aluminium-iron and 
in certain nickel-iron alloys. 

The production of a icular type of preferred 
orientation in wer BoE ae material, in the finished 
fully-annealed condition, appears at the moment to be 
an art, and the true underlying causes are not under- 
stood. e single crystals of silicon-iron of any 
desired orientation, however, can be grown at will in the 
laboratory. Two of my colleagues, Martindale and Lang- 
ford, employing a method suggested by Dunn, have 
grown such crystals in 1-5 per cent. silicon-iron, for 
example, 6 in. long and 3 in. wide, in sheet form, so that 
the plane of the sheet coincides with any desired crystal- 
lographic plane. The method is illustrated in Fig. 19, on 
page 295. Large crystals are first grown at one end of a 
critically-strained strip of the material. The recrystallised 
material is then etched away, leaving one selected 
erystal connected to the remainder of the strip by a 
narrow neck. By bending the connecting piece, any 





selected crystallographic plane of the seed crystal can 
be made parallel with the plane of the sheet. The 
specimen is then fed through the hot zone of a furnace, 
when the seed grows down the neck and along the strip, 
giving a large crystal of the desired orientation. The 
method is excellent for the production of laboratory 
specimens, but the problem still remains of controlling at 
will the alignment of crystals in polycrystalline material. 

In conclusion, it may be said that Great Britain has 
pioneered the subject discussed in this lecture. Fara- 
day’s ring was the first transformer, Barrett, Brown 
and Hadfield invented silicon steel, and Smith, Garnett 
and Randall made the first directional, cold-rolled 
magnetic sheets. But although the basic ideas are 
British, we have, largely because of the war and its 
economic after-effects, fallen many years behind the 
Americans in the production of the highest-quality 
electrical sheet steels, especially for transformers. It is 
hoped that this leeway will soon be made up, a result 
which, however, can only be achieved by a vigorous 
programme of applied research and development in 
this special subject on the steel and sheet-making side, 
backed up by fundamental research work on an 
adequate scale. 





CATALOGUES. 


Electron Microscope.—A description of their electron 
microscope is contained in a well-illustrated brochure 
received from the Plessey Company, Limited, Ilford, 
Essex. 


Aircraft Batteries.—Messrs. Peto and Radford, 50, 
Grosvenor-gardens, London, 8.W.1, have sent us a 
catalogue containing information regarding the secondary 
batteries they manufacture for use in aircraft. 


Secondary Batteries.—Two catalogues published by the 
Tudor Accumulator Company, Limited, 50, Grosvenor- 
gardens, London, S.W.1, contain details, including 
performance curves, of the stati y dary batteries 
which they manufacture. 


Broadcast Equipment.—Details of the equipment 
approved by the Schools Broadcasting Council for 
the United Kingdom, and manufactured by the Auto- 
matic Telephone and Electric Company, Limited, Strow- 
ger Works, Liverpool, 7, are given in a pamphlet which 
has recently come to hand. 


Rotary Crucible Furnace.—The Morgan Crucible 
Company, Limited, Battersea Works, Battersea Churceh- 
road, London, S.W.11, have issued a folder describing 
their new 6-cwt. capacity rotary crucible furnace 
specially designed for the melting of swarf, skimmings 
and metal powders, brass, bronze, whitemetal, tin, zinc 
and copper. 


Mine Telephones and Signalling Equipment.—A 
catalogue, recently received from the Automatic Tele- 
phone and Electric Company, Limited, Strowger Works, 
Liverpool, 7, gives illustrated details of the spare parts 
they have available for their mine telephones and signal- 
ling equipment, and should prove a useful wrk of refer- 
ence for those who employ this apparatus. 

Nickel Alloys.—A recent issue of a periodical publica- 
tior, ‘‘ Wiggin Nickel Alloys,” issued by Messrs. Henry 
Wiggin and Company, Limited, Wiggin-street, Birming- 
ham, 16, contains descriptions of applications of Monel 
and other alloys to bee-keeping apparatus, ice-cream 
making plant, laundry machinery, foundry equipment, 
oil and petrol strainers, and water-distillation apparatus. 


Spring-Making Machinery.—Messrs. Soag Machine 
Tools, Limited, Juxon-street, Lambeth, London, S.E.11, 
who, as stated on page 226, ante, have been appointed 
sole agents in Great Britain for the products of the 
Coulter and McKenzie Machine Company, Bridgeport 
3, Connecticut, U.S.A., have sent us catalogues of this 
firm’s range of motor-car and railway spring-making 
machinery. 

Temperature-Resisting Aluminium Paint.—Messrs. 
Atlas Preservative Company, Limited, Fraser-road. 
Erith, Kent, have sent us a leaflet describing their 
“ Atlas’ high-temperature resisting aluminium paint, 
No. 2845, which is claimed to withstand a temperature 
of 600 deg. C., without disruption of the film. It is 
recommended for steel chimneys, foundry plant, coke- 
oven steelwork, boiler fronts, dust-extracting plant and 
exhaust manifolds. 
*“* Teconic’’ Castings.—A brochure indicating the scope 
of the Group’s activities and the type of products made by 
their methods has been sent to us by Messrs. John Gardom 
and Company, Ripley, near Derby, consultants and 
secretaries of the Technically Controlled Castings Group. 
The “‘ Teconic”’ castings, as they are called, are tech- 
nically controlled and inspected by a small number of 
well-established foundry companies. The castings, which 
embody all the technical and craft skill at the disposal of 
the individual foundries and the pooled information 
services of the Group, are made in iron, steel, 
malleable-iron and non-ferrous metals, and to a wide 
range of specifications. 
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NOTES ON NEW BOOKS. 


Lighting Technique. By Proressor B. F. Feprroy 
Hutchinson’s Scientific and Technical Publications. 
Stratford Place, London, W.1. [Price 25s. net. ; 


Tue first question to which a perusal of this book (q 
translation from the Russian) gives rise is why it has 
been published, since native works on the subject are 
not lacking and the paper situation is still stringent, 
It is pointed out in the introduction that the question of 
efficient lighting is of great importance in the Soviet 
Union, owing to the development of industry and 
agriculture and the rise in the cultural level of the 
population. These conditions, however, obtain jn 
other countries ; and it is certainly not clear from the 
book that Professor Federov has found any new 
methods of meeting them. The fundamental concept 
of lighting technique, the eye and its work, light mea- 
surements, sources and fittings are dealt with. the 
treatment being of an advanced character in which 
mathematics has not been eschewed. Other chapters 
cover the lighting of rooms and workshops and outdoor 
illuminations. In an appendix, some reference is made 
to Soviet lighting ciantiate, and a supplement to the 
original text on fluorescent lighting has been added by 
Mr. W. T. O’Dea. Such bibliography as exists refers 
almost exclusively to Russian works, which are hardly 
likely to be available to British readers. It is pleasant 
to be able to record that the treatment is realistic in so 
far as no extravagant claims for Soviet activities in 
this field are made. The translation has been well 
carried out by Mr. W. T. Stoker, who has added some 
explanatory notes. 





Palmer's Private Companies. By Dr. J. CHAR.zs- 
worTH. Forty-first edition. Messrs. Stevens and 
Sons, Limited, 119 and 120, Chancery-lane, London, 
W.C.2. [Price 3s. net.] 


WueEwn the large number of successful one-man busi- 
nesses engaged in engineering manufacture in this 
country is considered, one is tempted to think of the 
many occasions when their proprietors must pose them- 
selves the questions :—“‘ Who is to carry on aher me?” 
“Who shall I take as a partner to share my respon- 
sibilities ?’’ There are dangers inherent in a partner- 
ship. These the private limited company avoids 
and at the same time offers many advantages, the 
outstanding one of which, as the title implies, is that 
of limited liability. The present little book sets out in 
readable form, not only the law relating to private 
companies, but also some practical notes on their forma- 
tion and their day-to-day working, hints as to manage- 
ment, taxation, etc. For proprietors, the advantages 
of limited liability (in the event of bankruptcy), of 
flexibility in management and in freedom from controls 
compared with those applied to public companies, all 
make the private limited company an attractive and 
inexpensive means of disposing of a number of adminis- 
trative worries. To such persons, a perusal of this 
revision of an old and well-known work is commended. 





A Dicti y of Mathemati Plane Trigonometry and 
Geometry. Volume II. By C. H. McDowz11, 
A.M.LC.E., F.R.G.S. Mathematical Dictionaries, 
72, Victoria-street, London, S.W.1. [Price 5s.] 


Tus is the second part of an illustrated dictionary of 
mathematics, intended for students in schools, evening 
classes and universities. The first volume dealt with 
arithmetic and algebra. The third volume, which is 
in course of preparation, will cover spherical geometry 
and trigonometry. The definitions, many of them 
illustrated by line diagrams, cover 58 pages, and are 
followed by a list of arithmetical, algebraic, and geo- 
metrical signs and symbols, a page of arithmetical 
tables, and the Greek alphabet. While the book is to 
some extent useful for reference, many of the definitions 
are poor, and the selection and arrangement of the 
material could have been much better. Since the scope 
of the definitions extends well beyond Intermediate 
Mathematics standard, it seems unnecessary to include 
a list of the multiplication tables up to 12 times, the 
fact that one penny contains four farthings, and the 
number of days in the month; a conversion table of 
British and metric units would have been much more 
useful. On the other hand, the list of Roman numerals 
and the Greek alphabet are quite helpful. As the book 
is meant for use in schools, accurate terminology and 
abbreviations should have been used: the plural of 
“Ib.” is not “Ibs.” As regards the definitions them- 
selves, there is evidence of hasty compilation in some 
cases; it is not v enlightening, on looking up 
“Hyperbolic Involution,” to read that it is “ Also 
called, non-overlapping. When the constant is positive 
OP x OP = + C*.” Turning to “ Involution,” the 
meaning of this cryptic message becomes clear ; but the 
author should either have ted the entire definition 
under H bolic Involution, or else plainly cross- 








referenced this item. 
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MONOLITHIC CONCRETE 
AEROPLANE HANGARS. 


Two large monolithic concrete hangars are under 
construction in the United States for the United 
States Air Force; they are expected to be com- 
pleted this year. Each consists of a concrete arch 
with a clear span of 340 ft. between supporting 
columns, @ maximum clear height inside of 90 ft., 
and a length of 314 ft. It has been claimed that 
the span of the concrete roof exceeds that of any 
other similar structure in the world, and although 
this may be correct it is clear that in overall dimen- 
sions the hangars are greatly exceeded by the 
Brabazon assembly hall at Filton. This has an 
overall width of 1,052 ft. and consists of three bays, 
the centre one being 420 ft. long, and the side ones 
270 ft. long. The Filton hangar is a steel structure, 








at the Limestone Bomber Base is being built by the 
Lane Construction Corporation, in conjunction with 
T. W. Cunningham, Inc., and that at Rapid City 
by the Steenberg Construction Company, in both 
cases under the inspection of the Corps of Engineers. 

As the two hangars are identical, any description 
of the design and main features refers to either, 
although there were naturally variations in erection 
procedure dictated by local conditions, or possibly 
by the plant available to the contractors. Of the 
various illustrations which accompany this article, 
some refer to the Rapid City hangar and some to 
that at the Limestone Bomber Base, and in some 
no mention is made of the hangar concerned. Fre- 
quent repetition of one or other name would be 
tedious for the reader and is in no way necessary in 
a general description. A good genera] idea of the 
form of the building is given by Figs. 1 and 2, on this 
page, which were prepared from photographs taken 








Fic. 1. 





Fig. 2. 


and the adoption of such an entirely different 
method of construction for the American hangars 
forms an interesting example of the varying possi- 
bilities offered by modern civil-engineering methods. 

Some of the advantages claimed for the type of 
construction employed are that the monolithic struc- 
ture is well adapted to resist shocks due to bombing 
or earthquakes, that it is fireproof, and that both 
initial and maintenance costs are low. As there is 
no internal bracing, clear manceuvring space is pro- 
vided inside ; the 90 ft. height at the centre leaves 
ample clearance for the largest bombers, the tails 
of which rise to a height of nearly 60 ft. The 
concrete construction makes less demand on skilled 
labour than does steelwork, and enables locally- 
available materials to be utilised. One of the 
hangars is situated at the Limestone Bomber Base, 
in the north-east of the State of Maine, close to the 
Canadian border ; the other is at Rapid City, South 
Dakota. The two buildings are to the same design, 
which has been prepared by Messrs. Roberts and 
Schaeffer, consulting engineers, of Chicago; that 
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at a fairly advanced stage of construction, when the 
timber centering had been removed from a number 
of the sections, which were built separately and of 
which the hangar is made up. The clear internal 
floor space, which has an area of 106,760 sq. ft., 
allows ample room for the parking and repair of 
two of the largest bombers, or six of the smaller. 
The overall dimensions of the building are 314-5 ft. 
long, 369 ft. wide, and 95 ft. high. The roof 
shell is 5 in. thick at the crown of the arch and 
7 in. thick at the springing line. . Rigidity is pro- 
vided by external arch ribs, 20 in. thick, 5 ft. deep, 
and spaced at 25 ft. centres. The roof is carried 
on piers 16 ft. high and forming part of footings 
founded on precast concrete piles and connected 
together by steel tie-rods buried below the floor 
slabs. Structurally, the roof consists of six 50-ft. 
wide sections placed side by side and built inde- 
pendently, the timber centering being moved into 
position for the construction of a neighbouring arch 
section when one had been completed. Each 
section weighs about 1,200 short tons and exerts 


a dead-load thrust of 750 short tons on the piers 
at the springing line. The section first built con- 
sists of the part of the roof covering the two pier 
bays, and embodying three external arch ribs, 
at the front end of the building, as shown in 
Fig. 1. 

A total of 616 reinforeced-concrete piles were 
driven to carry the footings. They varied in length 
from 12 to 24 ft., the average being about 18 ft., 
and were designed for a minimum bearing value of 
44 tens each; they take the horizontal thrust on 
the,structure due to wind and snow loads. For 
each line of footings, a trench, 10 ft. deep, was 
excavated. The piles were driven at the ends of 
the footings, and for these and the rest a log was 
kept of blows per foot of penetration to ensure 
that sound material had been reached. The 
concrete for the footings and pedestals was placed 
monolithically and compacted with electric vibra- 
tors. Quick-setting high-strength cement was used 
and it is stated that at Rapid City no difficulty 
was experienced in keeping the 120-cub. yard 
masses of concrete proteeted at temperatures as 
low as 20 deg. F. At the Limestone Bomber Base, 
climatic conditions were at times severe and canvas 
coverings had to be used in very cold weather. 
A view of a line of footings at Rapid City, with the 
reinforcing steel for the piers, is given in Fig. 3, on 
page 298, and Fig. 4 shows a pier section completed 
and the trenches with the tie-rods connecting the 
footings at the two extremities of the arch section. 
The tie-rods are of nickel steel 2} in. in diameter, 
there being six to each arch rib. 

As already mentioned, the timber centering was 
used for the construction of each arch section in 
turn. For the first section, the centering was built 
in place. It was 60 ft. wide and consisted of ten 
posts, or bents, each made up of eight columns 
arranged with two columns per row. The bents 
were braced with diagonals and horizontals and were 
interconnected by stiffening trusses. At the sides, 
a single falsework truss the full width of the centering 
was built. The general form of the construction 
will be clear from Fig. 9, on page 310, which shows 
an advanced stage of construction. The lower 
parts of the structure and the roof forms were of 
bolted construction ; other parts were nailed. The 
roof forms consisted of eight rows of ribbed trusses 
faced with plywood. They are shown in position 
on each side of the arch in Fig. 9. The main bents 
were built resting on wedges so arranged that when 
they were knocked out the bents were lowered on 
to trucks furnished with wheels running on steel 
tracks. Jacks were provided to relieve the pressure 
on the wedges when they were to be removed. 
When the bents had been lowered, after the com- 
pletion of the concreting of a 50-ft. section of the 
hangar, the whole arrangement could be moved 
into position for the building of the next section. 
The operation of moving the centermg by means of 
wire ropes attached to a tractor is shown in Fig. 10, 
on page 310. Before the bents could be moved, it 
was necessary to disengage the roof forms from 
the concrete arch. This was arranged for by 
building-in screw jacks between the various sections 
of the roof truss forms, as shown in Fig. 7, on 
page 299. When the jacks were slacked off the 
forms approached each other and freed themselves 
from the completed roof. The arrangement per- 
mitted the forms to be lowered some three to five 
inches. There were 176 of these jacks in all. 

When the forms had been set for the construction 
of a section of the roof, the reinforcing bars and wire 
mesh were placed in position by crews working from 
both sides of the arch. The material was hauled 
up the steep sides of the slope by a small power- 
driven winch. The heaviest members were 1} in. 
rourd pars, 60 ft. long, and a small sledge was used 
to carry the front ends of these to prevent them 
fouling and damaging the timber forms. Views 
showing the placing of the reinforcement at the 
Limestone hangar are given in Fig. 5, on page 298, 
and of the finished steelwork ready for the placing 
of the concrete, at Rapid City, in Fig. 11, on page 310. 
The men shown on the right in Fig. 5 are placing 
the reinforcement for one of the 5-ft. deep external 
ribs by which the roof is stiffened. Separate timber 





forms were necessary for these ribs, as shown in 
position in Fig. 11. They were held in place, when 
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running the concrete, byt timber stays resting on the 
roof reinforcement, as shown in this figure. 

Different methods were used at Rapid City and 
at the Limestone Bomber Base for delivering 
concrete for the construction of the roof. At the 
former, two steel towers, 120 ft. high, were built 
alongside the falsework. These were equipped 
with 2-cub. yard concrete hoists. At Limestone, 
two crawler cranes, with 120-ft. jibs, were employed. 
The concrete was delivered to hoppers carried on 
temporary timber bridges, there being three hoppers 
at different levels on each side of the roof, as shown 
in Fig. 12, on pgge 310. The hoppers fed rubber- 
tyred trucks, which delivered to chutes by which 
the concrete was distributed. One of the hoppers, 
two trucks, and some of the chutes can be seen in 
the view reproduced in Fig. 6, on the opposite page. 
The placing of concrete for the roof was started 
simultaneously from the springing line on each side 
80 as to avoid uneven loading on the timber center- 
ing. It was arranged that concrete should not be 
placed at a greater distance than 6 ft. from the end 
of a chute, and for the roof slabs, chutes flared at the 
delivery ends were used to obtain even distribution. 
Vibrators were employed to emsure proper pene- 
tration of the concrete. 

The concrete for the roof slabs was finished by 
hand floats and brooms, as shown in Fig. 8, on the 
opposite page ; screeds were not used. The men 
finishing the surfaces were provided with depth 
gauges, which enabled them to ensure that the sur- 
face of the concrete was } in. above the top layer of 
reinforcing steel. No upper forms were necessary 
even for the steepest part of the roof, the concrete 
mix being stiff enough to remain in place. The 
roof ribs were run inside forms, as already explained, 
and the upper exposed surface, to be seen at the 
left of Fig. 8, was finished off by hand trowel. 
Work was undertaken in two 12-hour shifts, concrete 
placing starting early in the evening. In case of 
rain, the finished portion of the roof was covered 
with waterproof paper and the ribs protected with 
tarpaulins. All concrete was sprayed with a sealing 
compound as soon as it had set. The concrete used, 
which contained air-entraining mixture, had a com- 
pressive strength of 3,750 Ib. per sq. in. at 28 days. 

De-centering of the completed roof was not started 
until job-cured cylinders had attained a minimum 
compressive strength of 2,500 Ib. per square inch, 
and beam tests showed a minimum modulus of 
elasticity of 2,000,000 Ib. per square inch. It is 
stated by Colonel Louis W. Prentiss, of the United 
States Corps of Engineers, in an article in Civil 
Engineering, the journal of the American Society 
of Civil Engineers, that ‘‘ decentering of a completed 
roof section and moving the forms to the next 
section was found to be a relatively simple and 
quick operation, but required teamwork and careful 
planning.” The removal of the centering threw the 
load caused by the thrust of the arch on to the 
tie-rods, which connected the footings. Three 
jacking frames and six jacks were arranged to 
stress these tension rods in order that they should 
pick up the load as soon as it was thrown on to 
them. The jacks bore against the footings on one 
side of the building. For de-centering, one man was 
stationed at each jack which had been built into 
the timber work, and a crew handled the tie-rod 
jacks. At a signal, all jacks were operated simul- 
taneously, the number of quarter turns per jack 
being announced. The amount of stress placed per 
load increment was ascertained by measuring the 
actual elongation of the rods, and by reading 
pressure gauges on the jacks and strain gauges 
fixed at three points on the rods. The lowering 
of the jacks under the roof forms was kept ahead 
of the lowering of the jacks at the base of the 
falsework structure. The operation was continued 
until the tie rods were fully stressed. These were 
then secured by nuts bearing against steel plates 
set in the concrete at the outer sides of the footings. 
The vertical deflection at the crown of the concrete 
arch when it was completely free from the centering 
was }# in. 

When a 50-ft. section had heen completed and 
the falsework structure was being moved into 
position for the construction of the next section, 
workmen, operating from a platform at the trailing 
edge of the centering, attended to any local defects 
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or honeycombing in the underside of the roof, and | 
fixed wiring and supports for the lighting system. | 
A view showing part of the inside of the hangar 
at this stage is given in Fig. 2, on page 297. The 
outside of the roof is finished with a coating of 
asphalt. In addition to the main arch structure 
constituting the hangar proper, there are a series 
of side buildings forming offices, shops and spare- 
part rooms. The hangar is heated from pipes 
embedded in the floor and from large space heaters 
at each corner. The heating pipes are placed 8 in. 
below the surface of the concrete for the main 
hangar floor and 2 in. below the floor slabs in the 
side buildings. The end walls of the hangar consist 
of steel framing covered with insulated steel sheet. 
The end doors, which are operated mechanically, 
move horizontally and provide an opening 300 ft. 
long and 40 ft. high, with a central section 50 ft. 
wide moving vertically to provide a height of 62 ft. 
to clear the tails of large bombers. 








ENGINEERING AND MARINE EXHIBITION : ERRATUM.— 
We regret that, in the description of the pumps made by 
the Rotoplunge Pump Company, Limited, 58, Victoria- 
street, London, 8.W.1, which appeared on page 220, ante, 
the maximum pressure of these pumps was given as 250 Ib. 





per square inch ; it is, in fact, 350 lb. per square inch. 
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The Practical Application of Acoustic Principles. By 
D. J. W. Cuttum. Architectural and Building Series, 
edited by ANTHONY M. Cuirty. E. and F. N. Spon, 
Limited, 57, Haymarket, London, S.W.1. [Price 16s. 
net.] 

Mr. CuLtum’s account of the application of acoustic 

principles in the construction of buildings forms a 

welcome addition to this series of practical hand- 

books. Without necessarily subscribing to his 
statement that acoustics is not an exact science, no 
one is likely to dispute his contention that practical 
experience is essential if these principles are to,be 
effectively applied to technological problems. The 
scientific principles of architectural acoustics are 
firmly established, while reliable data concerning 
the absorptive and insulating properties of a wide 
range of traditional and recently developed building 
materials and types of structure are now available. 

On this basis, it is possible, by suitable design and 

by proper selection and skilled application of 

materials, to avoid acoustic defects at the outset. 

It is certainly preferable and far less costly to do so 

than to attempt to correct them after a building has 

been erected and found wanting. 
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The first chapter is devoted to the physical 
properties of sound, the characteristics of the normal 
human ear, the relation of loudness to intensity with 
a clear account of the units in which both are 
measured, the definition of noise, and the masking 
effect of unwanted sounds upon wanted sounds. 
Sound intensity, however, is not ‘‘a measure of the 
quantity of sound energy,” but of sound energy 
flux per unit area ; it is proportional, not “‘to the 
square of the pressure of the sound wave,” but to 
the square of the pressure amplitude. Neither does 
frequency ‘“‘describe its quality.”” Under ‘“ Some 
Specific Acoustic Defects,’ a general survey is given 
of conditions detrimental to the proper appreciation 
of speech or music within a room and of conditions 
responsible for the entry of extraneous sound or 
vibration into a room. The former include echo 
and focusing effects, flutter and excessive reverbera- 
tion ; the latter arise from air-borne and structure- 
borne noise or vibration. The important distinc- 
tion between sound absorbing and sound insulating 
properties is well brought out, and the general 
principles of insulation against low-frequency and 
high-frequency sounds are outlined. It should be 
pointed out that the decay bistory curves are 
purely schematic and that their ordinates are in 
logarithmic units (decibels). 

The next four chapters are concerned with the 
acoustic treatment of particular structural features 
—-walls and partitions, floors and ceilings, doors, 
sound-proof windows and forced-ventilation systems. 
The relative advantages of alternative types of 
construction are explained and the recommendations 
suggested are obviously based upon extensive prac- 
tical experience. Valuable tables of authoritative 
data are given on the transmission of air-borne sound 
through homogeneous walls, single and double 
homogeneous and complex partitions and on the 
transmission of impact noises through concrete and 
timber floors and through suspended ceilings. 
Separate chapters are devoted to the special, and of- 
ten conflicting, acoustic demands of cinema theatres 
and of small rooms such as talks studios, preview 
theatres, etc. There is, as the author says, “no 
ideal shape of cinema theatre but there are plenty of 
bad ones.” Besides an explanation of how the 
more common faults can be eliminated, an analysis 
of a large cinema theatre is given, based on the 
Eyring modification of the Sabine reverberation 
formula, showing the relative optimum absorption 
to be provided at octave intervals within the fre- 
quency range 64 to 4,096 cycles per second. Though 
it may be true that Sabine originally derived the 
relation given on page 134 as an empirical formula, 
he also derived it theoretically (page 43 of his 
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Collected Papers on Acoustics). Chapter X defines 
and discusses absorption coefficients, tabulates their 
values for common surfaces over the normal fre- 
quency range, and illustrates graphically the depen- 
dence of absorption on different types of mounting 
with various surface treatments and finishes. The 
isolation of machinery is based on the electrical 
analogy of the mechanical low-pass filter. Unfor- 
tunately, the mathematics on pages 173-5 is marred 
by a number of misprints which will be sufficiently 
obvious to anyone iliar with electrical circuit 
theory. Apart from misplaced parentheses, the 
final results quoted are correct. The legal aspect 
of noise is briefly and sensibly discussed and, in the 
final chapter, the loss of efficiency and impairment 
of health arising from work in noisy surroundings are 
rightly emphasised. Some information concerning 
methods for measuring sound levels and rates of 
decay of sound energy in rooms would have been 
useful. Though not intended for the specialist, the 
book might be read with advantage by architects 
and by builders. 


Short History of the Art of Distillation. By R. J. FoRBEs. 
KE. J. Brill, 33a, Oude Rijn, Leiden, Holland. [Price 
18 fi.) 

On March 10, 1948, at a meeting of the Newcomen 
Society held in the Institution of Civil Engineers, 
London, Professor R. J. Forbes, of the University 
of Amsterdam, delivered a paper entitled ‘‘ Distilla- 
tion : The Invention of the Fractionating Column ”’ ; 
an abridgment of it appeared on page 378 of our 
165th volume (1948). Professor Forbes, who is a 
member of the Council of the Newcomen Society, 
traced concisely in that paper the historical evolution 
of the process of distillation and established that the 
invention of the fractionating column was due to 
Jean Baptiste Cellier-Blumenthal (1768-1840). Most 
of the material of the paper appears as Chapter 8 
of the author’s Short History of the Art of Distillation, 
then nearing completion for the press, and the fact 
that there are eight other chapters will be evidence 
enough, to those who recall the amount of detail 
in the full text of the paper, of the thoroughness with 
which the book surveys the subject from the dawn of 
history down to the death of Cellier-Blumenthal. 

The book opens with an introductory chapter 
which summarises the statements of many writers 
on the origins of distillation, and criticises some of 
them with evident reason. Professor Forbes finds 
it difficult to believe that distillation ‘‘ was discovered 
by several primitive tribes at different dates and 
places’; and, pending satisfactory proof of earlier 
discovery, he adopts ‘‘the genera] opinion ’”’ that 
distillation was first discovered by the Alexandrian 
chemists in the First Century, a.p. On the 
origin of the distillation of alcoholic beverages, he is 
emphatic in declaring that ‘‘ in no civilised country 
is there any trace” of this before the Eleventh 
Century 4.p., when “‘ this operation was discovered 
in the north of Italy”; though, in citing several 
references to Chinese authors, he points out that the 
western world still has only a little knowledge of 
Chinese technological literature, while maintaining 
that ‘‘the fables of the hoary age of distillation in 
China can be dismissed.” This introductory chapter 
alone would have made a monograph worthy of 
publication, even if the rest of the book had not 
been written. Two succeeding chapters amplify 
parts of the first by dealing, in turn, with the work 
of the Alexandrian chemists and of the Arabs. The 
fact that the latter used the term “‘ distillation ”’ in 
a wide sense, to include filtration, the expressing of 
oils, and extraction with water, may be misleading 
in conjunction with the Arabic origin of the modern 
word “alcohol”; but Professor Forbes observes 
that the Arabic term, which he renders ‘“‘ al-kohl,” 
was employed as late as the Fourteenth Century to 
denote any substance that was attenuated by fine 
pulverisation, distillation or sublimation. In the 
preparation of rose-water, however, the art of dis- 
tillation was well developed at Damascus in the 
Thirteenth Century. 

The fourth chapter carries the story through the 
Middle Ages and concludes with a map of Europe, 
showing the towns or cities wherein the science and 
art of distillation was advanced between 1000 and 
1500 a.p. The British Isles shows only three— 
London, Oxford and Cambridge—but Italy, France, 





Germany and the Low Countries are fairly well 
covered with names, though the letters are so small 
as to be difficult to read. It appears from this 
chapter that the apothecaries were the chief dis- 
tillers and tradesmen in alcohol when the monasteries 
declined in importance as centres for medicinal 
studies, but, by the end of this period, the vintners 
had become established as specialists. The follow- 
ing chapter, dealing with the period extending from 
the time of the German, Hieronymus Brunschwygk, 
to that of Robert Boyle, shows how rapidly the new 
art improved under the influence of the spirit of 
scientific inquiry, which printing did so much to 
foster; and this expansion of knowledge was 
accelerated in the era from Boyle to Lavoisier, which 
is reviewed in Chapter 6, until, as described in Chap- 
ter 7, there came about the ‘‘ wedding of spirit and 
science ” that resulted in the work on which Cellier- 
Blumenthal set the seal. The ninth chapter, on 
“*The Aftermath,” describes the industrial develop- 
ment to which the pioneers had pointed the way, 
and contains a chronological chart indicating their 
respective periods of activity from the year 1000 to 
1870. 

While the extent of the survey precludes detailed 
consideration of the work of individuals apart from 
a few outstanding figures, the book is much more 
than a mere recital of names, dates and publications. 
The bibliography contains 673 references and, read- 
ing between the lines of the book, it is evident that 
the author has studied at first hand a surprising 
number of them ; a task which has been facilitated, 
no doubt, by the richness of the Dutch university 
and national libraries in early texts. The thorough- 
ness of the research work is hinted at in the preface, 
wherein Professor Forbes warns the reader of the 
need to “study far more than a few lines” in 
original works in order to understand the correct 
meaning of passages quoted ; ‘‘ in looking up these- 
references,” he observes, ‘‘one should never forget 
to study the whole scheme and meaning of the book 
cited, as these are generally of the utmost import- 
ance for the correct interpretation of the lines 
quoted.” The principle is a sound one, and the 
number of times when he finds occasion to insert 
some critical commentary shows that he has 
observed it carefully himself. The book, which is 
written in English, should have a wide appeal to 
those who are interested in the development of this 
fundamental application of natural philosophy to 
modern industrial needs, and its standing as an 
authoritative work of reference is unlikely to be 
challenged for many years to come. It is liberally 
illustrated and has good indexes of subjects and 
personal names. 


The Mechanics of Engineering Soils. By P. L. CAPPER 
and PROFESSOR W. FISHER CassiE. E. and F. N. 
Spon, Limited, 57, Haymarket, London, S.W.1. 
[Price 21s.] 

Tuis is one of the few text-books on soil mechanics 

to have been produced in England, and of these it is 

the most comprehensive. Mr. Capper and Professor 

Fisher Cassie have endeavoured to cover the whole 

subject as it is dealt with in university under- 

graduate courses, and, for the many civil engineering 
students who will have to show some knowledge 
of the subject for examination purposes, this book 
will be most useful. All the usual topics are dealt 
witb. History, scope, and soil classification provide 
the first three chapters. Then follow the bones of 
the subject: permeability, consolidation and shear 
strength, with their application in drainage prob- 
lems, settlement analyses, and the stability of 
slopes, retaining walls and building founda*ions. 

The particular soil problems of roads and runways are 

given a separate chapter, and the book ends with a 

brief chapter on site exploration. 

For the practising engineer, the book will serve 
as a good introduction to the subject : it is easy to 
follow and is not overburdened with mathematics. 
Since it covers a wide range of topics, however, 
and does this in about half the length of the standard 
American text-books, it is obvious that none of the 
specialist problems is propounded in any great 
detail. For example, the authors mention that the 
shear strength of soil is dependent upon the inter- 
granular pressure, but make little mention of the 
pore-water pressure which controls it; it is 
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assumed, apparently, that the pore-water pressure 
always remains equal to the hydrostatic pressure. 
Again, in analysing the stability of slopes, no 
mention is made of the seepage pressures which may 
occur due to a rapid change in the ground-water 
level; in fact, apart from a short paragraph on the 
phenomenon of piping—the prevention of which is 
described in very vague terms—seepage pressures 
are not mentioned. The authors indicate four 
methods of constructing flow nets (the most useful 
and practical method receiving the least space), but 
make very little use of them in the text. The chapter 
on roads and runways includes a section on com pac- 
tion which also is applicable to embankments and 
roll-fill dams. In view of the publications of the 
Road Research Laboratory in the past few years, 
some doubt may be felt about adjusting moisture 
contents to the arbitrary value obtained by the 
standard compaction test, as suggested in the text, 
as this may differ widely from the optimum value for 
the available rollers; on a big contract, it would 
appear preferable to experiment with different 
rollers rather than with the soil. The final chapter 
appears to follow closely the draft British Standard 
Code of Practice on Site Exploration, but little detail 
is given. It is emphasised that the thickness of a 
sampling tube should not be too great in relation to 
its diameter, an important point to prevent sample 
distortion. The remoulding effect on cohesive soils, 
caused by sampling, may result in a considerable 
loss in shear strength over that of a truly undisturbed 
sample. The authors mention this sensitivity in 
connection with compressibility, but do not relate it 
to shear strength. It is stated that there may be a 
loss of strength in the neighbourhood of piles, but 
it is not suggested that this may be recoverable. 
Apart from shallow sampling, no methods are des- 
cribed for obtaining samples of sands. 

These criticisms do not detract from the value 
ef the book as an introduction to the subject, and 
this, after all, is the declared object of the authors. 
The simplicity of the treatment, in describing the 
mechanics of soi] movements, may lead the uniniti- 
ated to suppose that theoretical soil mechanics can 
be substituted for that engineering sense which is 
gained only by practical experience. At the present 
time, practical soil mechanics is invariably a 
combination of the two, and all too little is said of 
the latter part in the book. The authors have, 
however, compressed a great deal of information 
into a comparatively small space, and the book is 
readable throughout—an achievement which is 
aided by clear print and the good layout of the 
diagrams. 


THE BRITISH ASSOCIATION 
MEETING AT NEWCASTLE- 
ON-TYNE. 

(Continued from page 287.) 


Grounp SUBSIDENCE. 





Str ARTHUR FLEMING again presided at the meet - 
ing held on Friday morning, September 2, when four 
papers on ground subsidence were read and dis- 
cussed. The titles and authors were as follows : 
‘* Ground Subsidence from Mining,” by Mr. E. L. J. 
Potts ; ‘‘Geologicat Aspects,” by Dr. T. Robert- 
son; ‘‘ Legal Aspects,” by Dr. J. Charlesworth ; 
and ‘“‘A General View of the Problem,” by Mr. 
George Raw. The papers were read successively by 
their authors ; two are reprinted on pages 320 and 
321 of this issue of ENGINEERING, and the other 
two will appear in later issues. 

The discussion was opened by Mr. A. R. Thomlin- 
son, Chief Mineral and Estates Adviser of the 
National Coal Board, who pointed out that the four 
speakers had been closely concerned with the 
subsidence probiem in the Durham and Northumber- 
land coalfield, where the effects of subsidence were 
less predictable than elsewhere in the British Isles, 
partly because of the method of working and partly 
because the coalfield was very old. With regard to 
the proposed new town at Peterlea, the N.C.B. were 
even more worried than Dr. Robertson, because the 
scheme would appear to involve the sterilisation of 
some 2} million tons of coal, mainly high-quality 
coking coal, the reserves of which were being 
steadily depleted. He emphasised the necessity for 
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avoiding unnecessary sterilisation. There had been, 
however, a tendency to over-caution, probably 
because if the expert ruled that the support should 
be left he could not be proved wrong, whereas to 
take the risk might mean considerable publicity if 
serious damage resulted. 

He regretted the suggestion in Mr. Potts’s paper 
that there had been some lack of co-operation on the 
part of the Board, and could assure him that their 
sole desire was to be helpful. He fully endorsed 
the plea for further research, but Mr. Potts had 
tended to belittle what had been done in the past, 
and possibly to suggest that British mining engineer- 
ing did not compare favourably with Continental 
mining engineering. There was, however, an im- 
mense amount of painstaking observation in this 
country, the results of which had not been published 
or properly co-ordinated. The best way to ascertain 
the probable result of working a particular area was 
to see what had happened in the past in another area 
where conditions were approximately the same. 

Dr. Charlesworth had expressed the hope that 
in the national interest the best use would be made 
of the surface by the National Coal Board, represent- 
ing the mining interests, and the Central Land 
Board and Minister of Town and Country Planning 
representing the surface interests. The Ministry 
had for some time been impressing on the N.C.B. 
that they were just as concerned with the mining 
interests and community as with the surface, and 
he hoped that that would prove to be the case. 

Mr. J. E. Lewis, the next speaker, said he agreed 
with Mr. Thomlinson as to the desirability of 
scientific deduction, but in mining, the only safe 
guide to what would be likely to happen in the 
future was to find out what had happened in the 
past, and a vast amount of materia] was already 
available. Starting with the bench marks from 
the 1856 Survey, for example, a section of subsidence 
could be plotted which would constitute a useful 
guide for the future. In a recent case in which he 
had been interested, mining maps had been available 
which showed what had happened at the surface 
level, and fuller details were available since 1922. 
Records showed that there had been a subsidence of 
3-6 ft. since 1922, but there was no evidence of any 
unusual damage due to this cause. It was now 
possible to design buildings and structures which 
could safely withstand the stresses caused by the 
letting down of the surface. 

One of the major difficulties was connected with 
sterilisation where coal had been left as a support 
and differential subsidence occurred on the edges. 
This gave more trouble than the letting down of the 
surface in a vertical direction. Buildings had to 
be articulated so as to take the stresses and go down 
without undue damage. It was not beyond the 
bounds of possibility to forecast at the colliery how 
much and where the ground would go down. 

It would have been interesting to have heard 
Dr. Charlesworth’s comments on the suggestions 
in the Turner Report to the effect that the Mining 
Code was very much out of date. Particularly 
important were the proposals for giving back to the 
“severed ” people the right of support, the principle 
of key points, and the suggestion that differences 
should be dealt with by a tribunal consisting of a 
High Court judge or other eminent legal person, and 
two other persons. The Mining Code and other 
arrangements could be greatly simplified, and with 
the goodwill at present existing it should be possible 
to achieve good results without harming any of the 
interests concerned in the intermediate stages. 

Grave difficulties were likely to occur in many 
cases. He had in mind, for instance, some of the 
South Wales valleys, where the coalfield did not 
extend to the mouth of the rivers, and there was a 
tendency, with the vast amount of subsidence, for 
inland lakes to form. The same situation was 
likely to arise in the Kent coalfield, where there 
were tidal rivers with little fall to the sea, and 
elsewhere. In the Kent coalfield it had been 
necessary to construct high-level outfalls for 
surface waters and in some cases to resort to pump- 
ing. He would like to put in a plea for the under- 
ground stowage of pit heaps, as recommended in 
the Turner report, though this, of course, would not 
serve entirely to fill up the gaps. 

Major P. L. Capper, the next speaker, said he 





Committee of the Institution of Structural Engineers. 
The Institution was about to publish a report on 
mining subsidence which was a revision of a prelimi- 
nary report published in Structural Engineering for 
August, 1947. Ground subsidence problems could 
be divided under three headings: the prevention 
or partia] prevention of subsidence; remedial! 
measures to works damaged by subsidence; and 
the designing of works to resist, as far as possible, 
the effects of subsidence. The report in question 
was concerned primarily with the last mentioned. 

More serious in their effects than the vertical 
drop were the horizontal movements which resulted 
in tension in some places and compression in others. 
The report emphasised the importance of designing 
buildings to resist these horizontal movements, 
which could be done by construction in sniall units, 
and reinforcing the foundations where practicable so 
that tension or compression would not appreciably 
affect the buildings. The base of a building might, 
if necessary, slide as the ground moved. 

The report also mentioned the use of relatively 
high bearing pressures under the foundations. This 
might not be practicable in small buildings, but 
with a large building where, for example, the ground 
—originally flat—became convex, one edge of the 
building might overhang as a cantilever with 
more intense pressure on the part on which the 
foundation bore. If the initial bearing pressure 
was relatively high, local yielding would take place 
before the cantilever projection had become very 
great and would tend to prevent further cantilever 
action. The building would gradually tilt slightly but 
would not be subject to very high bending stresses. 

Mr. J. S. Wilson mentioned an instance of the 
effect of mining subsidence which he thought might 
be of interest. It related to a church he had been 
asked to watch while about 3 ft. of coal was taken 
from under it. The depth of the seam was about 
1,000 ft. and he had been able to watch the move- 
ment of the old church which was of considerable 
architectural and archzological interest. The col- 
liery company were anxious to avoid damage and 
took accurate levels over a large area round the 
church and throughout the village. To cause as 
little damage as possible, the colliery company 
arranged that the coal face should approach the 
church so that the latter would lie in the middle of 
the width of the face in order to equalise any settle- 
ment which took place. As the working approached 
he had had accurate plumb measurements taken in 
the church, which showed that it tilted slightly 
towards the approaching face. As the face came 
nearer, the tilting was reduced. The whole area 
was subsiding gradually and the church righted 
itself as the working face went beyond. The re- 
moval of about 3 ft. of coal caused a fall in the 
area of about 2-6 ft., but up to the last time he had 
seen it the church was not appreciably damaged. 
In all such cases, the real danger was a fault; 
fortunately, there were no faults near the church. 

A matter of academic interest to which he would 
like to call the attention of those working on the 
problem of subsidence concerned some valuable 
experiments carried out many years ago by the late 
Professor E. G. Coker. He obtained some accur- 
ately shaped pieces of marble, slightly coned, and 
encased them in a perfectly fitting sleeve of mild 
steel. This combination was put into a compres- 
sion-testing machine and the height was reduced 
by at least one-third. The casing of steel was then 
removed. The interesting point was that the 
strength qualities of the marble before treatment 
were not reduced appreciably by this treatment. 
Under hign pressure and lateral support, the shape 
of rocks and substances of that kind could be trans- 
formed without damaging their nature. 

The last speaker, Mr. A. B. E. Blackburn, said 
he had been concerned for about 50 years with the 
damage caused by mining subsidence, particularly 
with the question of compensation. He expressed 
the view that the Government should be asked to 
implement the report of the Turner Committee 
advocating key points for statutory works, public 
utility undertakings, and so on, and full compensa- 
tion fordamage done. His undertaking, the Sunder- 
land and South Shields Water Company, had 
suffered very seriously from colliery workings, and 
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Dr. Charlesworth had given an exposition of the 
existing law. The Royal Commission on Coal 
Subsidence in 1926 did not advocate alterations in 
the existing law, but the Turner Committee had done 
so. In his opinion, the British Association should 
ask for an alteration to the present position, which 
was chaotic owing to the common law right of sup- 
port being rendered null and void by the severance 
of surface ownership from the minera] ownership. 

At the conclusion of Mr. Blackburn’s remarks, the 
President explained that the time available would 
not permit the authors to reply, and the meeting 
was adjourned until the afternoon. 


StanDaRD-SERies MopEt Data IN SHIP-PROPULSION 
PROBLEMS. ; 

When the members reassembled in the afternoon 
of Friday, September 2, the President first remarked 
that the subject for discussion should be of particular 
interest on Tyneside, and then invited Professor 
L. C. Burrill, M.Se., Ph.D., M.I.N.A., to deliver 
his Jecture entitled: ‘‘ Ship Propulsion—The De- 
signer’s Problem and the Use of Standard-Series 
Data.” We hope to reprint the lecture in a forth- 
coming issue, but may here quote part of the 
author’s summary as follows. The most satisfactory 
method of dealing with the problem of power 
estimation for new ships is obviously a combination 
of various methods discussed in the paper; that 
is to say, the continual analysis of ship data and their 
correlation both with standard-series data and with 
selected tank-test results on single models of actual 
ships, on the one hand, and, on the other, the pursuit 
of systematic research work of a fundamental 
character designed to elucidate important problems 
of a general nature. This method of approach 
should eventually lead to the collection of sufficient 
data on methodically varied forms for each class of 
ship, so that the need for routine tank tests with 
each new ship should finally be eliminated. In the 
lecture, propeller design was considered as well as 
hull resistance and power estimation. 

At the conclusion of the lecture, the President 
said that Professor Burrill would be willing to 
answer questions and, in response to this invitation, 
a speaker whose name did not transpire, referred 
to the late Sir Charles Parsons’s experiments to 
demonstrate the phenomenon of cavitation with 
marine propellers. Wing Commander Cave-Browne- 
Cave said he thought Professor Burrili was right in 
pressing for families of systematic tests instead of 
isolated tests. 

Dr. H. S. Rowell, the next speaker, suggested that 
the cavitation problem was related to corrosion. 
In the case of a water main with a bend, there was 
a considerable amount of eddying behind the bend, 
and but for the pressure in the main corrosive gases 
would be given out. There was a most complicated 
set of phenomena in this case. ‘ 

Professor Burrill, in reply, said he did not think 
the effect was due to chemical action, though if the 
propeller were made of cast iron there might be 
chemical action because cast iron would itself corrode 
in seawater; in the case of manganese bronze, 
however, there was no such action. So far as was 
known, the action was not chemical although it 
might be associated with corrosion fatigue. It was 
certainly a function of fatigue of the metal. 

Mr. J. S. Wilson asked if it would be possible to 
relieve the vacuum by perforating the propeller, to 
which Professor Burrill replied that it might be 
possible in zronautics but not in ship propulsion. 
It was, he thought, purely a design problem and was 
determined by the shape of the section. In an ideal 
propeller the suction would be the same all over the 
back. This was unattainable, but it could be 
approached by employing different pitches at 
different parts of the blade. Some propellers, such 
as those used by Sir Malcolm Campbell and in 
M.T.B.’s, could not be prevented from cavitating. 
Destroyer designers had to expect so much cavita- 
tion that the propeller did only about 90 per cent. of 
its full duty ; but as the result of new developments 
in the past 15 years or so, there was now no reason 
why merchant-ship propellers should show erosion 
due to cavitation. 

No other member wishing to speak, the President 
thanked the lecturer and adjourned the meeting 
until Monday morning. 

(To be continued.) 
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(Concluded from page 259.) 

UNTIL recently, most agricultural tractors have 
been fitted with either petrol or petrol-paraffin 
engines ; it is interesting to note, therefore, the 
appearance of a new Diesel-engine tractor made by 
Messrs. Massey-Harris, Limited, Kilmarnock. This 
tractor was shown on the manufacturer’s stand at 
the Glasgow exhibition, and is illustrated in Fig. 4, on 
this page. Powered by a 6-cylinder Perkins Diesel 
engine which develops 42 brake horse-power at a 
maximum working speed of 1,350 r.p.m., it is built 
in standard and row-crop models and can be fitted 
with rubber tyres, steel wheels or half-tracks. Five 
forward speeds are provided, enabling the tractor to 
travel at from 2-19 m.p.h. to 12 m.p.h., at the maxi- 
mum governed engine speed, and to haul a four- 
furrow plough; a reverse gear also is fitted. The 
engine is cradle-mounted and has a bore of 3} in. 





Rotary Micro-STraIner; Messrs. GLENFIELD 
AND KENNEDY, LIMITED. 











Fie. 7. 





SrncLe-LEverR INTERLOCK FOR DERRICK CRANES; 


Mzssrs. Butrers BROTHERS AND COMPANY, LIMITED. 


and astroke of 5in. Standard C.A.V. fuel-injection 
equipment is used, the Diesel oil being injected 
directly into spherical combustion chambers in the 
cylinder heads. A C.A.V. pneumatic governor 
controls the engine speed over the range between 
idling and the working speed of 1,350 r.p.m., the 
drive from the engine being taken through a Borg 
and Beck 12-in. single dry-plate clutch to the gear- 
box which, in turn, drives a spiral-bevel type 
differential. A 12-volt Lucas electrical system is 
provided for starting and an electric heater in the 
induction manifold may be brought into use in cold 
weather. Pressure lubrication is provided to all 
working parts of the engine and an oil filter is 
included in the system. At the rear of the trans- 
mission case is situated a power take-off shaft 
which is engaged by a dog clutch and rotates at 
534 r.p.m. when the engine is running at its maxi- 
mum governed speed. A 13}-in. diameter belt 
pulley with a 6-in. face is fitted on the off-side of 
the tractor and is driven at 863 r.p.m., it is operated 
by the power take-off clutch control. A swinging 


| drawbar is incorporated in all models and a quick- 


acting mechanically-operated lift, driven from the 
power take-off shaft, may be fitted if required. 
The weight of the standard tractor is 5,152 Ib. and 
that of the row-crop model 4,704 Ib. 

Since 1943, Messrs. Glenfield and Kennedy, 
Limited, Kilmarnock, have been continuing the 
development of micro-straining plant for such pur- 
poses as the primary clarification of domestic and 
industrial water supplies and the removal of humus 
from sewage. A model of a rotary micro-strainer 
was shown in operation on their stand, and an 
illustration of the second-largest full-sized machine 
designed for clarification purposes is given in 
Fig. 5, on this page. It consists of a large hollow 
gun-metal drum, 7 ft. 6 in. in diameter, covered on 
its curved surface with the straining mesh and 
closed by a flat plate at each end. The drum is 
rotated by a Pelton wheel or an electric motor and 
is submerged to a depth equal to two-thirds its dia- 
meter in water contained in a concrete chamber. 





One end of the drum is supported on a corrosion- 
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° resistant roller bearing, the other being fitted with 
THE SCOTTISH INDUSTRIES EXHIBITION. a hollow sealed trunnion bearing through which 
water to be strained enters the drum. As the drum 
rotates, this water passes through the straining 
medium into the concrete container, leaving the 
solid particles on the mesh. These particles are 
then carried round with the drum and washed into 
a fixed trough inside the top of the drum by water 
jets directed on to the mesh from the outside. The 
used wash-water discharges from the trough along 
a waste pipe passing through the centre of the roller 
bearing, and strained water is drawn off from 
the concrete chamber. This micro-strainer is 
capable of clarifying 2,500,000 gallons of good- 
quality impounded water a day, and will remove 
particles as smal] as 35 microns. Similar machines 
are made for sewage straining with drums up to 
14 ft. in diameter. 

The main exhibit on the stand of Messrs. J. and 
J. Neil (Temple), Limited, Temple Park Iron Works, 
Glasgow, W.3, was an improved model of their 
rotary sprinkler stoker ; this is illustrated in Fig. 6, 
on the opposite page. It is designed to deliver an 
even ‘‘ shower ” of solid fuel at a rate which can be 
controlled within wide limits, and the makers state 
that it may be fitted to most types of steam, boiler 
and can fire any type of grate. The new model of 
the stoker will handle fuel which contains pieces 
considerably above the average size, without 
becoming choked or damaged, this being provided 
for by a spring-loaded regulating plate in the 
feed-controlling mechanism. The stoker is a twin 
unit, and consists of two sheet-steel hoppers, each 
delivering fuel through a feed-controlling rotor to an 
impeller, the whole being mounted on an air- or 
water-cooled steel panel. The two impellers are 
Fic. 8. TripLe Crrcurt-BREAKER UNIT ; mounted on a common shaft which is driven through 
a gearbox by a #-h.p. electric motor or by belting 
from an overhead pulley. As the fuel falls from the 
feed-control rotors at a predetermined rate, it is 
picked up by the rotating impellers and showered 
evenly over the furnace grate, proper distribution 
being assisted by deflector plates arranged inside the 
stoker casing. The maximum rate of delivery of 
fuel is 50 Ib. per square foot of grate area per hour. 

Regulations made under the Factories Act, 1937, 
require that cranes fitted with a derricking jib be 
provided with an effective interlocking arrangement 
between the derricking clutch and the derrick-drum 
pawl. This interlock must make it impossible for 
the paw] to be lifted until the clutch is fully engaged 
and must prevent disengagement of the clutch until 
the pawl is engaged. Such an interlocking device, 
operated by a single lever, has been developed by 
Messrs. Butters Brothers and Company, Limited, 
MacLellan-street, Glasgow, 8.1, for use with their 
standard derricking cranes, and is illustrated in Fig. 
7. The hand lever passes through a shaped slot 
in the derricking-clutch lever and engages or 
withdraws the clutch; it also operates the pawl 
through a small clutch which couples the handle 
to the pawl shaft. With the handle in the position 
shown in the illustration, the pawl is free and the 
clutch is engaged ; when the handle is in a central 
position, both the pawl and the clutch are engaged, 
and when the handle is pushed right back, only the 
pawl is engaged. This arrangement makes it 
impossible for the derrick drum to become, at any 
time, completely free, and thus eliminates a potential 
source of accidents. 

Over a period of some 20 years, the Belmos 
Company, Limited, Bellshill, Lanarkshire, have de- 
veloped a range of air-break switch and control 
gear of the flameproof type, and a representative 
selection of these units was shown on their stand. 
More recently the company have developed a range 
of similar gear, fitted in housings of the non- 
flameproof type and intended for general use in 
industry and in situations where explosive gases do 
not occur. Switch and control gear of this type was 
also exhibited by the makers; a triple circuit- 
breaker unit is illustrated in Fig. 8, on this page. 
The units may be combined to form multiple-panel 
switchboards of any desired length and one or two 
tiers high; each has a capacity of 200 amperes 
alternating current at 650 volts and is designed for 
use with three-phase circuits. It comprises a steel 
housing with two compartments, one containing the 
Fie. 10. ‘‘ Snorer” DratnaGE Pump; Messrs. DrysDALE AND CoMPANY, LIMITED. circuit-breaker and the other the isolating switch 
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and ’bus-bars. A dust-tight door is fitted and is 
interlocked with the isolating switch so that it can 
be opened only when this switch is in the off 
position. A protective shroud with a warning plate 
prevents access to the isolator and *bus-bar chamber 
when the door is open. The circuit-breaker is hand 
operated and is fitted with magnetic blow-out coils. 
Arcing contacts are provided, being fitted with 
splitter-type arc shutes which ensure rapid extinc- 
tion of the arc. The makers were exbibiting also a 
range of accessory parts which includes flameproof 
and non-flameproof lighting fittings, junction boxes 
and sealing boxes. 

Several small horse-power electric motors were 
among the exhibits displayed by Messrs. Bruce 
Peebles and Company, Limited, Edinburgh, 5, but 
perhaps their most interesting exhibit was a mobile 
oil-immersed metal-rectifier unit, designed for charg- 
ing the batteries of underground locomotives. One 
of these units is illustrated in Fig. 9, on page 303. 
They represent a departure from the usual prac- 
tice of using motor generators for this purpose ; 
they are transportable, relatively small, and have 
no moving parts. Each unit comprises a low-height 
transformer and a multi-cell selenium rectifier 
mounted in a common oil tank, and is complete 
with flameproof alternating- and direct-current 
control gear. The transformer.is a standard type 
as used for colliery work and has a tapped primary 
which may be connected to a three-phase 50-cycle 
supply at 625, 550, 500, 450 or 400 volts, connections 
to the tappings being made through an externally- 
operated switch. A voltage variation of 15 per 
cent. is provided on the secondary side by a six- 
throw tapping switch which thus regulates the 
charging current. The equipment may be controlled 
manually, or pre-set to give a definite charge to the 
batteries. An ampere-hour meter in the charging 
circuit may be set to trip a contactor in the alter- 
nating-current circuit after a predetermined quan- 
tity of electricity has been passed through the 
batteries. The direct-current circuit remains closed 
under these conditions, but the batteries cannot dis- 
charge through the rectifier. The tank and control 
gear are mounted on four flanged wheels, the gauge 
of which may be adjusted to allow for variations in 
rail gauge. Being suitable for such purposes as 
the charging of batteries for electrically-propelled 
trunks or vans, this rectifying unit has a wide field 
of application in other industries as well as mining, 

A new model of the “Snorer” self-priming 
pump has been introduced recently by Messrs. 
Drysdale and Company, Limited, Bon-Accord 
Works, Yoker, Glasgow, and was shown on their 
stand. It is illustrated in Fig. 10, on the previous 
page. Designed for such purposes as draining 
mines, it is light, portable and rugged. It consists 
of three units: an electric motor, a centrifugal 
water pump, and an air pump which is used for 
priming. These units are mounted on two I-section 
skids, the water pump being coupled directly to the 
motor and the air pump being chain-driven from the 
motor shaft. This latter feature is a recent im- 
provement ; it eliminates the possibility of grit-laden 
water from the water pump finding its way into the 
air pump through worn or imperfect seals, an occur- 
rence less easy to prevent in the earlier design, 
where the two pumps were mounted in line and 
driven from a single shaft. Another advantage of 
the new design is that the air pump may be driven 
at a greater speed and thus be more effective, 
while the water pump is run at a lower speed to 
reduce wear. Initial priming is carried out by the 
air pump, which consists of a rotor fitted with curved 
radial blades and revolving in a circular casing in 
which it is mounted eccentrically. The casing 
is partly filled with water which is carried round by 
the rotor and is kept against the surface of the casing 
by centrifugal action. Owing to the eccentric 
mounting of the rotor, the water alternately enters 
and recedes from the spaces between the blades, 
exerting a pumping action on the air contained in 
them. A suction and a discharge port are located in 
the flat end of the pump casing so that air is drawn in 
continuously through one and expelled through the 
other. The two pumping units are connected so that 
the air pump primes the water pump but does not 
draw in any grit-laden water. 

A dust extractor, stated to be particularly 








resistant to erosion, is manufactured by Messrs. 
James Howden and Company, Limited, 195, Scot- 
land-street, Glasgow, C.5. It is called the ‘‘ Centicell 
Collector” and is intended for such purposes as the 
purification of flue gases from power stations or 
ships. It consists of a large number of small 
dust-separating cells arranged in a sheet-steel 
housing which provides inlet and outlet passages 
for the gas. Forming a part of this container and 
located below the dust outlets of the cells are a 
number of dust hoppers ; these are subdivided in 
order to minimise any turbulence which otherwise 
might be caused by the movement of the gas as 
it leaves the cells. The most interesting feature of 
the extractor is the way in which the dust-separating 
cells work, and this was demonstrated clearly by the 
transparent-plastic model of one cell which was 
shown in operation on the maker’s stand. Each 
cell consists of a vertical tube with a convergent 
nozzle at the lower end and an open tube mounted 
concentrically in the upper end. The latter tube 
extends about half way down the cell and forms the 
clean-gas exit. Fixed in the annular space between 
this tube and the top of the cell are a number of 
vanes which give the dust-laden gas a centrifugal 
motion as it enters. This motion causes the dust to 
fly outwards and into a layer of comparatively sta- 
tionary gas which lines the inside of the wall of the 
cell. It then falls towards the dust hoppers, while 
the clean gas in the centre of the cell is drawn up- 
wards through the central outlet tube by afan. The 
many cells in the extractor operate in parallel and 
are arranged to rotate the gas in different direc- 
tions so that the motion in the dust whirls leaving 
the cells is in the same direction at adjacent points. 
This minimises the interference between the whirls. 
The separating efficiency of the extractor depends, 
of course, on the type of dust to be removed and on 
the rate of flow of the gas, but it averages about 
90 per cent. 

The Scottish Industries Exhibition closed on 
Saturday, September 17, the attendance figure for 
that day being 35,194. This brought the total 
number of visitors to the exhibition, since it opened 
on September 1, to 544,867. 





WORLD CONGRESS ON LIBRARIAN- 
SHIP AND BIBLIOGRAPHY. 


At the recent Annual Conference of Aslib, recorded 
on page 290, ante, Mr. C. le Maistre, Chairman of the 
International Federation of Documentation, gave an 
account of some of the activities of this organisation. 
Documentation is an activity which is only slowly 
becoming recognised as of national and international 
importance ; it is becoming essential in modern indus- 
try, with its host of research workers and specialised 
libraries. In order that the scientist and technician 
may have swift access to current literature in his own 
field, elaborate networks of abstracting, indexing and 
other documentary services have been developed. The 
need for the interchange of research material by means 
of documentary reproduction has led to the establish- 
ment of a number of centres to undertake this service. 
In order to avoid misunderstandings and delays and 
to maintain a certain minimum of efficiency in carrying 
on these services, international agreement should be 
brought about on many of these questions. 

In the autumn of 1950, the United States of America 
will celebrate the 150th anniversary of the elevation 
of Washington to the dignity of a Capital City. The 
foundation of the Library of Congress will also be com- 
memorated. Simultaneously with these celebrations 
the American Library Association will hold its annual 
meeting. It is also expected that a meeting of the 
Committee of Experts for the United Nations Library 
will be held. These events have naturally contributed 
largely to the decision of the International Federation 


of Library Associations (I.F.L.A.) to hold its third Con- | bodi 


gress next year, in America. The general subject of 
the meeting will be that underlying Unesco’s work, 
namely, the responsibility of libraries in to 
education, science, and culture in the cause of better 
international understanding. Questions of documenta- 
tion, which comprise the work of the International 
Federation on Documentation (the F.I.D.), will also 
be included. 

It is sometimes difficult for the lay mind to separate 
librarianship and documentation; but although 
LF.L.A. and the F.I.D. may often be dealing with the 
same subject they will usually be approaching it from 
a different angle. Unesco, which is interested both 
technically and financially in the progress of the work 
of the I.F.L.A. and the F.I.D., invited these organisa- 








tions to send delegates to a meeting held recently in 
Bale, Switzerland, under the chairmanship of | \ir. 
Edward J. Carter, head of the Libraries Division of 
Unesco, the joint committee thus formed, without 
in any way affecting the autonomy of either organi-a- 
tion, enabled a valuable exchange of views to take place, 
In the main it was agreed, subject to ratification |\y 
the authorities nominating the delegates, that the 
meeting to be held in America in 1950 should be a 
world congress. The organisation and responsibility 
will rest with the I.F.L.A., but the F.I.D. will actively 
participate. The programme, which is promised, in 
definite form, by January 1, 1950, should be suffivi- 
ently impressive to attract people from many lands 
particularly as the Congress will have the full back’ ig 
of Unesco, the extensive organisation of which wil] 
be used to publicise it. 

To touch on just a few aspects likely to be considered, 
there is the quéstion as to how library and documenta. 
tion services can be improved to meet more adequately 
the growing needs of the present day. There are many 
problems of classification, solutions of which, if gencr- 
ally agreed, can be recommended to libraries and 
documentation centres. World resources in the field 
of bibliography have been studied during the past two 
years by the Library of Congress in collaboration with 
Unesco, and it is understood that a report will be 
presented to the 1950 Congress by Dr. Luther Evans, 
the Chief of the Library of Congress. 

The difficult subject of the co-ordination of inter. 
national abstracting, discussed at the Unesco Con- 
ference held in Paris last June, will doubtless receive 
attention ; in this connection the Report of the Royal 
Society Scientific Information Conference of 1948, at 
which representatives of the Commonwealth and the 
United States took part, will certainly be in the minds 
of the executive committee in drawing up their 
agenda for this World Congress. A joint I.F.L.A.-F.1.D. 
report on professional education of the librarian and 
the information officer will be ready for discussion 
together. 

The question of standardisation will certainly figure 
largely in the discussions. An exhibition of photo- 
graphic and reproduction apparatus is to be organised 
and, no doubt, there will be opportunities for apparatus 
from different countries to be included in the exhibition. 
The American executive committee under the chair. 
manship of Mr. Milton Lord, Director of the Boston 
Public Library, will be in close touch with the I.F.L.A. 
organising committee and the F.I.D. Dr. Sevensma, 
Secretary General of L.F.L.A., will maintain direct 
contact through Mr. Donker Duyvis, the General 
Secretary of the F.I.D., whose central office is at the 
Hague. 





RAILWAY VEHICLES FOR CON- 
STRUCTION OF OVERHEAD- 
CONDUCTOR SYSTEMS. 


Tue London Midland Region of British Railways 
have recently built two vehicles for the construction 
and maintenance of railway overhead-conductor sys- 
tems. They comprise a two-car self-propelled articu- 
lated unit, consisting of a repair van and a mess van 
with driving compartments at each end, and a wagon 
for unreeling contact and catenary wires. The vehicles, 
which are illustrated in Fig. 1, on the opposite page, 
incorporate several novel features based on experience 
gained on the Manchester South Junction and Altrin- 
cham electric line, and have recently been placed in 
service on this line, to replace repair cars which have 
been in use since the line was electrified in 1931. 
Although the unit will be used only there for the time 
being, it is suitable for much wider application. 

To avoid the use of new material, the unit has been 
constructed, wherever possible, from items of equip- 
ment which were readily available. For example, the 
underframe, bogies and the two Diesel engines driving 
the centre bogie, complete with control gear, were 
obtained from the two end units of the experimental 
three-car articulated Diesel train* operated by the 
London Midland and Scottish Railway from 1938 
onwards and since withdrawn from service, while the 
main parts of the coachwork consist of reconditioned 
ies. The unit is designed to enable the main- 
tenance of overhead suspension equipment to be 
carried out in the minimum time with as little obstruc- 
tion to normal traffic working as possible. It is pro- 
pelled by two 125 brake horse-power Diesel engines, 
which dive the articulated centre »bogie through 
Leyland (Lysholm Smith) hydraulic torque convertors, 
reverse gearboxes and final drives. The gears are of 
the double-reduction type in which the bevel pinion 
engages two crown wheels, either of which can be 
engaged with a sliding spur pinion to give a change of 
direction of motion. This arrangement provides 
excellent slow running qualities, essential for overhead- 
equipment maintenance work, and at the same time 





* See ENGINEERING, vol. 145, page 349 (1938). 
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provides smooth acceleration from start up to about 
35 or 40 m.p.h. Compressed air at 85 Ib. to 110 Ib. 
per square inch, for engine control and brakes, is 
obtained from six compressors, four of which are 
engine driven and two electrically driven from a 
12-cell lead-acid battery, the latter for use during 
starting and emergency only. The engines are started 
by remote contro] from the driving cab, and both are 
controlled simultaneously by a self-lapping throttle 
valve, Electro-pneumatic control is provided for the 
torque-convertor clutches, reversing, etc. The brakes 
are operated by compressed air. The system provides a 
straight air brake, with emergency features which 
automatically apply the brake in case of failure of 
the air supply. A gradual application is secured by 
means of self-lapping valves in the driving compart- 
ments. The driving compartments contain, in addition 
to the control gear previously mentioned, a pneu- 
matically-operated windscreen wiper, an electrically- 
heated windscreen defroster, and a microphone and 
loudspeaker for communicating with the men working 
on the unit. The driving compartments have been 
designed to give maximum visibility so that the over- 
head equipment can be examined visually from the 
driving compartments while the vehicle is in motion. 
The articulated vehicle has a continuous flat roof, 
11 ft. 11 in. above rail level, and approximately 5 ft. 4 in. 
wide by 130 ft. long. It is partly shown in Fig. 3. 
Adequate drainage facilities are provided on the roof 
to eliminate the possibility of water collecting and 
freezing, and access to the roof is gained by ladders 
permanently fixed to the sides of the vehicles or through 
two internal hatchways. To facilitate working away 
from the vehicle, two side platforms, 6 ft. long and 
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extending 2 ft. or 4 ft. out, as required, are located on 
each side at the centre of the vehicle. They can be 
raised or lowered in approximately 15 seconds, and are 
operated from floor level. One is shown extended in 
Fig. 2. A lift, shown raised in Fig. 3, is manually 
operated from floor level, and is capable of handling 
a load of 10 cwt. It extends 6 ft. above roof level. 
As a safety precaution, an earthing trolley is provided 
to connect the contact wire to the running rails during 
an examination. A mounting is provided at each end 
of the roof for the trolley, which is moved to the 
trailing position when in use. When not required, 
the trolley pole is depressed to roof level and held in 
this position by hooks. A guide roller for use during 
erection or dismantling of contact wire or catenary 
is fitted on the outside end face of each driving 
compartment. The rollers are approximately 6 in. 
in diameter by 6 ft. long, and are adjustable, from 
roof or track level, up to a height of about 3 ft. above 
the roof. 

The repair van is one of the original coach bodies 
which was completely stripped of its interior partitions 
and converted into a mobile workshop and stores. At 
the driving-compartment end of this workshop is a 
7°5-kW Diesel generator supplying single-phase 
alternating current at 230 volts for four purposes, 
namely: (1) Charging a lead-acid battery for the engine 
controls, emergency lighting and wind-screen defrosters, 
using a metal rectifier. (2) Normal interior lighting, 
which is at 230 volts. (3) All interior heating of the 
vehicle at 230 volts, by means of standard tubular 
electric heaters. (4) Supplies to 1-kVA and 0-75 kVA 
230/250-volt transformers from which all portable tools 


Roor with Lirt ExtTEnDED. 


The second coach has been converted for the domestic 
use of the staff and train crew. Dining, cooking and 
sanitary arrangements are provided. Communication 
between the maintenance staff and the train crew is 
effected by a Loudaphone/Loudasound communication 
system. Loud-speakers and microphones are located 
in each driving compartment in addition to the work- 
shop and mess sections, together with a portable 
microphone and speaker equipment for use on the wire 
wagon. The complete system is controlled from 
equipment located in the repair van in conjunction 
with a portable hand-microphone set which is plugged 
into convenient sockets located at strategic points on 
the roof. To enable the unit to work during the hours 
of darkness, 300-watt 50-volt electric flood-lights are 
provided, these being fed through sockets on the 
vehicle roof. 

The wire wagon has been constructed from the 
underframe of a six-wheeled 30-ft. coach. The old 
body-work has been completely removed and a new 
body fitted complete with two drum stands which 
are capable of holding drums of contact wire up to 2,000 
yards in length. The stands are of novel design in 
that they allow for the speedy replacement of empty 
drums with a minimum of interference with the drum 
control mechanism. In addition, there are facilities 
for storing lengths of wire recovered during renewals. 
Flood-light, intercommunication and other circuits are 
supplied through jumper cables from the parent 
vehicle. The vacuum brake of the original unit has 
been replaced by a compressed air brake with emer- 
gency-application cocks in suitable positions for the 
men controlling the wire drums: In Fig. 1, the wire 





and flood-lights are operated. 


wagon is shown covered with a tarpaulin. 
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THE “ BRABAZON ”’ 130-TON 
CIVIL AIR LINER. 
(Continued from page 279.) 


At the conclusion of last week’s article on the | 
Brabazon aircraft, it was pointed out that the skin | 
panels of the fuselage are riveted directly to the frames | 
and stringers. Three different right-angle Z-section | 
stringers are incorporated in the fuselage, those for- | 
ward of frame number F 465 being formed from light- 
alloy strip, whereas extruded sections are used else- 
where, those fitted to the centre portion being heavier. 
All stringers are connected to the frames by cleats 
riveted in position. In order to reduce weight, and give 
the correct stress distribution, the free flanges of the | 
extruded stringers are taper machined. As the stringers | 
approach the fore and after ends of the fuselage, the 
number required is, of course, less. At the forward 
end, therefore, the stringers are joined together pro- 
gressively as shown in Fig. 8 above, while at the rear | 
of the fuselage they are terminated, as required, at the 
frames. The only remaining major parts of the fuse- | 
lage that need to be mentioned are the windscreen | 
assembly and the door and window frames. The | 
windscreen is an all-welded structure, and in view of | 
the heavy load it has to take, is made from 12-s.w.g. | 
steel ; the completed structure is illustrated in Fig. 10, | 
on this page, ready for fitting to the aircraft. The door | 
and window frames are of composite magnesium-alloy 
construction consisting mainly of castings and ex- 
truded sections. 

The circumferential seams of the fuselage skin are 
butt-jointed, the straps being located inside the 
fuselage; this necessitated joggling the stringers and 
machining the longerons in way of the joints. The 
longitudinal seams are lap jointed along the stringers. 
Mushroom-head rivets were used throughout as it 
was discovered during the assembly of the test 
fo-e-end of the fuselage that countersunk-head rivets 
were inclined to leak after application of the sealing 
compound. The method used for sealing the various 
joints is of particular interest as all were assembled 
dry, no protective compound being applied between the 
joints. Sealing was obtained by spraying the joints 
with Peratol, a rubber-like solution which cures, or 
hardens, on coming into contact with the atmosphere. 
After riveting had been completed, the joint surfaces 


were degreased and coated with a primer before the | 


Peratol solution was applied. 

As previously mentioned, the wing is divided into 
three sections, namely, an inner wing which passes 
through the fuselage, and two outer sections. An outline 
drawing showing a plan view of the fuselage, the port 
outer section and part of the inner wing is reproduced 
in Fig. 19, on the opposite page, from which it will 
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WINDSCREEN ASSEMBLY. 


| leading edges of both the inner wing and outer sections | place of the struts at the centre. The diaphragm™can 
| are swept back, the angle of sweep-back for the inner | be seen in Fig. 11, on Plate IX, which shows a section 
wing being 4 deg. 16 min., and for the outer sections, | of the spar in course of assembly. 

14 deg. 56 min. The inner wing has aspan of 100ft.6in.| The rear spar is illustrated in Fig. 15, on Plate X; it 
| and a gross area of 2,927 sq. ft. It is of orthodox | is of the boom and diaphragm type, the booms consist- 
| construction, consisting of the usual front and rear | ing of angle-section extrusions machined to the wing 
| main spars joined together by the ribs to form a box| contour. It was made in three sections, the centre 
| structure. section passing through the fuselage and extending 
| The front spar is constructed from top and bottom | each side to rib No. 103 where it is joined to the 
| booms joined together by struts to form a lattice | outboard sections which continue to rib stations 603. 
| girder. The top boom is made from an inverted U- | A false spar is introduced locally at each side between 
; Section light-alloy extrusion machined along the top | stations 280 and 380 in order to compensate for the 
to conform to the contour of the wing; it is also | undercarriage apertures. 
machined so that it is reduced in section towards the| With a few exceptions, the inter-spar ribs are of the 
outboard ends. The bottom boom consists of two | boom-and-strut type, the booms being built up from 
inverted T-section light-alloy extrusions set side-by- | light-alloy extrusions riveted to 6-s.w.g. sheet; they 
side and machined in a similar manner as the top | are identified by the distance in inches from the aircraft 
boom. The struts comprise vertical posts of light-alloy | centre line. The struts are made from light-alloy 
construction, which are braced by steel tubes. The | tubing having an outside diameter of 4 in., the wall 
tubes are made from nickel-chrome steel having an | thicknéss varying from 8 s.w.g. to 16 s.w.g. according 
| outside diameter of 4 in. and a wall thickness of from | to the position of the rib. The struts are fitted to the 
6 s.w.g. to 10 s.w.g., according to the position along | booms through blade fittings which, in turn, are secured 
the wing. The ends of the tubes are swaged to a re- |to the struts by }-in. diameter Chobert blind rivets. 
duced diameter of 3 in. and are fitted with yoke pieces for A photograph of a typical tubular-braced rib is repro- 
connecting them tc the booms. The port and star- | duced in Fig. 12, on Plate IX. Special ribs are fitted 
board sections of the front spar were assembled sepa- pe way of, and at the sides of, the undercarriage bay, 
rately, a reinforced diaphragm, which is used for | the two side ribs being of exceptionally strong construc- 





be seen that, whereas the trailing edge is straight, the 


bolting the spar to the front-spar frame, taking the | tion as they have to resist the landing loads and carry 
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the hinges for the undercarriage doors. On these ribs, 
therefore, the tubular struts are replaced by reinforced 
diaphragms ; the diaphragm and reinforcing members 
can be seen in Fig. 13, on Plate IX, which shows one 
of the undercarriage boundary ribs ready for assembly 
in the aircraft. In order to accommodate the landing 
wheels and undercarriage, the ribs situated in way of 
the undercarriage are cut away at the bottom, and so 


as to compensate for the consequent loss in strength, | 


these also are of diaphragm construction. For fuselage- 
sealing purposes, special ribs are introduced at the 
intersections between the inner wing and the fuselage. 
These ribs are shaped so that they carry the contour 
of the fuselage through the wing and although they 
follow the shape of the fuselage, they form an integral 
part of the inner-wing structure. 
ribs are fitted also in the region of the inner-wing fuel 
tanks for, although the major part of the fuel is carried 
in the outer sections of the wing, a certain amount is 
stored in the inner wing. The position of the inner- 
wing fuel tank is indicated in Fig. 19. As will be seen 
from Figs. 12 and 13, the ribs are notched in a similar 
manner as the fuselage frames for accommodating the 
span-wise stringers. The stringers are similar to those 
used on the fuselage but are not machined. 

The general arrangement of the assembly fixture for 
the inner wing is shown in Fig. 20, on this page, from 
which it will be seen that, basically, it is similar to that 
used for assembling the fuselage in that the lower surface 
of the wing is supported by wooden cradles. In this 
case, however, the fixture was arranged so that the 
uprights lettered a in the diagram folded back on to the 
supporting stanchions 6, and provided the supporting 
structures for platforms to give access to the alta 
and trailing edges of the inner wing after the spars and 
ribs had been fitted in position. The main function 
of the jig was to give spanwise and chord-wise locations 
for the front and rear spars. The points chosen for 
chord-wise location were the top and bottom booms of 
the rear spar, and for span-wise location, the extremities 
of all the booms; the chord-wise locating points for 
the front and rear spars are lettered c and d, in Fig. 20, 
respectively. As in the case of the fuselage, the sup- 
porting structure is designed so that it can be folded 
back for removal of the wing on completion and quickly 
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re-erected for use with subsequent aircraft. During 
assembly, the lower wing panels were placed in pcsition, 
first followed by the port and starboard sections of the 
spars and the ribs, the inner wing being erected simul- 
taneously with the fuselage. A photograph taken 
during the early stages of the erecticn of the inner wing 
is reproduced in Fig. 14 on Plate IX. 

The thickness of the skin panels for the inner wing 
varies, the gauge decreasing progressively towards the 
outboard ends. The inboard panels, for example are 
0-185 in. thick, whereas at the outboard ends the panels 
have a thickness of 0-095 in. On the top surface there 
are three panels between the front and rear spars. 
The leading edge of the foremost panel is riveted to 
the flange of the front boom and the trailing edge of the 
hindmost panel to the flange of the rear-spar boom, 
butt joints with reinforcing straps being used to join 
the panels together in both span-wise and chord-wise 
directions. The bottom plating is similar but, on the 
average, the panels are a gauge below the corresponding 
panels on the upper surface. Countersunk-head rivets 
were used throughout on the wing surface, and the 
depth of countersink was kept to close limits in order 
to ensure cptimum wing smoothness. As on the 
fuselage, the panels were manufactured to exceptionally 
close limits. 

The two outer sections of the wing are of straight- 
forward design. The ribs are numbered in the same 
manner as for the inner wing, but in this case the refer- 
ence refers to the distance in inches from the outer 
edges of the inner wing ; rib number 603 for the inner 
wing therefore is at the same position as rib number 0 
for the outer wing. As previously mentioned the 
majority of the fuel tanks are situated in the two 
outer sections ; as a consequence there are two tank 
spars in addition to the front and rear main spars. 
The front main spar, however, consists of booms only 
and terminates at rib No. 120, the front tank spar taking 
over the structural duty from rib 0 to rib 708. The posi- 
tions of the four spars are indicated in Fig. 19, the front 
and rear tank spars being lettered a and 5b, respectively, 
the front main spar, c, and the rear main spar, d. 
front tank spar is of conventional boom and diaphragm 
construction, the booms consisting of extruded sections. 
The rear tank spar and rear main spar also are of boom 
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and diaphragm construction and generally are similar 
to the front tank spar. The inter-spar ribs outboard 
of the petrol tank bays are of the usual boom and 
strut type while those in the tank bays have double 
diaphragms, the two diaphragms forming a box struc- 
ture. This form of construction gives exceptional 
rigidity and at the same time ensures that adjacent 
tanks are kept well apart. The front ribs are of the 
boom type and are shaped to the contour of the wing 
leading edge. The trailing ribs also are of the boom 
type, but in this case the ribs are not continuous, the 
top and bottom parts being joined by bracing struts ; 
this form of construction can be seen in Fig. 17, on 
Plate X, which shows part of the trailing edge of one 
of the outer sections. 

The cladding for the outer wing sections generally 
is similar to that on the inner wing except that lighter- 
gauge panels are fitted. The leading edges, however, 
are arranged for thermal de-icing; two Is are 
fitted, therefore, along the leading edges, the panels 
being held apart by p trusions, or “‘ dimples,” 
formed in the inner panels. The two panels, or skins, 
are riveted together, the rivets passing through the 
dimples, and heated air is passed between the inner 
and outer skins. Some of the inner skin panels can 
be seen in Fig. 16, on Plate X; a partly-assembled 
leadi also can be seen in this illustration. 
Separate assembly fixtures were constructed for the 
port and starboard outer wings. As in the case of 
the inner wing, the two sections were constructed in the 
flying position, the assembly method used being similar 
to that employed for the inner wing. The fixture for 
the starboard outer wing is illustrated in Fig. 18, on 
Plate X, which shows the wing section in course of 
erection. The connection between the inner and outer 
wings is made by spar-end fittings bolted to the top 
and bottom booms of the front and rear spars. The 
four fittings, which are made from nickel-chrome steel, 
are similar in design and may be described as double- 
ended fork fittings. 

The main fuselage of the Brabazon, as already 
pointed out, terminates at frame No. R 680, a 
pressure bulkhead being installed at this point. The 
portion of the fuselage aft of frame R 680 is known as 
the rear body and generally is similar in construction 
to the main fuselage. The frames which pick up the 
front and rear spars of the tailplane are of the dia- 
phragm type and are cranked in plan view in order to 
allow for the sweep-back of the tailplane. The main 
top longeron of the pressure cabin terminates at frame 
R 680, its duties being taken over in the rear body by 
two channel-section longerons which are situated 
one at each side of an access hatch for the fin. The 
stringers of the main fuselage do not, of course, pass 
through the after bulkhead but continuity is given to 
the stringers by fittings known as “sword” fittings. 
Each “sword” has two blades, one each side of a 
central flange or “hilt,” and one blade is passed 
through a slot formed in the bulkhead. The slot is 
sealed by the hilt, and the stringers at each side of the 
bulkhead are then riveted to the blades. Three of 
the “‘ sword” fittings and the corresponding stringers 
at one side of the bulkhead can be = in the photo- 

h reproduced in Fig. 9, on page 306. 
er he Cailplane is a orthodox construction and 


The | consists of the usual front and rear spars joined together 


by ribs. It is made in two halves which are joined on the 
fuselage centre line. The spars are of the usual boom and 
diaphragm type, joined together by ribs of the boom and 
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strut type. As on the inner wing, the booms are notched 
to receive the span-wise stringers ; these are right-angle 
Z-section extrusions between the spars and wh gave 6 
extrusions on the leading edge. Owing to the sweep- 
back of the wing, the number of stringers is reduced 
progressively towards the outboard ends; this i 
accomplished by joining together adjacent stringers 
in a similar manner as on the fuselage. The stri 
fitted to each half of the tailplane are joined to 
other and to the central rib by steel angle brackets, 
the brackets being cranked in order to allow fof the 
sweep-back. The leading edge is fitted with a double 
skin for thermal de-icing, the method used being 
identical to that adopted for the leading edge of the wing 
outer sections. The assembly fixture for the tailplane, 
and the methods employed for assembling, generally, 
were similar to those used for the inner wing. 

The fin, undoubtedly, is the most impressive feature 
of the whole aircraft. It is built up from three spars, 
namely, a front spar, a rear spar, and, behind this, a 
false spar, the last-named also serving as a hinge 
point for the rudder. The spars are conventional 
boom and diaphragm structures, the booms being made 
from light-alloy sheet formed to an acute angle. The 
ribs are of the composite boom and strut type and gener- 
ally are similar to those used on the tatiplane. The 
leading edge of the fin, like that of the tailplane, is 
arranged for thermal de-icing and is fitted with a 
double skin. It will realised, therefore, that 
forming the skin panels for the leading edge. was an 
exceptionally difficult operation and the high finish 
achieved speaks well for the methods employed. 

(To be continued.) 





INTERNATIONAL CONFERENCE ON 
BUILDING DOCUMENTATION. 


Tue United Nations Economic Commission for 
Europe has called an International Conference on Build- 
ing Documentation, to be held at Geneva from October 6 
to 15, 1949. The Conference has the practical aim of 
promoting better building at lower cost, by means of 
improved recording, organisation, presentation and 
distribution of building information. The delegations 
are intended to be representative of the various groups 
actively connected with building, such as architects, 
engineers, builders, housing societies, building-research 
institutions, technical libraries and documentation 
centres, building periodicals, etc. The delegates will 
take part in the conference as individual experts and 
not as representatives of their governments or organisa- 
tions. Delegates from the United Ki 
B. Evans, Chairman of the British Buildi 
Documentation Committee, and Mr. A. L. Gardner, o 
the Building Research Station. 

At the first plenary session, which will be held on 
the afternoon of Thursday, October 6, and the morning 
of Friday, the problems before the Conference will 
be reviewed generally, and the working parties will 
be selected. Seven working parties are proposed. One 
of these will discuss the scope and nature of building 
abstracts to suit the various classes of user. A second 
working party will deal in detail with the organisation 
of an international abstracting service, considering 
reproduction, distribution, finance, contents, biblio- 
graphical description, form and layout, , and 
classification. The adoption of the Universal Decimal 
Classification will be discussed by the third working 
party, while a fourth party will examine the merits of 
various filing systems. The contents and standardisa- 
tion of layout of building publications will be considered 
by the fifth working party, while official building 
publications will form the subject matter for the sixth 
party. An attempt to remedy the confusion which 
is caused by differences in terminology and definition 
will be made by the remaining working party. 

The last three days of the Conference will be devoted 
to a final plénary session, at which the conclusions of 
the working parties will be heard. Other recom- 
mendations to be considered at the final plenary 
session are the formation of an International Union 
of Building Documentation Committees and, possibly, 
the provisional election of officers and standing 
committee ; and the establishment of an International 
Building Documentation Office, which could carry out 
such functions as a regular international abstracting 
service, the publication of directories of institutions 
and periodicals, and the routing of special technical 
inquiries. 





ELECTRICITY SUPPLY STATISTICS.—The monthly state- 
ment issued by the Ministry of Fuel and Power shows 
that 3,449 million kWh of electricity were generated in 
August, compared with 3,294 million kWh in the corre- 
sponding month of 1948, an increase of 4-5 per cent. The 
fuel consumed amounted to 2,025,000 tons of coal and 
3,200 tons of oil, an increase of 2-5 per cent. for coal and 
28-1 per cent. for oil. The installed capacity was 
13,428 MW, compared with 12,983 MW. 
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strasse 64, Ziirich 2. [Price 8 Swiss francs.) 





EXTENSION OF CENTRAL LONDON LINE TO EPPING.— 
On Sunday, September 25, the Central Line of the London 
Transport Executive will be extended over the newly- 
electrified Eastern Region tracks of British Railways 
from Loughton to Epping. This will be the eighth 
extension of the Central Line since the war, and the last 
to be carried out under existing authority for works out- 
standing from the 1935-40 New Works Programme. The 
Eastern Region steam service over the new section will 
be discontinued and steam trains from Ongar, in future, 
will terminate at Epping, where passengers will transfer 
to Central Line trains. 





RETURN OF THE “‘ WINCHESTER CASTLE ” TO THE SOUTH 
AFRICAN Mat SERVICE.—On September 10, nearly ten 
years after she was requisitioned for war service, the 
Winchester Castle, 20,109 gross register tons, left the 
Belfast yard of Messrs. Harland and Wolff, Limited, for 
Southampton, to rejoin the South African Mail Service 
of the Union-Castle Line. The return of this vessel after 
reconditioning provides the company with the full com- 
plement of eight passenger ships needed for the weekly 
mail departure. Two other ships, the Carnarvon Castle 
and the Arundel Castle, remain to be reconditioned, and 
their return next year to the mail service will enabie the 
Durban Castle and the Warwick Castle, at present em- 
ployed temporarily as mail vessels, to be released for the 
intermediate service from London. 





PERSONAL. 


Mr. OSWALD Wns, M.L.C.E., M.I.Mech.E.,M.I.Mar.&,, 
is retiring from his position as chief engineer of Messrs, 
Ruston and Hornsby, Limited, Lincoln, on September 30, 
but will retain his seat on the board. Mr. Wans joined 
Messrs. Ruston in 1910, was appointed technical manager 
in 1922, chief engineer in 1930 and a director in 1437, 
He served as chairman of the Council of the British 
Internal Combustion Engine Research Association for 
three years, retiring in 1948. 


Mr. H. M. GARNER, C.B., M.A., F.R.Ae.S., who has 
been Principal Director of Scientific Research (Air) in 
the Ministry of Supply for the past three years, has been 
appointed Chief Scientist to the Ministry, in succession 
to Str BEN LOCKSPEISER, who is now secretary to the 
Committee of the Privy Council for Scientific and 
Industrial Research. 


Mr. H. G. LEIVESLEY, M.I.Mar.E., M.I.E.E., is retiring 
on September 30 after 27 years at the Trafford Park 
Works, Manchester, 17, of the Metropolitan-Vickers 
Electrical Company, Limited. He will remain on part- 
time duty, however, until the end of the year. From 
1935, Mr. Leivesley was liaison officer between his firm 
and Vickers-Armstrongs Limited, and his duties will be 
taken over by Mr. A. WALTON, of the marine and special 
contracts department. Mr. R. R. Whyte, M.B.E., 
B.Sc. (Eng.), hitherto assistant superintendent in charge 
of the Metropolitan-Vickers Company gas-turbine 
manufacturing department, has now been appointed 
superintendent of the gas-turbine department. 


Mr. E. F. NEWELL, A.R.S.M., F.R.1.C., M.Inst.W., 
22, Woodthorne-road, Tettenhall, Staffordshire, has 
retired from the Quasi-Arc Company, Limited, Bilston, 
after 30 years of service. He entered the firm in 1919 as 
metallurgist and from 1938 until the present year was 
sales director, in charge of home sales, technical services 
and publicity. He is now opening a practice as a consult- 
ing metallurgist specialising in the application of arc 
welding. 

Mr. S. F. GimKeEy, M.Sc. (Eng.) (Witwatersrand), 
M.I.Mech.E., has been installed as President of the South 
African Institution of Engineers for the 1949-50 session, in 
succession to Mr. D. B. REAyY. 


Sir Otro E. NIEMEYER, G.B.E., K.C.B., has been 
elected a director of the International Nickel Company 
of Canada, Limited, to fill the vacancy caused by the 
death of Lord Melchett. 


Mr. P. C. E. Rose has been appointed a director of 
the Saunders Valve Company, Limited, Cwmbran, 
Newport, Monmouthshire. 


The Ministry of Civil Aviation, Ariel House, Strand, 
London, W.C.2, has transmitted the announcement that 
LIEvT.-COLONEL J. VERHAEGEN, of Belgium, Dr. K. N. 
E. BRADFIELD, of Australia, and ComMoporE D. A. F. , 
Grass!, of Argentina, have been elected vice-presidents 
of the International Civil Aviation Organisation. Sir 
FREDERICK TyMmMs, of the United Kingdom, has been 
elected a member of the Air Transport Committee and 
of the Joint Support Committee. 


Mr. M. F. B. BELL, of the headquarters staff of the 
Ministry of Town and Country Planning, has been 
appointed Controller of the South Western Regional 
Office of the Ministry, at Bristol. He takes up his 
appointment on October 1, on the resignation of Brigadier 
R. B. Peters, C.B.E., the present Regional Controller. 


Mr. L. J. MmLLINGTON, B.Com., formerly for several 
years sales and commercial manager of Messrs. Henry 
Meadows, Limited, Wolverhampton, has been appointed 
sales director of Messrs. Russell, Newbery and Company, 
Limited, Dagenham. 


Mr. D. B. CoLzerr, general works manager, Dunlop 
Rubber Company, Limited, Speke Factory, Liverpool, 
has been appointed vice-president and general manager, 
Dunlop Tire and Rubber Goods Company, Limited, 
Toronto, of which Mr. J. I. Stmupson will continue as 
President. Mr. Collett is to be succeeded at Speke by 
Mr. E. E. Quinton, works director, Dunlop South Africa 
Limited, Durban. 


A showroom for the exhibition of lighting equipment 
and typical motors, instruments, meters, batteries and 
rubber cables has been opened by MESSRS. CROMPTON 
PARKINSON LIMITED, at their London office, Crompton 
House, Aldwych, W.C.2. 


Messrs. TUBE INVESTMENTS LIMITED, have formed @ 
new subsidiary company, TI SournH AFRIcAa (PTY.), 
Liwrrep, of which MaJor-GENERAL SIR FRANCIS DE 
GuINGAND, K.B.E., C.B., D.S.O., has been appointed 
resident chairman and managing director. The parent 
company have also acquired ACE CYCLE AND ENGINEER- 
Inc Company, LIMITED, Springs, near Johannesburg; 
and TI Cycies (SoutH AFRICA), LIMITED, now formed, 
is a public company, the directors being Mr. I. A. R. 
STEDEFORD, Mr. N. G. LANCASTER, MR. W. F. WITHERS, 
NMAajorR-GENERAL SIR FRANCIS DE GUINGAND, and SIR 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—The contribution from the various 
Scottish producers towards the satisfactory United King- 
dom aggregate of ingots and castings, during August, has 
given rise to some gratification. The annual equivalent 
output for the month at 2,577,200 tons, the second best 
performance this year (the figure for March was 2,588,100 
tons) contrasted with 2,352,000 tons in August of last 
year and with 1,435,700 tons in July, when, of course, 
holidays interrupted production. The average for the 
first half of the year was 2,419,600 tons as compared with 
2,254,700 tons in 1948. Actual production last year 
aggregated 2,253,900 tons. Pig-iron production during 
August at a rate of 799,400 tons per annum compared 
favourably with 781,900 tons in July and 783,700 tons 
in August, 1948. The average for the first half of the 
year was 745,500 tons. In 1948, 765,700 tons were 
actually produced. Heavy plates and sections are 
booked almost up to the end of the year, and a substantial 
tonnage of rails awaits rolling. The home demand for 
small bars and light sections is easier, largely because 
of the heavy deliveries of Continental steel recently, but 
the export side is busier. A delivery of 19 weeks is 
indicated for light sheets, while heavier gauges are 
obtainable in 12 weeks. Tubes other than lap-welded 
descriptions are also well booked ahead. 

Scottish Coal.—Largely on account of the mild weather 
in the early part of the month, following upon a fayour- 
able summer, the supply position has been more com- 
fortable of late than for some time past. Industrial-fuel 
requirements are readily met ; graded sorts still fall short 
of the overall demand, but ample dross is available to 
make up any deficiencies. Space heating is, of course, 
at a minimum. Electricity works have substantial 
reserves with which to face the coming winter, and a 
margin for further consolidation remains after meeting 
current boiler throughputs. Steelworks, in spite of a 
high rate of production, are comfortably provided for, 
while coking coal is adequate, although some loss of this 
particular quality of fuel occurred following recent strikes 
in Lanarkshire, staged as a protest against basic-wage 
rates for on-cost workers. Round coal presents less 
difficulty than hitherto. House-coal merchants possess 
heavy stocks, while sales remain sluggish in a number of 
districts. Railways are almost embarrassed by the ton- 
nages currently offering, a substantial quantity being 
held in wagons, and some delay in turning these round 
has occurred. Gas coal is sufficient for present commit- 
ments. The improved supply conditions make the 
disposal of gum more difficult, but Ayrshire notably 
effects a prompt clearance. Shippers have been benefit- 
ing from the changed situation, but unless pit outputs 
expand the improvement may well terminate if and when 
the cold weather asserts itself. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—In spite of the fact that the 
South-Western Divisional Coal Board incurred a loss, in 
the second quarter of this year, of 254,2661., equal to 
10 -3d. per ton, the position in so far as the South Wales 
and Monmouthshire coalfield was concerned was not so 
disappointing. This coalfield produced 5,582,471 tons 
of saleable coal, in the quarter, at a loss of 133,3401., 
equal to a little over 54d. perton. It was clear that, but 
for the losses incurred in the operation of the anthracite 
area, the results for the district would have been quite 
favourable. The chief causes of the loss in the Division 
were the uneconomic coalfields of the Forest of Dean 
and Bristol and Somerset. The Forest of Dean lost 
nearly 5s. per ton on each of the 193,607 tons raised and 
Bristol and Somerset 9s. 6d. on each of the 157,298 tons 
raised. Throughout the past week, there has again been 
an acute shortage of all grades except the most inferior 
smalls on the Welsh steam-coal market and, consequently, 
although the demand has been actively maintained, the 
amount of new business that could be handled for early 
delivery remained small. The bulk of productions was 
again earmarked for delivery to inland consumers and 
foreign business was difficult to negotiate. Lately there 
has been more activity in Spanish circles and orders, 
although not unduly heavy, have now been placed for 
shipment during the last quarter of the year. These 
should provide for a more steady rate of shipment. 
Deliveries to the Portuguese Railways, the largest con- 
sumers in that country, are stillslow owing to payment 
difficulties, but trading proceeds steadily for other Portu- 
guese buyers. Trade with France and South America is 
again on good lines. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the improvement in the demand for tin- 
Plates was maintained and a satisfactory quantity was 
sold to consumers for delivery during Period 4. There 
was also an improvement in the export market as the 
sales were heavier. Steel sheets and iron and steel scrap 
continue in strong demand. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Steel production continues at a high 
level and it is computed that the output of steel ingots 
and castings for the year will constitute a record. There 
are still considerable arrears of orders to be worked off, 
but new business is not as plentiful as it was. Steel- 
makers again have emphasised the necessity to bring 
down production costs if foreign competition is to be met 
satisfactorily. It is pointed out that the German steel 
industry is getting into its stride again and the effects are 
being felt to some extent. The Master Cutler elect, Mr. 
W. R. 8S. Stephenson, has expressed the view that the 
coming year is likely to be a difficult one for Sheffield on 
account of currency restrictions and German competition. 
He says that Sheffield has been doing a tremendous 
amount of work formerly shared with the Germans ; 
now the latter have resumed business on a large scale 
manufacturers in South Yorkshire must expect com- 
petition to become intense, particulary as German costs 
have always been lower than ours. Many large schemes 
of reorganisation and re-equipment are being carried out 
in Sheffield with the object of reducing costs of production, 
@ difficult problem in these days of a short working week, 
dearer fuel and high wages. It has been notified that the 
price of wolfram ore has been reduced which, it is under- 
stood, will bring down the price of tungsten largely used 
in the manufacture of high-speed tool steels. Modernisa- 
tion of blast-furnaces should bring down the costs of pro- 
duction of local brands of pig iron. In the lighter branches 
of the steel industry it is now possible to give closer atten- 
tion to home orders. 


South Yorkshire Coal Trade.—Coal production is im- 
proving a little, and it has been p to i 
deliveries of industrial steams sufficiently to provide 
some additions to winter reserves. The demand for loco- 
motive hards is very strong, to permit the replenishment 
of stocks depleted during the holiday period. Coking 
coal is in full request and the make of furnace coke is 
satisfactory. Gas coal is active and gas coke in ample 
supply. House coal moves steadily in the better qualities, 
but inferior grades offered “‘ off the ration ’’ move very 
slowly. Patent fuel is active and firm. Rather more 
coal is being dispatched to the Humber ports. 


ih], 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The large and increasing output of 
iron and steel is in good demand and the continued dis- 
appointing yield of the Cleveland ironstone mines is 
compensated for by the continued substantial import of 
foreign ores. Other native raw products are obtainable 
in parcels that meet users’ needs. Deliveries of iron and 
steel scrap from home sources and from Germany are 
maintained at a high level but even bigger quantities 
than are at present obtainable would be readily accepted. 
There is continued complaint of the inconvenient scarcity 
of pig iron in which there is now no export trade. The 
production is insufficient for home requirements and 
export li are quently withheld. This is a 
great loss to the Tees-side area, which, at one time, 
exported more pig iron than any other producing district 
in the world. French and Belgian ironmasters are now 
supplying markets formerly served by Tees-side firms 
and when circumstances permit the re-establishment of 
broken trade links, difficulty will doubtless be experi- 
enced in re-capturing business that has been acquired 
by Continental sellers. Steel production has expanded 
to an extent that enables the satisfactory handling of 
delivery obligations, and uncompleted contracts at the 
end of the third quarter of the year promise to be fewer 
than seemed likely until quite recently. 


Foundry and Basic Iron.—There is no easement in the 
call for bigger deliveries of ordinary foundry pig iron and 
the shortage continues to necessitate the liberal use of cast 
iron scrap. The output of the basic blast furnaces is mov- 
ing into direct use at makers’ consuming departments. 

Hematite, Low Phosphorus and Refined Iron.—East- 
Coast hematite is in rather better supply than for some 
time but regular users would much welcome still larger 
parcels than they are receiving. The production of low 
phosphorus grades of iron is steadily taken up and refined- 
iron manufacturers are disposing of all their products. 

Manufactured Iron and Steel.—The branches of the 
industry turning out semi-finished and finished iron com- 
modities have a good deal of work in hand and steel pro- 
ducers are operating their plants at as high a pressure as 
conditions justify in an endeavour to cope fully with the 
pressing requirements of their clients. Home-produced 
and imported steel semies are reaching the re-rolling 
mills in parcels that adequately cover current needs and 
the large and increasing outputs of finished-steel products 
enable manufacturers to keep fairly well abreast of their 
extensive commitments. Producers of many commodi- 
ties are fully sold to the end of the year and report 








numerous home and overseas inquiries circulating. 


* | hampton Section : Wednesday, October 5, 7 





NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF PRODUCTION ENGINEERS.— Manchester 
Section: Monday, September 26, 7.15 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘ Education 
for Management,” by Lt.-Col. L. Urwick. Yorkshire 
Section: Monday, October 3, 7 p.m., Hotel Metropole, 
King-street, Leeds. ‘“‘ Jig Bore Machine as a Production 
Machine,” by Mr. V. J. Sayers. Dundee Section: Tues- 
pa October 4, 7.45 p.m., Mathers Hotel, Whitehall- 

t, Dund Inaugural Meeting. Nottingham 
Sedltun: Wednesday, October 5, 7 p.m., Victoria Station 
Hotel, Milton-street, Nottingham. ‘“‘ Education of 
Production Engineer,” by Mr. T. B. Worth. Wolver- 
p.m., County 
Technical College, Wednesbury. ‘‘ Metallurgical Aspects 
of Production Welding Processes,” by Dr. A. R. E. 
Singer. Preston Section: Wednesday, October 5, 7.15 
p.m., Atlas Iron Works, Park-road, Blackburn. “ Mech- 
anical Handling,” by Mr. F. T. Dean. Coventry Section: 
Friday, October 7,7 p.m., Geisha Café,Coventry. “‘Induc- 
tion Hardening Heat-Treatment,” by Dr. R. H. Barfield, 

INSTITUTE OF INDUSTRIAL SUPERVISORS.—W est Brom- 
wich Section: Tuesday, September 27, 7.30 p.m., Gram- 
mar School, West Bromwich. Inaugural meeting, 
address by Mr. R. S. Bache. London Central Section: 
Wednesday, September 28, 7.30 p.m., The Polytechnic, 
Regent-street, W.1. Inaugural meeting, addresses by 
Sir Percy H. Mills and Mr. J. C. Jones. Dudley and 
District Section: Thursday, September 29, 7.30 p.m., 
Dudley and Staffordshire Technical College, The Broad- 
way, Dudley. Inaugural meeting, addresses by Mr. A. W. 
Gibson and Mr. C. C. Bianchi. 

INSTITUTION OF MECHANICAL ENGINEERS.—Western 
Branch: Wednesday, September 28, 7 p.m., Merchant 
Venturers’ Technical College, Unity-street, Bristol, 1. 
“ Portishead Generating Station—Infiuence of Main- 
tenance on Development,” by Mr. 8. M. Hill. North- 
Eastern Branch: Monday, October 3, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. ‘“‘ Rotary 
and Oscillating Seals,” by Mr. T. E. Beacham, and 
“ Reciprocating Seals,” by Mr. F. H. Towler. South 
Wales Branch: Tuesday, October 4, 6 p.m., South Wales 
Institute of Engineers, Cardiff. Chairman’s address, by 
Mr. J. M. Reynolds. North-Western Branch: Thursday, 
October 6, 6.45 p.m. “‘ High-Pressure Steam Power 
Plant,” by Mr. W. N. C. Clinch. 

LONDON ASSOCIATION OF ENGINEERS.—Saturday, 
October 1, 6.30 p.m., St. Ermin’s Hotel, Caxton-street, 
S.W.1. “ Printing,” by Mr. G. Smith. 

INSTITUTE OF METAIS. y, October 3, to Wed- 
nesday, October 12. Maison de la Chimie, 28, rue St. 
Dominique, Paris, 7e. Forty-first Autumn Meeting. 
October 3, morning and afternoon visits; 8.45 p.m. 
Autumn Lecture, October 4 and 5, 10 a.m., October 7, 
9.45 a.m., papers for discussion. Afternoon visits. 
October 6, and 10, 11 and 12, all-day visits. For pro- 
gramme, see page 212, ante. 

Society OF ENGINEERS.—Monday, October 3, 5.30 
p.m., Geological Society, Burlington House, W.1. 
“* Scientists versus Engineers,” by Mr. G. Constantinesco. 

INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, October 3, 6.30 p.m., 
Liverpool Royal Institution, Colquitt-street, Liverpool. 
Chairman’s address, by Mr. D. C. Fleming. North- 
Western Centre: Tuesday, October 4, 6.15 p.m., Engi- 
neers’ Club, Albert-square, Manchester. Chairman’s 
address, by Dr. C. Dannatt. North Midland Centre: 
Tuesday, October 4, 6.30 p.m., at 1, Whitehall-road, 
Leeds. Chairman’s address, by Mr. J. R. Rylands. 
East Midland Centre: Tuesday, October 4, 6.30 p.m., 
Loughborough College. Chairman’s address, by Mr. A. 
Latham. Southern Centre: Wednesday, October 5, 
6.30 p.m., at 111, High-street, Portsmouth. Chairman’s 
address, by Mr. R. H. Coates. Institution: Thursday, 
October 6, 5.30 p.m., Savoy-place, W.C.2. Inaugural 
address by the President, Professor E. B. Moullin. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Monday, 
October 3, 6.30 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Annual meeting and “ Brains Trust.” 
Scottish Centre: Monday, October 3, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Air Pressure Brake Equip- 
ment ” and “ Automatic Adjusters,” by Mr. J. Rodway. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, October 4, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. Presidential address by Professor 
G. Cook. 


RoyaL AERONAUTICAL Socrety.—Thursday, Octo- 
ber 6, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. “‘ Aircraft Design Analysis Methods of 
U.S. Navy Department,” by Mr. I. Driggs. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 7, 6.45 p.m., Engineers’ Club, Albert-square, 
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Manchester. Presidential Address by Mr. W. Redfern. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should oS crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
RNR ee See 


For Canada £4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrap Pper, on the inside black and white pages 
pe in the buff art paper two-colour supplement, as 
-_ as for insets, can be obtained on application to 

r. The pages are 12 in. deep and 9 in. 
= divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot G teed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use x made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 

under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves nsible 
for advertisers’ blocks left in their possession poy more 
than two years. 








INDEX TO VOL. 167. 


The Index to Vol. 167 of ENGINEERING 
(January-June, 1949) is now ready and = 
be sent to any reader, without charge and 
postage paid, on a arg wages being made to the 

aaa In = er to reduce the consump- 

of paper, copies of the Index are 
— only in response to such 
ons. 
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ENGINEERING AND THE 
CANADIAN MARKET. 


Tue Government’s decision, announced by the 
Chancellor of the Exchequer on Sunday, September 
18, to alter the sterling-dollar exchange rate from 
4-03 to 2-8 dollars to the pound has correctly been 
described as both a challenge to and an opportunity 
for the British community. For as Sir Stafford 
Cripps also said in the course of his broadcast “‘ with 
a low rate of exchange we can sell more of our goods 
abroad and should be able to earn more dollars in 
total.”’ On the other hand, the change will imme- 
aiately cause some increase in the cost-of-living 
index, and may result in a rise in the prices of a 
few articles, which are made mainly from imported 
dollar raw materials. It will also necessitate much 
exertion if any increase in the cost of production of 
our manufactured articles is to be prevented, and 
if more of our goods are to be sold in the dollar 
markets. Indeed, again to use Sir Stafford’s own 
words, “It is a very important and grave matter 
for our whole future.” 

Tt is in the light of the position thus created, a 
position which clarifies much of the unnecessary 
uncertainty which has existed during the past few 
weeks, that we may record with satisfaction that 
the engineering industry is fully alive to its responsi- 
bilities, and has, in fact, already made plans for 
carrying out its immediate task. This task, put 
quite simply, is to sell more of its products abroad 
and, in particular, in those parts of the Empire 
where a potential market for its equipment exists, 
or can be most profitably developed. A first step 
along this road was taken almost exactly a year 
ago when an Engineering Mission, headed by Mr. 
E. H. (now Sir Harry) Gilpin, travelled to Canada to 
investigate the nature of that Dominion’s require- 
ments for engineering products and the ae 
of materially increasing the proportion of those 
products, which were supplied from the British 





Isles. This Mission collected a large amount of 
valuable information, which was embodied in a 


report* to the President of the Board of Trade early 
this year, and forms the basis of a plan, which was 
submitted to the representatives of some 30 engi- 
neering trade associations at a meeting held under 
the auspices of the British Engineers’ Association 
on Tuesday, September 6. 

Essentially, this plan proposes that the appro- 
priate sections of the British engineering industry 
should appoint skilled specialists to represent them 
in Canada for a period of at least two years. These 
specialists will not be salesmen in the strict sense of 
the word, their primary duties being, in fact, to 
travel the country to explore possible openings, to 
screen potential agents, to discuss the long term 
needs of users and to sum up the chances of group 
selling organisations. Having performed these 
tasks they will report the results to their sponsors, 
8o that the latter will be in a position to decide on 
the action that should appropriately be taken. To 
facilitate operations, this chain of “‘ listening posts ”’ 
will be connected to an office in Toronto, where 
the reports will be co-ordinated and where the 
information that has been collected by one repre- 
sentative will be distributed to others who may 
be interested. This office will also work in close 
collaboration with H.M. Trade Commissioners in 


8 the Dominion, although it will not be under their 


control or direction. It is felt that this office can 


320| conduct its operations most economically under 


the xgis of the Federation of British Industries ; 
the necessary negotiations with that body have been 
initiated. 

In addition, a non-profit-making limited liability 
company without share capital is to be established 
in London, and will enter into separate agreements 
with each participating section of the industry for 
the purposes of making the necessary financial 
arrangements and keeping essential records. The 
participating trade associations will, however, 
select their own representatives (who will afterwards 
be formally “‘engaged’’ by the company); and 
will be solely responsible for the direction and 
control of these officials, as well as for organising 
their programmes and for disseminating and follow- 
ing up their reports. It is estimated that the 





overall annual cost of each such representative will 
be about 6,0001. 

It is here that an important change in the cus- 
tomary procedure has been made. As the provision 
of such a sum for two years would, it is felt, be 
beyond the resources of most members of the 
Association, Government aid has been sought and 
obtained. As a result, it has been arranged that a 
section of members which has raised at least 25 per 
cent. of the cost of representation will receive the 
balance as a loan from the Export Credits Guarantee 
Department. This loan will be repayable by a 
levy, of probably 1 per cent., on the additional 
business obtained by the representatives of the 
subscribing firms in Canada during a period of three 
years from their appointment, any shortfall between 
the cost incurred and the levies raised in this 
way during the period in question being written off. 
Arrangements are being made so that figures of 
sales submitted by individual firms for the purposes 
of calculating the levy will not be broadcast. On 
the other hand, reports from “‘ the listening posts ”’ 
will be available, as written, to subscribing members 
and, on the Government’s insistence, a summary will 
be furnished to all those in the section concerned. 
The shop, therefore, will not be closed, the door 
being left ajar. The result of all this will, it is 
hoped, be that, although the State will back the 
efforts of industry it will not attempt to control it, 
a policy which, correct as it is in this instance could, 
many will consider, well be extended to other fields. 

So much for the plan itself. The next step is to 
consider the improvements that will result from 
putting it into practice. In this connection it may 
be recalled that the Engineering Mission reported 
that ‘‘ there exists in Canada a solid and expanding 


*|market for much United Kingdom engineering 


equipment.” Statistics, in fact, show that in 1948 
this country bought 2161. million worth of goods from 
that Dominion, while our sales to it amounted only 





* Report to the President of the Board of Trade by the 





United Kingdom Mission to Canada, 1948, See ENGI- 
NEERING vol. 167, page 134 (1949). 
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to 691. million. Invisible exports did little to close 
this large gap. The picture acquires a yet more 
sombre hue when it is also pointed out that in 1948 
Canada imported capital equipment to the value of 
1091. million, of which only 71. million came from 
this country. It is clear therefore that not only is 
the gap wide, but that ample opportunity is available 
for narrowing it. In fact, the position as a whole 
constitutes a challenge to British enterprise and, 

‘in particular, to British engineers ; a challenge that 
must be accepted not only by the formulation of a 
policy, such as that we have just outlined, but by 
ensuring that our prices, delivery dates and servicing 
facilities compare favourably with those of our 
competitors. In carrying out these tasks, we have 
the advantage of possessing the goodwill of the 
Canadian people, and no chance should be lost of 
profiting by this valuable asset. The development 
of our overseas trade in this atmosphere will have 
the added advantage of providing our manufacturers 
with information which should be most instructive 
in the attack which must inevitably be made on 
other markets, where the same conditions do not 
prevail. Indeed, as Sir Harry Gilpin has well said, 
the plan is a great experiment, the success of which 
may “‘lead to its wide extension over a large part 
of British industry and in many other markets 
than Canada.” 

To quote Sir Henry again, it therefore now 
remains for the individual members of the engineer- 
ing industry to act and to act quickly. The need is 
urgent, as Sir Stafford Cripps has made clear. 
The ‘listening posts’ should therefore be estab- 
lished without delay and be at work by next spring. 
If this is to be done, it means that the members of the 
constituent associations must be called together at 
once to act upon the plan and to obtain as many 
subscribers as possible in the least time. When 
the appeal is launched we should imagine that those 
doubtful of its value will be few and those reluctant 
to support it still fewer. Any who fall into either 
of these categories, however, will find that arrange- 
ments have been made for several members of the 
Gilpin mission to discuss any problems with them, 
and thus to relieve their doubts. In this connection 
it is perhaps hardly necessary to insist that members 
should work out plans which will ensure that 
particulars of their products are widely circulated 
in Canada before their representatives arrive in 
that country to begin their task. In doing this, 
it is pointed out that close attention should be paid 
to detail. For instance, exact information on 
such matters as floor space, weight, horse-power 
and performance of the equipment it is desired 
to sell must be given. The preparation of really 
informative catalogues is also of the first importance 
since, as has often been suggested, British practice 
in this respect sometimes leaves much to be desired. 

We have already indicated the extent to which the 
Government has agreed to give financial assistance 
to the scheme. It is also to be hoped that it will 
facilitate its progress in other ways and particularly 
by interfering as little as possible by regulation. 
That some alleviation in this respect should be 
given is indicated by a statement made by the 
President of the Board of Trade during the course of 
his speech on the Budget in the House of Commons 
last April. On that occasion Mr. Wilson expressed 
the intention of showing ‘‘ open favouritism,” when 
necessary, towards exports to Canada, and added 
that departments had been instructed, as far as 
possible, to make resources available for a smooth 
and increasing flow of production to that market. 

In “the spacious times of great Elizabeth ” one 
of the outstanding characteristics of the British race 
was the enterprise which imbued our merchant 
venturers to sail abroad for the Queen’s honour 
and the increase of the nation’s prosperity. Condi- 
tions have, of course, changed, but the recrudescence 
of that spirit, suitably adapted to the world in which 
we now live, is urgently needed at the present time. 
During the last few days the Assembly of the 
Organisation of European Economic Co-operation 
has found it necessary to warn the people of Europe 
“that millions of us will soon go hungry and 
unemployed unless we act at once.”” This sombre 
statement leads us to hope that the endeavours of 
the British Engineers’ Association will not prove 
unfruitful. 





UNESCO’S WORK}FOR 
SCIENCE. 


THE text that “science is international” is one 
upon which lay, and even clerical, sermons have 
frequently been preached. It would, however, 
be more correct to say that while science should be 
international, too often it is only allowed to be 
national, and that sometimes its outlook is so 
confined that it might even be described as parochial. 
That this is so is not usually the fault of the scientist 
as an individual. He, trusting in the integrity of 
his fellows, is generally willing enough to place the 
results of his researches freely at the disposal of 
mankind. He discovers, however, when he has 
done so, that commercial and political interests 
have rapidly imposed restrictions of one kind or 
another on their employment and that his sacrifice 
has been ineffective. Such occurrences are at 
present, perhaps, more common in the field of 
biological than that of the physical sciences, but 
those who take the trouble to study the history of 
invention and research will have no difficulty in 
collecting examples of such actions from practically 
every section of this branch of human activity. It 
is a state of affairs which it is highly desirable should 
beamended. Change will, however, only be brought 
about by intensive ethical education, conducted in 
an international atmosphere and inspired by the 
conviction that by some means or other the existing 
shackles must be removed. 

This task is likely to be long and will only be 
accomplished in the face of many grave obstacles. 
It is satisfactory to be able to report, however, 
that a start has been made under the aegis of the 
United Nations Educational, Scientific and Cultural 
Organisation (Unesco). This body, it may be 
recalled, was established in 1946 as an inter- 
governmental organisation for the development 
through international action of education, science 
and culture. It differs essentially from the other 
specialised agencies of the United Nations in that 
it attaches fundamental importance to the part 
which non-governmental institutions can play in its 
work. This principle is embodied in the national 
commissions which the member states are obliged 
by the constitution of the main body to set up in 
their territories ; and is illustrated in this country by 
the foundation two years ago of the United Kingdom 
National Commission for Unesco. Tnis commission 
operates through a number of specialised committees 
or co-operating bodies, each representing one of the 
fields for which the Organisation is responsible. 
For instance, the responsibility for the section on 
natural sciences has been entrusted to the Royal 
Society which, in turn, has established the British 
Committee for Co-operation with Unesco in the 
Natural Sciences to act as its agent. This com- 
mittee recently considered a report describing the 
work carried out by the Natural Sciences section of 
Unesco in 1948 and in order to give wider publicity 
to this document published it in The Advancement of 
Science for July, 1949. 

This report, upon which comment and criticism 
are invited by the Committee, covers a great deal 
of ground and indicates the broad outlook which is 
inspiring the work of those who have compiled it. 
As an example of this, attention may be called to 
the fact that during the year under review consider- 
able progress was made in classifying the problems 
relating to international co-operation in the engineer- 
ing sciences. ‘‘ Several outstanding personalities ”’ 
in the engineering world were, in fact, commissioned 
to prepare reports suggesting methods whereby 
effective collaboration on an international plane 
‘such as has been achieved in the pure sciences ” 
could be brought about. We hope that there will 
be no delay in the preparation of these documents 
and that when they have been completed wide 
publicity will be given to their contents. Their 
value will, of course, largely depend upon the terms 
of reference and upon the fundamental conception of 
what is required which may have inspired their 
authors. They should, in any event, be of the 
greatest interest, and may even provide starting 
points for real advances in the directions which 
further experience will show that the Organisation 
should take. 








It is satisfactory, too, to note that the Organixa- 
tion is not making the mistake of neglecting the 
assistance which can be given by existing organi... 
tions, and which, in turn, it can usefully assi:t, 
For instance, consultative status, whatever may }e 
implied in that term, has been granted both to the 
World Power Conference and to the World Enginecr- 
ing Conference. The latter body has also been given 
assistance in publishing the papers read at its con- 
gress in Cairo earlier this year. Similarly, the World 
Power Conference has been helped to publish its 
first post-war Statistical Year Book on Enerjy 
Resources. It was rightly felt that both these 
publications would be of special value to the United 
Nations Scientific Conference on Conservation and 
Utilisation of Resources, which has also been held 
this year. Indeed, it is not going too far to say that 
the compilation of full and accurate statistics is a 
task the results of which will not only be of imme- 
diate utility in a number of fields, but will do a 
great deal to achieve the ends which Unesco itself 
has in view. Accurate information is a primary 
concomitant to an interchange of knowledge on an 
international basis and in the compilation of this 
information statistics of the right kind must 
obviously play a leading part. 

That this is recognised by the Organisation is shown 
by the fact that a committee has been appointed to 
discuss those problems of abstracting, which are 
common to the various fields of pure and applied 
science. An International Conference on Science 
Abstracting met in June of this year and was 
attended by representatives of a number of bodies, 
including the International Federation for Documen- 
tation, which is carrying out a survey of science 
abstracting services on Unesco’s behalf. So far, 
attention seems mainly to have been directed to the 
medical and biological sides of the problem, but we 
have no doubt that it will be extended to the 
physical sciences and to engineering in due course. 
The matter is one of considerable importance not 
only because publication is the foundation of the 
wider dissemination of knowledge on an international 
basis, but because abstracting is a field in which 
there is at the present time a good deal of waste of 
effort and time with consequent loss in efficiency 
and unnecessary cost. 

In this connection it is interesting to note that a 
report has been prepared on multilingual scientific 
and technical dictionaries. This examines existing 
dictionaries for two or more languages, indicates 
what subject and language combinations are 
most in need of new dictionaries and consider 
the advantages of different forms of multilingual 
dictionaries. As will have been clear to readers 
of Enarngertna from the article by Mr. P. E. 
Erikson, which was published on page 4, ante, 
and subsequent correspondence, this is a field 
in which much difference of opinion exists. It 
is obvious, moreover, that to produce the ideal 
dictionary, or rather dictionaries, is a task which 
the private publisher, however enterprising, may 
hesitate to undertake. On the other hand, it is 
obviously a task for which a live international 
body is by nature of its constitution and the large 
resources upon which it can draw is eminently 
fitted. We hope therefore that it will be given a 
leading place in Unesco’s programme. 

Another activity, which was organised during 
1948, was the establishment of a Scientific Apparatus 
Information Service. For the moment this service 
has been limited to answering questions regarding 
scientific and technological equipment for education 
and research in the pure and applied sciences, but 
it is hoped shortly to extend its scope. At present 
its equipment consists of a collection of up-to-date 
catalogues of the principal scientific manufacturers 
of the world, information on the latest developments 
in the fields of instruments, files of periodicals of 
various kinds and a card index of instruments 
related to the World Index of Scientific Manufac- 
tuters. Close co-operation from manufacturers in 
nine léading countries has been obtained and the 
results should be of great value. 

It is hardly necessary to conclude by saying that 
we wish this body well in the difficult work which it 
has undertaken and in which we hope it will receive 
proper assistance from all those who are concerned 
in the advancement of science. 
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NOTES. 


ENGINEERING EDUCATION IN BRISTOL. 


Tux Society of Merchant Venturers of the City 
of Bristol is no-longer responsible for the adminis- 
tration of the Merchant Venturers’ Technical 
College and the Faculty of Engineering of the 
University of Bristol. Founded in 1885 by the 
Society, the Merchant Venturers’ Technical College 
became associated with the University of Bristol 
when its charter was granted in 1909. An agreement 
between the Society of Merchant Venturers and the 
University was entered into on June 17, 1929, and 
the Merchant Venturers’ Technical College became 
the headquarters of the Faculty of Engineering of 
the University, at the same time carrying on its 
non-faculty technical classes. As from September 1, 
1949, the title Merchant Venturers’ Technical College 
has ceased to exist. The premises have been bought 
by the Corporation of Bristol, and they will admin- 
ister the technica] college and the Department of 
Commerce, which will in future be known respec- 
tively as the College of Technology and the College 
of Commerce. The administration of the University 
Faculty of Engineering will henceforth be entirely 
separate from that of the technica] college, although 
for the present the University is to lease from the 
Corporation of Bristol some of the college premises, 
for use as the University Engineering Laboratories. 
Construction of new independent buildings for the 
Faculty of Engineering, on the main University site, 
is to begin shortly. In future, communications for 
the technical college should be addressed to the 
College of Technology, Unity-street, Bristol, 1; the 
Principal of the College is Mr. F. W. Rawcliffe. 
The address of the University of Bristol Faculty of 
Engineering, of which Dr. G. H. Rawcliffe is Dean, 
is University Engineering Laboratories, Unity- 
street, Bristol, 1. The telephone number for both 
College of Technology and University Engineering 
Laboratories is Bristol 23016. The College of 
Commerce is now located at St. George’s-road, 
Bristol, 1; telephone number, Bristol 26715; and 
Mr. W. B. Armstrong is Principal. 


TECHNICAL LIBRARIES IN THE UntTED Kinapom. 


In his Presidential address to the recent Annual 
Conference of Aslib, reported on page 290, ante, Dr. 
Percy Dunsheath stressed the unsatisfactory nature 
of the technical library services in this country. 
Aslib had a responsibility in the national and social 
life of the country, not only for giving advice, but 
also for seeing that such advice was acted upon. 
Two matters appeared to call for strong action—the 
inadequacy of present-day reference library facilities 
in science and technology, and the need for establish- 
ing higher standards of training and qualification 
for the staff employed in scientific and technological 
libraries. Referring to existing technical libraries, 
Dr. Dunsheath said he considered reference facilities 
to be a disgrace to Great Britain. Stocks of books 
in important Jibraries were not readily available for 
want of space, and libraries which were becoming 
overcrowded and understaffed 20 years ago were 
worse off to-day than ever. Grants for accessions 
were falling more and more into arrears, and the 
flocd of new knowledge was getting increasingly 
beyond the capacity of the under-paid, under- 
staffed, and under-equipped librarians. The most 
useful technical library in London, and the best for 
its purpose in the United Kingdom, was the Patent 
Office Library. This was formerly kept open until 
10 p.m., but to-day it was closed at 6 p.m. In the 
same library, delays in binding, the absence of books 
from the open shelves, the crowding, and the 
inadequacy of the staff—mainly due to a cut in the 
budget—made a serious reader wonder sometimes 
whether Great Britain deserved to be a first-class 
nation leading the world in science and technology. 
If this state of affairs continued much longer, the 
question would no longer arise. Much the same 
applied to the Science Library, which, however, 
was not under the Board of Trade but was under the 
Ministry of Education. If the educational value of 
an efficient library in the field of science and tech- 
nology had been recognised by the Ministry of 
Education, a larger proportion of the funds allocated 
0 education would already have been reserved for 
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the building of a really efficient library to replace 
the two mentioned. There was a need for greater 
appreciation by the Government and general pubiic 
of the vast extent of scientific and technological 
knowledge, and the rate at which it was being added 
to. Research workers realised it, and Aslib could 
help in telling the Government, industry, and the 
man in the street. In comparison with the public 
libraries of America, the science and technology 
divisions of Britain’s public libraries were many 
decades behind. In America, the libraries were 
open from 9 a.m. to 10 p.m. during the week, and 
from 1 p.m. to 10 p.m. on Sundays. Britain would 
never compete so long as there was a “‘ five-day 
week and no over-time ” outlook in learning. In 
Britain’s efforts to re-establish her national economy, 
much could be done by improving the facilities 
whereby industry was kept fully informed of 
developments in science and technology. The 
industrial representative efficiently supplied with 
up-to-the-minute information in his particular 
sphere ; the individual reader browsing in a field of 
patent specifications, text-books, proceedings of 
societies, and periodicals, collecting ideas because 
he was interested—these were factors which would 
always yield dividends for the nation. The best 
investment that the Government could make would 
be the establishment of a new Library of Science and 
Technology in the centre of London, using the 
practical experience and tradition of the Patents 
Office Library, but at least five times as large. 


CENTENARY OF NEWCASTLE Hicu-LEVEL BRIDGE. 


The high-level two-deck bridge over the Tyne 
at Newcastle was opened for railway traffic 100 
years ago next Wednesday, September 28, by 
Queen Victoria. The roadway was brought into 
use on February 4, 1850. Built to the design of 
Robert Stephenson as consulting engineer and 
Thomas E. Harrison, engineer to the York, New- 
castle and Berwick Railway, it incorporates two 
decks, the lower deck carrying a roadway with a 
double tramway and footpaths, and the upper 
carrying three railway tracks. It is 1,337 ft. 6 in. 
long and comprises six clear spans of 125 ft. and 
eight masonry-arch approach spans. Four of the 
main spans cross the waterway of the Tyne, giving 
a headway over the river of 82 ft. 10 in. at high 
water at ordinary spring tides. The first pile was 
driven on October 1, 1846, and the erection of the 
structure was completed on June 7, 1849. The 
four main spans which cross the waterway are 
supported on ashlar piers founded on Memel timber 
piles. Each consists of four cast-iron tied arches 
spaced at 7 ft. 4in., 21 ft. 6 in. and 7 ft. 4 in. centres, 
the footpaths on the lower deck being situated 
between the outer and inner arches, and the road- 
way between the inner arches. The arches are 
tied by flat-link wrought-iron chains. The three 
railway tracks are carried by cast-iron cross girders 
at 9 ft. 10 in. centres, supported on the four arch 
ribs by cast-iron columns, and having longitudinal 
timber bearers, one under each rail. The roadway 
was originally carried by 12 in. by 12 in. timber 
cross girders, which, in turn, were supported by 
longitudinal cast-iron girders suspended from the 
inner cast-iron arch ribs by 2-in. wrought-iron bolts 
spaced at 9 ft. 10 in. centres, the bolts being enclosed 
in cast-iron casings which appear to be continuous 
with the upper-deck columns. The two footpaths 
are carried in a similar manner, using 12 in. by 6 in. 
timber cross girders. In 1893, the parts of the 
cast-iron cross girders carrying the rails over the 
roadway were strengthened by the provision of 
wrought-iron cross girders, the load from the cast- 
iron girders being transferred to the strengthening 
girders by means of wedges. The foundations of 
the river piers were originally enclosed in a coffer 
dam of timber sheet piling, and, in 1906, in order to 
widen the waterway for the passage of larger 
vessels, the outer row of coffer-dam piles on the 
channel side of the south pier was removed, leaving 
the inner row of sheet piling to protect the founda- 
tions. In 1915, investigation showed that the 
material underlying the concrete capping of the 
main piles had deteriorated considerably, but owing 
to the war it was not until 1919 that it was decided 
to proceed with the construction of a steel-pile 


completed, the material round the piles and under- 
neath the original 5-ft. thick concrete foundation 
was examined, and it was decided to underpin the 
whole of the foundation with concrete down to the 
solid clay into which the piles were driven, the 
joint between the new and the origina] concrete 
being made tight by pressure grouting. In 1920, 
the Newcastle Corporation obtained powers to run 
tramcars over the roadway, and the necessary 
modifications to the structure were completed in 
December, 1922. 


British EvecrricaL EquIPMENT AND CANADIAN 
STANDARDS. 


In the leading article, which appears on page 311 
of this issue, we deal at some length with the plans 
that are being made to increase the import of 
British engineering equipment to Canada. Before 
these plans can be satisfactorily implemented, 
however, certain obstacles must be removed, one 
of the most serious of these being the stipulation 
that all electrical equipment entering the Dominion 
must comply with the Testing and Approvals 
Regulations of the Canadian Standards Association. 
To overcome this difficulty, Mr. D. M. Buist, Export 
Director of the British Electrical and Allied Manu- 
facturers Association, proposed during a recent 
visit to Canada that some organisation should be 
set up in the United Kingdom to carry out testing 
and to give approval to appropriate electrical 
products before they left this country. Such proce- 
dure would serve to prevent the present delay and 
expense of sending samples and prototypes to 
Toronto for testing and approval. The Machine 
Tool Trades Association are also interested in this 
matter, owing to the fact that extensive alterations 
are frequently required on electrically-equipped 
machine tools and because they are arranging to 
exhibit a considerable number of British tools at 
the Canadian International Trade Fair, which is to 
be held in Toronto next year. In view of the 
urgency of this matter, it has therefore been decided 
to send a delegation, of which Mr. Buist will be the 
leader and Mr. J. F. Stanley, Electrical Technical 
Director of the British Standards Institution, the 
secretary, to Canada to review present arrangements 
and to endeavour to secure amendments in certain 
clauses of the Canadian standards and approvals 
manual. This delegation will be made up of repre- 
sentatives of the British Electrical and Allied 
Manufacturers Association, of the Machine Tool 
Trades Association and the Cable Makers Associa- 
tion, and will have the full support of the Board 
of Trade and Ministry of Supply. To assist in its 
work, manufacturers interested in the Canadian 
market are invited to give brief notes of actual 
cases where delays have occurred owing to the 
regulations, or instances of other obstacles to 
obtaining approval. Inspection reports on British- 
made electrical or other industrial equipment, would 
also be valuable. This information should be sent 
to the secretaries of any of the Associations men- 
tioned above. 





THE INSTITUTION OF CHEMICAL ENGINEERS.—Prepara- 
tions for the associate-membership examination of the 
Institution of Chemical Engineers for 1950 have now been 
completed, and particulars of the examination, together 
with application ferms, may be obtained from the honor- 
ary registrar of the Institution, 56, Victoria-street, Lon- 
don, S.W.1. Intending candidates should note that 
the application forms must be returned by December 1. 





“THE AERONAUTICAL QUARTERLY.” —We have received 
the August, 1949, issue of The Aeronautical Quarterly, 
published by the Royal Aeronautical Society, 4, Hamil- 
ton-place, London, W.1, at 10s. This is the second 
number to be issued, and it contains four papers: “‘ Dis- 
placements of a Linear Elastic System Under a Given 
Transient Load, ’” by D. Williams, D.Sc., M.I.Mech.E., 
A.F.R.Ae.S., of the structures department of the Royal 
Aircraft Establishment ; ‘“‘ Skin Friction in the Laminar 
Boundary Layer in Compressible Flow,” by A. D. Young, 
M.A., A.F.R.Ae.S., of the department of aerodynamics 
at the College of Aeronautics, Cranfield ; ‘“‘ The Measure- 
ment of Gas Turbine Combustion Efficiency by Gas 
Analysis,” by L. J. Richards and J. C. Street, of the 
Thornton Research Centre, Shell Refining and Marketing 
Company, Limited; and “A Simplified Theory of 
Simple Waves,” by A. Ghaffari, Ph.D., of the University, 
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MR. B. P. ELLIS. 


THE news of the death of Mr. Bernard Pemberton 
Ellis, which occurred in London, on September 14, 
after a long illness, will be received with regret by 
many engineers and executive officers in the loco- 
motive and rolling-stock building industry. Mr. 
Ellis, who was born on August 15, 1875, was the 
youngest son of the late Mr. A. A. Ellis, of King’s 
Norton, Birmingham, and was a member of a family 
which has had prominent representatives in the 
steelmaking and engineering industry, including 
Sir Charles and Sir William Ellis, the latter of 
whom was a past-president of the Institution of 
Civil Engineers and of the Iron and Steel Institute. 
After leaving Rugby School in 1892, Mr. B. P. Ellis 
became a premium apprentice in the works of 
Messrs. Bellis and Morcom, Limited, Birmingham, 
where he remained for four years. In 1896, he 
joined the staff of Messrs. Thwaites Brothers, of 
Bradford, and for the subsequent three years was 
engaged in the drawing office and on outside work 
in connection with high-speed engine trials. Mr. 
Ellis’s long association with the firm now known as 
Messrs. Rendel, Palmer and Tritton commenced in 
1899, when he was appointed an inspector on 
locomotive and railway-carriage and wagon work. 
After serving at various industrial centres in this 
country and on the Continent, Mr. Ellis was ap- 
pointed personal assistant to Sir Seymour Tritton 
in 1909. 

From 1910 onwards, Mr. Ellis was engaged as 
responsible head of his firm’s rolling-stock depart- 
ment and was in charge of the design and the 
supervision of the construction of carriages, wagons, 
locomotive boilers, breakdown cranes and other 
equipment of many types and for four different 
gauges, for Indian and other railways. From 1915 
until 1919, similar work was undertaken for the 
War Office and Ministry of Munitions, and, after 
1925, Mr. Ellis’s work included the standardisation 
of carriage and wagon stock for the Indian railways 
and the conversion of Indian locomotives to the 
use of superheated steam. During the late war, he 
gave much assistance to the War Office, Ministry of 
Aircraft Production, Ministry of Supply and other 
Government departments. After the war, the 
supply of new materials and replacements for India, 
to make up for the war years, made great demands 
on his activities. In April, 1946, Mr. Ellis was 
made a consultant to his firm, but, in July of that 
year, illness compelled him to discontinue regular 
attendance at his office and he finally retired in 
March, 1948, after having been a member of the 
firm of Messrs. Rendel, Palmer and Tritton for 
nearly 5@ years. He was elected an associate 
member of the Institution of Mechanical Engineers 
in 1903 and a member in 1911, and an associate 
member of the Institution of Civil Engineers in 
1910 and a member in 1931. 





LETTERS TO THE EDITOR. 


THE DRY COOLING OF COKE. 
To THE Epiror oF ENGINEERING. 

Sizr,—The above subject is dealt with in an 
interesting review in your issue of August 26 last, 
on page 206. The conclusion is reached that “ it 
appears that this is a matter to which attention 
should be given in the interests of fuel economy 
by the Gas Council, the National Coal Board and 
the British Iron and Steel Federation.”’ 

In order to keep the facts clear it should be 
stated that the last named of these bodies, at least, 
needs no urging in the matter. In fact, the British 
Tron and Steel Research Association, on behalf of 
the British Iron and Steel Federation, had already 
been working on the subject for some time when the 
Ministry of Fuel and Power’s Working Group, to 
which you refer, was formed. B.I.S.R.A.’s investi- 
gators therefore were immediately invited to join 
the Working Group and they assisted at its discus- 
sions, in the meantime pursuing their own industry’s 
projects concerning the application of coke dry- 
cooling to integrated iron and steelworks. A full 
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report on this aspect of the matter was presented to 
all integrated iron and steel works and to the 
Working Group in October, 1948. It was subse- 
quently published in the Journal of the Iron and 
Steel Institute for February, 1949. 

The British Iron and Steel Federation and 
B.LS.R.A. have therefore already ‘‘ given attention” 
to the interesting question of dry cooling, and have 
made it possible for every individual firm in the 
industry to consider its own case on its merits. 
That the great majority of them have done so may 
be safely assumed, and some firms are known to 
have discussed the matter with suppliers. This 
must not be taken either to recommend.or reject the 
application of dry cooling to the iron and steel 
industry. That is not the point at issue. It is 
important, however, to be clear that the industry 
is fully alive to its possibilities, and that the neces- 
sary data and studies have been madeon the 
industry’s own initiative, and by its own efforts. 

Yours faithfully, 

Epwarp W. SENIor, 
Commercial Director. 
British Iron and Steel Federation, 
Steel House, 
Tothill-street, 
Westminster, 

London, S.W.1. 

September 13, 1949. 





TECHNICAL DICTIONARIES. 
To THE EprTor OF ENGINEERING. 

Sm,—The opinions expressed by various corre- 
spondents on my article, page 4, ante, are so unani- 
mously in favour of my proposals that only a few 
points raised need comment. In following up my 
suggestion regarding international co-operation, Mr. 
Lassally, on page 40, ante, rather widens the circle 
of potential collaborators. There is, I believe some 
danger in having too many organisations working 
on a scheme of this kind, lest over-lapping and 
lengthy discussion should retard progress. I think 
Mr. Sewell, page 64, ante, has interpreted my remarks 
on past participles rather too literally. None 
but a skilled translator should, of course, be trusted 
to deal with a foreign text. Experience, however, 
has confirmed that the fine shades of meaning of 
similar words, referred to earlier in Mr. Sewell’s 
letter, sometimes occur when past participles are 
used as nouns, the two forms of the word being not 
only similar but identica). My reference to non- 
skilled linguists was not meant to include translators, 
but applied to people who only have a reading know- 
ledge of a foreign language. Mr. Kennedy’s plea 
for standardisation of certain technical terms, page 
88, ante, is very much to the point. Much confusion 
and misunderstanding would be eliminated by inter- 
national agreement in this respect. Mr. Carty’s 
amplification, page 88, ante, of my notes on the 
German multilingual dictionaries is substantially 
correct. Space limitations permitted only a brief 
reference in my article to Schlomann’s admirable 
work. Although, as Mr. Carty states, the distri- 
bution of the dictionaries (i.e., those published after 
1928) both inside and outside Germany, was in the 
hands of the VDI-Verlag, the authorised distributors 
in Great Britain and the British Empire were Messrs. 
Lewenz and Wilkinson, Limited. In the preface to 
Vol. II, editor Schlomann points out that the cost 
of this volume was about half a million gold marks, 
which was shared by the State, the leading scientific 
and engineering societies, and the Society for the 
Support of German Science. Thus, not only did 
the work receive official recognition, but financial 
aid as well. I agree with Mr. Masters, page 112, 
ante, that illustrations are costly, but inasmuch as a 
good picture accurately describes the object involved, 
I think the extra cost is worth while. One method 
of reducing the cost of illustrations is that used in 
the dictionary compiled by the International 
Association of Navigation Congresses. The last few 
pages of each volume contain line drawings of the 
equipment described in the text. They are mostly 
assembly drawings, on which each detail is num- 
bered. Looking up a word in the text the reader 
finds a code number which directs him to the appro- 
priate drawing and the number of the detail. For 





size and clarity these drawings leave nothing to be 





desired. It is gratifying to note from Mr. Gray’s 
letter, page 184, ante, that the International Commis- 
sion on Large Dams, affiliated to the World Power 
Conference, expect to issue the first edition of a 
dictionary on the construction of dams. This is a 
step in the right direction on the road to a more 
general international co-operation, which many of 
us believe to be essential to the production of 
comprehensive and authentic technical dictionaries, 

It may interest your correspondents to know 
that the United Nations Educational and Scientific 
Organisation is now actively engaged on this subject. 
A report entitled ‘‘Interlingual Scientific and 
Technical Dictionaries,” by Dr. J. E. Holmstrom, 
of Imperial Chemical Industries, Limited, has been 
issued by Unesco under date of July 20, 1949, 
An outstanding feature of this report is the recom- 
mendation that an International Terminological 
Bureau should be established under the joint auspices 
of Unesco and the International Organisation 
for Standardisation. Briefly, the main functions 
of the Bureau would comprise research, centralised 
compilation and publication of standard termino- 
logical definitions. It would also collect and 
maintain bibliographies of available dictionaries 
for the benefit of inquirers and an index of termino- 
logical equivalents, proposed but not yet printed in 
current dictionaries. Such proposals would be 
submitted to the appropriate authorities and, if 
approved, the Bureau would authorise their 
adoption. 

Copies of the report may be obtained from 
Unesco at 19, Avenue Kléber, Paris, 16. 

Yours faithfully, 
P. E. Erikson. 
Connaught House, 
Aldwych, London, W.C.2. 
September 15, 1949. 





THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 276.) 


WHEN the second technical session of the Institu- 
tion of Naval Architects, during their autumn 
meeting at Copenhagen, was opened on the morning 
of Wednesday, August 31, Professor L. Troost, of 
Holland, paid a tribute to the late Dr. G. S. Baker, 
formerly superintendent of the Ship Division of the 
National Physical Laboratory, at Teddington, who 
as we recorded on page 208, ante, had died shortly 
before the meeting. Dr. Troost referred to him as 
one whose presence in such meetings was so intimate 
and whose contributions to the transactions of the 
Institutions were always so important that, on 
behalf of all the foreign members of the Institution, 
it could be said that his death was a personal loss ; 
it was, indeed, not only a national loss for Great 
Britain, but an international loss to the profession 
of naval architecture. Recalling his personal 
association with Dr. Baker, Professor Troost said 
that, about 1930, when the building of the Wagen- 
ingen model basin in Holland was commenced, Dr. 
Baker had spent some days there and his advice was 
invaluable. He was a man of very strong character, 
who expressed his feelings in no uncertain way ; 
but he was always ready to discuss the opinions of 
others in a kindly manner, and the profession had 
learned a good deal from him. His work would 
outlive him for many years to come. It was on 
record in his well-known text-books and his papers 
in the transactions of various societies, and when 
those in the profession were faced with difficulties, 
they would refer to his writings for solutions. His 
name would rank with those of William Froude and 
Admiral D. W. Taylor as classic in the profession. 

The President then called on Dr. J. F. Allan and 
Dr. J. F. C. Conn to present their joint paper on 
‘“* Effect of Laminar Flow on Ship Models,” An 
abstract of the paper appears below. To supple- 
ment it, a film was exhibited, showing the action of 
trip wires in promoting turbulence, as described in 
the paper. 

Errect oF LaMInak Fiow on Sure Mopets. 


Dr. Allan, who presented the paper in a brief 
summary, said that it described an investigation 
of the extent and influence of laminar flow on a 
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number of ship models, and the effect upon the 
measured resistance of fitting a trip wire (or other 
attachment) on the bow of the model to create 
positively a condition of turbulence. Generally, 
the effect was to increase the resistance, and this 
was taken as evidence that, previously, the flow 
over the forebody had been laminar. Where the 
increase of resistance was found to be more than 
that of the wire alone, it was assumed that the wire 
had stimulated completely turbulent flow abaft its 
own position. For some years, experiment tanks 
on the Continent had made a practice of fitting trip 
wires, but British practice, as a rule, assumed that 
models of the sizes generally used were reasonably 
free from laminar flow, though it was appreciated 
that small models were liable to show irregularities 
due to the transition from laminar to turbulent 
flow. Tests made recently for the British Shipbuild- 
ing Research Association with a standard wooden 
model of 0-75 block coefficient, and repeated with 
wax replicas of it, showed that the fitting of a 
turbulence stimulator increased the model resistance 
by amounts varying from 2 per cent. to 10 per cent. 
The matter was discussed at various Conferences of 
Tank Superintendents, especially that held in 1948. 
It was appreciated that the results made it probable 
that the figures of resistance tests on models of full 
form must be regarded with suspicion, particularly 
those at low speeds ; for instance, form variations 
might affect the location of the transition from 
laminar to turbulent flow and so give an erroneous 
indication of the effect of change of form. It was 
realised, too, that if completely turbulent flow was 
stimulated on the model, it became illogical to use 
the Froude data for extrapolating from the model 
to the full-size ship. Moreover, discussions revealed 
that some tank experimenters had found large effects 
on resistance to be caused by turbulence-stimulating 
devices, even on models 25 ft. in length. The 
investigations described arose from these discussions 
among tank superintendents. The results were suffi- 
ciently striking to induce the decision to use a trip 
wire on all models, to avoid possible errors in the 
selection of the best form. The most suitable posi- 
tion for the wire appeared to be at ‘station 9}” 
(i.e., 5 per cent. of the half water-line length abaft 
the forward perpendicular). Unfortunately, results 
so conclusive implied a need to re-examine existing 
series data and to re-test a number of representative 
models ; and designers, in predicting the power 
requirements of ships, would have to keep in mind 
the significance of turbulence stimulation in com- 
puting shaft horse-power from effective horse-power 
data obtained from models. In forms seriously 
affected by laminar flow, if previous predictions of 
shaft horse-power were found to be accurate on mea- 
sured-mile trials, the shaft horse-power predicted 
from model tests with turbulence stimulation would 
be high, and should be adjusted accordingly. The 
crux of that matter, however, was the difficulty of 
obtaining measured-mile trial data of sufficient 
accuracy to enable a true comparison to be made. 

Sir Maurice E. Denny, Bt., felt himself to be 
in a privileged position, for, not only had he 
worked on an experiment tank and actually made 
predictions, but, in later years, he had also to assess 
the worth of such predictions as a practical ship- 
builder engaged in a highly competitive industry. 
Fully 20 years ago, experiments were made at 
Dumbarton with a piece of cord round the fore- 
body of the model of a fairly full cargo vessel, 
and also with struts attached to the carriage and 
carried forward of the model. Those tests were 
made to disprove the assertion of a critic that 
properly induced turbulence could greatly increase 
the model resistance. More recently, however, the 
Dumbarton tank staff had successfully obtained 
visual evidence of the laminar areas on the British 
Shipbuilding Research Association’s 0-75 block 
model, using the now familiar chemical film dilution 
process. Patience was required with that technique, 
but he thought the authors were a little too critical 
of its tediousness; during the previous week at 
Dumbarton they had recorded the laminar areas on 
a model at three different speeds of advance, with 
two records at each speed, of both the port and 
starboard sides of the model, with and without a trip 
wire, all within three days. 

Sir Maurice fully endorsed the authors’ conclusion 
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that the diameter of the trip wire should be about 
0-035 in. A fine block coefficient, he added, would 
not of itself guarantee immunity from laminar flow, 
particularly if the form had a fine middle body and 
rather full water lines at the bow. For many years, 
his firm had carried out progressive measured-mile 
trials with every ship they had built, and probably 
the number and range of their ship-model con, pari- 
sons was unique. Those comparisons amply demon- 
strated the abitity of a tank to make power predic- 
tions sufficiently accurate for all commercial pur- 
poses ; in fact, such was his firm’s faith that, where 
a discrepancy of more than 4 or 5 per cent. occurred, 
they suspected the engineers’ torsion meters. On 
occasions when prediction was not well borne out by 
performance, the discrepancy was often proved to be 
due to the poor surface of the ship on trial. Most of 
the ships built by his firm were of types that would 
not have the resistance of their models much in- 
creased by stimulated turbulence at economic 
speeds ; leaving the vagaries of power measurement 
out of the problem however, a close co-relation 
between the predicted and measured propeller revo- 
lutions for a vessel with a good bottom surface had 
been shown on hundreds of occasions. 

What was the position if a builder received a 
power prediction from the tank 10 per cent. higher 
than that previously received for a sister ship, 
simply because a trip wire had now been added to 
the model ? He could not help feeling that, pro- 
vided both trials were carefully conducted, the 
second ship would duplicate the shaft horse-power 
of her predecessor, in blissful ignorance of the 
presence of the trip wire in the new model tests. 
In other words, he suggested, all that was happening 
was that the scientists and shipbuilders were passing 
through a phase in which coefficients relating ship 
and model had to be re-adjusted for certain types of 
form. 

Mr. J. A. Milne, C.B.E., thought that the 
case for the universal adoption of some form of 
turbulence stimulation was fully established. If 
a standard form of stimulation could be adopted, so 
much the better. Such a step would eliminate 
freak model results which were apparently achieved 
by relatively minor modifications to the forebody- 
lines of the model. Once experimenters were agreed 
on a uniform method of estimating skin friction 
and a uniform correction for the surface roughness 
of the ships, horse-power prediction for the full-size 
ship from model experiments should become more 
scientific. He was pleased that the authors had 
stressed the importance of adjustments to present- 
day allowances in computing shaft horse-power. The 
opportunity should be seized to put the coefficients 
on a scientific basis. The authors concluded that 
9} station was a good practical location for a trip 
wire; and they noted the effects produced by 
conical studs protruding } in. from the model surface 
at certain points, and had made further investiga- 
tions by fitting a row of pins } in. inside the bow 
profile. The close concordance of these results 
with those of the trip wire at 9} station appeared to 
indicate a possible method of turbulence stimulation 
over the whole length of the model, and not simply 
abaft 9} station. 

Professor L. Troost, describing some of his experi- 
ences at the Wageningen experiment tank, said 
that, since 1937, a trip wire had been used on 
every model, and they had always obtained results 
which could be repeated. He considered that the 
case for the turbulence wire, from the practical point 
of view as shown at Wageningen, and from the 
experimental and theoretical points of view as 
shown by the paper, had been fully proved. Full 
and slow cargo ships, of about 0-70 or 0-75 block 
coefficient, and coasters, were types very liable to 
laminar flow. Generally speaking, it could be said 
that the influence of a trip wire on a coaster ranged 
between 4 and 8 per cent. Some years earlier, he 
had made comparative tests of models with very 
sharp stems and well-designed ordinary models ; 
when a trip wire was applied, it was found that the 
sharp stem was peculiar in respect of laminar flow. 
Laminar flow could spoil the comparison between 
two models. If two otherwise similar models were 
compared, one with a rounded stem and the other 
a very sharp stem, it was found that the rounded 
stem provided turbulence, whereas the sharp stem 





gave laminar flow. He thought that the next 
Tank Conference would agree to adopt some means, 
possibly a trip wire or something similar, which 
would become standard throughout the world. 

Mr. R. W. L. Gawn recalled that William Froude 
had, in 1867, observed the effects noted by the authors 
and had reported on them to the British Association 
in 1869: this led to the building of the Admiralty 
tank in 1872. Experiments were made about 
40 years ago, at the Admiralty Experiment Works, 
Haslar, on models of early submarines, in which 
there were variations of hull-resistance constants 
which were difficult to explain. The inconsistencies 
might have been due to laminar-flow effects or, on 
the other hand, to surface wave-making which had 
persisted to some extent, although the models were 
well submerged. Later, the results were reviewed 
and it had become apparent that the effect was 
associated with viscosity and not with wave-making. 
Tests at a Reynolds number of 3,000,000 or greater 
were quite free from inconsistencies, whereas those 
at alower Reynolds number were subject to the well- 
known variations shown in the paper, generally in 
the sense of reduced resistance coefficient. Experi- 
ence with models of some warships generally con- 
firmed that a Reynolds number of 3,000,000 was the 
minimum at which resistance tests should be made, 
for consistent results. That meant that full-speed 
tests were generally at much higher Reynolds 
number, 10 million in some ships, 15 million in 
others, and even greater in some. Judging from 
the character of the resistance curves and the 
uniformity of the spots, that procedure had been 
successful in avoiding laminar-flow effects serious 
enough to influence the resistance records. That 
was confirmed by occasional tests with trip wires or 
other turbulence-stimulating devices fitted to some 
models, and the only effect so far, on any warship 
model fitted with a trip wire or strut, had been a 
small increase in the resistance constant, amounting 
to 1 or 2 per cent. throughout the speed range, and 
more or less commensurate with the nature and size 
of the device. 

The authors had pointed out that stimulation of 
turbulent flow was essential for forms of fairly high 
block coefficient ; and it appeared that a special 
problem arose in testing models of high block 
coefficient. He asked if the authors could indicate 
the lowest block coefficient for which turbulence 
stimulation had so far been found essential. Possibly, 
by combining the experience of warships and mer- 
chant ships, a minimum block coefficient might be 
found, below which a Reynolds number of 3 million 
was sufficient to excite turbulence. Information 
of that type would be of help in deciding whether the 
problem was specific or general, and would focus 
attention on the required field for research. At 
the Tank Superintendents’ Conference in London 
in 1948, a table was given which compared statistic- 
ally the model and ship results for a large number of 
warships at maximum speed and at cruising speed, 
and it was shown tnat the differences were very small. 
At cruising speed, the Reynolds number in the model 
would be less than at full speed. 

Professor A. F. Lindblad, who followed, discussed 
some work done in Norway in which different 
models were tested with and without trip wires. 
With the aid of prepared diagrams, he showed some 
of the results obtained from models with a U and a 
V forebody, respectively, commenting that they 
bore out the general principle that “‘a full form 
is a fool form.” 

Dr. J. Lockwood Taylor said the attitude of the 
aeronautical engineer to laminar flow was diametric- 
ally opposite to that of the naval architect. Aero- 
nautical engineers knew that they could get laminar 
flow at full scale ; but they had some difficulty in 
getting it on models in the wind tunnel, due to wind- 
tunnel turbulence. He asked if the authors of the 
paper were certain that there was no possibility 
of laminar flow at full scale on a ship. A limiting 
upper Reynolds number for laminar flow had been 
mentioned, but he was not aware that the aeronauti- 
cal] engineer recognised such an upper limit. It had 
been suggested to him that any aeroplane, ho-vever 
large or fast, would go outside the range of laminar 
flow if it had suitably designed wing sections. In 
some tests on laminar-flow aerofoils in the tank, 
they did not appear to develop the laminar flow 
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adopted in the tests. There was scope for research 
to clear that up, for it did not seem to have been 
explained. 

If the authors were right in saying that, when 
using the trip wire, a 10 per cent. increase of resist- 
ance occurred, would not that increase be more 
like 20 per cent. at full scale? If some of the best 
predictions were in error by anything like that 
percentage, it seemed to be a very serious matter. 
Finally, be suggested that it was a little misleading to 
speak of the transition from laminar to turbulent 
flow as being a pressure-gradient effect ; would it 
not be more correct to describe it as a velocity- 
gradient effect ? 

Professor C. W. Prohaska, referring to the 
authors’ experiments on a model where a row of pins 
were fitted parallel to the bow profile and } in. inside 
it, said that those pins seemed to produce turbulent 
flow very satisfactorily ; the results were the same, 
whether the pins were placed } in., 1 in. or 2 in. 
apart. That method appeared to him to présent 
some advantages over the use of a trip wire. Had 
the authors considered the possibility of using several 
rows of pins on models ? They might place perhaps 
one row of pins at the bow, another row 24 in. behind 
it, and other rows extending as far back as was 
thought necessary. 

Dr. Conn, in a brief acknowledgment of the 
discussion, expressed his belief that the adoption 
of the trip wire would help to make possible closer 
and far more reliable predictions of ships’ powers. 
In reply to Mr. Gawn, the lowest block coefficient 
for which he had found turbulence stimulation to 
be essential was 0-60. 


(T'o be continued.) 





FLYING DISPLAY 
OF BRITISH AIRCRAFT. 
(Concluded from page 289.) 


THE soundness of the basic design of Britain’s 
first jet fighter, the Meteor aircraft designed by 
the Gloster Aircraft Company, Limited, Hucclecote, 
Gloucestershire, is demonstrated by the fact that 
after six years in service, new variants of the 
original design are still being introduced and, in 
the recent flying display, were seen to be capable 
of impressive performances. The latest version of 
the standard Meteor is the Meteor 8, powered by 
two Rolls-Royce Derwent 5 jet engines. The 
Meteor 8 is rendered more shapely than earlier 
versions by a general cleaning up of the tail end 
of the fuselage, the fin extension below the fuselage 
being eliminated, and the tail surfaces being 
squared off. The fuselage nose has been length- 
ened by 30 in. These modifications are designed 
to give better control at high Mach numbers; 
the aircraft is noticeably cleaner and should show 
a useful gain in speed. 

Another Meteor exhibit, sponsored by Messrs. 
Rolls-Royce, Limited, Derby, is shown in Fig. 13. 
The massive nacelles enclose Rolls-Royce Avon 
turbo-jet engines, the most powerful jet engines 
available. Flight demonstrations reveal the climbing 
performance of this aircraft to be remarkable: an 
altitude of 40,000 ft. has been reached in slightly 
over 4 minutes. 

For the first time, exhaust-reheat, or after-burning, 
has been demonstrated in public. In a gas-turbine 
engine, the exhaust gases contain a large proportion 
of unburnt air, owing to the need to keep down the 
gas temperature to a safe value for turbine opera- 
tion. By fitting a larger-diameter propelling-nozzle, 
extra thrust can be gained by burning additional fuel 
in the excess oxygen downstream from the turbine, 
without affecting operating conditions at the turbine. 
The installation must allow readjustment to the 
standard nozzle-size for norma] operation without 
reheat. The after-burning process, naturally, en- 
tails a heavy fuel consumption and is intended only 
for boosting engine power for short periods under 
take-off or combat conditions. Striking demon- 
strations of the effect of reheat were given by two 
aircraft, sponsored by Messrs. Rolls-Royce, Limited, 
and by the de Havilland Aircraft Company, Limited, 
who showed a Goblin-powered Vampire equipped 
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Fie. 16 Westianp-Sixorsky 8.51 Henicoprer; WrstLanp ArRcrart, LIMITED. 


with reheat. The extended nozzles of the reheat | 
equipment fitted to the two Rolls-Royce Derwent 5 
engines in a Gloster Meteor 4 are seen in Fig. 14. 

Another means of obtaining additional power for 
take-off was shown in the static exhibition by the 
de Havilland Engine Company, Limited, Stonegrove, 
Edgware, Middlesex. Their Sprite liquid-fuel 5,000- 
Ib. thrust rocket motor illustrated in Fig. 15, has 
been developed primarily for the Comet. On a 
typical commercial aircraft with two Sprite units in 
action, an additional acceleration of 0-1g would be 
gained. Of simpie mechanical design, the Sprite is 
a “‘cold ”’ liquid-fuel type of rocket motor. Thrust 
is obtained through the action of a catalytic agent, 
sodium or calcium permanganate, in an 80-per cent. 
solution of hydrogen peroxide. The break-down of 
the hydrogen peroxide gives rise to a high-velocity 





jet of superheated steam and oxygen, which is 
ejected through a nozzle, convergent at first but 
diverging towards the exit. The comparatively 
low reaction teniperature, about 500 deg. C., does 
not call for any cooling. The reaction takes place 
in a chamber, into which the two propellant liquids 
are injected by air pressure. This reaction chamber 
cannot be seen in Fig. 15, as it is surrounded by 
nine compressed-air bottles containing air at 3,000 Ib. 
per square inch. The hydrogen-peroxide solution 
is carried in a 39-gallon tank at the forward end of 
the motor, seen on the right-hand side of the illus- 
tration, while a 24-gallon tank containing the 
catalyst is located around the rear end of the nozzle. 
Forward of this tank, the air control valves are 
arranged on a saddle around the front end of the 
nozzle ; the air pipe-line from the distributor valve 














SEPT. 23, 1949. _ _ ENGINEERING. 








317 








FLYING DISPLAY OF BRITISH AIRCRAFT. 

















Fie. 17. 








I< -------- 26 Ft------ 








| 
| 
| 
Oe. ~<=-==-—--------- 11 Ft. 11-5 n-------------------------- > 


| 


| 
| 
>| 


Fig.19. 


a------------------92 Ft. ------------- 
























(9539.8) 


Sith ci clpshin ome cnioeinn cients nienenie siertn im ercnenepshoeaishinsaste 


' 
' 


Fies. 17 to 19. “ Apotto” Am Liver; Sir W.G. ArmsTRone WHITwortTH AIRCRAFT, LIMITED. 
to the forward end of the peroxide tank is clearly | are a mechanically-operated on/off air cock, a three- 
shown in the illustration. The entire reaction is| way selector switch giving “off,” “‘full thrust,” 
regulated by the air pressure to the propellant-liquid | and ‘‘ check thrust ” positions, and a firing button 
tanks, and is controlled by the pilot. His controls|on the control column which actuates, through 





solenoids, the air-distributor valves according to 
the positioning of the selector switch. An auto- 
matic reducing valve reduces the air pressure from 
3,000 Ib. per square inch to a pressure of about 
500 lb. per square inch ; the air then passes through 
the two air-distributor valves to the propellant- 
liquid tanks. For checking the operation of the 
motor before flight, the ‘‘ check thrust ” position of 
the selector switch brings into operation a restrictor 
valve, known as the check-thrust valve. By restrict- 
ing the air flow to the tanks, the rate of flow of liquid 
to the reaction chamber is kept down and a reduced 
thrust of 750 Ib. is obtained. The pilot can shut off 
the motor at any time during the reaction ; this is 
not possible with a solid-fuel rocket, neither is the 
pre-flight check. The Sprite is supported from two 
side-trunnions, which take the thrust, and a steady- 
ing trunnion at the front end of the peroxide tank. 
Refuelling a unit such as the sprite could be a 
dangerous operation. The de Havilland Engine 
Company, therefore, have specially designed a safe 
and convenient refuelling trolley, carrying com- 
pressed air and propellant-liquid tanks. Connection 
to the engine tanks is through self-sealing nozzles. 

The Sprite gives a total impulse of 55,000 Ib.-sec., 
with a maximum thrust of 5,000 Ib. The thrust 
“‘die-away ”’ is arbitrarily quoted as from 5,000 Ib. 
at 9 seconds to 3,000 Ib. at 12 seconds, but this can 
be regulated by altering the rate of propellant flow 
by means of the automatic air-pressure reducing 
valve, which is easily adjusted. It is also possible 
to arrange for a lower maximum thrust, down to 
3,500 Ib., to be available for a longer period. The 
empty weight of the Sprite is 350 Ib. Charged for 
use, it weighs 925 Ib. The maximum diameter is 
20 in. and the length 84 in. 

Appearing in the flying display for the first time 
was the Westland-Sikorsky 8.51 helicopter, built 
under licence from the United Aircraft Export 
Corporation of America to the design of Mr. Igor 
Sikorsky, by Messrs. Westland Aircraft, Limited, 
Yeovil, Somerset, but fitted with a British engine, 
the 500-h.p. Alvis Leonides. The 8.51, shown in 
Fig. 16, on the opposite page, is a passenger-carrying 
helicopter, with side-by-side seating for three passen- 
gers, the pilot sitting in the forward part of the same 
cabin. The Leonides engine is installed in the centre- 
section fuselage aft of the cabin, and gives a direct 
drive to the main three-blade lifting rotor. The 
fuselage centre section also houses the two fuel tanks, 
one forward and one aft of the engine ; the total fuel 
capacity is 83} gallons. Fire-walls are provided 
between the engine and fuel tanks, and between the 
front fuel tank and the cabin. The vertical tail 
rotor, which counteracts torque reaction and 
provides for directional control, is carried at the 
end of the fuselage tail cone. The pilot’s controls 
consist of a collective-pitch lever, which controls 
ascent and descent by altering the pitch of all 
the main rotor blades collectively; a twist-grip 
in this lever actuating the throttle control ; and for- 
ward, rear and sideways movements of the helicopter 
regulated by a constrol stick operating the cyclic- 
pitch mechanism. Directional control is through 
rudder pedals which control the pitch of the 
tail-rotor blades. A tricycle undercarriage with 
swivelling nose-wheel is fitted. The tare weight 
of the S.51 is 4,124 Ib.; maximum all-up weight, 
5,374 Ib. With the main rotor blades extended, 
the overall length is 57 ft. 0} in. and the width 
41 ft. With blades removed, the length is 
41 ft. 12 in. The main rotor has a diameter of 
48 ft. and the tail rotor, 8 ft. 5 in. The height 
of the helicopter is 12 ft. 1l in. The cruising speed 
of the 8.51 is 85 m.p.h., and under cruising conditions 
the engine consumes approximately 25 gallons per 
hour. The aircraft has a maximum speed at sea 
level of 103 m.p.h., and can hover at zero forward 
speed ; the hovering ceiling, allowing for the ground- 
cushioning effect, is 7,000 ft.; without ground 
effect, 5,100 ft.; and the service ceiling is 14,000 ft. 

The Apollo air liner, built by Sir W. G. Armstrong 
Whitworth Aircraft, Limited, Baginton, Coventry, 
is shown in Figs. 17, 18 and 19, on this page. 
Powered by four Armstrong-Siddeley Mamba pro- 
peller-turbine engines of the type described in 
ENGINEERING, vol. 165, page 583 (1948), this was the 





second airliner to fly fitted with this form of propul- 
sion. It is a medium-stage general-purpose trans- 
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port machine capable of accommodating between 
24 and 31 passengers, depending on the length of 
stage. A low-wing monoplane of conventional 
design, the Apollo is fitted with a tricycle under- 
carriage and has aspan of 92 ft., an overall length of 
71 ft. 11} in. and a maximum height over the tail of 
26 ft. The wing area is 986 sq. ft. 

The fuselage is circular in cross-section, tapering 
towards each end, the parallel portion having a 
diameter of 10 ft. 2 in. and a length of 18 ft. It is 
built up from alternate wide and narrow channel- 
section frames and Z-section stringers, only the wide 
channels being notched to accept the stringers. 
The two frames opposite the front and rear spars of 
the wing are of stronger construction and incor- 
porate machined forgings for making the wing-to- 
fuselage joints. The portion of the fuselage in way 
of the wing is cut away so as to provide room for 
the undercarriage in the retracted pesition and 
for the centre section of the flaps. In order to com- 
pensate for the loss of strength brought about by this 
form of construction, heavy extruded longerons have 
been incorporated in the fuselage structure at 
approximately the level of the cabin floor. The 
tail cone and fin are constructed as a single unit, 
the tail plane being set high on the fin in order to 
clear the exhaust gases. 

The wing centre-section front and rear spars 
each consist of heavy-gauge plate webs fitted 
with tapered flanges machined from light-alloy 
extrusions, the webs being reinforced with channel- 
section vertical members having outwardly turned 
edges. The spars are further reinforced where the 
webs are cut away to allow passage of the jet pipes. 
For accommodating supplementary long-range fuel 
tanks, the space between the centre-section spars 
is divided into four bays by reinforced ribs, while 
the skin is supported between the ribs by box- 
section members which extend from the front to 
the rear spar. The skin is reinforced by top-hat- 
section stringers, which are arranged with their 
flanges overlapping. The rivets which attach the 
stringers to the skin pass through three metal layers 
—the two stringer flanges and the skin itself. Thus, 
in effect, a skin with internal corrugated reinforce- 
ment is formed. 

The two outer-wing sections are similar in con- 
struction to the centre section but each is fitted with 
three permanent fuel tanks, giving a total fuel 
capacity of 990 gallons. Behind the rear spar the 
skin is riveted directly to rearward-extending ribs. 
The leading edges of the wings, tailplane and fin are 
provided with internal thermal de-icing ducts, the 
exhaust gases from the engines being used as the 
heating medium. The gases are mixed with cold 
air, and are thermostatically maintained at a tem- 
perature between 150 deg. C. and 170 deg. C. The 
jet pipes of the Mamba engines are led through the 
wing and are arranged so that the gases are ejected 
over the trailing edge. In order to allow for thermal 
expansion, the pipes are supported by rollers at the 
front and swinging links at the rear. The blowers 
for the pressure cabin are driven from the auxiliary- 
drive shafts of the turbines ; the engines also are 
arranged to drive the pumps for the hydraulic 
system and the generators. 

‘The maximum take-off weight of the Apollo is 
43,000 lb., the basic equipped weight being 27,500 Ib. 
The maximum permissible landing weight is 
39,500 lb. The aircraft will take off over a 50-ft. 
obstacle in 1,100 yards, and has an initial rate of 
climb at sea-level of 2,250 ft. per minute. The 
maximum, continuous cruising speed of the Apollo 
is 306 m.p.h. at altitudes between 15,000 and 
20,000 ft. At aspeed of 276 m.p.h. at 20,000 ft., 
it is estimated that, with standard fuel tanks, 
the maximum stage distance over which the 
aircraft will operate is 1,040 miles, carrying a 
payload of 7,500 lb. With maximum payload, 
10,000 Ib., the Apollo can operate over a range of 
580 miles. 

Many other aircraft and engines which appeared 
in the display have already been described in this 
journal. This year’s display is generally recognised 
as being the most encouraging exhibition of the 
vitality of Britain’s aircraft industry, in every 
aspect, that has been seen for many years; it is 
probably true that never before have the civil- 
transport designs shown such promise. 








LABOUR NOTES. 


TaBULATED data prepared by the Ministry of Labour 
and National Service, concerning the employment 
situation in Great Britain at the end of July, 1949, 
show that the total working population increased 
during July by 11,000 to 22,170,000. It is explained 
that the total working population represents the number 
of persons, aged 15 and over, who work for pay or gain 
or register themselves as available for such work. The 
figure includes the Forces, men and women on release 
leave not yet in employment, and the registered 
unemployed. It includes also domestic servants and 
gainfully-occupied persons over pensionable age. 
Part-time employees are counted as full units. The 
data show that the number in the Forces was reduced, 
during July, by 5,000, to a total of 765,000. The 
number of unemployed persons showed a definite 
rise; thus on August 15 it was 261,000, compared 
with 243,000 on July 11. It is pointed out, however, 
than an increase in the number of boys and girls who 
had left school and were seeking employment accounted 
for more than half of the rise between July and August. 
The total of unemployed for August represented 
about 1-3 per cent. of the number of employees insured 
under the national insurance schemes, compared with 
1-2 per cent. in July. 


During July, the number employed in the basic 
industries, namely, coal mining and quarrying; the 
gas, electricity and water undertakings ; the transport 
and communication services; agriculture; and fishing, 
increased by 4,000 to 4,260,000. While several of these 
industries recorded a gain in man-power, the number of 
employees on colliery books declined by 1,800 during 
the month. The statistics show that there was a fall 
of 3,000 (1,000 men and 2,000 women) in the number 
employed in the manufacturing industries during 
July. In these industries, which include the chemicals 
and allied trades; metals, engineering and vehicles ; 
textiles ; clothing; and food, drink and tobacco, the 
numbers employed at the end of June were 8,252,000 
and at the end of July 8,249,000. The main changes 
were a decline of 11,000 operatives in the metals, 
engineering and vehicles section and an increase of 
9,000 in the food, drink and tobacco section ; employ- 
ment in textiles decreased by 2,000, but that in chemi- 
cals and allied trades rose by 2,000. The estimate of 
the number employed in building and contracting 
increased by 8,000 during July, namely, from 1,489,000 
to 1,497,000. Similarly, employment in the distribu- 
tive trades increased by 5,000, from 2,766,000 to 
2,771,000. The number of vacancies filled by the 
Ministry of Labour Employment Exchanges in the four 
weeks ending August 3, was 305,000, compared with 
337,000 and 332,000 in the two previous periods of 
four weeks. 





Dealing with the subject of ‘“‘ Education and the 
Trade Unionist,” the writer of the “‘ Notes and Com- 
ments” in the current issue of Man and Metal, the 
Journal of the Iron and Steel Trades Confederation, 
opens with the statement that “ Leaders of the Labour 
and Trade Union Movement have ever been fully 
alive to the importance of education to the working 
class and have done their best to promote its spread.” 
After briefly sketching the rise and growth of free State 
education and the benefits of higher education, he goes 
on to say: “‘ Over the years educational facilities for 
the adolescent have been extended to a stage far 
beyond anything envisaged in the 19th Century, and 
when present deficiencies in staff, buildings and equip- 
ment have been overcome, every need of the younger 
generation will ... be met. But with the working 
class of to-day playing an ever-increasing part in the 
economic and political life of the country, the need 
for the trade unionist to educate himself in the social 
sciences is more urgent than ever before.” 





In conclusion, the writer adds “‘ In the last few years 
the burden of responsibility carried by the Movement 
has increased enormously. The more evenly distri- 
buted this burden is the more easily can it be borne, 
and if more trade union members availed themselves 
of the educational opportunities offered them, and made 
effective use of the knowledge they gained, it would go 
a long way towards spreading the burden. If, however, 
large numbers of members refuse to arm themselves 
with the knowledge that will enable them to understand 
the problems with which we are faced and, because 
of their lack of knowledge, allow themselves to be 
influenced by the slogans and parrot-cries of a small 
but vociferous minority whose sole object is to create 
disaffection, then the task of the others is made 
immeasurably harder.” 





Statistics relating to colliery manpower and pro- 
ductivity, issued by the Ministry of Fuel and Power, 
show that there were 716,600 employees on the colliery 





books in the week ended September 3, as compared 
with 717,600 in the week ended August 27, 1949, and 
725,500 in the week ended September 4, 1948. The 
number of shifts worked per wage earner was 4-78 in 
the week-ended September 3, against 4-33 in the 
previous week and 4-76 in the corresponding week a 
year ago. The percentage of voluntary absenteei.m 
was 5-58 in the week ended September 3, agaist 
6-46 in the preceding week and 6-47 in the corie 
sponding week of 1948. Finally, the output per man. 
shift for the three weeks under review, quoted in t\x 
same order as the above figures, were 1-15, 1-13 and 
1-10 tons overall, and 2-98, 2-93 and 2-90 tons at t'ie 
coal face. 








The strike in electricity generating stations in 
Northern Ireland involving upwards of 2,000 manual 
employees of the Electricity Board, spread last weck- 
end to several additional departments of the Board. 
The men’s demand is for an increase of 14d. an hour, 
which is claimed to have been granted to employes 
in similar positions in Great Britain. Last Sunday 
afternoon, a meeting attended by 4,000 operatives 
employed in the shipyards was held, but, in response 
to a call to stop work, only about 1,000 of those present, 
mainly electricians, agreed to strike. Meetings of the 
Joint Industrial Council have been held -but have 
resulted in deadlock, and as the claim for 1}d. an hour 
increase was rejected by the arbitration tribunal, the 
employers have so far declined to re-open the question. 
In the meantime, the generating stations are working 
normally with the aid of members of the staff and men 
drawn from the Army and the Navy. 





Civilian staffs employed in Government Departments 
were reduced in number by 8,832 during the three 
months ending on July 1. Of this decrease, 787 
occurred in the three Defence Departments and the Minis- 
try of Supply, 185 in the Post Office, and 7,860 in the 
remaining Government ments. The Treasury 
statement (Cmd. 7770) records that the largest decreases 
in individual Departments took place at the Ministry 
of Food, which lost 4,450, the Board of Trade, which 
lost 1,200 and the Ministry of National Insurance, which 
lost 1,131. Among the Departments which increased 
their staffs may be mentioned the Ministry of Fuel and 
Power, in which the total rose by 306 to 6,975, and the 
Stationery Office, in which the total rose by 133 to 
3,136. An interesting innovation in the current state- 
ment is the absence of the customary column of notes 
explaining the increases and decreases which have 
taken place. The figures are now left, without com- 
ment, to explain themselves, 





Despite the net decrease which took place during the 
three months from April | to July 1, there will be many 
who will consider the grand total of 697,365 civilian 
employees in Government service on the latter date 
high enough. It may be mentioned that the statement 
throughout takes no account of the number of indus- 
trial workpeople in the employment of Government 
Departments. It also ignores the employees of all 
nationalised undertakings, other than the Post Office. 
On July 1, the Admiralty, War Office, Air Ministry 
and the defence section of the Ministry of Supply 
employed a total of 111,203 civilians. The civil staffs 
of Ministries dealing with trade, industry and trans- 
port totalled 107,450, while the social-service Minis- 
tries employed another 108,658 persons. The Post 
Office staff numbered 246,435, leaving 123,619 persons 
in the employment of the remaining Departments and 
services combined. Departments employing staffs of 
fewer than 2,000 persons are not shown separately in 
the statement, but it is worthy of note that the number 
of employees of these minor Government offices 
together aggregated 29,409, some thousands above the 
total civilian staff of the Air Ministry which, by com- 
parison, numbered but 25,381. Part-time staffs are 
included on the basis of two persons in part-time 
employment being reckoned as equivalent to one person 
working full time. 





The situation on the railways, at the beginning of 
the week was confused and uncertain. What happened 
in London was perhaps typical, in certain respects, of 
events in other parts of the country. Ata mass meeting 
organised by the London district council of the National 
Union of Railwaymen, held on Monday, it was decided 
to adopt a “ work-to-rule ” policy as from midnight on 
Wednesday. Subsequent events proved, however, 
that the men present were not representative of the 
50,000 London railwaymen. Yesterday morning 
London suburban passengers found that their trains 
were running normally, although there was news that 
“‘ go-slow "’ tactics had been adopted in a few goods 
depots. It was obvious that the rank and file had 
decided to await the findings of next week’s special 
delegate conference of the N.U.R. 
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ELECTRO-DEPOSITION 
FESCOL LIMITED. 


On September 13, a new factory was opened by 
Messrs. Fescol, Limited, on the industrial estate at 
Port Glasgow. Designed for the purpose of applying 
nickel or chromium coatings to already-fabricated parts, 
it is intended to complement the company’s works 
already established in London and Huddersfield and to 
make the same service more readily available to cus- 
tomers in Scotland and the North of England; at the 
same time it will relieve the burden on these two fac- 
tories. It is, perhaps, particularly important in the 
ease of otherwise-completed articles that the time 
taken by the final process should be reduced to a 
minimum since it happens almost invariably that the 
urgency is greatest at this stage of manufacture; the 
need for a rapid service, therefore, is evident. Illus- 
trations showing views of the interior of the factory are 
given in Figs. 1 and 2, on this 

In connection with the opening of the new works, 
it may be of interest to recall in outline the history of 
the company which was founded in 1920 and whose 
process is now widely known and used throughout 
industry. This process, by which coatings of nickel, 
chromium or other non-ferrous metals can be deposited 
electrically on iron, steel or other metals, was first 
considered to have its main importance in the repairing 
of worn parts by building them up, but it was soon 
realised that even greater use could be made of it to 
improve new components by imparting a hard. durable 
and corrosion-resisting surface to comparatively cheap 
and easily worked base metals. This conception has 
proved correct and was responsible for the need in 1926 





NIcKEL SHop. 





Fig. 2. Powgr Suprty INsTALLATION IN CHROMIUM SHOP. 


WORKS OF |to move from the original small works in the South- 








East of London to more commodious premises in 
Grosvenor-road. A French company, Société Fescol, 
was formed in 1935 to work the process under licence 
in that country and a factory was established near 
Paris; the plant and buildings since have been ex- 
tended considerably. In 1934, the first step was taken 
in the plan to space plants throughout the country 
and thus avoid long hauls with their consequent delay 
and expense. A plant was established in Huddersfiled 
and later, as the volume of work increased, moved to 
larger premises in the same town; this plant, known 
as the Karrier works, is still in operation and is 
situated in Cable-street. Initially designed for nickel 
deposition only, it now incorporates a chromium 
department as well. In 1937, it was again found 
necessary to seek greater factory space in London, 
and in 1938 the company made another move, this time 
to its present address in North-road, N.7. The plant 
here has facilities for depositing nickel, chromium or 
— and is capable of handling components up to 
20 ft. in length and weighing up to 6 tons. A machine 
shop which can handle the largest articles dealt with 
in the deposition process also is incorporated, as well 
as a central laboratory and a research department. 
During the war, and as a temporary measure, a factory 
on the Slough trading estate was acquired, and towards 
the end of the war it was decided to complete the chain 
by establishing a factory in Scotland. Bearing in 
mind, among other things, the problem of housing 
personnel, it was decided to make use of the facilities 
offered by the Scottish Industrial Estates, Limited, 
and a site was acquired on the Industrial estate at 


and installation of the equipment was completed 
recently. 

The new works cover an area of about 16,000 sq. ft. 
and the internal arrangement provides for a nickel- 
deposition department situated on the east side and a 
chromium department on the west. Situated centrally 
are the ancillary departments, such as material stores, 
inspection and polishing, while travelling electric 
hoists carry incoming and outgoing components to and 
from the separate goods entrances and exits. The 
nickel-depositing department is illustrated in Fig. 1, 
on this page. It comprises¢.a battery of ferro-concrete 
vats with acid-resisting linings, sunk largely below 
floor level so as to be at a convenient height for the 
operators. They are arranged in line and are served 
by an overhead travelling hoist. The floor is laid 
with acid-resisting material, and surface drains are 
incorporated to remove the effluent. A smaller 
battery of nickel vats is situated alongside the main 
line, to handle lighter articles which do not require the 
service of a hoist. The larger battery is supplied with 
electric power from two motor generators located in 
a separate generator house, which contains also stand-by 
accumulators for emergency working. The maximum 
power consumption of this battery is 6,000 amperes 
at approximately 10 volts and the motor generators 
are driven from the mains supply. The small battery 
of nickel vats is supplied with power from mains 
transformers and Westalite rectifiers, which are 
situated near the vats themselves, together with the 
necessary compressors, filters and air-agitation equip- 
ment. The chromium department is laid out in a 
similar manner along the west side of the factory and 
also comprises a main battery and a subsidiary battery 
of vats. The tanks can be removed for repair and main- 
tenance and each has its own self-contained fume- 
exhaust system; the fumes are taken through the 
wall in trunking and are discharged to atmosphere 
through a chimney. Each vat is supplied with current 
from its own Westalite rectifier and mains trans- 
former, the maximum consumption being 3,000 amperes 
per vat at approximately 10 volts. The power supply 
installation is shown in Fig. 2, on this page. The vats 
in both the nickel and chromium departments are 
controlled in temperature to within 2 deg. F., the neces- 
sary heat being supplied in the form of steam which is 
generated by one of two Cochran gas-fired boilers. 
The second boiler acts as a stand-by in case of emer- 
gency or when the first is in need of repair. Space 
heating is provided by a low-pressure coal-fired boiler 
contained in a separate boiler house annexed to the 
main building. Personnet are provided with ample 
facilities for washing as well as a dressing room in which 
clothes may be dried, and canteen facilities are provided 
by the estate. The problem of housing personnel is 
solved to some extent by the new houses which are 
being built near the industrial estate, but a great deal 
more progress will need to be made in this direction 
before the housing conditions of all those who will 
work on the estate are brought ‘up to a reasonable 
level. The main entrance on the south side of the 
factory gives access to the offices which are on the first 
floor and overlook the interior of the factory. The 
goods receiving and despatch entrances are at the 
opposite north end. Space has been reserved for 
further extensions to be made to the factory when they 
are required and plans have been drawn up already for 
a department in which articles of greater size and 
weight can be treated. These plans are based on the 
design of the corresponding department at present 
existing in the London factory and follow it closely. 





INSTITUTION OF METALLURGISTS.—A refresher course 
on “ The Fracture of Metals ”’ was held by the Institution 
of Metallurgists at Ashorne Hill, near Leamington Spa, 
from September 16 to 18. 





IonN-EXCHANGE MATERIALS FOR WATER TREATMENT.— 
Revised editions of four booklets dealing with ion- 
exchange materials manufactured by Messrs. Joseph 
Crosfield and Sons, Limited, Warrington, Lancashire, 
have been sent to us by Messrs. Lever Brothers and 
Unilever Limited, Unilever House, Blackfriars, London, 
E.C.4. Two of these publications (Nos. 23 and 24) 
relate to Doucil, a synthetic sodium alumino silicate 
base-exchange material introduced_some 25 years ago 
and since developed and improved. Publications Nos. 
23 and 24 summarise the information regarding the 
chemical and physical properties of the material, while 
No. 23 contains diagrams of the main types of softenirg 
units. Both booklets include some useful graphs. 
Publication No. 22 concerns Soucol, a cation exchange 
material of the carbonaceous type and a more recent 
development which is stated to be particularly suitable 
for the treatment of water having a high concentration 
of free carbon dioxide. Publication No. 25 describes the 
lime and Soucol process for pretreating natural waters 
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LEGAL ASPECTS OF SUBSIDENCE.* 
By Joun CHartEsworts, LL.D., Barrister-at-Law. 


At Common Law, an owner of the surface of land 
has a right to the support of his land in its natural 
state. is right is not merely to support from the 
subjacent land or strata but is also to support from the 
adjacent land, so that any workings on land, whether 
underground or on the surface, which cause his land 
to subside are » and will subject those respon- 
sible for them to legal ings. Buildings are 
not on land in its natural state, and accordingly there 
is no right of support for buildings, unless and until it 
is acquired. It can be acquired by grant, express or 
implied, or by prescription after the building has been 
in existence for twenty years. 

This Common Law right has been modified in recent 
years in the manner explained below, but while it 
existed it prevented the mineral owner from working 
his minerals so as to let down the surface, unless at the 
time when the ownership of the surface was severed 
from the ownership of the minerals a right to let down 
the surface was granted. 

Up to July 1, 1942, when all coal vested in the Coal 
Commission by virtue of the Coal Act, 1938, the 
owner of the surface was also the owner of all the 
underlying minerals, unless he or his predecessors in 
title had severed the ownership. By the instrument 
of severance, the res;ective rights of the surface 
owner and the mineral owner were set out, and from this 
instrument there had to be gathered whether the 
mineral owner could work so as to let down the surface 
and, if so, on what terms as to compensation or other- 
wise. 

It is a matter of great practical importance to know 
whether the owner can work the coal so as to let down 
the surface or not. If he has no such right, he cannot 
let down the surface even on payment of compensation, 
and can be restrained by injunction from working so 
as to let itdown. This will probably have the effect of 
preventing him from working at all under the land in 
question and has in the past resulted in large areas of 
coal being left unworked. Moreover, as the extraction 
of coal is likely to withdraw support, not only from the 
land immediately above the workings but also from the 
adjacent land, it follows that even if there is a right to 
let down the surface of the land underneath which the 
coal is worked, the mineral owner may still be unable 
to work unless he has the right to let down the surface 
of the adjoining land. From this, it would be expected 
that the instrument of severance would always make it 
clear whether a right of support was granted or not. 
Unfortunately, this is frequently not the case and there 
has been much litigation to determine what rights are 
granted. Generally, it may be stated that the result is 
that a right to work minerals on payment of compen- 
sation for damage to the surface does not of itself give 
a right to withdraw support, because it it not sufficient 
to rebut the presumption that the Common Law right 
of support remains. There must either be an express 
grant of a right to withdraw support, or the right 
must be granted by necessary implication. 

When there is a right to withdraw support, coupled 
with a provision for compensation for surface damage, 
the right to compensation depends on the terms of the 
provision in the instrument of severance. This means 
that the terms of the instrument of severance have to 
be ascertained, which is not always as simple a matter 
as it might appear to be. If the ownership of the 
minerals was severed from the ownership of the surface 
many years ago, which is frequently the case, it may 
be difficult to trace the instrument of severance and 
consequently the owner of a damaged building may be, 
and frequently is, completely ignorant of what rights of 
compensation, if any, he has. The rights of compen- 
sation vary considerably, especially in relation to 
buildings, and it frequently happens that there is no 

ight to compensation in respect of buildings erected 

the date of the instrument of severance, although 
there may be a right to compensation for damage to 
buildings erected before that date. 

From this it will be seen that at Common Law there 
was no power to compel a surface owner to grant the 
mineral owner a right to let down the surface of his land, 
even on payment of compensation. If damage had 
been caused, the surface owner could recover compen- 
sation, but he was also entitled to an injunction to 
restrain the mineral owner from so working his coal as 
to let down the surface. This Common Law principle 
still holds good to-day, although considerable inroads 
have been made upon it by legislation within the last 
25 years. 

For many years, railway companies, public utility 
undertakings and local authorities were entitled to 
prevent coal from being worked near their land or works 
on paying compensation to the mineral owner. This 
was under a series of statutory provisions known as the 
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“* Mining Code,” which it is not proposed further to 
discuss as it did not apply to the ordinary landowner. 
The rights of the ordinary landowner were first affected 
by the Mines (Working Facilities and Support) Act, 
1923, under which the mineral owner, on proving 
that the proper and efficient working of the minerals 
was unduly hampered by his being unable to let down 
the surface, was able to obtain from the Railway and 
Canal Commission the grant of a right to let down 
the surface on payment of compensation. Extensive 
use was made of this Act, which is still in force. 

By the Coal Act, 1938, the ownership of all coal and 
mines of coal was vested in the Coal Commission as 
from July 1, 1942, subject to existing mining leases. 
Among the rights vested in the Commission were rights 
to withdraw support. The Act provided for three 
cases :—(1) Where the ownership of the coal was 
severed from the ownership of the surface. In this 
case the Commission, as owners of the coal, had the 
same right to withdraw support from the surface as 
the former coal owner had. (2) Where the coal and 
the surface were in the same ownership, but there was 
a mining lease of the coal. In this case, if there was 
a right to withdraw support given by the lease, the 
Commission were given the same right, not restricted 
to the period of the lease but extending as long as 
there was any coal comprised in the lease ungotten. 
This meant that if there was a lease of a seam pf coal, 
the right to withdraw support given by tHe lease 
should continue until that seam was exhausted. It 
did not, however, affect other seams under the same 
land which were not comprised in any mining lease. 
(3) Where the coal and the surface were in the same 
ownership and there was no mining lease. In this 
case, the Coal Commission were granted a right to 
withdraw support from the surface so far as was 
reasonably necessary for the working of any coal, 
subject to the payment of proper compensation for 
damage to the surface, including damage to buildings 
and works whether constructed before or after July 1, 
1942. This abolished the Common Law right of support 
for the surface, with the result that coal which was 
not in lease on January 1, 1939 (the valuation date 
under the Coal Act, 1938) can be worked without any 
fear of the workings being stopped by injunction. This 
is an advantage only enjoyed by those who work coal 
and does not extend to those who mine ironstone, 
lead or other minerals. 

By the Coal Industry Nationalisation Act, 1946, the 
National Coal Board succeeded to the position of the 
Coal Commission, which was dissolved as from April 1, 
1947. No additional rights to let down the surface 
were granted to the National Coal Board. 

From this it will be seen that to-day the legal 
position of the owner of a house or a building or land 
depends on several factors. If he, or his predecessors 
in title, also owned the coal on Jan 1, 1939, and 
had not granted a mining lease the surface of his land 
may be let down, but he is entitled to compensation. 
If he or they had granted a mining lease, his righte 
depend on the terms of the lease, which for this purpose 
is to be ed as perpetually renewable. he or 
they did not also own the coal on that date, his rights 
depend on the instrument of severance. It will be 
borne in mind that mining leases and instruments of 
severance are usually executed by large landowners 
whose estates in course of time get divided up into 
a large number of parcels, so that the owner of a single 
house or small area of land damaged by colliery sub- 
sidence has almost always to make inquiries into the 
past, which it is by no means easy for him to make 
and for making which the law gives him very little 
assistance, until he has actually started his action. 

When a subsidence has occurred, the position of the 
property owner is much easier than it used to be. The 
person liable for the damage was the colliery concern 
whose working actually caused it. There might be 
two or more colliery concerns working in the vicinity 
and it might be a matter of some difficulty to know 
which of them was responsible. Even an inspection 
of the colliery plans might not solve the problem. 
The obvious course was to sue all of them, but even 
then it might be that the one eventually found liable 
had gone into liquidation or was otherwise unable to 

y- This difficulty is now removed by the Coal 
ndustry Nationalisation Act, 1946, s. 48 of which 

rovides that the National Coal Board shall be liable 
or breaches of rights of support and for compensation 
for withdrawing support where the cause of action 
accrued or the damage arose after January 1, 1947. 
Against claims arising before that date, the Board are 
to indemnify colliery concerns, but are not themselves 
liable to the claimant. 

When a right of support is infringed, dai may 
be recovered for the loss sustained, and this involves 
consideration of the measure of damages. No damages 
can be recovered for the mere removal of support 
unless and until the surface is affected. When the 
surface is affected and not before, the right of action 
arises and this may be several years after the coal has 
been worked. It is sometimes a matter of great 





difference of opinion between mining witnesses whether 
the subsidence could have been caused by the workings 
owing to the lapse of time since the coal was removed. 
The period of limitation for bringing actions for 
damage for subsidence is six years from the damage 
and not six years from the mine workings. When the 
damage was caused after January 1, 1947, the — 
is only three years from the damage (Coal Industry 
Nationalisation Act, 1946, s. 49). 

The measure of damages for land affected by mining 
subsidence is the difference in the value of the land 
before and after the subsidence. If the land is agri- 
cultural land and the subsidence makes it waterlogged, 
so that it cannot be drained without undue expense, 
the measure of damages will be the fee simple value of 
the land. Subsidence is usually spread over a period 
of years, so that it would not be economic to restore 
the land to its original condition until it has come to 
rest, and when this occurs the farmer is entitled to 
damages for the loss of his crops on the portions of his 
farm affected for each year until the surface is restored. 
In some areas this proved a heavy annual drain on the 
resources of colliery concerns, which caused them to 
buy the surface of land likely to be affected by their 
workings and let it to tenants on the terms that they 
should not be liable for crop damage. The report of 
the recent Committee on Mining Subsidence (Cmd. 
7637) condemns this practice and recommends that any 
land held by the National Coal Board and let on those 
terms should, on the expiration of the farm leases, be 
transferred to the Minister of Agriculture to be put to 


| the best use for the national advantage. 


When there are buildings on the land, the damages 
will include damage to the buildings, even though they 
have not acquired a right of -—- rt, provided that 
the additional weight of the b dings did not cause 
the subsidence. The measure of damages for buildings 
is the cost of repair, and also the difference in value 
between the building as it was before it was damaged 
and as it is after it has been repaired. Even in the 
case of a building which was of r construction in 
the first instance and so more likely to be affected by 
subsidence, the measure of damages is the same, but 
the owner of the building cannot claim the cost of 

utting his building into a more modern and expensive 
= of construction than it was in before it was 
damaged. No damages can be recovered for = 
loss sustained owing to the prospect of future damage 
by subsidence. The owner of a house, for example, 
which has been damaged by subsidence in the past 
and will probably be so damaged again in the future 
suffers an immediate loss of market value, because the 
purchaser cannot estimate the amount of the future 
damage and is unwilling to be troubled with the 
inconvenience of the subsidence and the uncertain 
outcome of his claim against the mineral worker, and 
yet nothing can be claimed until physical damage 
again occurs. 

Damages can also be recovered for loss suffered or 
expense incurred in consequence of the damage to the 
building, such as loss of profit owing to business i 
being damaged and the cost of alternative accommo- 
dation while the repairs are being carried out. 

As to the future, it appears probable, subject to any 
results which may be achieved by improved mining 
methods, that subsidence is likely to be more rather 
than less frequent than in the past. This is because the 
legislature, following the precedent set by the Mines 
(Working Facilities and Support) Act, 1923, has appa- 
rently accepted the principle that it is in the national 
interest that coal should be worked even though it 
may result in interfering with the right of the owner 
of the surface to enjoy his land undisturbed. The 
Committee on Mining Subsidence in their recent report 
accept this principle, subject to the payment of com- 
pensation for to the surface. It remains to 
consider the impact of the Town and Country Planning 
Act, 1947, upon the future position. 

From what is stated above, it will be seen that the 
National Coal Board, in the case of coal the ownership 
of which was severed from that of the surface, or which 
was leased on January 1, 1939, have only the same 
right to withdraw support as existed on that date. The 
Town and Country Planning Act, 1947, does not directly 
affect the law as to subsidence, but its operation may 
have considerable influence on subsidence claims in 
areas where the National Coal Board have the right to 
let down the surface. No building or other development 
may now be carried out on land without planning 

rmission granted by the local planning authority. 
The National Coal Board are to give to the local plan- 
ning authority notice of areas in which they propose to 
work coal. When an application for the erection of a 
building in one of these areas comes before the local 
planning authority they are required to give not less 
than 14 days’ notice to the National Coal Board, 
who can make representations showing when the coal 
is likely to be worked, what effect the workings will 
have on the surface and when they consider it will be 
safe to build upon the land. The local planning 
authority are bound to take these representations into 
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account before they give their decision on the applica- 
tion, and they will usually refuse to grant ion 
to build if the effect of their decision is calculated to 
sterilise an area of coal which is likely to be worked in 
the near future. This will prevent, or greatly minimise, 
the risk of damage to buildings by subsidence, but it 
may have the effect of making it very difficult in a 
mining area to find sites for the erection of the number 
of houses necessary in the district. It will also have 
the effect of preventing the landowner from building 
on his land, a result for which he is not entitled to any 
compensation. As the development rights in all land 
have been taken over by the State, it may be thought 
that this inflicts no, or no substantial, hardship on the 
landowner, but he may desire to use the land for the 
purposes of his business ; for example, to build houses 
on it in connection with his business as a builder, or 
to open a shop or factory on it for which he can 
find no equally convenient site. The local planning 
authority have no power to prevent the National 
Coal Board from extracting coal by underground 
workings in a mine commenced before July 1, 1948, 
even though it may result in damage to buildings 
already erected or likely to be erected in the future 
(Town and Country Planning (General Development) 
Order, 1948). 

If the National Coal Board have no right to let down 
the surface—which will be the case where the instru- 
ment of severance or the mining lease gave no such 
right—they will have to apply under s. 3 of the Mines 
(Working Facilities and Support) Act, 1923, for the 
grant of such a right, which will usually be granted on 
the terms that compensation is paid for damage caused 
by subsidence. Presumably, on an application for 
planning permission to erect a building on an area 
under which colliery workings are contemplated but 
in respect of which no right to let down the surface 
exists, the application for planning permission will 
have to be granted. 

Planning permission must be obtained for the 
opening of a new coal mine after July 1, 1948. Generally, 
and subject to what is set out above, there will be a 
right to let down the surface in such a case and the 
local planning authority will be able to give or refuse 
permission with due regard to the national interest in 
the working of coal, represented by the National Coal 
Board, and the national interest in making the best 
use of the surface, represented by the Central Land 
Board and the Minister of Town and Country Planning. 

In conclusion, it may be said that the law on this 
subject is in a somewhat tangled state due to the fact 
that the interests of the surface owner and of the 
mineral owner are in direct conflict. The law started 
by giving preference to the surface owner. It could 
not now, even if it ever could, give preference to the 
mineral owner, because that would make the building 
of towns and the construction of essential works 
impossible. The result has been a compromise, 
worked out over a long period of years by countless 
surface and mineral owners in various different ways. 
One can only express the hope that by some means, 
such as the carrying out of the recommendations of the 
Committee before referred to, a body of law may be 
laid down which will do justice to both surface and 
mineral owners and at the same time define more 
clearly their legal positions. 





DE HAVILLAND “‘ GOBLIN ” ENGINE OVERHAUL LIFE.— 
The de Havilland Enterprise, Hatfield, Hertfordshire, 
announce that the Ministry of Supply (Directorate of 
Engine Research and Development) have approved the 
extension of the life of the ‘‘ Goblin ” Mark 2 engine to 
600 hours between overhauls, subject to inspection at 
300 hours of the combustion equipment and renewal, 
where necessary, of the flame tubes. This is a direct 
result of two 500-hour cyclic endurance tests carried out 
on Goblin 2 engine Nc. 1761; in these tests the engine 
successfully stood up to a strenuous schedule, based on 
fighter-aircraft sorties. The turbine wheel of this engine 
was found to be still serviceable after more than 1,280 
hours operation. 





INDUSTRIAL DEVELOPMENTS IN INDIA.—The current 
issue of Indian Trade and Industry, published by the 
High Commissioner for India, London, contains notes 
on several industrial developments in India. A naval 
dockyard is to be constructed at Bombay, and two 
British firms are to prepare the designs. A precision- 
instruments factory, managed by Swiss experts, is to 
be set up by the United Provinces Government, and 
two Swiss experts are to visit the Central Provinces 
and Berar to undertake a survey for the most suitable 
site for a machine-tool factory. Consultants’ reports 
received by the Government of India recommend that 
two steelworks should be constructed, one in the Central 
Provinces and the other in Orissa. The first plant, which 
is expected to be completed in five years’ time, will have 
an annual production of between 500,000 and 600,000 
tons of steel. The 37th session of India’s Science 
Congress will be held in Poona from January 2 to 8, 1950, 
under the presidency of Professor P. C. Mahalanobis. 





GROUND SUBSIDENCE FROM 
MINING* 
By Epwarp L. J. Ports, M.Se., M.I.M.E. 


THE original conception as to the oceurrence of 
subsidence was the obvious one, in which it was believed 
that the strata subsided vertically above the excava- 
tion. In 1825, the first scientific study of subsidence 
was carried out by Belgian engineers, one of whom, 
Gonot, propounded the normal theory in which he 
presumed that the breaking lines on each side of an 
excavation were at right angles to the plane of such 
boundaries. See Figs. 1 and 2, on page 322. Schulz, 
a German engineer, pointed out in 1867, that this theory 
had limitations in inclined measures. Whereas it could 
be applied to workings to the dip, a vertical line of 
break was more probable when working to the rise. 
See Figs. 3 and 4. 

The ‘“‘ dome ” theory, put forward by Fayor in 1885, 
afforded useful information, but did not take into 
account the effect of lateral or vertical pressure on the 
walls of the dome formation which he suggested was 
formed on extraction. The theory was unsound and 
incomplete, in that he limited the height of the dome to 
200 times the height of excavation, a fact which was 
proved repeatedly to be wrong. This theory was later 
followed in 1907 by Hausse who suggested that the 
angle of break in horizontal strata, lay between the 
sliding angle (angle of repose) and the vertical. See 
Fig. 5, on page 322. 

More precise information was brought forward by 
Dickinson in 1898 and later followed by O’Donahue, 
who established the general principle of “‘ draw ” over 
workings and set out observed results to prove his 
conception. O’Donahue, who gave evidence before 
the Royal Commission on Mining Subsidence in 1927, 
stated that in horizontal strata, the removal of a 
pillar large enough to affect the surface, produced 
subsidence at the area A.A., Fig. 6, vertically above the 
pillar. The outer walls in line A O, deprived of lateral 
support, break and extend over the edge of the working 
to an extent depending upon the hardness of the strata. 
He concluded that there was a “ pull” or “draw” 
beyond the edge of the working and since lateral support 
was not entirely removed, the “ angle of repose ”’ was 
not fully tested. The greater the thickness of seam 
removed, the more the lateral support was withdrawn. 
Alluvial deposits, increase the draw considerably, as 
shown in Fig. 6, and draw may also be intensified where 
the surface is undulating. O’Donahue concluded that 
the “‘ draw ” in horizontal strata was about 8 deg. and 
that in strata, inclined at an angle @ to the horizontal, 
the draw to the dip conformed to the relationship 
8 + 2/3 6 and to the rise 8 — 2/3 6. Thus, the extent 
of draw in advance of a working to the rise is less than 
the draw in advance of a working to the dip. O’Dona- 
hue’s observations and his rules regarding the extent 
of draw, were generally accepted, but in the light of 
modern practice and research in Britain, the present 
conception is based on what has been termed the 
_ ure arch ” theory. 

A considerable volume of research and underground 
observations on the formation of fractures in the 
vicinity of excavations has provided a sound basis on 
which to indicate the type of fracture likely to be 
induced when coal is extracted. The work conducted 
by Phillipst on the strengths and properties of coal- 
measure rocks, together with the results of the many 
studies on the stresses round excavations, has led to 
the formulation of the simple arch theory. From 
consideration of the relative strengths of coal measure 
rocks when subjected to compressive, tensile and shear 
stresses, it has been concluded that the rocks will tend 
to fail under tensile and shear stresses rather than 
compressive stress. 

Phillips has shown that coal-measure rocks behave 
as elastic materials to a striking degree, and whereas 
theoretical considerations can only be applied to 
isotropic materials which are also perfectly elastic or 
plastic, the application of the theory of elasticity to 
stress distribution around excavations using models, 
has indicated a close agreement with a state of stress 
within elastic limits and that’ it was reasonable to 
advance the arch theory. This is borne out in practice, 
where thick seams have been worked at shallow depths. 
Upon the very considerable information which is now 
available and the postulation of the ability of strong 
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beds within the coal-measure strata to act as beams if 
not stressed beyond their elastic limits, the following 
theory has been advanced regarding the redistribution 
of stress around excavations underground and the 
ultimate effect on the surface. 

Consideration of the stress distribution around a 
narrow excavation illustrates the basis upon which 
the simple arch theory may be explained. Prior to 
mining, the strata are subjected to a vertical compres- 
sive force due to the weight of beds above (it has been 
generally in Britain, that over a sufficiently large 
area, this force is approximately 1 lb. per square inch 
per foot of depth) and a lateral compressive force along 
the horizontal plane due to it being laterally con- 
strained. These forces, for practical purposes may be 
considered as being in equilibrium in virgin strata. As 
soon as the excavation is made, a redistribution of these 
forces occurs. See Fig. 7, on page 323, where B indicates 
the bending forces, § the shearing forces and L and C 
the lateral and vertical compression forces, respectively. 
The shearing forces acting on the roof bed at the sides 
of the excavation increase in intensity with depth as 
do the lateral compressive forces. The shearing forces 
are influenced by the strength and character of the coal 
and the floor, their intensity being reduced the weaker 
these strata are. The action of the lateral compressive 
forces, in conjunction with the bending of the roof 
beds, which relieves these beds of the load of the upper 
strata, tends to allow the roof strata to expand into 
the excavation from over the solid coal. The result of 
this redistribution of stress, is the transference of the 
load to abutments on the coal sides. 

With an increase in the width of the working there 
is an increase in the dimensions of the pressure arch 
and in the abutment loading. See Fig. 8. When the 
strata is unsupported over a certain width of excava- 
tion, depending upon the depth and the nature of the 
overlying strata, it collapses within the pressure arch 
and along the lines of maximum shear stress. With 
further increase in the width of the excavation, the 
load of the higher beds continues to be transferred to 
the solid sides until the width becomes too great for 
the beds to bridge across the excavation and further 
roof rock collapses and the load is distributed in a more 
complex manner, an abutment being set up in the goaf 
or waste in addition to those on the solid coal perimeter. 

With the increasing width of excavation and the 
increase in the height of the arch, the broken strata 
within the arch provide support to the beds above, until 
a stage is reached when the arch reaches the surface 
and subsidence commences. It is suggested that 
“draw ” can be explained in terms of this theory by 
the tilting of the upper beds causing lateral movement 
towards the mined area. The conception of draw as 
envisaged by O’Donahue, cannot be reconciled with 
this theory, which, based on the general observation of 
the form of fracture over excavations, postulates the 
tendency for the strata to arch and the upper beds to 
act as beams. The possibility that a fracture starting 
at the face in a region of high stress passes through areas 
of low stress cannot be accepted in terms of the fore- 
going explanation. This does not preclude the accept- 
ance of the term “ draw’ and its expression in terms 
of an angle to the vertical from the edge of the excava- 
tion, as a means of defining the extent of the area on 
the surface affected by the mined area underground. 

The results of observations of the vertical and lateral 
movements of the surface in the subsiding area have 
indicated that in the area immediately over the excava- 
tion a compression zone is induced bounded by a tensile 
belt in which tensile surface crack may be developed. 
Uplift of the surface has been noted frequently in this 
tensile zone, due probably to the uplift of strong beds . 
around the perimeter of the subsiding area and the 
oscillatory pressure wave in advance of the working face. 
See Fig. 9, on page 323 ; in this diagram A shows the 
starting position of the face and X its actual position. 

It is important to discuss the theory of movement 
of the cae and the forces induced in the surface 
layers as formulated and utilised by Continental mining 
engineers, as a basis for forecasting the amount and 
extent of subsidence in the Dutch and Ruhr coalfields 
and to compare it with the “ pressure arch” theory 
put forward in this country. The movement of any 
given point on the surface is considered in relation to 
the depth, width or area of the excavation, dip and 
thickness of seam. The measurement of the lateral 
movement of the surface is carried out by installing 
pegs parallel and in front of the advancing face. 
Accurate measurements of the distances between these 
pegs before and during the advance of the faces below 
them, results in a decrease in the distance between 
some pegs and an increase between others. The 
former determines an area in which a compressive zone 
exists and the latter a tensional zone. " — 

For comparative purposes, the change from the 
original Saath is expressed as a change per unit length 
by dividing the change in length by the original length. 
Tensional changes are considered positive while com- 
pressive changes are considered negative. Plotting 
these changes on a graph, a curve similar to that shown 
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in Figs. 10, 11 and 12, on page 323, is obtained. In this 
case 13 pegs were used, the surface between | and 5 and 
9 and 13 having been subject to tensional forces, which 
increase from zero to maximum and decrease to zero. 
Between pegs 5 and 9 which are almost immediately 
above the edges of the face, the surface has been 
subject to compressive forces which approach a maxi- 
mum over the centre of the face. 

The extent of subsidence is related to the factors 
previously quoted, by referring specifically to the 
extent of the surface area affected to the maximum 
extent. 

Three cases are distinguished: (1) extraction of a 
partial or unit area ; (2) extraction of a full area; and 
(3) extraction of a super area. If the angle of draw is 


plotted from the edge of the worked-out area towards | 


the interior of the subsidence trough, and the inter- 
section of these lines is below the surface, this condition 
constitutes a partial area as in Fig. 13. The inner zone 
of compression as well as the outer tension zone are 
illustrated together with the subsidence trough. In 
this case no point on the surface is affected by the 
maximum possible subsidence. Thus if the seam is 
4 ft. thick and the roof subsides 2 ft., no point on the 
surface is affected to the full extent of a subsidence of 
2 ft. In the case of the “ full area,” Fig. 14, the interior 
draw lines intersect the surface and that area is affected 
to the full extent. The subsidence trough is therefore 
greater and a little flatter, and the stress curve shows 
an upward bump in the compression zone, indicating a 
return to normal conditions. The “super area” 
condition illustrated in Fig. 15, shows the draw lines 
intersecting the surface separately, with a consequent 
widening of the area affected by maximum subsidence 
and a flattening out over the range of the intersection 
zone. In the central area no lateral displacement 
occurs at the surface, subsidence being gradual and 
balanced. Comparing these areas, the Continental 
engineer favours the latter case, in which the most 
favourable conditions are presented, since no differential 
surface movement occurs and the tension and com- 
pression zones take up only a small proportion of the 
area affected. 

It should be emphasised at this juncture that the 
subsidence causing damage to surface property, is 
differential and that the terms subsidence and damage 
are not synonymous. On the Continent, where long- 
wall working is almost universal and sterilisation to 
provide surface support is avoided if possible at all 
times, this conception of side working is adopted as a 
controlling feature in underground planning in order 
to provide surface areas in which lateral movements 
are a minimum and differential movement is reduced 
to a minimum extent. The strata movement above 
the mined area and within the limits of the affected 
zone are discussed in terms of particle migration in a 
downward direction which is the resultant of the ver- 
tical and horizontal movement. (See Figs. 16 and 17.) 

If a mined area in the form of a rectangle is as- 
sumed, the affected area is considered to be in the form 
of an inverted truncated obtuse pyramid, the angle of 
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draw defining the sides and the extent of the area. It 
is considered that the angle of break, illustrated in 
Figs. 13 to 17, is always steeper and therefore greater 
than the draw and the surface location is coincident 
with the maximum tension zone in the stress curve. 
In each of the cases shown, the jicle movement is 
downwards tending to fill up the void caused by the 
excavation in the seam. These particles between the 
theoretical prism vertically above the excavation, and 
the sides of the pyramid, apart from their vertical 
movement, will also have a lateral movement towards 
the interior of the affected area. These vertical and 
lateral movements have an effect on the stress condi- 
tions within the affected area, tensile forces being set 
up at the boundaries while compressive forces are 
induced in the interior due to the increase in pressure 
from the perimeter. Changes in the intensity of the 
vertical tensile forces also occur in depth, vertically 
through the affected area, these being important to 
the mining engineer when considering the support of 
roadways within a zone affected by a lower seam 
working, while the subsidence effects at the surface are 
mainly concerned with lateral tension and compression 
c \ 
Continental research on the dimension of the angle 
of draw and the angle of break is confirmed by the 
experience in this country that the dimensions of these 
angles are not uniform and vary greatly with the 
type and characteristics of the strata, being steep in 
strong measures and flat in sands and vels. In 
the Ruhr district the following values for the angle 
of break have been confirmed after long observation : 

(a) To the dip. 


Strata inclined at 0 deg. to 10 deg. : 75 deg. 
” »» +, 10 deg. to 15 deg. : 70 deg. 
” * >, 15 deg. to 20 deg. : 65 deg. 
” » », 20 deg. to 29 deg. : 60 deg. 
* - », 30 deg. to 35 deg. : 55 deg. 

35 deg. : 55 deg. 


(b) To the rise. 
At all inclinations : 75 deg. 
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(c) To the sides of an extraction area on the line of dip. 
At all inclinations : 75 deg. 
(d) In overlying beds. 
(a) marl 70 deg. 
(b) in soft alluvial and quick sand, 40 deg. to 
50 deg. 


No general figures are given for the angle of draw 
which is considered to be 5 deg. to 15 deg. less than 
the break angle. Independent collieries conduct their 
own observations and check the results frequently. 

Continental investigations in the manner described 
have resulted in proving a mechanism of approach, 
whereby the underground development results in the 
minimum amount of damage to the surface. Grond* 
has illustrated in numerous publications the experience 
gained at the Dutch State Mines, where they generally 
extract the coal, underlying any surface property. 
The system and phasing of extraction adopted in each 
seam within a particular area is chosen, as far as 
possible, so that the operation of faces in each seam 
produce a minimum resultant stress at the surface 
near the property to be protected. The stress curve 
at the surface, such as is illustrated in Fig. 15, expressed 
in terms of strain, is reduced by the counteracting 
effect of the tensional and compressive stress produced 
by working adjacent faces. 

It is clear that the satisfactory operation of such 
principles, which have been tested frequently in 
practice on the Continent, requires a wealth of informa- 
tion on the magnitude of the stresses produced at the 
surface, in relation to: (a) the depth, thickness and 
gradient of the seam to be worked ; (b) the design and 
development of mine workings, in particular the length 
of the working faces and their rate of advance ; (c) the 
effects of caving or packing of the faces; (d) the 
character of the intervening strata and the influence of 
geological conditions on the extent of subsidence and 
surface damage effects; and (e) the design of surface 
structures in mining areas and the maximum stresses 
which can be allowed to act upon them. 

Considering these factors briefly in sequence and 
their effect on the surface stability: (a) increase in 
depth of the seam will tend to cause subsidence to 
spread over a greater area, although it is probable 
that the intensity of the stresses will be less than in 
shallower seams. As the seams increase in thickness, 
the subsidence caused will also be increased and 
produce greater intensities of stress at the surface. 
The dip of the seams, especially when it becomes very 
high, produces distorted stress curves and form local 
regions of high stress which will cause excessive damage 
to the surface. 

(6) The steps taken in Continental practice to reduce 
surface damage due to differential movements, by the 
suitable arrangement of the layout and order of 
working two or more seams has already been explained. 
By working longwall faces in two or more seams at 
the same time, Continental experience has shown that 
it is possible to arrange their respective positions 





* “Erfahrungen itiber Bodenbewegungen im siidlim- 
burgischen Bezirk,” Dr. A. Grond, 1937; Proceedings of 
the Symposium on Phenomena of Rock Pressure in Coal 
Mining, 1947, held at Heerlen (Netherlands), Geologie en 
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relative to each other, so that the tensional stresses 
produced by one face will be counteracted by the 
compressive stresses of the other face, thereby resulting 
in very low stresses at the surface. The effect of 
adjacent goaf is to produce distorted stress curves, as 
it does not afford the same support as a solid rib and 
the stress intensity is usually less but spread over a 
wider area than in the case of a solid coal rib. The 
width of excavation or length of face has been defined 
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to be, in Continental practice, as partial, full and super 
areas, and in British practice by the “ abutment 
width ” and the pressure arch. In the British con- 
ception of strata control, if the area worked is confined 
to within the maximum abutment width, the subsidence 
occurs only within the arch and the strata above is 
not affected. An example of this is quoted in the 
working of a face 80 yards in length in a seam 4 ft. 
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abutment width in this case was 140 yards and on 
subsidence was recorded in the seam 100 ft. imme- 
diately above the worked area. In this connection, 
the importance of precise information on the geological 
conditions cannot be too highly stressed. This con- 
ception can be contrasted with the pate approach 
to partial, full and super areas. are main- 
tained of the surface levels over an des in a particular 
seam which is being extracted, as the excavation 
widens, the subsidence will commence above the 
working centre and increase, gradually widening into 
an area of influence at the surface. At the time the 
excavation reaches the dimensions of a unit or partial 
area, the point above the working centre will suffer 
maximum subsidence. As the area of excavation 
further increases the maximum subsidence will increase 
over the area. By recording the surface levels and 
lateral movement, it is possible to determine when 
the point above the working centre has subsided the 
maximum amount and hence determine the partial 
area for the particular seam, and at the same time 
the “draw” and “fracture or break” angles. The 
rate of advance is important, in that a systematic and 
rate of advance is necessary in order to 
eliminate distortion of the surface stress curves and 
consequent differential movement. A high rate of 
advance is not generally accepted as vital as long as 
it is regular. 

(c) The effect of the method of working and packing 
methods on the rate and amount of subsidence is 
extremely important. The expression of a minimum 
time for the major proportion of the subsidence to 
take place and for complete stability to be reached is a 
matter for a great deal of consideration. The periods 
given by different authorities vary widely and it is 
obvious that geological considerations are again ex- 
tremely important. Average conditions have been 
quoted in this country where total extraction has taken 
place, to be from two to five years. It~is generally 
agreed that the maximum subsidence takes place in 
the first year after extraction, but complex geological 
conditions may delay or advance the initial rate of 
subsidence to a great extent. The amount of sub- 
sidence is usually expressed in terms of the ratio of 
maximum subsidence to the total thickness extracted. 
Obviously from considerations of the theories described, 
it is impossible for the surface to be lowered to the full 
extent of the thickness of coal extracted, the maximum 
subsidence being in the region of 70 per cent. of the 
total seam thickness extracted. If the method of 
extraction is longwall and the system of working adopts 
various forms of packing of the goaf, in preference to 
complete caving, in which the rvof is allowed to subside 
and close itself due to the downward load of the super- 
incumbent strata, varying degrees of convergence of 
the roof to the floor will result. The effect of this 
variation in roof convergence will automatically result 
in a greater or lower degree of maximum subsidence of 
the surface. Experience in the Ruhr has indicated the 
following degrees of convergence expressed as a per- 
centage of the seam height : 





thick at a depth of 1,900 ft. The maximum observed 





Full caving 95 per cent. 
Strip caving ’ 23-90 per cent. 
Dummy road packing 20 per cent. 
Hand packing (normal) 60 per cent. 
Pneumatic stowage . 40-50 per cent. 
Mechanical stowage (throwing belts, 

etc.) ‘ 40-50 per cent. 
Hand packing (carefully packed) . 40-50 per cent. 
Hydraulic stowage ... 10-30 per cent. 





Similarly with regard to the time factor, experience 
on the Ruhr can be illustrated in the following example 
in which the time interval at which certain percentages 
of the possible maximum subsidence are related : 


" Percentage of 
Period After Working. roa) subsidence. 
lst year 45 
@nd ,, 30 
3rd, ye. eae aes 15 
4th ,, ad ge eae 5 
5th 2 
6th 2 
7th ,, i 


This illustrates that in general 90 per cent. of the 
subsidence has taken place after three years and 97 per 
cent. after five years. Thus if the seam were 5 ft. thick 
and the total possible subsidence 70 per cent. or 42 in., 
after three years the surface would still subside 4-2 in., 
and after five years 1-26 in. Experiences in this 
country have ee that the values quoted for 
rate and amount of subsidence can be generally applied 
to British conditions. It should again be emphasised, 
however, that there may still be cases where a longer 
period of settlement occurs and that geological know- 
ledge is essential in order to obtain any degree of 
accuracy in such predictions. 

(d) The character of the intervening strata and its 
effect on extent of subsidence has been referred to in 
the foregoing text, at appropriate junctures. In 
relation to our existing knowledge of surface movements 
and strata control underground, the geological aspect, 
while not having been wholly neglected, has not 
received the attention which it should have done, in 
reaching any definite conclusions with regard to strata 
movements and their surface effect. I refer most par- 
ticularly to this northern coalfield area in which there 
are varied geological conditions which must be con- 
sidered. The presence of the Permian overlying the 
East Durham area affects considerably the result of 
surface movements. It has not been possible to include 
the question of drainage and its effect in the production 
of pseudo-subsidence not directly occasioned by mine 
working. It is realised that in order to consider the 
whole aspect of mining subsidence in its widest sense, 
specialist geological knowledge and information is 
required 


(e) The design of surface structures in mining areas 
becomes of paramount importance if it is realised that 
there must be some responsibility on the surface 

ineer to provide a structure in certain areas which 
is of a character different from structures in areas where 
there is no risk of vertical and lateral surface move- 
ment. The German and Dutch engineers have studied 
this question closely and a code of practice has been 
published for the use of architects, structural and civil 
engineers, on the design of buildings in mining areas. 
Whereas the mining engineer can and must develop 
to a pattern which will militate against damaging 
subsidence, it-is considered that there should be a 
similar responsibility on the surface planner and 
engineer to develop and construct surface buildings to 
a design and in a pattern which will allow these build- 
ings to withstand some degree of movement without 


serious damage. 
In conclusion, it is se whereas surface 
sonal ts caateie O ional, mining is malaly 
a dimensional in its extent anf that the note made 
at the outset to this address ing the necessity for 


ing the natiomal reserves of coal, should be 
stressed and observed in the choice of areas on the 
surface where major surface developments are planned. 





THE LATE Mr. JAMES MILLER, M.B.E.—We note with 
regret the death of Mr. James Miller, which occurred in 
Glasgow on September 10. Mr. Miller, who was manager 
of the Glasgow district office of the British Thomson- 
Houston Company, Limited, Rugby, for nearly 27 years, 
was born in Mount Vernon, Lanarkshire, on September 11, 
1887. After receiving his general education at the High 
School, Glasgow, he became an engineering pupil of 
Messrs. Robert Addie and Sons, Limited, Coatbridge, in 
1904, meanwhile continuing his engineering education 
at the Royal Technical College. He obtained the Associ- 
ateship of the College in Electrical Engineering, in 1908, 
and, in that year, joined the British Thomson-Houston 
Company, Limited, Rugby, as a student apprentice. 
In 1911, he was made engineer in the firm’s power and 
mining department and, in 1912, engineer, Glasgow 
district office. In the war of 1914-18, he served as a 
lieutenant, Royal Engineers, 52nd Division, in Gallipoli 
and after being severely wounded in July, 1915, was 
seconded to the Ministry of Munitions until December, 
1918. From January, 1919, until October, 1922, he 
was a partner in the firm of Messrs. Thomas Young, Son 
and Miller, consulting engineers, Glasgow. He then 
rejoined the British Thomson-Houston Company and 
was appointed manager of the Glasgow office, continuing 
to occupy this post until his death. He joined the 
Institution of Electrical Engineers as a graduate in 1913 
and became a full member in 1939. 
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NOTES ON NEW BOOKS. 


Metals and Alloys. Published by the Louis Cassier 
Company, Limited, and distributed by Iliffe and 
Sons, Limited, Dorset House, Stamford-street, 
London, 8.E.1. [Price 15s. net.] 


A NEw edition, the fifth, of this alphabetical list of 
non-ferrous metal alloys and their percentage composi- 
tions, which is certainly to be found on the desks of 
numerous engineers and technical men occupying 
executive positions, has recently made its appearance. 
The book was first published in 1920, and second, third, 
and fourth editions, each one larger and more compre- 
hensive than its predecessor, were issued in 1931, 
1933 and 1941, respectively. In the 1941 edition, 
there were 3,700 compositions, but the present edition 
contains 4,600 compositions, and, as it is stated that 
many alloys known with certainty to be no longer 
manufactured have been removed, the new ones added 
are a good deal more numerous than might be inferred 
from the difference between these two totals. The 
data, which, as heretofore, are in tabular form, are 
confined to alloys which are usually accepted as being 
non-ferrous and the limiting percentage of iron is 50. 
The alloys dealt with have either definite names, 
specification numbers or designations, or they form 
part of a series of alloys such as the brasses, bronzes 
and copper-nickel alloys. In the last category, the 
particular alloy is entered under the purpose for which 
it serves, namely, bars, castings, tubes, wire, etc. The 
present edition is given a better binding than the pre- 
vious one, but the price is still the same. 





Basic Electrical Engineering. By G. F. Corcoran. 
Chapman and Hall, Limited, 37, Essex-street, Lon- 
don, W.C.2. [Price 27s. net.] 

Proressor Corcoran’s latest book on _ electrical 
engineering may perhaps be defined as “ advanced 
elementary,” since, although it deals mainly with those 
principles which are a main concern of the first year 
student the treatment is at a fairly high mathematical 
level. Emphasis is placed on the physical significance 
of the few integral forms which are used to define such 
concepts as electrical potential, time-averaged currents 
and voltages and space-averaged flux densities as well 
as on the vector properties of electric field intensity and 
magnetic flux density. Magnetic field theory is based 
upon the magnetic properties of a current-carrying loop, 
and rationalised mks. units are used almost exclusively 
in the text, as the author claims that this enables field 
theory to be stated more simply than when other 
systems are used. Many students will not find the 
book easy reading, but its perusal may be recom- 
mended to those who, having acquired some consider- 
able knowledge of electrical theory, desire to clarify 
their ideas by consulting new authorities. 





Meter Engineering. By J. L. Farns. Fifth Edition. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 18s. net.] 


Tue author of a book which has reached a fifth edition 
has little to fear from a reviewer. Mr. Ferns’ practical 
work on the installation, testing and maintenance of 
electricity meters first appeared in 1932, when that 
branch of engineering was assuming the status of a 
profession and there was a demand for an explanation 
of the theoretical and practical fundamentals of this 
useful and widespread equipment. In 1938, when the 
third edition was published, the position had been 
altered by the passing of the Electricity Supply (Meters) 
Act, 1936, and the consequent changes were dealt with 
in a separate chapter. Shortly before the present 
edition was issued the electricity supply industry of the 
country was nationalised, but this has necessitated no 
fundamental aiterations in the arrangement of this 
useful book. On the other hand, the information has 
generally been brought up to date. 





Thread Grinding and Measurement. By A. C. ParkIn- 
son and W. H. Dawney. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 21s. net.] 


Ir is doubtful whether the authors of Screw Thread 
Cutting and Measurement and of Gears, Gear Production 
and Measurement have been happy in the choice of 
the title of their new book, as engineers who will see 
it on the shelf may be under the misconception that 
they already know it. Thread grinding from the 
solid, in contrast to the restricted application in older 
days to finishing precut threads after heat treating, 
has become a r manufacturing operation, and 
this book is a guide through all stages. Starting with 
the description of modern machines, it leads via the 
installation of the selected machine to the actual 
grinding methods, both external and internal. Grind- 
ing wheels are treated in a similar way: considerations 
for their selection are followed by instructions for 





mounting, truing, and forming them, as well as for 
the choice of the proper working speed, and their 
maintenance by dressing ; use, care, and protection of 
diamond tools and crushing rollers are dealt with in 
that connection. Informations are given on coolants 
and lubricants, on the inspection of the surface 
finish of thread ground work, and on calculating of 
production times. Measuring of ground threads does 
not differ from measuring threads obtained by othe: 
cutting methods, and the same applies to change whve! 
calculations, and to limits and tolerances. It is, how 
ever, useful also to find chapters on these subjects and 
an Appendix of Tables under the same cover. Table 23 
of the Appendix, Comparative-Equivalent Pitches, 
would better contain, in addition to diametral pitch, 
circular pitch, and metric-module threads, also inch- 
module threads, as thag is the system recommended by 
the British Standards Institution for worm gearing. — 





The Law of Landlord and Tenant. 
M.A. (Oxon.). Second edition. Stevens and Sons, 
Limited, 119 and 120, Chancery-lane, London, 
W.C.2. [Price 4s. net.] 


Tuts is the second edition of a work first issued in 1946 
and reprinted the year after. It has thus had justifi- 
able popularity as it contains valuable information 
about property, a knowledge of which successive Rent 
Restriction Acts have served to make necessary to 
increasing numbers of the public. Though it has no 
special appeal to engineers, the book has undoubted 
general interest. It is well written and states the 
resent law of landlord and tenant in easily assimilable 
orm and in no inconsiderable detail. Many of the 
matters dealt with, such for instance, as those relating 
to questions of upkeep and repair, are of interest to the 
many manufacturing firms who carry on their activities 
in rented premises. 


By R. Borrecaakp, 


Hydraulische Antriebe und Druckmittelsteuerungen an 
Werkzeugmaschinen. By A. Dire and O. Wacuter. 
Carl Hanser Verlag, Munich 27, Leonhard-Eck- 
Strasse 7. [Price in paper boards 11.50 D.M., 
half bound 13.60 D.M. net.] 


Tuts book on Hydraulic Drives and Control Gears of 
Machine Tools not only addresses designers and pro- 
duction engineers, but also advocates the training of 
“ hydraulicians ” as counterparts to mechanicians and 
electricians. The initial chapters deal with the prin- 
ciples of hydraulics, and with the various types of 
pumps and motors. While, however, such informa- 
tions can be found from many other sources, the next 
chapter of the book under review devotes almost half 
of the available space to hydraulic elements, and deals 
with the principles and function of control gears which 
are in other works, with a few exceptions, rather 
neglected. The last chapter gives in a concise, but 
similarly clear form, examples of hydraulically operated 
machine tools; each example is accompanied by a 
diagrammatic illustration, comparable with electric 
schemes, which should make the book useful even to 
readers who are not familiar with the German language. 
Those who are ing the text will in any case be 
hampered by the lack of an index which makes it 
difficult to refer to details in earlier chapters. In spite 
of this deficiency, the book will be esteemed by anyone 
concerned with the subject. 





CATALOGUES. 


Radio Transmitter/Receiver for Aircraft.—A leaflet 
received from the Plessey Company, Limited, Ilford, 
Essex, deals with a radio transmitter/receiver for small 
and medium private or training aircraft. 


Unbreakable Electric Plugs.—Details of their 5-ampere 
and 15-ampere unbreakable plugs for electrical circuits 
are given in a leaflet issued by Messrs. Wm. Sanders and 
Company (Wednesbury), Limited, Falcon Electrical 
Works, Wednesbury. 


Connectors for Electrical Circuits.—The connectors and 
12-way connector strips, which have been designed for 
use on electrical circuits, form the subject of a leafiet 
issued by Precision Components Company, 13, Byng 
Road, Barnet, Hertfordshire. 


Toolroom Tempering Furnaces.—Details of the 4-kW 
and 8-kW electric tempering furnaces, which they 
manufacture of use in toolrooms, have been sent us by 
Wild-Barfield Electric Furnaces, Limited, Elecfurn 
Works, Watford By-pass, Watford, Hertfordshire. 


Rapid-Machining Steel.—A brochure, entitled ‘‘ Phoe- 
nix Rapid Machining Steel,” prepared on behalf of 
Messrs. Steel, Peech and Tozer, The Ickles, Sheffield, and 
issued by the United Steel Companies, Limited, 17, 
Westbourne-road, Sheffield, 10, describes the manufac- 
ture, testing and applications of the firm’s rapid-machin- 
ing steel. The making of forgings and drop stampings 
of the material and its use for case-hardened components 
are also briefly described. 
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ELECTRIFICATION OF 
LIVERPOOL-STREET TO 
SHENFIELD RAILWAY. 


THE Eastern Region line from Liverpool-street 
station, in the east of the City of London, to Shen- 
field in Essex, on which electric traction was formally 
inaugurated by the Minister of Transport (the Rt. 
Hon. A. Barnes, M.P.) on Monday, September 26 
originally formed part of a scheme put forward in 
1834 for a Grand Eastern Counties Railway from 
London to Norwich and Yarmouth. Parliamentary 
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that of any other line; and when the system 
became part of the London and North Eastern 
Railway in 1923 the densest steam-operated subur- 
ban train service in the world was being dealt with. 

Before grouping took place in 1923, consideration 
had already been given to the possibility of con- 
verting some of the local lines to electric traction. 
Nothing was, however, done until 1934, after the 
section from Liverpool-street to Shenfield had been 
quadrupled throughout ; and the growth of popu- 
lation in the districts served, with the consequent 
increase in traffic, had shown this change to be 
essential. Details of the scheme prepared to deal 


assent for this project was obtained in July, 1836, | with this problem were published at the end of 1936, 
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and construction with a 5-ft. gauge track was begun 
in March, 1837, the first section of 10} miles, from a 
temporary terminus at Mile End to Romford, being 
opened on June 18, 1839. A year later the line was 


extended in one direction to Shoreditch and in the 


other to Brentwood, while in 1843 Colchester was 
reached and the gauge was altered to 4 ft. 8} in. 
Shoreditch, later renamed Bishopsgate, remained 
the London terminus until 1874, when Liverpool- 
street was opened, by which time the railway, then 
known as the Great Eastern, was serving most of 
East Anglia. Liverpool-street station was con- 
siderably extended in 1894, shortly after the tracks 
had been quadrupled as far as Ilford. When a 
similar widening to Romford took place, at the 
beginning of the present century, the London 
suburban traffic of the Great Eastern overshadowed 





Broadly speaking, it covered the electrification of 
the lines between Liverpool-street and Shenfield, 
as shown in the diegram given in Fig. 5, on page 
327, and between Fenchurch-street and Stratford, 
as well as the extension of the Central line of the 
London Passenger Transport Board from Liverpool- 
street to Leyton via Stratford, the projection of the 
latter over the existing steam-operated lines to 
Loughton and Ongar, and the construction of a new 
tube railway from Newbury Park to Leytonstone. 
The latter project, which has been in operation 
since December, 1947, and to Epping since 
Sunday, September 25, 1949, has enabled a number 
of steam trains to be withdrawn, and has per- 
mitted more trains to be operated between 
Liverpool-street and Stratford. 

Work on the Liverpool-street-Shenfield electri- 


fication scheme was actually begun in 1937, the 
first steps taken being the reconstruction of a 
number of bridges and stations, and the alteration 
of the signalling system. In addition, a fly-over 
was built at Ilford, and structures for the overhead 
electric conductors were erected for a length of six 
miles. Work had, however, to be abandoned in 
1940, and could not be restarted until April, 1946, 
by which time it had been decided to electrify 
all four, instead of only two, of the tracks between 
Liverpool-street and Shenfield. 

The fly-over at Ilford, which has been built to 
allow the local lines to be transferred from the 
south to the north of the track between that point 
and Manor Park, enables all the electric trains to 
be dealt with on the east side of Liverpool-street 
station. It is approached by ramps on a gradient 
|of 1 in 80, which consist of steel-joist decks en- 
cased in concrete and supported on brick piers. 
The steel portals, which carry the local lines on 
the fly-over over the through lines, are also 
encased in concrete. ‘This fly-over necessitated a 
number of major alterations being made at inter- 
mediate stations, especially at Bethnal Green, 
while the track had to be slewed in many places. 
Considerable re-alignment at Liverpool-street sta- 
tion was also necessary, the present approach to 
which, on the east side, is illustrated in Fig. 2. 
Additional bridges had to be reconstructed at Shore- 
ditch High-street, Worship-street, Primrose-street, 
Wheeler-street and Brick-lane, in order in some 
cases to provide the necessary clearance for the 
overhead collector wires. As an indication of the 
work involved, views of the new Shoreditch High- 
street bridge and of the new Primrose-street bridge 
|are given in Figs. 1 and 3, respectively. New 
spans were also provided on the bridge over the 
Waterworks and City Mill Rivers at Bow, while the 
Old Ford-road bridge, which is illustrated in Fig. 4, 
was reconstructed for the London County Council. 

The track alterations at Liverpool-street, of 
which mention has been made, were necessitated 
by the introduction of multiple-unit electric stock, 
and the consequent redundancy of locomotive spurs 
and coaling facilities. These alterations were carried 
out mainly at week-ends and during the night 
| with hardly any interruption to traffic being 
| necessary. At many other places, where the track 
| had to be lowered, new drainage had to be intro- 
|duced. Other civil engineering work included the 
| cutting back of the existing platform awnings to 
| give clearance for the pantographs as well as the 
| construction of new signal-boxes and substations, 
| details of which are given below. All this civil 
engineering work was carried out under the direc- 
| tion of Mr. J. I. Campbell, civil engineer, Eastern 

Region, British Railways. 
| The power for operating the electric trains 
| between Liverpool-street and Shenfield is obtained 
| on the three-phase system at 33 kV and 22 kV and 
| 50 cycles, from the British Electricity Authority’s 
|mains through two substations, one at Chadwell 
Heath and the other at Cresswall, near Fenchurch- 
| street station, as shown diagrammatically in Fig. 5. 
| These two substations are connected by cables, 
been are laid along the railway track, to four 

traction substations at Bethnal Green, Stratford, 
| Gidea Park and Shenfield. A supply is also provided 
to the Eastern Electricity Board’s network at 
Gidea Park. All the substations are equipped with 
high-tension switchgear for controlling the incoming 
feeders, and interconnectors as well as the feeders’ 
to the rectifier transformers, which step down the 
mains voltage before it is led to the rectifiers. 
These rectifiers, which are of the six-anode pump-less 
steel-tank type, in turn convert the incoming 
supply to direct-current at 1,500 volts and are con- 
nected to the traction *bus-bars through high-speed 
circuit-breakers. From these *bus-bars the current 
passes to the overhead conductors through further 
high-speed circuit-breakers. As will be seen from 
Fig. 9, on page 338, which is a view of the Shenfield 
substation, this switchgear is of the outdoor type. 

As will also be seen from Fig. 5, in addition to the 
six rectifier substations, there are four track- 
sectioning cabins, which are located at Liverpool- 
street, Bow Junction, [ford and Brook-street, 
respectively. At these cabins the overhead line is 
paralleled through high-speed circuit-breakers and 
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*bus-bars for the dual] purposes of limiting the 
voltage drop in the direct-current traction circuits 
and enabling track faults to be cleared rapidly. 

Ail the six substations and the four track section- 
ing cabins are unattended, their equipment being 
remotely operated from a control station near 
Chadwell Heath substation, a view of which appears 
in Fig. 8, on page 338. Means are provided for 
opening any alternating- or direct-current circuit- 
breaker and for indicating any important fault 
conditions on the substation or track-sectioning 
cabin equipment. This control is effected through 
duplicate telephone-type cables, which also contain 
cores for the high-tension protective apparatus and 
for communication purposes. 

The main contractors for the substation equip- 
ment were the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, while 
the supervisory equipment was supplied by Stan- 
dard Telephones and Cables, Limited, Connaught 
House, Aldwych, London, W.C.2, and the extra 
high-tension and pilot cables by Messrs. Johnson 
and Phillips, Limited, Charlton, Kent. 

It is estimated that the demand on the Crosswall 
substation will be about 4,000 kW and that on the 
Chadwell Heath substation about 12,000 kW, while 
the annual output will be 10 million and 30 million 
kilowatt-hours, respectively, at these two places. 

At each substation and track-sectioning cabin 
connection is made to the overhead line through 
1-0 sq. in. rubber-insulated cables, which are laid in 
wooden trunking alongside the track. This connec- 
tion is made through isolating switches, which are 
mounted on the anchor structures that form the 
overlap span, and are operated from ground level. 
Capacitors, which are mounted on the structures 
below the switches, provide protection against 
lightning and surges. Castell locks and interlocking 
gear are fitted to prevent unauthorised operation. 

The supports of the overhead conductors, from 
which current is supplied to the train pantographs, 
consist of portal structures made up of broad- 
flange beams at places where up to four tracks 
have to be spanned. These structures, of which a 
typical example is illustrated in Fig. 6, are normally 
spaced at 210 ft. This spacing is, however, reduced 
on curves in order as far as possible to avoid the 
use of intermediate pull-offs. Where more tracks 
have to be spanned, and where anchoring is neces- 
sary, lattice structures are used. An illustration 
of one of these larger structures, which is a view 
looking east at Stratford Central Junction, appears 
in Fig. 7. In the case of the simple structures, the 
masts are planted directly in holes cored in pre- 
viously installed concrete foundations, so that it 
has been unnecessary to employ foundation bolts. 
The overhead equipment itself is of the compound 
type, in order to ensure sparkless collection, and 
consists of a stranded-copper main catenary, 0-321 
sq. in. in section, from which a stranded-copper 
auxiliary catenary, 0-191 sq. in. in section, is sus- 
pended by solid-copper dropper wires. From this 
auxiliary catenary a cadmium-copper contact wire, 
0-3 sq. in. in section, is hung by loop droppers, the 
total copper section per track being 0-75 sq. in 
On sidings the main catenary is of cadmium-copper 
with a section of 0-114 sq. in., from which the 
0-3 sq. in. cadmium-copper contact wire is directly 
suspended. The equipment is anchored at intervals 
of about one mile, or more frequently than this, if 
necessary for electrical and traffic sectioning pur- 

oses. 

All this equipment is supported from the under- 
side of the structures by ‘‘ Diabolo ”’ type insulators, 
so that the normal height of the contact wire above 
the track is 16 ft. At each structure the contact 
wire is offset to one side or the other of the centre 
line of the track so as to even the wear on the 
pantograph collector. This side registration of the 
equipment is effected by a hinged steady arm, one 
end of which is attached to the contact wire and 
the other to the centre of a non-ferrous bar of 
I-section. In turn, one end of this I-section bar is 
attached to the auxiliary catenary and the other 
to the side-registration insulator. Mutual adjust- 
ment of the two wires can thus be easily effected 
with respect to the track centre line. 

Owing to the heavy traffic anticipated, the 
overhead-conductor equipments of the tracks are as 
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far as possible kept physically independent from | 
each other, the side-registration insulators being | copper bonds welded to the heads. 
attached either to the masts forming the structure | 


or to Y-brackets which are suspended between 
the tracks from the structure bridge members, as 


.| Shown in Figs. 6 and 7. The normal type of side- 


registration insulator used is a Diabolo bracket. 
In sidings and yards, however, a simpler type of 
side registration is adopted. This consists of a 
span wire hung between the masts, to which the con- 
tact-wire steady arms are directly attached. Where 
insulation is required between the tracks, light 
insulators are inserted in the span wires. In some 
places, however, cap-and-pin and solid-core insu- 
lators are used at side-registration points; and 
solid-core insulators are also employed throughout 
the Ilford carriage sidings. On the “live side,” 
all the line work and fittings are of non-ferrous 
material. An improved type of contact-wire section 
insulator is used in the sidings and at slow running 
crossovers. A number of the overhead-conductor 
structures have been designed to carry equipment 
for the new automatic signalling system, which is de- 
scribed below. Special constructions have also had 
to be adopted under a number of low bridges where 
only minimum contact wire height could be pro- 
vided. Bench marks have been installed at these 
places to ensure that the tracks are maintained at 
the correct level. 

The return circuit to the substations is through the 
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running rails, which are bonded by rope-stranded 
The structures 
are also bonded to the rails where single-rail track- 
circuits are in operation. Where double-rail track- 
circuits are employed, the structures are inter- 
connected by anearth wire. To reduce maintenance 
costs, all the structural steelwork was flame-cleaned 
before erection and was then treated with silica- 
graphite paint. Certain items of small part steel- 
work were galvanised and subsequently painted 
after etching. The main contractors for the over- 
head equipment were British Insulated Callender’s 
Cable Company, Norfolk House, Norfolk-street, 
London, W.C.2, the engineer responsible for this 
and the other electrical work being Mr. H. H. Swift, 
electrical engineer, Eastern and North Eastern 
Regions, British Railways. 

The rolling stock provided for carrying the traffic 
on the electrified line consists of 92 three-coach 
sets, each comprising a motor coach, trailer coach 
and driving trailer coach. These sets, which were 
built by Metropolitan-Cammell Carriage and Wagon 
Company, Limited, Birmingham, 8, and the Bir- 
mingham Railway Carriage and Wagon Company, 
Limited, Smethwick, will be made up into three, 
six or nine coach trains ; their general appearance 
will be gathered from Fig. 11, on page 338. <A three- 
coach train has accommodation for 176 seated and 
232 standing passengers. Each motor coach 
comprises a driver’s and a guard’s compartment 
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with three open saloons, two of which have 18 and 
the third 16 seats. The trailer coach contains 
CROSSWALL 28 seats in a central open saloon and 18 seats in 
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each of two end saloons. The driving trailer is 
made up of four open saloons, two of which contain 
18 seats, one 16 seats and one 8 seats. The lengths 
of the motor, trailer and driving-trailer coaches 
over the body are 60 ft. 4} in., 55 ft. 0} in., and 
55 ft. 44 in., respectively, and all are 9 ft. 3 in. wide 
and 12 ft. 23 in. high. The total length of a three- 
coach train is 177 ft. 7 in. and the weight is nearly 











Fie. 6. Catrenary Layout Over Runnina LINEs. 


105 tons. 

Each car is carried on two single-bolster type 
bogies, those for the motor coaches having a wheel- 
base of 8 ft. 6 in. and those for the trailer and 
driving-trailer coaches one of 8 ft. Riveted plates 
and angles on pressed-stee] members have been used 
in their construction, and laminated and bolster 
springs are incorporated. The wheels, which are 
of the steel disc type, are 3 ft. 7 in. in diameter, and 
the brake leverage is 4-4 to 1 on the motor and 4 to 1 
on the trailer and driver-trailer coaches, respectively. 
The brake blocks consist of cast-stee] heads with 
detachable cast-iron shoes and braking is effected 
electro-pneumatically, the system being fitted with 
automatic slack adjusters. 

The underframes are constructed of electrically- 
welded rolled-steel sections, and the inner ends of 
those forming a three-car unit are fitted with short 
buffers and close-coupled with links and shackles. 
The outer ends are provided with reverse stroke 
buffers and screw couplings. The bodies, which 
are also of steel construction, are built integrally 
with the underframe, the frames and roofs being 
of welded and riveted rolled-steel sections and 
pressings, and the side, end and roof panels of 
mild-steel plate. The space between the exterior 
and the interior of the body is ventilated by torpedo 
ventilators to prevent corrosion. The side of each 
body is fitted with two pairs of electro-pneumatically 
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Fic. 7. OvERHEAD CoLLEcTOR System AT STRATFORD. 


operated steel doors, with permissive passenger 
control, and the driver’s and guard’s compartments 
have hinged doors. The driver’s compartment is 
provided with a folding combined seat and back, 
and an automatic window wiper. The exteriors 
of the cars are painted in the green colour, which has 
been adopted by the British Railways for electric 
stock, while the interiors are lined with birch and 
sycamore veneered plywood in natural white wood 
finish. Interior illumination is provided by 60-watt 
lamps in semi-indirect bow] roof fittings. 
Direct-current at 1,500 volts is collected from the 
overhead line by a pantograph on the motor coach 
and is transmitted through contactor switchgear, 
operated electro-pneumatically at a pressure of 70 Ib. 
per square inch, to four traction motors, which are 
mounted on the two hogies. This switchgear, 
with its relays and fuses, is housed in cases suspended 
from the underframe. Each of the traction 
motors is of the self-ventilated type and is designed 
to give an output of 210 h.p. on the one hour rating 
with a weak field, when supplied at 675 volts and 
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running at a speed of 1,050 r.p.m. Under these 
conditions a nine-car train has a power-weight 
ratio of 7-25 h.p. per ton when all the seats are 
occupied. Other equipment on the motor coach 
includes a motor-driven air compressor and air 
reservoirs, as well as a motor-generator set from 
which current is supplied at 52 volts to the control 
circuits, starting resistances and a battery. 

All this equipment, for which the main contractors 
were the English Electric Company, Limited, Brad- 
ford, is controlled by the motor-man from his 
compartment, where he has the master controller, 
brake controller, and hand-brake wheel in front of 
him, and the push-buttons for operating the panto- 
graph and motor generator on his right. On his 
left are controls for the whistle and window wiper, 
and between the two front windows are the switches 
for controlling the low-tension supply, the cab 
and marker lights and the lamp showing that 
the brakes, pantograph and motor-generator are 
operating correctly. Some of the motor coaches 
are provided with electrical speed indicators, while 
six of the driving trailers are equipped with peri- 
scopes, so that the overhead equipment can be 
inspected. 

The trains are electrically heated by thermostatic- 
ally-controlled units, the total capacity of which 
is about 8 kW and whieh are supplied with current 
at 1,500 volts. The lighting installation in each 
coach provides a load of 1-5 kW and is supplied 
at 52 volts. Both the heating and lighting circuits 
are controlled by switches in the guard’s compart- 
ment where there are also push-buttons for operat- 
ing the passenger doors. That these have been 
closed is shown by indicator lights; a bell signal 
can then be given to the motorman. A change-over 
switch enables the lighting to be changed over to 
an external alternating-current circuit while the 
train is being cleaned in the Ilford depot. The 
guard’s compartment also contains the emergency 
brake cock and the air compressor governor. 

Mr. A. H. Peppercorn, chief mechanical engineer 
of the Eastern and North Eastern Regions, British 
Railways, was responsible for the construction of 
the rolling stock, and Mr. H. H. Swift, electrical 
engineer, Eastern and North-Eastern Regions, for 
the electrical equipment. 

To obtain the maximum benefit from the electri- 
fication it has been necessary to re-signal the lines 
between Liverpool-street and Gidea Park with the 
object of establishing a 14-minute headway between 
the trains. Four-aspect colour-light signalling with 
the necessary track circuits has therefore been 
installed throughout this section, and new signal- 
boxes have been erected at Liverpool-street, Bethnal 
Green, Mile End, Bow Junction, Stratford, Ilford 
station, Ilford car sheds, Goodmayes and Chadwell 
Heath. A typical example of one of the new signal- 
boxes is illustrated in Fig. 6, which shows the one 
at Goodmayes. The existing signal-boxes at Forest 
Gate, Romford and Gidea Park have also been 
modernised. As a result, it has been possible to 
do away with 33 signal-boxes equipped with the 
Sykes lock and block system. Six of the new 
boxes have been equipped with switch-control 
panels operating on relay interlocking principles 
and the others with switch panels which are elec- 
trically interlocked with mechanical frames. One 
of the control panels in the Bow Junction box is 
illustrated in Fig. 10, on page 388. At Gidea Park 
the new signalling system joins up with the existing 
colour-light signalling to Chelmsford and Southend 
and thus forms one of the longest continuous 
sections of this form of train control in the country. 

‘he running signals are spaced to give a braking 
distance for trains running at 75 m.p.h. on the elec- 
tric lines and similar speeds on the lines over which 
steam trains will continue to operate. On the 
latter, however, it has been necessary in come cases 
to provide for a succession of three double-yellow 
aspects in order to allow adequate braking distance 
to the red aspect, a single-yellow aspect always 
preceding a red aspect. To ease the work of the 
signalmen the controls are arranged so that when all 
the signals in an interlocking area are cleared they 
become automatic for a succession of trains. For 
instance, during the peak traffic hours the signalman 
need not operate any panel switches. For the first 


station platforms, such as are used on London 
Transport, have been applied to main-line working, 
All the running signals are equipped with tele- 
phones operating on a coded selective system, which 
informs the signalman, when a driver communicates 
with him, from which point he is being called. 
At the same time, all other points on the same circuit 
are cut out, so that the risk of instructions intended 
for one driver being intercepted by another is 
eliminated. The trains are described from box to 
box by train describers, block telegraph working 
being dispensed with. To bring tbe new signalling 
system into use without dislocating the traffic, 
plans were made for bringing a new box into opera- 
tion every fortnight from Sunday, June 26, 1949, 
to Sunday, August 7, and thereafter once a week, 
until Sunday, September 25. 

The contractors for this work were the Siemens 
and General Electric Railway Signal Company, 
Limited, Wembley, Middlesex, for the section 
from Liverpool-street to Bethnal Green; Messrs. 
Metropolitan-Vickers-GRS, Limited, Aldwych, Lon- 
don, W.C.2, for the section from Mile End to Strat- 
ford; and the Westinghouse Brake and Signal 
Company, Limited, 82, York-way, King’s Cross, 
London, N.1, for the section from Forest Gate to 
Gidea Park. All the signalling work has been 
carried out under the direction of Mr. A. Moss, signal 
and telecommunications engineer, British Railways 
Eastern Region. 

Facilities for the periodical inspection, repair, 
servicing and cleaning of the electric rolling stock, 
as well as storage accommodation, are provided 
at a new depot, which has been built on the north 
side of the line between Ilford and Seven Kings 
stations. This consists of three main sheds for 
inspection, cleaning and repair purposes, respec- 
tively, entry to which can be effected from both the 
London and country ends of the section. Each 
shed has three tracks, which are long enough to 
accommodate a nine-coach train. Beyond the 
country end of the cleaning shed is a carriage 
washer. Normally, trains will be taken into the 
inspection shed, where the electrical and mechanical 
equipment will be serviced, and thence through 
the cleaning shed and carriage washer to a shunting 
neck. They will then be reversed into ‘“‘ balloon ” 
sidings or will proceed at once into traffic. 

The inspection shed is equipped with overhead 
wires over all the tracks, so that the trains can 
enter and leave under their own power. It is 
provided with pits 4 ft. 6 in. deep between the rails, 
with shelves 1 ft. high at each side of the bottom 
and illuminated by fluorescent lamps to facilitate 
inspection. Outside the rails there are pits 1 ft. 6 in. 
deep in which the staff can stand to work on those 
portions of the control and auxiliary equipment 
which is mounted on the underframe. Electricity 
supplies at 400/230 and 50 volts, and compressed 
air at 100 Ib. per square inch, can be taken off 
at intervals for use in portable tools and for testing. 
The cleaning shed is also equipped with overhead 
conductors, while stagings are provided on each side 
of the track at carriage floor level to facilitate the 
work. Supplies of electricity, compressed air, 
vacuum and hot and cold water can be drawn off 
at intervals. 

The repair shed has two 25-ton overhead travelling 
cranes which span all three tracks for the full 550-ft. 
length of the building. The building itself is suffi- 
ciently high to enable one coach to be lifted over 
the top of another. Pits 4 ft. 6 in. deep with 
incandescent lighting are provided between the 
tracks and these contain electricity and compressed 
air supplies at convenient points, as in the other 
sheds. The roof and walls of this shed are heat- 
insulated and air heaters are fitted throughout. At 
the north end is a two-storey extension containing 
offices, stores, pump rooms, workshops, etc. 

Since last Monday the electric trains on the 
Liverpool-street-Shenfield line have been running 
on the existing steam timings. From the beginning 
of November, however, these trains will operate on 
accelerated timings and at increased frequency, while 
in the spring of 1950 it is hoped to provide 21 trains 
an hour out of Liverpool Street, three of which will 
stop at all stations to Shenfield, three at all stations 
to Gidea Park, while six will be non-stop to Ilford 





time, too, closing-up signals at the entrance to 
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THE BRITISH ASSOCIATIOD: 
MEETING AT NEWCASTLE: 
ON-TYNE. 

(Continued from page 301.) 


BRIDGING THE GAP BETWEEN SCIENCE AND 
INDUSTRY. 


A LARGE audience assembled in the Stroud Labora- 

tory on Monday morning, September 5, to hear 
Sir Arthur P. M. Fleming, C.B.E., deliver his presi- 
dential address, which bore the title given above. 
Sir Arthur added somewhat to the printed version, 
which will be found ‘on page 264, ante, and Sir 
Andrew McCance, F.R.S., who opened the discus- 
sion which followed the delivery of the address, 
said his remarks related to the address in the form 
which had been circulated prior to the meeting. 
We commented on the address and the discussion in 
a leading article in our issue of September 16, on 
page 283. 
Sir Andrew McCance said the President had 
stated that the function of science was not only to 
provide the new idea which might have industrial 
applications but also to provide the means whereby 
that idea could achieve its industrial fulfilment. 
He wondered if that were not too limited a view of 
problems which were contained within the expres- 
sion ‘‘the gap between science and industry” as 
generally understood. No one could guarantee 
that a new idea was going to be produced from his 
work. There was still less guarantee that a new 
idea might have any industrial application at all. 
Granting that it had, however, the time which 
elapsed between the inception of the idea and its 
industrial and commercial acceptance by the world 
at large was generally agreed by competent authori- 
ties to be about 25 years. It was so with the steam 
turbine and it was so with the electric lamp—to take 
two of Sir Arthur Fleming’s own examples. 

That kind of gap and the extent of it, he feared, 
had to be accepted. The development of completely 
new ideas was a slow and troublesome job. The 
kind of gap which worried most of us who thought 
about the subject was the corresponding gap in time 
which was taking place in the industrial application 
of old ideas, ideas which had already been known 
and accepted by the scientific world but had been 
slow to penetrate into the industrial world. That 
was the main prob!em we had to worry about ; it 
was the situation which gave rise to just criticism 
of our industries and was harmful to our national 
development. To whatever extent it existed in our 
industries to-day it had to be eliminated, but he was 
convinced that if we held to the course we were now 
pursuing in utilising to the fullest extent technically 
trained men for the positions of management in our 
industries, it was a temporary phase we were passing 
through and one which would pass with time, just 
so soon as we had trained both scientifically and 
industrially our full complement of managers and 
directors. 

Sir Arthur had opened his address with a well- 
merited compliment to the North-East Coast on the 
large number of outstanding personalities who had 
been cradled in the district. These men had com- 
bined in themselves those qualities of knowledge and 
leadership which had left their impress on the age in 
which they had lived. Sir Andrew suggested that 
the examples the President had given provided an 
illustration of an important aspect of the questions 
he had raised concerning the gap between science 
and industry. In these days of specialisation, we 
insisted that to make a man a scientist required a 
training period of five or six years. At the end of 
that period a man’s mind had been set in a given 
mould and his interests had been given a definite 
directive. ; 

In the industrial-world a.similar sequence of 
events was taking place. We'took a young man who 
showed the necessary interest and trained his outlook 
for a similar number of years and set it in a mould of 
a different stamp. These men then plodded along 
in their own directions until one day someone told 
them they should be interested in one another’s 
point of view. Soa meeting was arranged, but they 
had both become so stereotyped in their own habits 





and three non-stop to Romford. 


of thought that they could not understand each 
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other’s language. So a third man was engaged to 
act as interpreter—to bridge the gap between the 
two points of view. We were all doing that and we 
were all to blame for the result. Sir Andrew said 
he had always believed that this specialisation—this 
over-specialisation—was the main cause of the 
sluggishness with which scientific methods had been 
applied to British industry. We were so intent on 
turning out a finished product that we spent too 
much time on each job. With little less finish 
we should be more successful in the practical 
realities. 

None of the N.E. Coast men mentioned by Sir 
Arthur was trained primarily as a scientist—they 
were given in some instances a standardised course 
in the science of the time and then entered the 
industrial field with that scientific background ; 
but they were all gifted or their training had imbued 
them with the scientific outlook and they applied 
that to the industry of their own times with out- 
standing success. They had one other quality in 
common—a quality hard to define ; they possessed 
the quality of personality. It was the possession 
of that very human quality at the same time as 
those other accomplishments that made their success 
so outstanding ; we were still a long way from under- 
standing what was required to train and develop 
personality. He was not sure that we were even 
very certain of what a good training for applied 
science should really consist. It was fashionable 
to-day to say that a training in research was neces- 
sary for every applied scientist. This was true for 
a man who intended to make research his life’s work, 
but for a scientist who intended to take up industrial 
management, it was in most cases a waste of time. 
By the time his research training had been added to 
his normal degree training, he had reached an age 
when it was often difficult for the individual to feel 
happy about starting at the bottom of the industrial 
ladder for his training in management. Yet a 
training in that branch of work was more important 
for industry than a training in research. 

It was sometimes hard, too, at that age to avoid 
showing towards the men with whom he came in 
contact a certain sense of superiority in knowledge 
—an attitude which was fatal to his own chances 
of a good training and to his opportunities for 
receiving help from those who had often a great 
deal of practical wisdom behind them. This danger, 
Sir Andrew thought, was one that increased with 
age—the younger a man could complete his tech- 
nica) training and start his industrial training the 
better. He was, therefore, a strong believer in a 
normal and not too long university or technical- 
college course in the subject of choice for the great 
majority of men who intended to take up an indus- 
trial career in applied science. He had used the 
phrase ‘‘ the great majority ” intentionally. Indus- 
try would always require, as well, men who were 
specially skilled in industrial and scientific research, 
for whom some more extended training would be 
necessary. 

They, however, were not the men who were the 
cause of the lag in time between the discovery of a 
new scientific method and its adoption by industry. 
That gap was caused by the managers who did not 
understand scientific method and the scientists who 
did not understand management; and the gap 
would continue to exist until such time as every 
acting manager, before he entered industry, had 
had the benefit of a technical training, and every 
scientist realised that in management there was a 
skill that had to be learned like every other skill. 

Continuing, Sir Andrew said it was only necessary 
to look around the various industries to get evidence 
in support of what he had said. In Sir Arthur’s 
own industry—the electrical industry—little talk 
was heard of the existence of any gap. The com- 
plaint, if any, was the other way round : no sooner 
had the electrical side of your business been 
modernised than their agents came round to tell 
you of the latest improvements which had already 
made your schemes of improvement obsolete. In 
the world of physics it was well known that every 
active system had an appropriate period of relaxa- 
tion. The trouble with the electrical industry was 
that they did not allow other industries a long 
enough period in which to relax. He thought the 
electrical industry and the chemical industry had a 





higher proportion of technically trained men on 
their staffs than had any other industries. 

In the iron and steel industry there was also a 
high density of technically-trained staff and in that 
industry also there was a record of recovery and 
achievement since the war. On the other hand, 
he knew of an industry in which a few years ago 
there were spread among more than 400 firms 
fewer than 20 technically-trained staff men. Many 
of the firms were small firms with small staffs ; 
but even so, what chances had they of keeping 
abreast of scientific advances even in their own 
industry ? These examples were sufficient to indicate 
that an adequate proportion of technically-trained 
men in charge of every technical industry was the 
obvious way to ensure that the advances in the 
scientific knowledge of the day were considered and 
were given their proper measure of suitable indus- 
trial application without delay. 

The next speaker, Wing-Commander T. R. Cave- 
Browne-Cave, C.B.E., said attention had been 
drawn to the extreme importance of having avail- 
able in positions of control in industry men able to 
appreciate the scientific and technical possibilities 
of new ideas. This was of vital importance, but how 
were the universities to make the best possible 
arrangements to ensure that the desired qualities 
were produced ? Could those qualities perhaps be 
defined as a clear understanding of the main funda- 
mental technical principles and a right outlook and 
general point of view—in fact, a right general 
personality ? If so, he was doubtful whether the 
universities were doing the right thing to that end. 
Undoubtedly they were giving their students tech- 
nical knowledge but a great deal more attention 
should be devoted to developing the necessary 
personal qualities. - 

There were two points in the address which he 
would like to stress. The first was the need for 
effective contact between university lecturers and 
the real problems of industry for which they were 
training their students. A student learnt not only 
from lectures, but also from contact with the lecturer 
and from purely casual relations with him. The 
lecturer himself, however, must have that wisdom 
to pass on to his students, and he would obtain 
it to a large extent from his own contacts with 
industry. 

The second point was that, when a student had 
taken his first degree he ought to go out to industry 
to have a look at it. He must not be a purely 
academic man, accustomed to working entirely in 
academic conditions, for he was training for some- 
thing which could be definitely and usefully applied. 
There was a further reason why this was desirable. 
A youngster from the age of 15 or 16 up to inter- 
mediate stage and then through Part I and Part IT 
of his examination had had a large dose of difficult 
engineering with a good deal of very difficult mathe- 
matics. From the training and educational point 
of view it was essential for him to have what might 
be called a “‘stand easy’ for a couple of years. 
This applied particularly to those students who 
intended to take up research. They would come 
back afterwards with experience of industry and 
would be very good research students indeed. 

Mr. J. R. Clarke, who followed, said that Sir 
Arthur Fleming had suggested that there were two 
gaps instead of one between industry and science— 
the gap of materials and the gap of personnel. The 
former, however, had been bridged admirably in 
this country, and he was more concerned with the 
personnel gap which Sir Andrew McCance had also 
stressed. What Sir Arthur Fleming had said about 
the American advance had its analogue in Britain. 
The Americans turned out many graduates from 
their universities who were not of specialist calibre 
and went into industry as technicians. Increasingly, 
in this country, graduates were leaving the universi- 
ties as technicians and it was the Government’s 
intention to develop that tendency. These were 
the graduates with general rather than special 
honours degrees ; they would make excellent tech- 
nicians. In some cases, having started a special 
degree with the intention of taking physics or 
engineering, their studies had been deflected and 
they ended with a general degree after three or four 
sessions. That might be because while they were at 
the university they developed just such qualities 





and personality as Sir Andrew McCance required. 
They realised, perhaps, that they would never 
become specialists and perhaps unconsciously, there- 
fore, they devoted their time at the university to 
other things—organising the various clubs and 
societies, acting as secretary or president of the 
Union, andsoon. They thus developed the qualities 
of personality which were so valuable in industry. 
So far as he was able to ascertain at present industry 
was prepared to receive these general degree people. 

Dr. B. J. A. Bard thought the primary object of 
industrial research was the steady improvement of 
existing materials, processes and projects. Those 
who had visited Billingham and had seen the 
ammonia-conversion plant that had stood for 20 
years but, with improved technique and better 
catalyst, had increased its conversion efficiency from 
6 per cent. to 22 per cent., must recognise in this an 
important example of how to bridge the gap. The 
difficulty in general seemed to be twofold. First, 
there was a management problem ; then there was 
the overcoming of obstacles. On the management 
side there were certain rules which might usefully be 
laid down: managers should be research-minded, 
courageous, and patient. Scientists should explain 
their results lucidly, and should consider the costs 
and the economic implications of their results ; also 
they should bring in the production people as early 
as possible. 

A matter which he rated high was the education 
of the consumer. There was still scope for closer 
and more co-operative producer-consumer relation- 
ships in industry. The question of research expen- 
diture was no longer an important issue. As much 
as possible was being spent, with the prevailing 
limitations, on staff and buildings, but it must be 
remembered that certain factors amplified research 
expenditure when development expenditure came 
to be considered. There was the further factor 
of increase in passing from development expenditure 
to capital cost expenditure on a new application. 
Here, no doubt, difficulties would arise. There were 
already the limitations to the high cost of new 
developments. There were also the practical diffi- 
culties of the industrialist with licences, controls, 
permits and restrictions ; there were the uncertain 
markets, both at home and abroad, and there was 
perhaps still the key bottle-neck—the shortage of 
skilled research men, development engineers and 
technicians. 

Sir Claude Gibb, C.B.E., F.R.S., who continued 
the discussion, said that two points occurred to 
him. First, the President had referred to the prac- 
tice in the United States of firms having their own 
research stations, whereas in Britain the tendency 
was towards co-operative research associations. A 
word of warning must be sounded as to these research 
associations. Fundamental research could often be 
carried out in vacuo; applied research never. The 
research teams must not be isolated from the 
“* bread-and-butter ” designers who had to produce 
designs so economical in production and so efficient 
in operation that they commanded a ready market. 
If the commercial designer were divorced from the 
applied research worker, the commercial designer 
was apt, particularly in heavy engineering, to adopt 
the attitude that if he introduced a development 
into current design he would know the first results in 
three years’ time and whether it worked; in ten 
years’ time he might know whether it was entirely 
reliable. By that time, however, he might have 
committed his company to 30,40 or 50/. millions’ 
worth of equipment for the incorporation of the new 
feature. On the other hand, if the ‘‘ bread-and- 
butter”? designers were working side by side with 
the research workers, new aspects could be investi- 
gated in the current applied research work and these 
new features could be adopted in commercial design 
with greater confidence. 

Finally, he would stress that it was the com- 
mercial designers, in collaboration with the produc- 
tion shops, who must, by the success of their design 
and manufacturing technique, make the profits from 
which all research was financed—and that regardless 
of whether such research was conducted by an 
individual company, a university, or a research 
association ; because, after all, the money had to 
come from the result of productive effort. If the 
research worker had a little more commercial instinct 
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there would be less of a gap between science and 
industry than existed at the present time. 

Professor F. E. Hackett referred to the fact that, 
some years previously, the Institution of Electrical 
Engineers bad published a valuable survey of the 
teaching of engineering in universities, in which it 
was pointed out that the primary aim of the univer- 
sity teacher was to teach the engineering student 
to assess evidence and to form a judgment. In the 
subsequent discussion, however, he had seen no 
evidence that the engineering schools of Great 
Britain were making any effort to direct themselves 
on those lines. Generally speaking, the engineering 
system in the British Isles was under the influence 
of examinations, and examinations involved a great 
deai of credulity. It took a very long time to change 
text-books, and the student was taught to follow the 
text-book. One of the things engineering teaching 
should do was to teach students to assess the 
evidence of the text-books. 

There were certain difficulties in the university 
System, especially as applied to engineering. The 
five or six years from 18 to 22 were formative years 
and no doubt professors were able to provide all 
the technical knowledge required ; but in all the 
curricula he had examined there was not one which 
did not impose on the first-year engineering student 
about 20 lectures a week with about 30 hours’ work 
in the college. This was carried through almost 
up to the fourth year. He did not know about the 
students of Great Britain, but Irish students had a 
profound aversion from more than 45 hours a week. 
Neither did this system make for efficiency of the 
university machine. He was not sure what direction 
a change should take, but one step would be for the 
Institution of Electrieal Engineers to combine their 
valuable survey with some of the remarks just made 
by Sir Arthur Fleming and Sir Andrew McCance 
and issue a general survey of the principles that 
should guide engineering teaching. 

Dr. A. T. Bowden said he did not think there was 
so wide a gap between science and industry. 
Industry absorbed as much scientific research as 
the managerial staff thought would pay ; for after 
all industry was a paying concern. As to the 
training of personne] to undertake industrial 
research, however, the methods were legion. As 
Nietszche had said, nature’s method was a very 
roundabout one of obtaining three or four outstand- 
ing men. Any system for training research person- 
nel would finish up with no more than three or four 
outstanding men. Men of good ability tended to 
be either over-paid or under-paid. If they were 
over-paid they liked their own way; and if they 
were underpaid they were here to-day and gone 
to-morrow. One of the great difficulties at present 
was the inability of managerial staff to appreciate 
common knowledge. On the whole, developments 
were slow to come into use, though 25 years was 
probably an over-estimate. Nevertheless, it was 
a far cry from the modern gas turbine to the original 
experiments, and it was apt to be forgotten that 
devlopment went on steadily all the time. 

The discussion was concluded by Sir Henry 
Tizard, G.C.B., F.R.S., who said there was very 
little in Sir Arthur Fleming’s address with which 
he disagreed. He doubted if we should be far 
behind when it came to the industrial application 
of discoveries made in the study of nuclear pheno- 
mena; and if we were, it would not be due to the 
shortage of experienced scientists, as suggested, but 
rather to the shortage of engineers with the right 
kind of education. However, that was a matter 
for the future: he did not think that it was at all 
likely that any industrial application of nuclear 
energy would add materially to the wealth and 
happiness of the world for many decades. 

He agreed with Sir Arthur regarding the import- 
ance of reducing the time lag between the discovery 
of a new idea and its ultimate conversion into a 

usable product. He thought that so far as industrial 
prosperity was concerned, it was the most urgent 
problem which we must face. Unless we could 
hasten the application of science to industry in this 
country, we should cease to count among the great 
nations of the world. Few people fully realised 
the economic consequences of the war. We were 
confronted with an economic and financial position 


if we made things better and cheaper, and if we were 
bold and adventurous in industry. There must be 
changes on a big scale, if we were to recover our 
balance, let alone maintain our standard of living. 
The alternative was for men to work much harder 
for longer hours at much lower wages; and none 
of us wanted that except in the last resort. 

Whatever might be the reasons for our compara- 
tive backwardness in certain branches of industry, 
the lack of fundamental] research was not one of them. 
In quality and quantity, fundamental research in 
this country was unsurpassed in any other country. 
It was true to say, as be had said in his presidential 
address last year, that the rate of acquiring funda- 
mental knowledge was greater than the rate at 
which it could possibly be applied to industry. 

How, he asked, could this application be brought 
about? Part of the answer was by scientific 
and technical education in all branches and edu- 
cation for management. Reforms that depended 
on better education, however, were necessarily 
slow to achieve ; and in the meantime we must do 
our best with what we had, and must recognise 
that the large majority of the many thousands of 
managers of British industry did not read scientific 
reports and would not understand them if they did. 
Sir Henry asked how we could get across to them, 
in a convincing way, the new developments of 
technology which were waiting to be applied. 

He was referring particularly to the hundreds of 
small industrial units which were unable to bear 
the cost of extensive research laboratories, but which 
were collectively a source of strength to the country. 
It was for their benefit that the industrial research 
associations were formed, but it must be confessed 
that their work had been far less productive of 
practical results than their originators had hoped. 
It was not easy tounderstand why. One contributing 
factor might be that they had not set out to demon- 
strate the value of their suggestions on a sufficiently 
large scale. 

Even in the large industrial units, which main- 

tained their own organisations for research and 
development, an apparent reluctance to embark on 
adventurous projects could be observed, possibly 
for the same kind of reason, namely, that they were 
not prepared to risk the capital expenditure on 
development. Most important new developments 
needed large capital expenditure before they 
became an integral part of manufacturing industry. 
We did not spend enough, wisely enough. Sir 
Arthur had rightly referred to Newcastle as a home 
of new enterprises ; but even Newcastle could not 
look back on its history with complacency. Sir 
Charles Parsons was almost at his last financial 
gasp when his spectacular demonstration of the 
Turbinia at Spithead caused the Admiralty to 
finance further development ; and, if Parsons had 
not been able to bear the cost of that full-scale 
demonstration, was it likely that Great Britain would 
have been the original home of the turbine ? 
The more he studied this question of bridging the 
gap between science and industry, the more he felt 
convinced that we must find a way of spending 
far more on development, large-scale application, 
and re-equipment than we had in the past. It was 
almost useless to extend the facilities for scientific 
and industrial research unless we also proposed to 
take the promising results of research a stage further. 
All this meant capital expenditure. All application 
of scjence to industry involved capital expenditure, 
varying in amount according to the nature of the 
discovery. The industrial productivity of a nation, 
and its standard of living, must be closely related 
to the real value of the capital equipment of industry, 
and to the rate of its increase. It might well be 
that it was the ability and willingness to finance 
new unproven developments and processes, rather 
than the volume of research, that now really deter- 
mined the rate of application of science to industry. 
Sir Henry Tizard then proposed a vote of thanks 
to the President for his address, remarking that 
the practice of his firm, Messrs. Metropolitan- 
Vickers, of taking young men and giving them an 
opportunity to continue their education had been 
initiated by Sir Arthur. The results had been very 
striking and in this way he had made a very impor- 
tant contribution towards bridging the gap. 





of great danger. We could only escape disaster 
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A Textbook on Heat. By J. H. AWBERY. Longmaiis, 
Green and Company, Limited, 6 and 7, Clifford-stre:t, 
London, W.1. [Price 15s. net.] 

Most of the text-books on heat have been written 

by professional teachers for the benefit of engi- 

neering students, and consequently they have 
covered much the same ground in much the same 
manner. The author of the present little volume 
has taken a broader outlook, and recognising the 
basic position of thermodynamics in the field of 
physics, has set himself the task of presenting the 
essentials of the subject in a manner suited to the 
needs of students of physics in general. He starts 
from the common notion of temperature, and pro- 
ceeds thence to discussions of thermometry, calori- 
metry, latent and specific heats, and the deter- 
mination of Joule’s Equivalent. These matters 
occupy the first seven chapters, which together 
constitute practically one-third of the book. The 
treatment, so far, is entirely non-mathematical and 
makes pleasant and easy reading, but one may 
wonder whether the details of laboratory apparatus, 
and the accounts of the attempts by a dozen or 
more different experimenters to arrive at the exact 
relationship between heat and work are really 
worth the space accorded to them. After all, it is 
facts that are of importance, and not the means 
by which they have been ascertained. It is a hopeful 
sign that Mr. Awbery, with his background of 
experience at the National Physical Laboratory, 
should commend the practice of expressing heat 
quantities in terms of their electrical equivalents. 
This makes the unit of heat independent of the 
vagaries of the specific heat of water, and so avoids 
the nuisance of having three or four different 
meanings of the word ‘“‘calorie.”” He attributes 
this reform to American workers, but we think it 
was first adopted by the International Steam Tables 

Conference at its London meeting about 15 years 

ago, when the kilo-calorie was fixed by definition as 

1/860 of a kilowatt-hour. 

The author deals in the next two chapters with the 
two laws of thermodynamics. He leads up to the 
first law by a discussion of the meaning of internal 
energy, and then he propounds the law in the form 
of a declaration (printed in capitals) that “‘ The 
internal energy U of a substance or system, counted 
from a standard state, depends only on the state 
of the system.’’ While this is undoubtedly true, it 
will hardly convey to the student the same meaning 
as the orthodox statement of the law which declares 
that heat and work are mutually convertible at a 
fixed rate of exchange. From this point onwards 
the book becomes much more interesting as regards 
both subject-matter and the style of treatment, 
though of necessity the latter gets much more 
mathematical. The properties of a perfect gas are 
dealt with very briefly, much more attention being 
given to the equations of state derived by various 
authorities to take account of the nature of actual 
gases. The thermal properties of solids and liquids 
are next discussed with reference to their molecular 
and electronic structures, and after separate chapters 
on radiation, conduction and convection of heat, 
there is an excellent summary of thermodynamics 
from the point of view of statistical mechanics. One 
could wish that this had been much less condensed 
for the subject is of such immense importance to 
the student of modern physics. A similar wish 
may be expressed with regard to the brief chapter 
on the application of thermodynamics to chemistry. 
Two chapters only are directly concerned with 
engineering matters, and these, unfortunately, leave 
grounds for criticism. In connection with a tem- 
perature-entropy diagram illustrating the thermal 
cycle of an ammonia refrigerating plant, it is stated 
that expansion through the throttling valve is 
represented by the passage of the state-point down 
the liquid entropy curve of the diagram. This is, 
entirely wrong, as it would make the entropy 
decrease instead of increasing in a thermo-dynamic- 
ally irreversible process. Again, with regard to the 
action of a steam engine, the reader is told that the 
abstraction of heat in the condenser is not an 








(To be continued.) 


isothermal process, but one carried out at constant 
pressure. A moment’s thought would have shown 
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the contradiction involved, for the temperature of 
saturated steam must be as constant as its pressure. 
Elsewhere, the author asserts that ‘‘ no extra fuel is 
consumed by superheating”’ because superheating 
can be done by gases that would otherwise be 
wasted. This would be very nice if it were true, 
but, unfortunately, when gases are too cool to be 
useful to the boiler they obviously cannot do any 
good in a superheater which has perforce to be at 
a higher temperature. Moreover, it is not ‘‘ engi- 
neers’ parlance,”’ as stated, to say of superheated 
steam that ‘‘ its dryness fraction is small” for such 
a remark would be devoid of sense. The description 
of the Parsons turbine is confined to a single para- 
graph, in which the statement that “*. there 
may be a number of stages in a turbine. If so, 
there are divergent nozzles between them. . . .” 
will surprise engineers who are familiar with the 
type of turbine in question. A more careful revision 
of the manuscript would have eliminated these and 
other errors. For example, in an earlier chapter, 
when referring to mechanical matters, the author 
says that “‘ if friction acts, then although momentum 
is conserved, energy is not,’ which is the exact 
converse of what he may be presumed to have 
meant. And a little later we read that ‘electrical 
potential is defined as the work required to move 
. « . the electric charge,” whereas no one can 
know better than the author that work and potential 
are dimensionally different quantities, and neither 
can be defined in terms of the other. In spite of 
the defects to which we have felt compelled to call 
attention, the book has much merit, and is likely 
to appeal to many readers by reason of the novel 
presentation and the range of its contents. 


Practical Astronomy : a Text-book for Engineering Schools 
and a Manual of Field Methods. Fourth edition. By 
Proressor G. L. HOSMER; revised by ASSOCIATE 
Proressor J. M. Ropsins. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 


U.S.A. [Price 4-50 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
278. net.) 


THE preparation of a manual on astronomy for 
civil engineers involves a nice balance of considera- 
tion between the class of observations which can be 
performed with surveying instruments, and those 
for which much more elaborate equipment is 
required. Nevertheless, the subject offers consider- 
able scope, for, while the study of the constellations 
and rapid methods of star identification is essential 
for the navigator, at sea and in the air, a knowledge 
of the position of the stars within a given constella- 
tion is most useful to engineers concerned with 
surveys of open country. In such circumstances, 
successful results depend most of all on a combina- 
tion of the requisite theory and a working acquaint- 
ance with the various instruments, the practical 
limitations as well as maintenance and manipulation 
of them. Perusal of the book under review leaves 
no doubt that these requirements were fully appre- 
ciated by Professor Robbins when |} > revised the 
previous edition of this work, which -as published 
25 years ago. 

The treatment is arranged in two parts, the first 
being of equal importance to the navigator and the 
surveyor, whereas the second is restricted to the 
needs of the civil engineer. Thus, starting with real 
and apparent motions, the reader is introduced to 
spherical co-ordinates and the relations between 
them in a manner that gives meaning to Chapter 5, 
on the measurement of time. In these sections the 
customary assumption is made that the right 
ascensions and declinations of the celestial objects, 
and the various other data not obtained by direct 
observation, are known to the computer, so that 
@ much, wider field of interest is opened up by the 
following chapter, dealing with the interpolation of 
data from such publications as the Nautical Almanac, 
the American Ephemeris, and the catalogue of 
Apparent Places of Fundamental Stars. In proceed- 
ing, by way of a section under the main heading of 
“The Earth’s Figure,” to one on the description of 
instruments, the serious student will find much 
useful information on the proper use of the engineer’s 
transit, sextant, and watches, the elimination of 
errors in horizontal angles, and the utility of the 
solar attachment for a rapid mechanical solution of 





the astronomical triangle when surveying in tem- 
perate zones, the restriction arising from the sun’s 
position in the tropics and the Arctic regions. Such 
readers will also welcome the instructive diagrams 
of the principal fixed stars which illustrate the text 
of the chapter on the constellations. 

Applications of these general principles of astro- 
nomy to the work of surveying are, with equal care, 
expounded in Part II, under the chapter headings of 
observations for latitude, for time and longitude, 
and for azimuth. It is well to have these topics 
discussed in detail, as here, since for engineers the 
determination of the azimuth of a line is the most 
important of all the astronomical observations 
involved in topographical and route surveying. 
Further, it is always desirable to employ the true 
meridian and true azimuths, as the use of the 
magnetic meridian or an arbitrary line of reference 
at one stage more often than not only leads to 
trouble at a later stage, when the survey is extended 
and the results checked by cross-triangulation. The 
range of examples and of the tabulated data afford 
trustworthy guidance for most problems met with 
in practice, and the size of the book is such that it 
may readily be carried in the pocket, a point of 
practical value in many instances. 


Elementary Mechanical Vibrations. By PRorrssor A. H. 
OnurcH. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 
22s. 6d, net.) 

THE gradual increase in the number of text-books 
dealing with the elementary theory of mechanical 
vibrations places a wide choice of methods at the 
disposal of students and teachers of a subject which 
is of practical value for various reasons. One is 
that the essentials of the theory are within easy 
grasp of the average beginner, whether he chooses 
the analytical or the graphical way of approach to 
@ given problem. Another is the great variety of 
applications to be found in practice ; the aim may 
be the prevention of vibration or noise from 
unbalanced machinery on the one hand, or, on the 
other, the utilisation of vibration for certain indus- 
trial purposes. As a book of this type stands or 
falls by the method of presentation, rather than by 
the matter presented, it may be stated at the outset 
that Professor Church’s method is characterised by 
conciseness and simplicity of expression. 

Beginning with one degree of freedom, the author 
discusses both undamped and damped vibration, 
first in the case of free motion, and then in the 
case of forced motion. These considerations occupy 
one-half of the 200 pages which make up the book, 
with the result that important points are explained 
in a commendable manner. This applies also to the 
second half of the book, in which four chapters are 
devoted to the case of two degrees of freedom, and 
more particularly to a shaft executing torsional or 
transverse vibration. Throughout the nine chapters 
in which these topics are expounded, special atten- 
tion is paid to the practical side of the matter as 
exemplified by the methods of Holzer, Rayleigh, 
and Stodola, and to the graphical procedure in 
particular instances. There are also useful remarks 
on the factors that influence the critical speeds of 
a shaft, under the headings of length and stiffness 
of bearings, the gyroscopic action of a rotating 
disc, and the shrink fit of pulleys. By sacrificing 
mathematical rigour to an explanation of the 
physical phenomena under discussion at different 
places, Professor Church has managed to bring under 
review several problems of interest in the works 
and the drawing office, the related question of 
balancing machinery being dealt with in the final 
chapter. As the needs of the beginner are amply 
met by illustrative examples in the text, and 
exercises, with answers, at the end of each chapter, 
the book may be recommended to those seeking an 
instructive introduction to the study of mechanical 
vibrations. 





THE LONDON AIRPORT.—The Ministry of Civil Avia- 
tion, Ariel House, Strand, London, W.C.2, are desirous 
that the main airport of London should be known as 
the London Airport. From time to time, it has been 
referred to as “‘ Heathrow,” and the Ministry request 
that the title ‘‘ London Airport,” should be used on all 
occassions. 





JAPANESE POST-WAR 
SHIPBUILDING. 


By Commander (E) J. H. Dean, M.I.N.A., 
R.N. (Rtd.). 


Arter the surrender of Japan on August 14, 1945, 
the inter-Allied Far Eastern Commission in Washing- 
ton adopted a policy providing that all Japanese 
naval and merchant shipbuilding facilities, in excess 
of those required to build 150,000 gross tons annually 
and to service a merchant fleet of 3,000,000 gross 
tons, were to be made available for reparations. 
Japanese reparations, combined with the subject of 
Japan’s overseas assets frozen during the war, were 
among the most controversial matters with which 
the Far Eastern Commission had to deal, and no 
shares schedule could be agreed upon. Industrial 
surveys of Japan in 1947 and 1948 pointed to the 
conclusion that the amount of capital equipment 
surplus to Japan’s peace-time economy had been 
greatly over-estimated ; deprived of its military and 
economic conquests, the country’s productive 
capacity was reduced to that of the home islands, 
for the subsistence of 80,000,000 inhabitants. 
There was a 30 per cent. deficiency in food produc- 
tion. The occupation of Japan is costing the 
United States nearly 1,000 mill’on dols. annually ; 
so that, apart from the contents of 18 Government 
arsenals delivered to those Far Eastern countries 
devastated by the Japanese during the war as 
advance transfer reparations, the United States 
Government opposed the further removal of any 
capital equipment by which the Japanese might 
recover their economy. 

Japanese shipyards hope to make shipbuilding for 
export one of their biggest post-war recovery factors, 
possibly greater than textiles, which constituted 
their richest industry before the war. There are no 
restrictions by the Occupation on the amount of 
merchant shipping which may be built either for 
coastal needs or for overseas buyers. The only 
provisos are that the Supreme Commander's G.H.Q. 
must validate all contracts and that payments shall 
be in dollars, which are credited to a G.H.Q.- 
controlled commercial account. There are 80 
recognised yards which build steel ships in Japan 
and over 500 which build wooden craft only. 
Seventy-three of the former have an annual con- 
struction capacity totalling 650,000 gross tons, and 
56 have an annual docking and repair capacity of 
6,500,000 tons. The 500 odd small construction 
yards have an estimated capacity of 240,000 tons, 
for units under 100 gross tons. There are no precise 
formule for determining the capacity of a shipyard 
for the construction and repair of ships, and esti- 
mates are a matter of judgment based on experience 
and records. 

Since the surrender, the Japanese have built or 
are building 725,000 tons of steel and wooden 
shipping to both domestic and foreign orders, and 
at the present moment are building nearly 100,000 
tons for foreign buyers. Japan’s customers in- 
clude Russia, Denmark, Norway and the Philip- 
pines. Present construction includes one 18,000-ton 
oil-tanker for Norway, two 15,000-ton tankers and 
three 5,000-ton freighters for Denmark, and three 
9,400-ton freighters for the Philippines. The prin- 
cipal factors attracting overseas buyers to Japan 
for new shipbuilding are the prospect of quick 
delivery and the low costs, which are based on cheap 
labour. Keels are laid almost before the ink on 
the contract is dry. Japanese shipyards offer 
foreign buyers a wide choice of machinery, many 
manufactured under licence—steam reciprocating en- 
gines, turbines, and Diesels (M.A.N., and B.and W.). 
Notwithstanding the international rules governing 
patents, it is possible to obtain such auxiliary equip- 
ment as, for example, a Laurence Scott winch. 
Their standards for accommodation, companion 
ways, equipment, etc., appear to be based on an 
average man’s height of 5 ft. 2 in., and this is notice- 
able on machinery controls. Welding technique, 
always open to distrust, is particularly low in Japan. 
A prospective owner of a ship to be built in Japan 
needs a highly qualified staff of experts to ensure 
specificatiogs being strictly adhered to. 

It is early yet to know how the post-war Japanese- 














te 


|| 





EN 


SINSERING 








UNIVERSAL AND SURFACE GRINDING 


MESSRS. THOMAS SADLER, SONS AND COMPANY, CROYDON, 











SEPT. 30, 1949. 





MACHINES. 





SURREY. 

















Fie. 1. 


built ships will stand up to sea service. Japan 
has contributed littlet » modern szienti ic knowledge, 
and generally Japanese designs are copies. The 
brief ignominous career of the 75,000-ton battleships 
built during the war is still fresh in mind. Some 
95 per cent. of Japan’s dockyard equipment consists 
of Japanese-manufactured copies of Occidental 
designs, and by modern standards is out of date. 
The remaining 5 per cent. are ‘“‘ key” machines, 
usually of British, German, or American origin. The 
Japanese artisan is very industrious but without 
imagination in the use of labour-saving devices. 
Factory legislation for the protection of workmen 
hardly exists, and labour organisation is in its 
infancy. 





UNIVERSAL AND SURFACE 
GRINDING MACHINES. 


Two entirely new grinding machines have recently 
been marketed by Messrs. Thomas Sadler, Sons and 
Company, 62, High-street, Croydon, Surrey. The 
first is the “ Premacto” universal grinder, which is 
illustrated in Fig. 1, on this page. Designed primarily 
for grinding circular knives for paper mills, it may be 
used also to grind large milling cutters, slitting saws, 
circular saws and all types of large tools; cylindrical 
and surface grinding also are within its capabilities. 
The machine is carried on a heavy fabricated or cast 
base which contains the suds pump, the coolant sump 
and storage space for tools and accessories. It comprises 
a workhead and a grinding head, each powered by its 
own electric motor. The workhead may be rotated 
through 180 deg. about a vertical axis and is locked in 
position by a clamping ring. An electric motor drives 
the hollow spindle through a worm reduction gear 
and a vertical shaft, which is mounted in combined 
radial and thrust bearings. The chuck or mandrels 
are accommodated in the end of the spindle, which is 
§ in. in diameter and rotates in two combined radial 
and thrust ball bearings, as well as in roller bearings. 
An indexing type head can be provided if required. 
A dressing diamond is mounted in the work-head 
housing and, except when very large work is being 
ground, can be left in position while the work is in 
progress. The grinding head is built up of three 
slides, each of which a degree of rotary 
movement. The bottom slide is mounted on the 
baseplate and can be rotated through 180 deg. Travers. 
ing is performed by the second slide, whith is controlled 


** PREMACTO’”’ UNIVERSAL GRINDING MACHINE. 
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by a worm and worm wheel, while the upper slide 
gives a cross-feed motion, controlled in a similar 
manner. The cross-feed slide can be rotated through 
30 deg. and, like the traversing slide, is marked in 
thousandths of an inch. The grinding-wheel carrier 
can be rotated through 15 deg. and carries a 1} in. 
diameter spindle in combined radial and thrust bearings. 
This spindle is driven through a V-belt from a motor 
mounted above the carrier or, as an alternative, directly 
from a flange-mounted motor. Two speeds are 
provided and these are controlled electrically. Starting 
and stopping of the workhead and the wheelhead are 
controlled by push-button contactor starters. The 
machine can be used for wet or dry grinding and is 
supplied complete with suds pump, tank, feed and 
nozzle ; it will accommodate parts with a diameter up 
to 16 in. or down to 1 in. 

The second new grinding machine which has been 
introduced by the same firm is a precision surface 
grinder known as the “Seastrand Minor.” It is 
made in both bench and floor models, the former being 
illustrated in Fig. 2, on this page. The work is fixed 
by a vice or non-electric magnetic chuck, to a work-table 
mounted on the base of the machine, and the cup- 
shaped grinding wheel is attached to the lower end of 
the shaft of an electric motor above. This motor, 
which delivers $ h.p. and revolves at 2,800 r.p.m., is 
fixed to a radius arm which is arranged so that it can 
rotate about the axis of a vertical column and slide up 
and down it. A lead screw and hand wheel control 
the vertical motion and the arm may be locked in any 
position by two hand screws; two leather concertina 
bellows protect the column and the vertical screw from 
abrasive particles. Any slack caused by wear of the 
lead screw is taken up by a compensating nut under the 
arm, and vertical play in the motor shaft is eliminated 
by a spring-loaded ball-bearing thrust race. The 
grinding wheels recommended have a diameter of 6 in. 
with a rim thickness of } in., and the maximum distance 
available between the grinding wheel and the baseplate 
is 8 in. Narrow work pieces up to 24 in. in length 
may be ground, and the wheel will cover 50 square 
inches in any one pass. The accuracy is stated to be 
0-001 in. pe> foot. 





RoyaL AERONAUTICAL SOCIETY CHARTER SCHOLAR- 
sHIp.—The first award of the Royal Aeronautical Society 
Charter Scholarship of 3001., for the year 1949-50, has 
been made to Mr. J. A. Dunsby, B.Sc., a student of the 
Society. He is taking a post-graduate course in aero- 
nautics at Imperial College, London. 








‘* SEASTRAND MINOR ”’ SURFACE GRINDING MACHINE. 
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AERONAUTICAL SOCIETY. 


Tue Fifth British Commonwealth and Empire 
Lecture, which is presented to the Royal Aeronautical 
Society each year alternately by representatives from 
the Commonwealth and the United Kingdom, was given 
on September 15, by Mr. E. H. Atkin, B.Sc., F.R.Ae.S., 
chief designer of A. V. Roe (Canada), Limited. 

For his subject Mr. Atkin chose “ Inter-City Trans- 
port Development on the Commonwealth Routes.” 
As was to be expected from the designer of the Avro 
C-102 jet liner, which made its first flight in Canada a 
few days after the de Havilland Comet jet-propelled 
air liner first flew in this country, he was concerned 
mainly with putting the case for jet-propelled transport 
aircraft for operation over stages of 250 to 1,000 miles, 
with particular reference to the suitability of such 
aircraft for routes within the Commonwealth. The 
lecturer presented the results of a comparative analysis 
of two 40- to 60-passenger air liners, at all-up weights 
between 40,000 and 60,000 Ib., one powered by jet 
engines and the other by propeller turbines. 

Using the standard Air Transport Association formula 
to compute direct operating costs, he found little 
difference in cost between the two forms of propulsion 
when operat ng at the optimum stage distance. In the 
case of the jet aircraft the fuel cost formed a higher 
proportion of the total direct operating costs, whereas 
the propeller-turbines showed higher engine mainten- 
ance costs and depreciation. If, therefore, traffic-control 
techniques were to be radically altered to be more suit- 
able for turbine-driven aireraft, then the lower fuel 
reserves which could be carried would have more fav- 
ourable effect on the economy of jet aircraft than on 
propeller-turbine aircraft. Similarly, improvements in 
gas-turbine fuel consumption, such as could be expected 
within the next few years, would extend the optimum 
range and economy for the jet-liner to a much greater 
extent than the propeller-turbine. When, moreover, 
overheads and indirect operating costs were taken 
into account as well as the direct operating costs, Mr. 
Atkin contended, the faster jet-liner showed itself to 
be much more economical than the propeller-driven 
aircraft, because the higher speed meant that more 

nger-miles per 1,000 hours could be flown, and 
ewer aircraft would be needed to run the same number 
of services. 

That a provocative paper such as this one should be 
presented as a formal lecture is, perhaps, to be regretted; 
the controversial nature of Mr. Atkin’s conclusions 
would have formed an admirable starting point for a 
lively discussion on the relative merits of propeller- 
turbine and jet propulsion for short-stage air liners. 
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EDUCATIONAL SCHEMES OF THE 
FORD MOTOR COMPANY. 


On Tuesday, September 20, at a 20-acre site near 
Romford, Essex, a demonstration of agricultural 
machinery was staged by the Ford Motor Company, 
Limited, Dagenham, Essex; exhibits showing the 
activities of the company’s educational and training 
schemes were on view. The demonstration was the 
first of a country-wide series, designed to help farmers 
to achieve the best results in the use of mechanical 
farming equipment. The complete range of the 
company’s agricultural and industrial tractors was 
shown, each of the 60 or more tractors working in 
conjunction with a different agricultural or industrial 
implement. Some of these implements were made 
by the Ford Motor Company and others by different 
manufacturers ; among the more recent of them were 
the Ford-Ransome mounted reversible plough, a new 
root-harvester and the prototype of an interesting 
single-furrow deep-digging plough. All the implements 
and accessories were designed for use with the “ Major ” 
tractor. 

The four main educational and training schemes 
cperated by the company are of interest in that they 
show the complete way in which this company tackles 
the problems involved in producing, marketing and 
subsequently servicing automobiles and _ tractors. 
Four schemes are in operation, each with a different 
purpese. They are a trade school, a scholarship 
course, a trainee scheme and a “ facilities”? school ; 
all are situated in or near the main works at Dagenham. 
The trade school is located in the main factory and 
accommodates about 100 students at atime. It has its 
own engineering shop, class rooms, dining room, library 
and mechanics laboratory, and is run by a staff consist- 
ing of a principal, two class teachers, a shop foreman and 
ten engineering instructors. The students are selected 
by competitive examination from local schoolboy 
applicants between the ages of 15 years and 15 years 
8 months, and are given a comprehensive training over 
a period of four years. General educational studies 
are continued during this period, and the students 
are paid on a rising scale throughout the course. 
Practice in the workshop and on the drawing board 
is combined with a theoretical training similar to 
that given in a junior technical institute. The student 
is free to leave the school at any time should he so 
wish, but the good pay, training and general conditions 
usually persuade him to remain and eventually to 
enter the company’s main organisation. The depart- 
ments most popular with students who have completed 
the course are the drawing office, the inspection depart- 
ments, the laboratories, the machine repair department, 
and the tool room. 

The scholarship course is on a higher technical level 
than the trade school and, naturally, has a bias towards 
automobile engineering. Candidates must be between 
16 years and 17 years 9 months in age, and are required 
to sit for a competitive examination at their college or 
school. They must have been educated already to 
school certificate or first-year National Certificate 
standard, and they receive yen on a rising scale 
throughout the duration of the course, which lasts 
three years. The students’ time is divided between the 
Ford factory, where they are attached in turn to the 
various departments, and the South-East Technical 
College at Dagenham, where they take the National 
Certificate course. In addition to this, they are required 
to take special courses in automobile construction and 
operation, and in vehicle workshop practice, these 
being given also at the technical college. During the 
factory training the students are under the constant 
supervision of an instructor and their energies are not 
diverted to a long succession of uninstructive routine 
tasks. They live in selected billets near the technical 
college and their welfare is the responsibility of a 
member of the staff of the company. On completing 
the course, they are expected, but not bound, to take 
up positions as skilled technicians or administrative 
staff in the company’s main organisation. 

Designed to provide a flow of well-educated young 
men into junior executive posts within the company, 
the trainee scheme provides a basic training period of 
18 months, during which the trainee obtains a thorough 
grasp of the scope and organisation of the factory. 
Candidates must possess a good all-round educational 
background and high personal qualities; they are 
brought in from many sources, including the appoint- 
ments offices and Technical’ and Scientific Register of 
the Ministry of Labour, the appointments boards of 
the Universities, the resettlement branches of the 
Services and several ex-service organisations. Any 
employee of the company whose education is up to 
the required standard may be transferred to the 
scheme. After the basic training has been completed, 
the trainees are given a specialised training and placed 
in a department for which their particular aptitudes 
make them suited. « 

The“ facilities ’’ school is of an entirely different nature. 


R tly re-epened in new and extensive premises near 








the Dagenham works, it provides one-week training 
and refresher courses dealing with various aspects of 
automobile and tractor maintenance, and is intended 
solely for mechanics and other staff employed by Ford 
dealers and fleet owners. There are, at present, 11 
such courses, including one on workshop organisation 
and management. Dealers in Ford cars, trucks or 
tractors may send any of their staff to attend these 
course, which are provided free, and it is usual for 
a mechanic, for instance, to take a number of one- 
week courses in succession, obtaining a certificate cf 
proficiency at the end of each. These certificates are 
valid for a period of two years, after which they lapse 
until a refresher course is taken. The school is laid out 
as a number of self-contained instruction rooms, each 
housing the complete range of components and assem- 
blies appropriate to the course, together with the 
recommended servicing tools and equipment. In 
addition, a garage is provided which accommodates 
current automobile and tractor models, these being 
used for instruction in fault diagnosis, engine tuning, 
maintenance and repair sequences. The school is 
designed for an intake of 2,000 students a year, and is 
instrumental in providing a high standard of service 
facilities at every service depot which handles the 
company’s products. Distant areas are covered by 
three mobile schools which are in operation throughout 
the country ; each of these provides the same courses 
as the school at Dagenham, and they are set up on 
the premises of main dealers. 





LECTURES ON STEELWORKS PLANT. 


A SPECIAL post-graduate course of 19 lectures on 
the design, operation and maintenance of steelworks 
plant is to be held at 7 p.m., on Thursdays, commencing 
on October 13, at the University, St. George’s-square, 
Sheffield, 1. The course has been organised jointly by 
the Departments of Engineering and Fuel Technology, 
and is intended for advanced students of the University 
and for professionally-qualified men from industry in 
the district. Each lecture will last for about an hour 
and a further hour will be devoted to discussion. The 
first lecture of the course will deal with “‘ The Layout 
of Steelwcrks”’ and it will be by Mr. H. H. Mardon. 
Subsequent lectures will be held on each Thursday 
without a break until December 8. The subjects and 
the names of the lecturers of these will be “ Soaking 
Pits,” by Mr. H. Southern; “ The Layout of Rolling 
Mills,” by Mr. W. Bailey; “‘ Reheating Furnaces,” by 
Professor R. J. Sarjant; ‘‘ Modern Views on Gas 
Producers,” by Dr. G. W. C. Allan; ‘‘ Developments 
in the Combustion of Solid Fuels,” by Dr. G. Whitting- 
ham; “ Hot Rolling Mills and Auxiliary Machinery,” 
by Mr. W. W. Franklin; ‘‘ Hot Rolling Mills and 
Auxiliary Machinery ” (second lecture), by Mr. G. Phipps; 
and “ Flat Rolling Mills,” by Mr. J. Malborn. 

The course will be resumed on Thursday, January 19, 
1950, and will continue on each Thursday until 
March 23. The first lecture will be on “Cold Rolling 
Mills’ and will be by Dr. L. R. Underwood. The 
subsequent nine lectures will deal with “ Seamless 
Tube Making,” by Dr. J. W. Jenkin; “Roller 
Levelling and Coiling,” by Mr. F. A. Batty; “The Cold 
Forming of Steel Sections from Tube and from Strip,” 
by Mr. J. L. Spencer; “ Electrical Machinery for 
Steelworks,” by Mr. N. R. D. Gurney; ‘‘ Automatic 
Controls in Steelworks,” by Mr. H. 8. Carnegie ; 
‘Design and Maintenance of Instruments,” by Mr. 
S. S. Carlisle ; “‘ Plant Control in Steam Engineering,” 
by Mr. G. Graham; “ Industrial Electric Furnaces,” 
by Mr. A. G. Lobley ; and “ Lubrication of Steelworks 
and Allied Plant,” by Mr. H. J. Knight. 

The purpose of the course is to provide a balanced 
and up-to-date account of current practice, conceptions 
and developments in the design, operation and main- 
tenance of the plant and machinery involved in the 
manufacture of steel, from the ore to the finished 
steelworks product. It has been found impracticable to 
cover the whole range of subjects in a single session, 
and it is intended to provide a course of similar type 
next session, namely, that of 1950-51. This will include 
such topics as ore preparation, blast-furnace plant, 
open-hearth furnaces, structural frames for melting 
shops, firing with solid and liquid fuels, chargers, 
cranes and conveying equipment, forging, extrusion 
and drawing presses, wire drawing, and bar-drawing 
machinery. In order that adequate accommodation 
may be provided, those intending to participate are 
asked to notify the Registrar of the University before- 
hand. The fee for the 1949-50 course is IJ. 1s. 





FLYING DISPLAY OF BRITISH AIRCRAFT: CORRIGEN- 
pDUM.—On page 288, ante, the thrust of the Rolls-Royce 
“ Avon ” turbojet was given as 7,500 lb. This figure 
was incorrectly published by the Society of British 
Aircraft Constructors. We understand from the 
makers, Messrs. Rolls-Royce, Limited, Derby, that the 
Avon is still on the secret list, and no authority has been 
given for the publication of any figure. 





THE “ PATHFINDER ’’ BACK-PULL 


WIRE-DRAWING MACHINE. 

In conventional wire drawing, the wire is simply 
pulled through the dies, that part of the wire which is 
about to enter the die being left more or less unre- 
strained. It has long been considered, however, that 
the addition of a smaller, opposite pull to the wire, as 
it enters each die (i.e., a back pull), would effect con- 
siderable improvements in the _ This view was 
supported by theoretical considerations and by labora- 
tory experiments, but it had never been put to a prac- 
tical test with a machine built for commercial use. 
Such a machine, known as the “ Pathfinder” multi- 
hole back-pull machine, has been developed by the 
Marshall Richards Machine Company, Limited, Crook, 
Co. Durham, and has aroused considerable interest. 
The prototype machine was installed at the works of 
Messrs. Arthur Lee and Sons, Limited, Sheffield, who 
placed it at the disposal of the British Iron and Steel 
Research Association to enable an poe oper of 
back-pull wire drawing to be conducted under indus- 
trial conditions, under the guidance of a sub-committee 
of the Association’s Mechanical Working Division. 
Pending the publication of a full report on the investiga- 
tion, the Association have issued a short rt* by 
Mr. J. G. Wistreich, M.Sc. (Eng.), D.I.C. ile several] 
references to this are included in this article, 
it may be noted, at this stage, that the advantages of 
back-pull wire drawing are not nearly as great as had 
been anticipated; but, to set against this, there are 
some indirect advantages. Fig. 1, on 334, shows 
a general view of the machine and e ical control 
cabinet; Figs. 2 and 3, on page 335, are a front 
elevation and plan, respectively. 

Early laboratory experiments on back-pull wire 
drawing indicated that, to quote Mr. Wistreich’s report, 
“*(1) the load on the die is decreased and, as a conse- 
quence, the temperature of the wire leaving the die is 
lowered ; (2) the drawing force is increased, so that a 
greater tension is imposed on the wire as it leaves the 
die; and (3) the ultimate tensile stress of the drawn 
wire is not affected; there is some uncertainty about 
the effect of back pull on the ductility of the wire.” 
The report states that (1)—the reduction in die load— 
was considered the most enco ing finding in the 
laboratory experiments, because the die load and 
drawing temperature were known to be the chief 
limitations to existing drawing techniques. ‘“ The 
reason for this is that, in wire drawing, there is pure 
sliding friction between tool and material, and as much 
as half of the work of drawing may be expended in 
overcoming friction; this causes rapid die wear and 
unduly large power consumption. © extreme pre- 
sure between wire and die makes it difficult to find 
suitable lubricants. Most of the work done within 
the die appears as heat, so that high temperatures are 
engendered in both wire and die as a result of the high 
speeds that are used. This heat imposes further strain 
on the die, aggravates the difficulties of lubrication, 
and adversely affects the properties of certain types of 
wire, for example, high-carbon steel rope wire. Since 
the early experiments showed that back pull cut the 
die load to between one half and one thirtieth of its 
normal value, it was expected that die life would be 
lengthened, that scope would be provided for new and 
better lubricants, and rope wire might be drawn con- 
siderably faster than at present and without the 
difficulties associated with high drawing temperatures. 
In short, the way seemed open to a great advance in 

ice.” . 

“On the other hand, it is sometimes overlooked in 
discussing the potentialities of back pull that although 
it lowers the die load, it also increases the force required 
to draw the wire through thedie. For instance, it is not 
always appreciated that the maximum reduction per 
wr which is determined by the maximum drawing 
orce that the wire will withstand without “ sucki 
down” or breaking, cannot be as large in back-pu 
drawing. Again, the heavier the reduction, the less the 
amount of back pull that can be applied without causing 
rupture of the wire. The power consumption, clearly, 
will go up with the drawing force, but back pull may 
be made to provide some of this pull, either by driving 
a generator or, in a multi-hole machine, by helping to 
pull the wire through the preceding die. Concerning 
the problem of the properties of drawn wire, it should 
be noted that in conventional drawing, it is deformed 
by a combination of pressure and tension ; in back-pull 
drawing more tension and less pressure are used, 
Drawing with back pull therefore a hes, in a way. 
the conditions of a tensile test. It has been suggested 
that this change in the stress system might cause wire 
drawn with back pull to be less ductile. The labora- 





* “ Back-Pull Wire Drawing in Practice,” by J. G. 
Wistreich, M.Sc. (Eng.), D.I.C. British Iron and Steel 
Research Association, 11, Park-lane, London, W.1. 
March, 1949. See also J. G. Wistreich, “‘ Back-Pull Wire 
Drawing: A Critical Review of Literature,” JI. of the Iron 
and Steel Inst., vol. 157, page 417 (1947). 
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tory experiments referred to above, offer conflicting 
evidence on this point.” 

The prototype Pathfinder machine was designed 
for ordinary commercial wire drawing, yot for research. 
Thus, back-pull cannot be eliminated entirely ; on the 
other hand, the machine is provided with means for 
measuring the load on each die. The machine has 
five dies and five heads (i.e., capstans). Each head is 
driven by an individual flange-mounted motor through 
@ worm and worm wheel. The motors are supplied 
with direct current from a mercury-arc rectifier. The 
armatures are arranged in series, but the fields are in 
parallel so that, by means of grid control on the rectifier 
the3power developed by each motor can be adjusted, 
within certain limits. The series connection of the 
armatures provides an automatic adjustment of the 
relative speeds of the motors. The machine illustrated 
was designed for drawing high-carbon steels at speeds 
up to 1,600 ft. per minute with a total power consump- 
tion of 160 brake horse-power. Other similar machines 
can be supplied with 2, 3, 4, 5 or 6 drawing blocks, the 
power ranging from 50 to 300 brake horse-power, for 
drawing ferrous or non-ferrous materials requiring up 
to 6,000 Ib. pull at the first die. 

The wire being drawn takes several turns round each 
block and then passes straight through the die to the 
next block ; there are no jockey pulleys, and the wire is 
under tension from start to finish. This arrangement 
is possible owing to the system of motor connections, 
to which reference has already been made. The series 
connection of the motor armatures provides sufficient 
self adjustment of the relative motor speeds to cover a 
wide vari of die reductions. It will be evident 
that the torque exerted by each head is equivalent to 
the difference between the drawing pull sustained on 
the wire as it leaves the die “in rear ” of the head, and 
the back pull sustained on the wire as it enters the die 
ahead. is accounts for the fact that back pull per se 
does not demand any extra power; it does, in fact, 
reduce the power consumption slightly. No back pull, 
of course, is applied to the wire as it enters the first die, 
unless only four dies are used on a five-die machine. 

Each block and the several turns of wire on it are 
cooled by a blast of air which is discharged through an 
annular space around the base of the head. The 
air is blown by a fan at the left-hand end of the machine ; 
this fan, and another for cooling the motors, being 
driven by a 10-h.p. motor. 
head is provided with a “ stripper ” (not shown in Fig. 
2) for removing wire when it is full. A die box is 
shown in longitudinal section and end elevation in 
Figs. 4 and 5, respectively. It consists of several parts, 
with pivots in three planes to allow the “ cast ” of the 
die (i.e., the alignment of the die) to be adjusted in 
relation to the head. Screws are fitted for locking the 
die box in the final position. The die, a, with a 
cemented-carbide insert, is mounted in a holder which 
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incorporates an annular passage, b, around the die, 
for water cooling. The tubular member, c, with a 
tapered hole, is threaded loosely over the wire, usually 
only at the first die, and the action of the wire entering 
the die draws soap along the hole, thereby applying it 
with considerable tenacity to the wire for lubrication 
purposes. A Statimeter is fitted to the die box for 
measuring the die pull. 

The machine is of simple, rugged construttion. It is 
particularly suitable for heavy work and for materials 
and sections which might suffer from the bending and 
twisting usual in wire-drawing machines. With most 
materials there is a small saving of power, which the 
makers state may be anything up to 15 per cent., due 
to back pull. While this saving is not, in itself, always 
important, it represents a reduction of friction in the 
dies, and therefore of wear of the dies. This factor, 
together with the efficient cooling arrangements, have 
made it possible to draw some materials, notably high- 
carbon steel, at much higher speeds than with other 
types of machines, with resultant improvement in the 
quality of the finished wire. The design of the machine 
imposes no limit on the speed of drawing, apart from 
the maximum-power limitation and the capabilities of 
the dies. Within the designed total maximum power 
of the machine, the power developed by each motor 
can be varied over a wide range to suit the characteris- 
tics of each die. The machine is normally supplied 
to cover a range of finishing speeds of which the 
maximum and minimum bear the ratio 3:1, with the 
full power available at all speeds. When drawing, 
there is no slip of the wire on the blocks. The axes of 
the heads are inclined so that the wire, as it is wound 
on and off each head, runs normal to the axis. 

The potentialities of the Pathfinder machine cannot be 

in a few words, owing to the large number of 
factors which have to be considered. It may be useful, 
however, to conclude this brief description with some 
further quotations from Mr. Wistreich’s short report 
(the full report will shortly appear elsewhere). “‘ The 
genera] object of the trials,” it is stated, ‘‘ was to find 
out whether, under industrial conditions, back pull 
offers any advantage over conventional drawing. 
Well over 100 tons of wire were produced from 3 to 
7 s.w.g. rod or wire, with little scrap; the wire was 
drawn continuously (i.e., coils were welded together) 
through four holes, at speeds up to 1,600 ft. per minute 
. . The following propositions were put to the test : 
(1) that back pull would affect the properties of the 
drawn wire because of the stress system in 
the zone of deformation ; (2) that it would save power ; 
(3) that it would prolong die life; and (4) that, 
because of reduced drawing temperatures, one could 
either improve the properties of Tigh wire at 
normal speeds or be able to increase the speeds without 
impairing the quality.” The limited time available 





for the trials restricted the scope of the investigation, 








which was confined to the drawing of mild steel and 
high-carbon patented wire. No lubricants, other than 
—_ were tried ; die profiles were not experimented 
with, except that all dies were without parallel throats, 
a practice adopted by at least one leading manufacturer 
in this country. 

Experiments carried out at low speeds (to minimise 
the effect of temperature changes in the die) with both 

tented high-carbon and mild-steel wire, and with the 

ie load varying from about 30 to 90 a cent. of the 
normal value, suggested that back pull has no direct 
effect on the properties of the finished wire, except when 
the back pull is very close to or reaches the breaking 
value—a condition which is, however, of no practical 
importance. The experiments carried out revealed no 
appreciable influence of back pull on power ; the a 
drop was observed in a test on high-carbon wire, but 
even in this case the saving amounted to less than 
5 per cent. Lubrication in “dry” wire drawing 
depends on the pressing of soap powder into a porous 
lime coat, resulting in a thin, smooth and strongly 
adherent soap layer. It is therefore conceivable that, 
when reduced by back pull, the die pressure does not 
produce such an effective lubricant film, and the effect 
of a reduction in die load is at least partly offset by 
poorer lubrication. 

For various reasons, the experiments did not enable 
the effect of back pull on die wear to be measured 
precisely, but some limited experiments with 0-6 per 
cent. carbon wire produced slightly favourable results. 
The over-heating, during drawing, of high-carbon 
patented wire for ropes leads to increased ultimate 
tensile stress but an unsatisfactory torsion test. To 
avoid r torsion results, which are taken to indicate 
lack of the required ductility, high-carbon wire is drawn 
at low speeds. Since the heat produced in the die is a 
function of the die load, it was ho that, with back 
pull, wire could be drawn faster. me most valuable 
results were achieved. For example, a 0-8 per cent. 
carbon steel, which is normally “ single-holed ” at about 
200 ft. per minute in eight passes from 1} s.w.g. “ air- 
patented ” rod, was drawn through the last four holes 
of the machine at finishing speeds in excess of 1,100 ft. 
per minute, and the quality of the wire was excellent. 
This result, however, was obtained without any appre- 
ciable back pull. The temperature of the die oie 
water was found to decrease when heavy back pull was 
applied, and, using this temperature as a criterion, it 
was observed that, in some instances, the wire could 
be drawn 150 to 300 ft. per minute faster by applying 
back pull. Compared with the large increase when 
back pull was negligible, however, this increase seems 
to be of secondary importance. The increase 
may have been caused by the generous cooling on the 
blocks by both air and water, and also by the excep- 
tionally short time for the wire to pass through the 
machine. Both counteract ‘‘ stewing,” i.e., they tend 
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to reduce the amount of strain age-hardening which 
takes place during drawing and which lowers the 
ductility of the wire. 

Back pull increases the ratio of drawing stress to 
ultimate stress of the wire, and, in practice, a ratio of 
0-75: 1, based on the average strength of the wire, is 
seldom exceeded. The modern tendency is to make 
the “‘ drafting,” or reduction at each die, heavier, so 
as to employ fewer blocks. The ratio of 0-75:1 is 
therefore frequently attained in conventional drawing, 
leaving little margin for the increased drawing forces 
which accompany the application of back pull. Con- 
siderably lower reductions are still prevalent in the 
drawing of high-tensile wire, but this wire is more 
difficult to weld, and therefore a greater margin of 
safety is n than with mild steel. Thus, in 
practice, less back pull can be used than in the experi- 
ments which first created interest in the subject. 
Much greater care must also be exercised in welding. 
For the same reasons, however, occasional “ cuppi- 
ness’ is less likely to pass unnoticed in back-pull 
drawing, so that the successfully drawn wire will tend 
to be more uniform in quality. 





It was found that the machine should not be started 
or stopped with back pull, because the load at starting 
being 20 to 30 per cent. greater the wire is liable to 
break. Thus, when a coil of high-quality wire is drawn 
with heavy back pull, it is advisable to draw the ends 
with light back pull, and the question arises whether 
it is fair to accept or reject the coil on the basis of the 
customary front-end and back-end tests. The follow- 
ing rules were evolved during the experiments: (1) 
heavy back pull was applied only when the machine 
operated on full armature voltage ; (2) the back pull 
never exceeded three-quarters of its breaking value ; 
and (3) the wire was “‘ cast’”’ to a somewhat smaller 
“lap” diameter than would normally be the practice. 

Although the appraisal of the machine was a matter 
outside the scope of the investigation, Mr. Wistreich 
makes a few comments. “The most notable feature 
of the machine is ‘straight-line’ slipless drawing ; 
the wire takes the shortest path from one die, round 
the block, and straight into the next die. About 
12 laps of wire are wrap round each block, and, 
in addition to the dies and blocks being water-cooled, 
the wire is generously cooled on the block by a blast of 
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cold air directed against the lower laps. ; Apart 
from back pull, the machine has other interesting fea- 
tures in abundant cooling, quick reduction of the wire, 
good ‘lead-in’ into the die, and the avoidance of 
scraping such as often occurs on pulleys and ‘ wapping- 
off’ arms. On the other hand, the range of back pull 


is limited ; it is impossible to draw entirely without it 
or to apply all the back pull that some materials can 
sustain. It is important to bear these facts in mind 
when wei up the results of this investigation.” 

In addition to the remarks already quoted, the 
report gives @ summary of the conclusions. “* The 
investigation was necessarily limited in scope, but, 
within those limits, it has yell 4 ted rgd 
important advantages of back- wing, W er 
in terms of power saving or of improved die life. On 
the other hand, moderate back pull does not appear to 
influence the properties of the finished wire, so that 
it is really immaterial, so far as oe grace are con- 
cerned, whether back pull is applied or not. The 
Marshall Richards machine demonstrates that, pro- 
vided some back pull is applied, it is possible to 
draw wire straight from capstan to capstan without 
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slip. This has many advantages. A straight ‘lead-in’ 
to the die is ensured; there is no scraping of the 
wire or its coating on slip cones, pulley or wapping- 
off arms; more efficient cooling is possible and there 
is no ‘stewing’ as in the accumulation type of ma- 
chine; the absence of twists and sharp bends opens 
the way for the continuous drawing of heavy-gauge 
and shaped wires. . . .” 

“It must be emphasised once oe this 
investigation ranged over a comparatively narrow 
field of wire drawing, and there may be cases in which 
back pull is of greater utility. In particular, the 
results of experiments concerning the wear of dies were 
not conclusive. Theory leads to the conclusion that 
the optimum die angle for back-pull drawing is likely 
to be less than for conventional drawing. At the same 
time, investigations by the writer and his co es 
suggest that ‘ ringing’ [of the die] is less pronounced 
for smaller die es.. It would appear, therefore, 
that back pull may indirectly help to improve die life. 
Furthermore, in many light draftings are 
used on account of excessive wear or because of diffi- 
culties with lubrication, and the drawing ratio is, in 
consequence, far less than in experiments described 
here—all these may afford scope for heavier back ~ 
and therefore make its application worth-while. But 
in speculating on these possible advantages, it must 
always be borne in mind that back pull increases the 
drawing force at the same time as it reduces the die 
load, and the advantages of the method, though real, 
may be outweighed by concomitant difficulties.” 





CONTRACTS. 


MESSRS. DURAFENCING LIMITED, 72, Victoria-street, 
London, S.W.1, have received an order from the London 
County Council for the supply and erection of close- 
boarded oak fences and gates for the housing estates at 
Loughton and Chingford. The cost will be 39,0001. 


MESSRS. CHAMBERLAIN INDUSTRIES LIMITED, Staffa 
Works, Staffa-road, Leyton, London, E.10, have received 
@ repeat order from the Anglo-Iranian Oil Company for 
40 of their two-stage bending machines and 40 of 
their new 4-in. band bending machines, together with 
subsidiary formers and spare parts. The equipment is 
to be sent to two tool stores in Iran. 


MESSRS. WESTINGHOUSE BRAKE AND SIGNAL COMPANY, 
LmireD, 82, York-way, King’s Cross, London, N.1, have 
supplied their air-brake equipment, incorporating type 
E.10 compressors, for 50 four-wheel trolley-omnibus 
chassis, built by the SUNBEAM TROLLEYBUS COMPANY, 
LIMITED, for Western Australian Government Tramways 
and Ferries. The bodies are being built in Australia, 
and it is anticipated that the first vehicles will be in 
service in Perth towards the end of the year. Westing- 
house air brakes are also fitted to four-wheel Sunbeam 
trolley-omnibus chassis for the City of Adelaide, and to 
30 Sunbeam chassis of similar type for the City of 
Brisbane. 


MEssrRs. STANDARD TELEPHONES AND CABLES LIMITED, 
Connaught House, Aldwych, London, W.C.2, have 
received orders for important extensions to the Finnish 
telephone network. A chain of three new three-channel 
carrier systems has been ordered to provide through 
circuits from Helsinki northwards to Rovaniemi. Over 
part of the route, as far as Oulu, and also from Helsinki 
north-eastwards to Kuopio, twelve-channel systems are 
to be installed. Other three-channel systems will run 
from Helsinki in an east-north-east direction to Joensuu, 
and south-west from Jyvaskla to Turku. The three- 
channel system to be supplied will be constructed on a 
new technique in mounting which economises floor space 
and facilitates maintenance. 


Str ALFRED MCALPINE AND Son, LiMiTED, Hooton, 
Cheshire, have been awarded the contract for a new oil 
dock, in the Port of Manchester, to cater for the 30,000-ton 
oil tankers of the future. The contract, which has been 
let by the Manchester Ship Canal Company, Ship Canal 
House, King-street, Manchester, is valued at 4,000,0001. 
The new dock is to be built at the entrance to the Ship 
Canal, on the River Mersey, at Eastham. It is to be 
completed by the middle of 1952, when the imported 
oil will be pumped through seven miles of pipelines to the 
Stanlow oil refineries. The work includes the construc- 
tion of an entrance lock, 800 ft. long by 100 ft. wide, 
and a wet dock having a depth of water of 40 ft. The 
work will need the excavation of 3,000,000 cub. yards of 
rock’ and earth, the placing of 250,000 cub. yards of 
concrete and the utilisation of 6,000 tons of steel. 





BRITISH ELECTRICAL POWER CONVENTION.—The 
second British Electrical Power Convention is to be 
held under the presidency of Sir Vincent Z. De Ferranti, 
at Harrogate, during the week commencing June 19, 
1950. The offices of the Convention are at 16, Stratford- 
place, London, W.1. 





BRITISH STANDARD 
SPECIFICATIONS. 

The following publications of engineering interest 
have been issued & the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Polythene-Insulated Cables——A new specification, 

B.S. No. 1557, forms one of a series for insulated cables 
for electrical purposes. It covers single-, twin-, and 
three-core polythene-insulated cables sheathed with 
polyvinyl chloride (P.V.C.), or lead alloy. The cables 
are for use in connection with electric power and 
lighting up to 250 volts. Dimensions and resistances 
are specified for standard circular copper wires and 
standard solid and stranded circular conductors and the 
specification also includes sections dealing with con- 
struction, insulation, protective covering and testing. 
[Price 2s. 6d., postage included.] 
"Silver Anodes and Salts for Electroplating.—A further 
—— in the series relating to chemicals for 
electroplating has now been issued. This, B.S. No. 
1561, concerns silver anodes and silver salts. As was 
the case in previous publications of this type, data 
relating to the composition and maximum limits for 
insoluble matter are provided. Analytical methods for 
the determination of the silver, copper and insoluble 
matter present in the anodes or silver salts are given 
in appendices, [Price 2s., postage included.] 

Electric Immersion Heaters.—A new specification 
B.S. No. 1556, covers withdrawable and non-withdraw- 
able types of electric immersion heaters, including 
circulators, having loadings up to 3 kW and suitable 
for use in domestic water-heating installations. The 
current may be alternating or direct, but the voltage 
must not exceed 250. The specification also covers 
thermostatic immersion heaters for use on alternating- 
current supplies only. The objects of the specification 
are, firstly, to specify the requirements for a range of 
immersion heaters suited to the range of galvanised 
mild-steel tanks and cylinders specified in B.S. No. 417 
and the copper cylinders specified in B.S. No. 699, 
and, secondly, to ensure interchangeability between 
immersion heaters of different manufacture. The 
specification includes requirements relating to dimen- 
sions, protective measures against corrosion, electrical 
requirements, tests, and marking. [Price 2s., postage 
included. ] 





BOOKS RECEIVED. 


Organic Coatings in Theory and Practice. By Dr. A. V. 
Biom. Elsevier Publishing Company, Incorporated, 
Amsterdam, Holland. Cleaver-Hume Press, Limited, 
42a, South Audley-street, London, W.1. [Price 32s. 
net.] 

Department of Scientific and Industrial Research. Report 
for the Year 1947-8. With a Review of the Years 
1938-48. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 2s. net.] 

Bautechnik-Archiv. Part 4. [Price 7-50 D.M.] Part 5. 
[Price 5-20 D.M.] Wilhelm Ernst und Sohn, Hohen- 
zollerndamm 169, Berlin-Wilmersdorf, Germany. 

Der Stahlbeton in Beispielen. Part 1. Einfeldplatten. 
By Dr.-ING. ADOLF KLEINVOGEL. Wilhelm Ernst und 
Sohn, Hohenzollerndamm 169, Berlin-Wilmersdorf, 
Germany. [Price 4:60 D.M.] 

Ministry of Fuel and Power and British Intelligence 
Objectives Sub-Committee. Technical Report on the 
Ruhr Coalfield. Volume III, Part Il. Report on 
Automatic Car Loading and Car Control at Loading 
Points and on Car Design Including Couplings, Buffers, 
and Springs. By A. Talr and W. RoBerts. B.I.O:S. 
Final Report No. 1685. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 4s. net.] 

Ministry of Fuel and Power. Coal Mines Act, 1911. 
Regulations and Orders Relating to Safety and Health. 
1948 edition. H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 2s. net.] 

Union of South Africa. Electricity Supply Commission. 
Twenty-Sizth Annual Report for the Year Ended 31st 
December, 1948, with a Brief Review of its Activities up 
to 30th April, 1949. Electricity Supply Commission, 
Escom House, Rissik-street, Johannesburg, South 
Africa. 

University of Ilinois. Engineering Experiment Station. 
Circular Series. No. 55. Contributions to Proceedings 
of the Second International Conference on Soil Mechanics 
and Foundation Engineering. [Price 35 cents.] No. 56. 
Papers Presented at the First Short Course on Industrial 
Packaging and Materials Handling. Held at Chicago, 
October 4, 5,6 and 7,1948. Conducted by the Depart- 
ment of Mechanical Engineering and the Extension 
Division of the University in Cooperation with the 
Society of Industrial Packaging and Materials Handling 
Engineers. [Price 1 dol.] The Director, Engineering 
Experiment Station, University of Illinois, Urbana, 
Illinois, U.S.A. 





PERSONAL. 


THE Rr. HON. VISCOUNT PORTAL OF HUNGERFOR)), 
K.G., G.C.B., O.M., has joined the board of the Ford 
Motor Company Limited, Dagenham, Essex. - 

Str A. MurRAY STEPHEN, M.C., has been re-elected 
chairman and Mr. H. B. ROBIN ROWELL, C.B.E., A.F.C., 
D.L., M.I.N.A., vice-chairman of the Council of the 
British Shipbuilding Research Association, for the 
ensuing year. 

SiR REGINALD STRADLING, F.R.S., has been appointed 
Dean of the Military College of Science, Shrivenham 
near Swindon, Wiltshire, in succession to the lat: 
Proressor C. H. LANDER. 

Mr. I. Wans, M.1I.Mar.E., A.M.1.C.E., A.M.I.Mech.E. 
has been appointed chief engineer, engine department. 
and Mr. G. B. R. FEILDEN, chief engineer, turbin 
department, Ruston and Hornsby, Limited, Lincoln. 
Both appointments, which are effective from October |, 
have been made in succession to Mr. O. WANs, M.I.C.E. 
M.1I.Mech.E., M.I.Mar.E., who, as stated on page 308 
ante, retires on September 30. 

Proressor H. E. M. Bartow, B.Sc. (Eng.), Ph.v., 
M.I.E.E., A.M.I.Mech.E., is succeeding PROFESSOR H. J. 
CoLuins, M.C., M.Sc., M.1I.C.E., M.I.Mech.E., as Dean 
of the Faculty of Engineering at University College 
London, Gower-street, W.C.1. 

VICE-ADMIRAL SIR VAUGHAN MorRGAN, K.B.E., C.B., 
M.V.O., D.S.C., who was appointed Admiral Superinten- 
dent of H.M. Dockyard at Portsmouth in 1945, retired 
on September 23. 

Mr. N. F. Astsury, M.A., F.Inst.P., A.M.I.E.E., 
has been appointed to the Foundation Chair of Applied 
Physics in the New South Wales University of Technology, 
Sydney, and will be shortly relinquishing his position 
as director of research to the Guest, Keen and Nettlefold 
Group of Companies, G.K.N. Research Laboratories, 
Manor Works, Ettingshall, Wolverhampton, Staffordshire. 
He expects to leave for Australia in December. 

Mr. W. A. RosorHaM, M.I.Mech.E., chief engineer, 
Motor Car Division, Rolls-Royce Limited, and Mr. J. D. 
PEARSON, B.Sc. (Eng.) (Lond.), Wh.Sc., A.M.I.Mech.E., 
deputy general manager, Aero Division, have been 
elected directors of the company. 

Mr. A. J. MuRpHY, M.Sc. (Manc.) has been appointed 
to the Chair of Industrial Metallurgy at the University 
of Birmingham, in succession to PROFESSOR LESLIE 
AITCHISON, D.Met. (Sheff.), M.Se. (Lond.), who has 
relinquished the post owing to ill health. 

Mr. Harry GREEN, chief engineer (designs), Metro- 
politan-Cammell Carriage and Wagon Company Limited, 
Metropolitan-road, Saltley, Birmingham, 6, has been 
appointed a special director of the company, as from 
September 21. 

Mr. W. A. Smytu, M.I.Mech.E., M.I.Loco.E., M.I.P.E., 
director and general manager of Messrs. Henry Meadows 
Limited, Wolverhampton, has been elected to the board 
of directors of Messrs. W. G. Bagnall Limited, Stafford. 

Mr. W. W. WaRNER, A.F.R.Ae.S., has been appointed 
service manager to Airspeed Limited, Christchurch 
Aerodrome, Hampshire. 

Mr. R. H. Rowsz, B.Sc., F.Inst.P., at present Senior 
Principal Scientific Officer at the Fuel Research Station 
of the Department of Scientific and Industrial Research, 
Greenwich, has been appointed to be director of research 
to Messrs. Smith and Wellstood, Limited, ironfounders, 
Bonnybridge, Stirlingshire. He will take up his new 
appointment on November 1. 


THE GENERAL ELECTRIC COMPANY, LIMITED, Magnet 
House, Kingsway, London, W.C.2, announce that the 
department previously known as the Osram valve depart- 
ment, will be known, in future, as the Osram valve and 
electronics department. 

Messrs. ERICSSON TELEPHONES LIMITED, London and 
Beeston, and Messrs. Pye Limirep, Cambridge, have 
signed a working agreement having world-wide implica- 
tions. In future, each company will handle only the 
type of work in which it specialises while both firms will 
pool their technical, engineering, manufacturing and 
other resources in an effort to capture valuable markets 
overseas. 

The address of the Southampton branch of W. T. 
HENLEY’s TELEGRAPH WorkKS COMPANY, LIMITED, is 
now 38-39, St. Mary’s-street (Telephone : Southampton 
2658.) 

Messrs. MACROME LIMITED, Aldersley, Wolverhamp- 
ton, inform us that, owing to the expiration of lease, 
their Manchester office is to be removed to Transport 
House, 1, The Crescent, Salford, 5, Lancashire, as and 
from to-morrow, October 1. The new telephone number 
will be Pendleton 3656. Mr. P. W. D. WINKLEY con- 
tinues as Manchester branch manager. 

The offices of the PROFESSIONAL ENGINEERS APPOINT- 
MENTS BUREAU have been moved from No. 13 to No. 9, 
Victoria-street, London, §.W.1. The telephone number 
(ABBey 1737) is unaltered. 
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NOTES FROM ‘THE NORTH. 


GLascow, Wednesday. 


Scottish Steel.—After a short period, during which 
conditions in the industry turned a shade easier, the 
previous fast tempo is expected to characterise activity, 
now that devaluation has been finally decided upon, 
putting an end to doubts which had induced hesitation 


factaA 


NOTES FROM THE SOUTH-WEST. 


CarRpIFF, Wednesday. 
The Welsh Coal Trade.—Although the full effects of 
the devaluation of sterling have not yet become apparent 
on the Welsh steam-coal market, the supply position will 
remain the limiting factor so far as foreign business is 
concerned. Some increases in demand are expected, 





among overseas buyers. The slight pause only 
the pattern of order books, steel outputs having continued 
at the previous high level to meet the relatively heavy 
commitments to be fulfilled. Ship cancellations have 
been reported during the past week, but the tonnage of 
work on the stocks and still to be laid down will ensure a 
strong demand for plates for some considerable time 
ahead. Of growing importance, moreover, are the 
requirements in plates for locomotive and wagon con- 
struction and for power plant, contracts for which extend 
beyond 1950. Makers and re-rollers are fully engaged, 
this week, completing additional quotas allocated for 
Period 3. The home market in small bars and light 
sections remains quiet. Billets are more plentiful than 
they were earlier in the year, and a good tonnage of 
re-rollable scrap is also available. The demand for light 
sheets shows no sign of abating, while tubemakers are 
heavily engaged despite an easier tendency in lap-welded 
tubes. 


Scottish Coal.—Recent production has been adversely 
affected by an outbreak of strikes, but a reasonably 
balanced distribution has been maintained, largely 
because of favourable weather conditions. An agitation 
by on-cost employees for an increase in their basic rates of 
pay crystallised into strike action at a number of pits, 
mostly in Lanarkshire and Ayrshire, with an occasional 
sympathetic gesture in Fife. Losses last week were 
about 45,000 tons, the daily loss being 10,000 tons at 
one stage. Industrial activity remains substantially at 
the high level ruling for some time now, and fuel consump- 
tion is still correspondingly steady on this account. 
Public-utility undertakings are amply supplied, consump- 
tion reflecting restrained demands for gas and electricity. 
Coking coal remains adequate for the supply of ovens. 
Domestic consumption has been on a small scale, and 
although merchants, directly affected by unofficial 
stoppages, have had deliveries temporarily curtailed, 
ground reserves have been only slightly encroached upon 
in most cases. At other depots, stocks continue to 
expand. The recent scale of railway deliveries has proved 
too heavy, and has had to be curtailed to expedite the 
turn round of coal trains. The shipping trade tends to 
be rather more active, but the increase in tonnage is not 
extensive, and has been directed mainly to coastwise 
destinations. Bunkers are a steady trade. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—The output of steel ingots and castings 
in Sheffield is averaging 41,300 tons a week, production 
being 2,100 tons a week more than last year. Compared 
with 1938, the Sheffield output of crude steel is 40 per 
cent. higher, but, while this high rate of production is 
being maintained, there are signs of its easing as foreign 
competition day by day becomes stronger. Devaluation, 
it is computed, will make it easier to do business with 
Canada. German competition in steel products is 
growing ; advices from Canada give evidence of under- 
cutting by German firms in tools and cutlery, especially 
scissors. There is machinery which can be used to 
correct this tendency and it is understood that action 
will be taken through the Board of Trade and the Joint 
Export-Import Agency in Germany. New business in 
the heavy industries includes orders for plant and 
machinery for the ferrous and non-ferrous metal indus- 
tries. Order books in this section are well filled. Business 
in heating, air-conditioning and ventilating plant is 
growing. In branches of the lighter industries the 
operation of import licences severely hampers the 
arrangement of export business, the tool and cutlery 
branches being particularly affected. I d attention 
to home requirements in edge tools and engineers’ small 
tools is now possible. 





South Yorkshire Coal Trade.—A steady increase in 
coal output is now a feature as annual holidays end. 
It is planned by miners’ leaders to increase production 
of coal in Yorkshire during the first three months of the 
year by 35,000 tons. Fuller supplies of coal are permit- 
ting the building up of stocks at railway-locomotive 
works’ and industrial concerns. More coal is reaching 
coke works as the latter are pressed for fuller supplies 
of hard coke and coke-oven gas. Gas coal moves freely, 
and the make of gas coke exceeds the current demand. 
House coal is being taken at maximum sanctioned 
quantities. Export business is busy, and more bunker 
coal will be required for vessels bunkering for the round 
trip at the Humber ports instead of half-bunkering as 
when supplies are scarce. Shipowners are anxious to 
avoid buying bunkers ir dollars. 





pecially in the case of the Argentine and Canadian 
trades. In the Argentine it is anticipated that if the 
announced intention of devaluing the peso is followed it 
will place South Wales coals on a much better footing 
to compete with American supplies. So far as Canada 
is concerned, the anthracite trade should benefit. Cana- 
dian consumers have for a long while expressed a pre- 
ference for Welsh descriptions, but the relative high cost 
in late years has been a deterrent and has caused the 
loss of some business to America. Italian business, 
which was suspended before the American currency 
talks commenced because buyers there were fairly well 
stocked and wanted to be in a position to benefit to the 
utmost from any devaluation, has not been resumed. 
Shipments to France, Spain and Portugal have proceeded 
along steady lines, but, in so far as South America is 
concerned, a shortage of suitable shipping seeking 
employment has caused some slowing down in opera- 
tions. The home market remains very busy and the 
demand from the principal users is actively maintained. 
Although these users have already placed sufficient 
orders to account for the bulk of potential outputs over 
some time to come there is a ready outlet for any extra 

quantities that become available. Bunkers attract a 
steady support but are scarce, while — fuel and cokes 
are kept fully employed. 

Swansea Steel-Sheet ieduite.~ tee market. report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plates and steel sheets 
was in an active condition up till the announcement of 
the devaluation of sterling. Afterwards it came to a 
standstill in regard to new orders yntil the Ministry of 
Supply’s announcement was made regarding the new 
conditions for the sales of tin and other metals. Iron 
and steel scrap continues to have a good demand. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Re-valuation of several commo- 
dities has quickly followed the devaluation of the pound, 
but the process of re-adjustment to the altered conditions 
is not yet complete and the volume of business passing 
in iron and steel, at present, is not as extensive as 
previously. Producers of nearly all commodities, 
however, have bookings sufficient to keep them very 
actively engaged for some little time and both home and 
overseas customers are in urgent need of larger deliveries 
than they are receiving. The various descriptions 
of native raw material—with the exception of Cleveland 
ironstone—are in satisfactory supply and imports of 
foreign ores are maintained at a high level. Deliveries 
of iron and steel scrap meet the substantial needs of 
consumers, but much complaint continues of the pig iron 
shortage. The scarcity of blast-furnace products is so 
great that there is no pig iron available for export ; on 
the contrary, rather considerable parcels are being 
imported. Makers of semi-finished and finished commo- 
dities have good contracts to carry out. What may 
probably constitute a record loading of motor cars for 
a North East Coast port was the taking aboard the Blue 
Star liner Timaru Star, at Middlesbrough Docks, this 
week, of 350 vehicles for Australia. The consignment 
included agricultural tractors. 


Foundry and Basic Iron.—North-East Coast consumers 
of ordinary foundry pig iron still experience considerable 
difficulty in obtaining satisfactory deliveries from the 
Midlands, almost the only source of supply. The output 
of basic iron continues to move into direct use. 


Hematite, Low Phosphorus and Refined Iron.—Some 
expansion in the tonnage distribution of East Coast 
hematite is reported but the available parcels do not yet 
meet all the requirements of regular customers. Outputs 
of low and medium phosphorus grades of iron are steadily 
absorbed, while manufacturers of refined iron are able to 
deal satisfactorily with buyers’ requirements. 


Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron expect their customers’ requirements to 
keep them well employed over the remainder of the year. 
The commitments of steelmakers are heavy and the 
pressure for maximum deliveries of many commodities is 
unabated. The home production of steel semies falls 
short of the requirements of re-rollers but substantial 
imports of continental commodities continue, and the 
total tonnage coming forward covers current needs. 
There is no easement of the pressure for full deliveries 
of shipbuilding material and all descriptions of railway 
equipment for home requirements. Overseas buyers of 
sheets and plates are eager to provide for their extensive 
prospective needs. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF METALS.—Monday, October 3, to Wed- 
nesday, October 12, Maison de la Chimie, 28, Rue St. 
Dominique, Paris (7e), Forty-First Autumn Meeting. 
October 3, morning and afternoon visits; 8.45 p.m. 
Autumn Lecture. October 4 and 5, 10 a.m., and Octo- 
ber 7, 9.45 a.m., papers for discussion ; afternoon visits. 
October 6, 10, 11 and 12, all-day visits. For programme, 
see page 212, ante. 

SocrETY OF ENGINEERS.—Monday, October 3, 5.30 
p.m., Geological Society, Burlington House, Piccadilly, 
W.1. ‘“‘ Scientists versus Engineers,” by Mr. G. Con- 
stantinesco. 

INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Eastern Branch: Monday, October 3, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. (i) “‘ Rotary 
and Oscillating Seals,”” by Mr. T. E. Beacham. (ii) 
“* Reciprocating Seals,” by Mr. F. H. Towler. South 
Wales Branch: Tuesday, October 4, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. Chairman’s 
Address, by Mr. J. M. Reynolds. North-Western Branch : 
Thursday, October 6, 6.45 p.m., Engineers’ Club, Man- 
chester. ‘“ High-Pressure Steam Power Plant,” by 
Mr. W. N. C. Clinch. 

INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, October 3, 6.30 p.m., 
Liverpool Royal Institution, Colquitt-street, Liverpool. 
Chairman’s Address, by Mr. D. C. Fleming. North- 
Western Centre: Tuesday, October 4, 6.15 p.m., Engi- 
neers’ Club, Manchester. Chairman’s Address, by Dr. C. 
Dannatt. North Midland Centre: Tuesday, October 4, 
6.30 p.m., 1, Whitehall-road, Leeds. Chairman’s Address, 
by Mr. J. R. Rylands. East Midlands Centre: Tuesday, 
October 4, 6.30 p.m., Loughborough College, Lough- 
borough. Chairman’s Address, by Mr. A. Latham. 
Southern Centre: Wednesday, October 5, 6.30 p.m., 111, 
High-street, Portsmouth. Chairman’s Address, by Mr. 
R. H. Coates. Institution: Thursday, October 6, 5.30 
p.m., Victoria-embankment, W.C.2. Inaugural Address 
by the President, Professor E. B. Moullin. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.— Monday, 
October 3, 6.30 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Annual Meeting and Brains Trust. 
Scottish Centre: Monday, October 3, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow. “ Air-Pressure Brake 
Equipment ” and “‘ Automatic Adjusters,” by Mr. J. 
Rodway. 

INSTITUTION OF PRODUCTION ENGINEERS.— Yorkshire 
Section: Monday, October 3, 7 p.m., Hotel Metropole, 
King-street, Leeds. ‘‘ Jig Bore Machine as a Production 
Machine,” by Mr. V. J. Sayers. Dundee Section: 
Tuesday, October 4, 7.45 p.m., Mathers Hotel, Whitehall- 
crescent, Dundee. Inaugural Meeting. Nottingham 
Section: Wednesday, October 5, 7 p.m., Victoria-Station 
Hotel, Milton-street, Nottingham. ‘‘ Education of Pro- 
duction Engineers,” by Mr. T. B. Worth. Wolverhampton 
Section: Wednesday, Qctober 5, 7 p.m., County Tech- 
nical College, Wednesbury. ‘“‘ Metallurgical Aspects of 
Production Welding Processes,” by Dr. A. R. E. Singer. 
Preston Section: Wednesday, October 5, 7.15 p.m., 
Atlas Iron Works, Park-road, Blackburn. ‘‘ Mechanical 
Handling,” by Mr. F. T. Dean. Coventry Section: 
Friday, October 7, 7 p.m., Geisha Café, Coventry. 
“« Induction-Hardening Heat Treatment,” by Dr. R. H. 
Barfield. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, October 4, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. Presidential Address by Professor 
G. Cook. 

INSTITUTION OF WORKS MANAGERS.—London Branch : 
Tuesday, October 4, 6.45 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. ‘‘ Reduce Your Overheads,” 
by Mr. L. C. Ord. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—Scottish 
Section: Wednesday, October 5, 6.30 p.m., Electrical 
Department, University, Glasgow. “Electronics in 
Aircraft Design,” by Mr. A. L. Whitwell. 

Junior INSTITUTION OF ENGINEERS.— Midland : Sec- 
tion: Wednesday, October 5, 7 p.m., James Watt 
Memorial Institute, Birmingham. Annual Meeting. 
Institution: Friday, October 7, 6.30 p.m., 39, Victoria- 
street, S.W.1. “Henry Maudslay and the Maudslay 
Scholarship,” by Mr. J. Foster Petree. 

RoyaL AERONAUTICAL SocreTy.—Thursday, Octo- 
ber 6, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. “ Aircraft Design Analysis Methods of 
United States Navy Department,” by Mr. I. Driggs. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 7, 6.45 p.m., Engineers’ Club, Manchester. 
Presidential Address, by Mr. W. Redfern. 

INCORPORATED PLANT ENGINEERS.—Birmingham 
Branch: Friday, October 7, 7.30 p.m., Imperial Hotel, 
Birmingham. “The Mechanisation of Small Building 
Jobs,” by Mr. J. N. Eden. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 


Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada foi criciecsntosocdneciuasca | a Ge 

For Canada ...................... ites fA 5 0 

Subscribers receiving incomplete copies through 

nts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 


well as for insets, can be obtained on application to | 


the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘Appointments Open,” “Situations 
Wanted,” “ Tenders,”’ etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








INDEX TO VOL, 167. 

The Index to Vol. 167 of ENGINEERING 
(January-June, 1949) is now ready and will 
be sent to any ed Mg charge and 
postage paid, on applica: made to the 
oa - In order to sobuee te consump- 


pepe: = - the Index are 


response to such 
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THE METRIC SYSTEM. 


EvER since the French Revolution, the Metric 
System, devised by a committee of five eminent 
mathematicians and made law in 1801, has been a 
topic of lively interest. At intervals of about 
25 years, some of the greatest men in various walks 
of life have ranged themselves for or against it ; 
Rankine, Kelvin, Sir John Herschel, and Herbert 
Spencer are but a few who gave much time and 
thought to the question whether the metric system 
should be the legal and obligatory system of weights 
and measures in place of the old-established British 
System. In 1864, an Act of Parliament made the 
use of the Metric System legal, and in 1868, a Bill 
for making it compulsory was read a second time 
in the House of Commons, but was withdrawn in 
deference to the Royal Commission on Currency, 
at that time sitting. The controversy raged again 
in the ‘nineties, when Herbert Spencer, at the 
height of his fame, made strenuous and successful 
efforts against the adoption of the Metric System. 
During the first World War, at the behest of the 
French, it was again carefully considered and 
quietly shelved. Last September, at the British 
Association meeting in Brighton, it was discussed 
at the instigation of eminent Civil Servants. During 
recent months, we have thrown our columns open 
to correspondence on the subject. We have now 
closed the discussion, and hope that a brief review 
of the matter may ensure metric peace for another 
quarter of a century. 

Two main questions are to be resolved. Firstly, 
what are the essential differences and superiorities 
between the Metric and the Anglo-U.S. systems ? 
This question should be dealt with objectively, 
without consideration of future consequences. 
Secondly, if a clear view is obtained of the relative 
merits of the two systems of measurement, what 
are the economic and social consequences of abolish- 
ing the native system and replacing it by the 








Metric? The first question cannot be solved 


GE| properly without the addition of an old Socratic 


question—‘‘ Better for what?” A horse is better 
than a dog for some purposes, but not for all; a 
cat is better than either for catching mice. In 
connection with the second question, it is desirable 
to consider what compensation should be paid by 
the community to those whose weighing and 


330| measuring appliances are replaced, and it is 
1| important that, the views and interests of other 


Anglo-Saxon countries should be kept in mind. 

The chief merit of the Metric System is that it 
uses decimals based on the scale of numeration used 
for several thousands of years because of the ten 
human digits. It is also a consistent, defined 
system of related units, which, at first sight, seems 
to have the merit of great simplicity. These two 
superiorities of the Metric System are, however, 
significant only to those who have to make many 
scientific calculations, and it is an astounding fact 
that, even to-day, very few people need to make 
many calculations. To grasp this fact, let anyone 
consider his circle of acquaintances or the leading 
professions—the Church, politics, law, surgery and 
medicine, the Army and Navy, commerce, the 
stage and cinema, and the vast numbers who earn 
a living by literature and journalism. Only a few 
of the sciences and a small fraction of technology 
can possibly gain by the general adoption of the 
Metric System and their gain would be surprisingly 
small, because most scientists who can use the 
Metric System with advantage do so already. 

In matters concerned with retail trade and distri- 
bution, the metric system is at a serious disadvan- 
tage. This can beseen in the crates used for trans- 
porting milk, wine, beer, and canned or bottled 
foods. Whether they are packed in tens or in dozens, 
the periphery of the container is 14 diameters. 
On many crates there is no lid, so that, with bottles 
four diameters high, the material used to crate ten 
bottles is 74, as against 76 for 12 bottles. These 
figures, reduced to material per bottle, give an 
economy of 17 per cent. by packing in dozens, or, 
if the bottles or cans are only two diameters high, 
packing in dozens shows a saving of 14 per cent. 
Thus it is not surprising that almost the entire 
wine trade, even in metric countries, deals in 
dozens of bottles, each dozen bottles containing 
2 gallons. In the beer and milk trades, crating is 
usually in dozens or two dozens of pints, giving 
1} gallons and 3 gallons, respectively. 

Apart from package costs, there is an advantage 
in using dozens because of divisibility, for, whereas 
ten gives only halves and fifths, the dozen yields 
halves, thirds, quarters and sixths. These simple 
every-day matters have been worked out over the 
centuries. Each trade has its tricks. Eggs are 
sold by the “long hundred” of ten dozens. Hard- 
ware people use the gross. Butchers use the stone 
of 8 lb., which is convenient for bisection of meat. 
English measures of length, usually in multiples of 
two, are suitable for cloth and materials, which can 
be folded. In the Middle Ages, mathematicians 
spent much time on weights and measures; the 
Venetian, Tartaglia, in 1556, showed that the 
weights 1, 2, 4, 8, 16 on one scale pan would weigh 
up to 31 by increments of one, whereas the decimal 
weights 10, 5, 2, 2, 1 have a range of only 20. 
Using two scale pans for the weights, 1, 3, 9, 27 
would weigh by ones up to 40. Conversely, the 
fractions 1, }, }, }, %, ete., give a useful converging 
series, handy in artisans’ measurements for brick 
and woodwork. The more these things are studied, 
the clearer does it appear that, in the everyday 
work of trade and handicraft, the metric system is 
not so efficient as the Anglo-U.S. system. 

One serious defect of the metric system is that 
it is artificial. Whereas, in the English system, the 
lengths of the foot, hand, span, cubit, fathom, and 
ell are based on bodily dimensions, there are no 
metric lengths to correspond. Whereas the pint, 
quart, pottle, gallon, peck and bushel are all simple 
units corresponding to suitable quantities for eating, 
drinking and carrying, the metric units are all 
impersonal. Metric enthusiasts often ridicule the 
British subdivision of 14 Ib. to the stone, forgetting 
that there are seven days in the week, and that, 
only a few centuries ago, men were paid in their 
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“daily bread.” A peck of malt was a suitable 
quantity for brewing and four quartern (4 lb.) 
loaves were made from a peck of flour (14 Ib.). 
It would be absurd to argue that all old things are 
better than what is new, but old things have stood 
the repeated tests of time, and, as Bacon put it, 
‘* What is settled by Custome, though it be not good, 
at least it is fit.” Moreover, it is in the nature of 
human beings and other animals to form habits 
and to get used to things. More than one works 
has made the rule “If there is no good reason for 
change, there is a good reason for no change.” 
Custom is King, and it is a striking fact that, in 
most metric countries, the new weights or their 
halves have been dubbed with old names, such as 
pund, pfund, pond, libra, and livre, in order to ease 
the change to the new units. This question of 
custom, habit and natural feelings, is not appre- 
ciated by the chemists and physicists. They never 
lift weights and they have no need to feel forces. 
Theirs is an intellectual world of measurement and 
calculation; but the engineer cannot depend on 
these impersonal and logical methods. He must 
feel resistances to controls. In a servo mechanism, 
or a lift or a cutting tool, he must have a sense of 
response. The physicist’s unit of force is the dyne, 
but a needle weighing 300 dynes may be placed 
point downwards on the tongue of a blindfolded 
person without being detected. Some people have 
thought that a fine powder was being sprinkled on 
the tongue—never 300 dynes on a needle point. 
This explains why the metric engineer uses a unit 
of force 981,000 times as great as that of the 
physicist. He does not choose this because it is 
the most suitable weight, but because it is the only 
weight—the kilogramme—that is anywhere near 
what he requires. His alternatives are the myria- 
gramme (22 Ib.) or the hectogramme (0-22 Ib.), 
which are too large and too small, respectively. 
In metric countries, the common man uses doubles, 
halves and quarters in all his activities ; seldom or 
never does he utter the Greek and Latin prefixes 
of the metric notation. 

It remains now to assess the cost of superseding 
the Anglo-U.S. sustem by the metric system, and, 
at the outset, it must be realised that, if the change 
is justified, it must be complete and rapid. At 
present, there are metric measures in science and 
in some branches of chemical industry, with Im- 
perial measures in the greater part of trade and 
industry. For 80 years, people in Britain have 
been free to use either system, and, in America, 
where the same freedom has ruled, millions of 
immigrants have used the older system without 
protest. The cost to be assessed is thus the cost 
of cutting out the present freedom of choice and 
imposing metric units throughout. This means 
that signposts, maps, railway distances, loads on 
bridges, speed limits, speedometers, weights of 
vehicles, must be altered. The weights and measures 
in shops and post offices must be replaced. The 
measuring devices in factories must be altered and 
the dimensions on jigs, tools, drawings, etc., must 
be changed. The builder’s brick, standardised by 
statute in the reign of Charles I, must be dropped, 
and the pint milk-bottle, of which there are between 
60 and 100 millions delivered daily with four or 
more times as many in reserve, with machinery for 
cleaning and filling them, all must suffer a change, 

Thirty years ago, when the metric system was 
advocated in America, an estimate was made of 
the cost to change over from inches and pounds to 
metres and grammes, and a figure of 2,0001. million 
was put forward. It is reasonable to estimate a 
present cost for the change over in America alone 
at 20,0001. million. If Britain and the Common- 
wealth are included, the cost might easily be 
30,0001. million ; a formidable expenditure for the 
sake of a uniformity of dubious value. If the 
metric system were perfection and the British 
system were utterly bad, the task of conversion 
would be appalling, but when it is borne in mind 
that the Anglo-Saxon world has a manufacturing 
predominance over the metric countries of anything 
from two to five times, and this especially in preci- 
sion products involving fine measurement and inter- 
changeability, the mere proposal of conversion 
becomes preposterous. We hope to hear no more 
of it until conditions have been greatly changed. 


SMOKE ABATEMENT. 


INDUSTRIAL operations, and especially the com- 
bustion of solid fuel on domestic premises, give rise 
to smoke and fumes, which were for many years 
regarded as an inevitable concomitant of human 
existence in this country. This is not to say that 
protests were not made and some action taken 
to remedy the effects; it is recorded that, as 
long ago as 1307, circuit justices in London were 
commissioned “‘ to enquire of all such who burn sea 
coal in the city or parts adjoining and to punish 
them for the first offence with great fines and ran- 
somes, and upon the second offence, to demolish 
their furnaces.” These drastic sanctions seem, 
however, seldom or never to have been applied ; and, 


of local authorities and individuals, and some us«-fu] 
results were obtained. Inevitably, however, 
accuracy was sometimes not very high and, what is 
more important, comparison and estimation of the 
results on a national basis was often difficult. To 
improve this position, the Department of Scientific 
and Industrial Research, in 1927, accepted the 
responsibility for local observations ; and, as we 
have already noted, the Atmospheric Pollution 
Committee was appointed to give that Department 
expert scientific advice on methods of measurement. 
A Standing Conference of Co-operating Bodies was 
also set up to maintain effective touch between the 
central organisation, the local authorities and the 
other bodies who were making observations or who 
were giving financial support. This policy of 
maintaining routine observations was continued 


nearly 400 years later, Evelyn was still fulminating 
in a well-known pamphlet against the smoke 
nuisance in the metropolis. With the coming of the 
industrial era, matters became worse; and, al- 
though the demands of amenity and health con- 
siderations in time brought about some change in 
this laisser faire attitude, it is surprising even now 
that astate of affairs, which can hardly be described 
as pleasant, is so often regarded with complacency. 
The present position is that local authorities 
have considerable legal powers to abate the smoke 
nuisance. They are assisted in their endeavours by 
a number of voluntary bodies, including, in particu- 
lar, the National Smoke Abatement Society, who 
are holding their annual conference at Harrogate 
this week. These voluntary bodies have been formed 
with the laudable object of educating the public 
in all aspects of the problem, so that a better state 
of affairs may be brought about. In addition, steps 
are being taken to design solid-fuel appliances, the 
use of which will not give rise to smoke ; and the 
increasing employment of electricity and gas, both 
in industry and in the home, also means that 
progress is being made towards a cleaner atmosphere. 
Finally, the Government Departments concerned 
have not been idle. Since its formation in 1942, 
the Ministry of Fuel and Power has developed a 
strong fuel efficiency organisation, which has 
helped industry towards a solution of the scientific 
and practical problems which arise in dealing with 
combustion. In this connection, mention may also be 
made of the Committee appointed by the Ministry 
under the chairmanship of Lord Simon of Wythen- 
shawe, to consider the use of fuel in domestic 
premises, with special reference to the prevention 
of atmospheric pollution. 

The Department of Scientific and Industrial 
Research also appointed a Committee on Heating 
and Ventilation under the chairmanship of Sir 
Alfred Egerton, which assembled a useful collection 
of facts covering many aspects of heating and ven- 
tilation. Further, the same Department has greatly 
enlarged the Fuel Research Station, and has 
appointed an Atmospheric Pollution Research 
Committee, working in co-operation with some 
50 local authorities. 

The activities of these bodies in the collection of 
data and in working out improved methods of burn- 
ing fuel should, in their several ways, do much to 
solve the problem of smoke abatement. In fact, 
as pointed out by Lord Simon of Wythenshawe in 
the presidential address delivered at the Annual 
Conference of tne National Smoke Abatement 
Society, of which mention has already been made, 
there is plenty of scientific and technical evidence 
available on the subject ; and various Government 
Departments, including, in particular, the Ministry 
of Health, have abandoned their previous attitude 
of indifference and are now according their active 
interest and support. Improvement in a matter 
which has both its economic and its health aspects 
may therefore be expected with some confidence, 
without necessarily sharing Lord Simon’s optimism 
that the lapse of another 30 years will see the end 
of the smoke nuisance. 

In this connection it is not irrelevant to point 
out that a necessary preliminary to action towards 
general improvement is the determination of the 
amount of pollution that is eaused in any particular 
area, combined with investigations into its nature 
and the formulation of practical suggestions for its 
elimination. Until about 20 years ago, the first 


throughout the war. As a result, it was possible 
to make an estimate of the changes in pollution 
brought about by conditions during the war, and 
these changes, among other matters, are discussed 
in a report*, covering the five years ended March 
31, 1944, which has been recently, if somewhat 
belatedly, published by H.M. Stationery Office. 
Some interesting resuits emerge. For instance, 
it was found that the relationship of the deposited 
matter, namely tar, other carbonaceous matter and 
ash, changed during the five years under review. 
There were, in fact, twice as many places where the 
tar deposit decreased as where it increased, this 
result being possibly due to enforced economy in 
the use of domestic fuel. While remaining the 
same during the summer, there was a further 
definite increase in the deposit of carbonaceous 
matter, other than tar, during the winter, while the 
amount of insoluble ash also showed a definite 
increase. This, in turn, was probably due to the 
general increase in industrial activity and the 
tendency for the coal to contain more ash. Boilers 
and furnaces were also worked beyond the capacity 
for which they had been designed and the regulations 
concerning chimney effluents were relaxed. In some 
places, air raids produced exceptionally heavy 
deposits in individual gauges, but these have been 
quite rightly expunged from the records as not 
being relevant factors in the investigations that are 
being conducted. ot 
Although there was a satisfactory reduction in the 
amount of the deposits, due, no doubt, to the more 
widespread use of electricity and gas, the improved 
design of solid fuel burning appliances and to propa- 
ganda, a number of other changes occurred during 
the period under review, which cannot apparently 
be ascribed to any of these causes. Mr. A. R. 
Meatham, the Superintendent of Observation, 
classifies these under several main headings: 
industrial changes due to increased or decreased 
activity ; shift of population ; military and civil 
operations and fuel economy. An analysis of the 
results, as might be expected, emphasised the im- 
portance of industrial practice in affecting atmo- 
spheric pollution, particularly so far as deposited 
matter is concerned. Military operations and 
changes of fuel were the causes of next importance, 
with deterioration in the quality of fuel surprisingly 
low on the list. There also seems to have been 
some relationship between the amount of sulphur- 
dioxide pollution, the amount of coal consumed, 
and the weather, but some further investigation 
regarding this seems necessary. 

“Actually, there were only a few districts in which, 
during the war, the increases in atmospheric pollu- 
tion were large. The return at least to pre-war 
standards should not, therefore, have been difficult. 
Unfortunately, these pre-war standards were them- 
selves low and since the period with which this report 
deals tittle has been done to improve them. In fact, 
in some areas there has even been retrogression. 
The National Smoke Abatement Society has there- 
fore still work to do; and it is to be hoped especi- 
ally that the opportunities of altering this state of 
affairs offered by the many schemes of reconstruc- 
tion and re-building will not be neglected. This 
is one way of improving the health of the country 
which will yield good results and in which everyone 
can play a part. 





* The Investigation of Atmospheric Pollution. Twenty- 
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NOTES. 


Russia AND THE ATOMIC BoB. 


On Friday last, September 23, a statement was 
issued from 10, Downing-street, that ‘‘ His Majesty’s 
Government have evidence that within recent weeks 
an atomic explosion has occurred in the U.S.S.R. 
Ever since atomic energy was first released by man 
the eventual development of this new force by other 
nations has been expected. This probability has 
always been taken into account by us. In the 
three-nation declaration of the President of the 
United States and the Prime Ministers of the United 
Kingdom and Canada, dated November 15, 1945, 
it was emphasised that no single nation could, in 
fact, have a monopoly of atomic weapons. This 
recent development emphasises once again, if indeed 
such emphasis were needed, the necessity for that 
truly effective enforceable international control of 
atomic energy which His Majesty’s Government 
and the large majority of the members of the 
United Nations support.” In the House of Com- 
mons, on September 27, Mr. Winston Churchill 
asked the Prime Minister whether he had any state- 
ment to make on the development of the atom 
bomb by Russia, but Mr. Attlee declined to amplify 
the statement quoted above. In reply to further 
questions, however, he expressed readiness to con- 
sider the possibility of a debate on the subject at 
some future date, ‘‘if, on reflection, it was con- 
sidered useful ’’ ; but he declined to give any under- 
taking to lay before the House all the information in 
the possession of the Government, even in secret 
session. 


THE INTERNATIONAL Motor EXHIBITION AT 
Earku’s Court. 

The thirty-fourth International Motor Show 
opened at Earl’s Court on Wednesday, September 28, 
and will remain open until the evening of Saturday, 
October 8. This year’s show is the largest ever 
held, the total number of exhibitors exceeding 
530. Nearly 200 motor cars are being shown on the 
71 stands in the car and coach-building sections ; 
the latter figure includes 21 stands showing 
American, French, and Italian cars, a far larger 
foreign representation than at last year’s shows 
Some of the British firms are exhibiting new models 
for the first time but most of the cars have been 
shown before, having been modified in detail only 
since the last show. This, indeed, was to be 
expected as the majority of firms, having introduced 
their post-war models, are now concentrating on 
production and the marketing of their vehicles 
overseas. As in previous years, the show is divided 
into various sections, which include those for acces- 
sories and components, servicing equipment and 
tyres. The exhibits in the component section in- 
clude many interesting items ; one manufacturer, 
for example, is showing a method of bonding 
brake linings directly to the shoe, thereby dis- 
pensing with the usual rivets and increasing 
the life of the brake lining. Another interesting 
device being shown increases the octane number 
of petrol by injecting a special compound into 
the engine when it is pulling hard. The Earl's 
Court Motor Show differs from its Continental 
counterparts in that a large section is devoted 
to motor boats and light marine auxiliaries. The 
exhibits in this section cover craft between 
smal] dinghies and large sea-going motor cruisers, 
while the engines on view range from } h.p. to over 
100 h.p. Another section of the show is concerned 
with caravans, the demand for which is higher 
than ever before. The caravans on show can be 
divided into two main classes, namely, those intended 
to act as permanent mobile homes and those of 
lighter construction for use on holiday; one of 
the holiday models has two berths and can be 
towed comfortably by a 6h.p.car. A novel exhibit 
in this section is an amphibious caravan in the form 
of a boat fitted with a caravan body. It can be 
towed behind an average car and, when afloat, 
can be fitted with an outboard motor. 


RaDIOLYMPIA. 
The sixteenth National. Radio Exhibition, or- 
vanised, as in 1947, by the Radio Industry Council, 
was opened at Olympia, London, by the Rt. Hon. 





Herbert Morrison, M.P., on Wednesday, September 
28, and will remain open daily except Sundays, be- 
tween 11 a.m. and 10 p.m. until Saturday, October 8. 
There are displays by over 140 commercial exhibitors 
concerned mainly with radio and television equipment 
for the home market, as well as by Government 
and Service departments, and by the British Broad- 
casting Corporation, whose most spectacular attrac- 
tion is a television theatre with sound and vision 
control rooms to show how rehearsais and broad- 
casts are arranged. The Ministry of Civil Aviation 
demonstrate how radar helps aircraft to land in 
poor visibility, and telecommunication equipment 
for military or civil purposes is also displayed by 
the Ministry of Supply. The Royal Navy, the 
Army, and the Royal Air Force are exhibiting for 
the first time at Radiolympia since the war. A 
preliminary inspection shows that, although prices are 
generally lower than in previous years, some manu- 
facturers have preferred to keep prices about the 
same and to improve the quality of their product. 
There are also many radio receivers designed solely 
for receiving home stations. Techniques developed 
during the war have been widely applied, being 
particularly noticeable in the layout of telecom- 
munication apparatus and in the compactness of 
some lightweight portable receivers, a few of which 
weigh only about 4 ib. each. An outstanding 
exhibit among the television receivers is the demon- 
stration of colour television given by a well- 
known manufacturer. There are also displays by 
manufacturers in associated industries, covering, 
for example, deaf-aid equipment, electrical labora- 
tory and testing instruments, gramophones, and 
insulating materials. In welcoming Mr. Morrison, 
Mr. J. W. Ridgeway, O.B.E., chairman of the Radio 
Industry Council, said that it was important to 
provide the whole country with television services 
as quickly as possible, so that manufacturing pro- 
cesses could be further developed, and more tech- 
nicians trained to meet competition in the export 
field. In reply, Mr. Morrison indicated that present 
plans, which were governed by the “‘ capitalexpendi- 
ture thought proper in the national interest ’’, should 
bring television to about 80 per cent. of the popu- 
lation of the United Kingdom by the end of 1954, 
when Scotland, the Bristol Channel area, North- 
East England, Southampton, Belfast, Aberdeen 
and Plymouth, would be served. 


THE InstTITUTE OF Roap TRANSPORT 
ENGINEERS. 


The fourth annual report of the Institute of Read 
Transport Engineers, Limited, which is to be 
presented at the annual general meeting to be held 
at the Royal Society of Arts, John Adam-street, 
London, W.C.2, at 6.30 p.m., on Monday, October 3, 
shows that there has been a considerable increase in 
membership during the twelve months ended June 
30, 1949, the total being then 1,156, as compared 
with 954 at the corresponding date in 1948. The 
fact that the new entrants represented only 20 per 
cent. of the number of applications received is 
stressed as an indication of the high standard of 
qualifications required, though it suggests that a 
considerable number of the applicants have not fully 
appreciated the character of the organisation that 
they were seeking to join. Proposals were made to 
the Council by their Technical Education Committee 
that an entrance examination might be instituted, 
but it was decided to refer these proposals back, 
for the time being, as no comprehensive course 
of study existed for those seeking to qualify as 
engineer of a fleet of road vehicles, and the present 
pressure on the resources of technical colleges, etc., 
would make it difficult to arrange such a course. 
The practice will continue to be followed, therefore, 
of assessing the applications on a basis of training 
and practical experience, but a plan is to be consi- 
dered for the registration and training of apprentices 
in the industry. It has been agreed to accept as a 
qualification for corporate membership (the other 
conditions being duly satisfied) the City and Guilds 
Institute’s certificate for motor-vehicle technicians 
and electricians, the same Institute’s full tech- 
nological certificate, and the Ordinary and Higher 
National Certificates in Mechanical Engineering. 
The Council, in referring to the use made during 
the year of the advisory services provided, express 





the view that the services of the members forming 
the various Vehicle Panels might have been more 
fully utilised, especially in relation to matters 
involving approach to manufacturers, Government 
Departments, and other bodies. They feel that the 
need for joint action on some important matters 
‘is certainly not decreasing.”’ During the year, a 
Western Group of the Institute was founded with 
headquarters at Bristol, and it is the intention to 
establish other Groups in South Wales and elsewhere 
in due course. 


Tue Scorrish SEAWEED RESEARCH ASSOCIATION - 


Around the coasts of the Scottish Islands, seaweed 
grows in quantities sufficient to support a large 
industry, provided that economic means of harvest- 
ing can be evolved. The work of the Engineering 
Division of the Scottish Seaweed Research Associa- 
tion, Institute of Seaweed Research, Inveresk 
Gate, Musselburgh, Midlothian, Scotland, is prima- 
rily directed towards the development of such 
methods, and an account of their investigations is 
given in the Association’s Annual Report for 1948. 
Of the various harvesting systems so far examined, 
those using simple grapnels have been found to 
be most likely to yield positive results, and, on 
account of their simplicity, are considered to be 
very suitable for crofters and fishermen working 
on a part-time basis. Trials on three sizes of such 
grapnels are now complete, but a convenient, 
economical means for collecting the weed harvested 
has still to be developed, and for this purpose, the 
recently-acquired 60-ft. twin-screw pinnace, with 
space for 10 tons of seaweed, will be a considerable 
asset ; hitherto, experimental work has been carried 
out from two 30-ft. motor boats which have been 
found to be too small for work with the larger 
grapnels and the mechanical handling devices under 
investigation. Another system of harvesting being 
examined is the cutting and entrainment method, 
still in the early stages of development. In present 
manufacturing methods, separate treatment of 
stalk and frond is necessary, and for this reason a 
harvester which brings whole weed to the surface is 
desirable. Preliminary work has started with the 
construction of a trawl, designed to cut the stalk a 
few inches above the holdfast, and so that tests 
could be carried out to determine the most suitable 
form of skids to prevent anchoring, and to provide 
protection from the blades without causing draping 
and blinding by the weed. So far, only fixed knives 
have been tried, and the indications are that, at 
slow towing speeds, fixed knives tend to become 
clogged by the draping of frond. An alternative 
means of cutting, by using stretched wires, was tried ; 
wires of less than 0-032 in. diameter were too light 
to stand the conditions involved, whereas heavier 
wires failed to cut the weed, and it was concluded 
that to use this system of cutting, the speed required 
would be higher than that at which the equipment 
could safely be dragged along the sea bed. Suitable 
pumping systems for dealing with the whole weed are 
the air-lift type of pump, with the delivery pipe 
not deviating by more than 25 deg. from the vertical, 
and an ejector pump with an annular jet orifice 
at the entrance to the pipe. This latter method 
was unaffected by the angle of the delivery pipe, 
but its efficiency was rather low. An axial-flow 
pump with a streamlined impeller, but without 
guide vanes which might cut the weed and cause 
blockage, has been suggested. The continuous- 
grapnel method of harvesting is also being studied. 
A small simple prototype harvester with continu- 
ously-moving parallel chains has been constructed 
for operation from one of the Association’s 30-ft. 
boats, and some preliminary trials have been made. 
The shafts of the upper and lower drums are con- 
nected by a light ladder of tubular construction, 
sufficiently flexible to allow the undercarriage some 
degree of movement with the irregularities of the 
sea-bed. Crossbars between the parallel links of 
the chains are spaced at intervals of 3 ft. 6 in., and 
each crossbar carries seven grapnel hooks, each 
about 7 in. long. Link-netting stretched between 
the conveyor side-chains serves to compact the 
sea-weed, thus facilitating the action of the hooks, 
and also acts as a skid, preventing the fouling of the 
hooks on the bottom. Manual operation will be 


replaced later by gear drive from a petrol engine. 
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HYDRO-ELECTRIC DEVELOP- 
MENTS IN ITALY. 


As is well known, Italy is dependent principally 
upon water power for the supply of electricity. In 
fact, the economic reconstruction of the country 
has recently been greatly delayed by the shortage 
of water during the winter months. While, in 
1929, the total electrical output of the country 
amounted to 9,502 million kWh, of which 9,117 
million kWh were generated by water and 385 
million kWb by steam, by 1948 the total output 
had risen to 20,100 million kWh, for the generation 
of 18,900 million kWh of which water was employed, 
while 1.200 million kWh were produced in thermal 
stations. In recent vears, moreover, the growing 
demands of consurhers and the shortage of imported 
coal and other fuel have led to an increasing exploita- 
tion of the available water power, and the consequent 
formulation by the supply authorities of projects 
which will, in 1952, augment the annual output by 
about 8,000 million kWh. 

These projects, which are distributed over the 
whole country, include 49 in Northern Italy with a 
total installed capacity of about 680 MW, and an 
estimated annual output of nearly 6,000 million 
kWh. Of these, the two largest are that consisting 
of two stations at Santa Massenza in Trento, with 
a combined installed capacity of just over 105 MW 
and an annual output of 745 million kWh, and the 
Piave-Boite-Vajont stations in Belluno, with an 
installed capacity of 93 MW and an annual output 
of 820 million kWh. Stations of more moderate 
size include those at Spinedo (50 MW) in Bolzano, 
and at Aosta (43-3 MW) and Avise (42-5 MW), 
both of which are in Aosta. On the other hand, 
some of the stations are quite small, those at Sardeg- 
nana in Bergamo and at Treviso having capacities 
of only 755 kW and 711 kW, respectively. In Central 
Italy, the Villa Santa Maria scheme in Chieti will 
have an installed capacity of nearly 133 MW and an 
annual output of 435 million kWh, while each of the 
stations at Terni and San Giacomo in Teramo, in 
the same part of the country, will have an installed 
capaeity of 66 MW. It is interesting, however, to 
observe that, owing to the water conditions, the 
annual outputs of these two will be 275 million kWh 
and 57-8 million kWh, respectively. The total 
installed capacity of the 17 stations in this part of 
the eountry will be about 305 MW and the annual 
output 1,380 million kWh. The contribution of 
Southern Italy and the Islands will be smaller, as it 
is proposed to install nine plants with an aggregate 
capacity of 63 MW and an annua] output of 487 mil- 
lion kWh. 

Construction of a number of these stations was 
actually begun before the war and some of them 
include points of considerable technical interest. 
In this connection, attention may be drawn to the 
stations at Lumiei—Tagliamento and Piave-Boite- 
Vajont are situated in the Udine on the eastern 
Italian frontier and operated by the Societa 
Adriatica di Elettricita. The Lumiei-Tagliamento 
scheme, which has an installed capacity of about 
10 MW: and an annual output of 60 million kWh, 
consists of a barrage in the Maina di Sauris district, 
by the construction of which a reservoir with a 
capacity of 70 million cub. m. (2,472 million cub. ft.) 
has been formed. The associated dam is of the 
double-arch type and is 136-15 m. (449 ft.) high, 
the width being 16 m. (52 ft. 6 in.) and 3-15 m. 
(10 ft. 6 in.) at the foot and crest, respectively. 
Materials for its construction were transported by 
railway to Villa Santina and thence by an aerial 
ropeway 20 km. (12} miles) long to the site. A 
second dam, 34-65 m. (112 ft.) high, has been built 
to divert the water of Novarza into the reservoir, 
from the outlet of which water is carried through 
a pressure tunnel 2-6 m. (8-6 ft.) in diameter and 
4,112 m. (2-6 miles) long, and a pipe line varying 
in diameter from 1-8 to 1-69 m. (6 to 5-6 ft.) toa 
power station at Ampezzo Carnico, the average 
working head being 450 m. (1,485 ft.). The station, 
which is built underground and is 53-4 m. (176 ft.) 
long by 15-4 m. (51 ft.) wide by 14 m. (46-2 ft.) 
high, contains three Pelton turbines and generators 
with a combined installed capacity of 58-5 MW. 
Power from these sets is transmitted to a neighbour- 
ing outdoor substation where the voltage is stepped 
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Fig. 2. Tat Race UNDER CONSTRUCTION, CIMENA POWER STATION. 


up from 10 to 135 kV in three 26-MVA transformers. 
The Ampezzo Carnico station is connected by a line 
consisting of steel-cored aluminium conductors to 
Caneva di Sacile, a distance of 64 km. (40 miles). 
This line wili be-extended to Venice when a sub- 
station at Scorzé has been completed. The scheme 
is designed to have an annual output of 90 million 
kWh, of which 85 million kWh will be available 
between December 1 and March 31. This output 
will probably be increased to 160 million kWh per 
annum, of which 105 million kWh will be available 
during the winter when additional stations on the 
Upper Tagliamento have been completed. 

The Piave-Boite-Vajont scheme is intended to 
connect the existing stations at Ponte Cordevole 
on the Upper Piave and at Campo di Sotto with the 
power stations at Fadalto and Caneva di Sacile, 
which are part of the Piave -Santa Croce scheme, 
that is already operated by the Societa Adriatica di 
Elettricita, and thus to form a unified system. 
This scheme consists of a reservoir with a capacity 
of 10-6 million cub. m. (374-4 million cub. ft.), 
into which the water of the River Boite has been 
diverted through a canal at Pocroce. This reservoir 
is connected to a station with a capacity of 6,000 
kVA at Soltocastello, which will discharge into a 
reservoir with a capacity of 64-3 million cub. m. 
(2,271 million cub. ft.). This reservoir bas been 
formed by diverting the River Piave at Piave di 
Cadore and constructing an arch gravity dam 108-5 
m. (358 ft.) high in the Pian delle Ere district. The 
fall between it and the Boite reservoir is 45 m. 





(148 ft.). From this reservoir water is at present 
led through a pressure tunnel 4-5 m. (15 ft.) in 
diameter to a temporary power station at Perarolo, 
the capacity of which is 21 MVA and thence to the 
Vajont reservoir. This reservoir, which has a 
capacity of 58-2 million cub. m. (2,055 million cub. 
ft.), has been formed by constructing an arch dam 
202 m. (666 ft.) high near Longarone, and is con- 
nected to the Val Gallina reservoir through a pressure 
tunnel 5,820 m. (3-75 miles) long and 4-7 m. (15-5 
ft.) in diameter. The reservoir at Val (Gallina 
has a capacity of 5-9 million cub. m. (208 million 
cub. ft.), which has been obtained by erecting a 
double-arch dam 85 m. (280 ft.) high. From this 
reservoir the water is led through two tunnels 2,5() 
m. (14 miles) long and 44 m. (15 ft.) in diameter, 
to an underground power station at Soverzene. 
The machine room at this station is 71-2 m. (235 ft.) 
long, 25-4 m. (84 ft.) wide and 19 m. (63 ft.) bigh, 
and is designed to contain four 60-MVA sets. It 
discharges both into the Santa Croce Lake and into 
the Piave itself. 

On the western Italian frontier the Societa 
Elettrica Piemonte of Turin has taken steps to 
meet the shortage of power during the winter, both 
by developing resources so as to obtain an uninter- 
tupted supply during the year and by connecting 
its system to that of Electricité de France. As part 
of the latter policy, a reservoir with a capacity of 
350 million cub. m. (12,360 million cub. ft.) is to be 
built on the Mont Cenis and an underground power 
station is to be constructed at Avise in the Aosta 
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Valley. This will be connected with the French 
system through the Petit St. Bernhard Pass and 
structurally will be one of the largest power stations 
in Italy, with a turbine room 95 m. (313 ft.) long. 

As part of the policy of ensuring an uninterrupted 
supply of power during the year, the Societa Idro- 
elettrica Piemonte has just completed the Cimena 
station on the River Po. This utilises the water 
of the river between Chivasso and San Mauro, and 
is designed to have an annual output of 134 million 
kWh, of which 57 million kWh will be available 
during the winter months. The dam in this scheme 
is a gravity structure 150 m. (594 ft.) long with 
four openings each 25 m. (82-5 ft.) wide, and a 
fifth opening 12-3 m. (40 ft.) wide for the removal 
of silt. It is entirely built of concrete blocks, 
which were sunk in the river under compressed 
air to a depth of 8 m. to 10 m. (26 ft. to 33 ft.), 
where a rocky strata was encountered. From 
the barrage the water is drawn off through a 
diversion canal 150 m. (500 ft.) long and 50 m. 
(16-5 ft.) wide into an intake 13 km. (8 miles) 
long. Of this length, 8,460 m. (5} miles) is in 
the open, while 4,380 m. (2? miles) are in tunnel. 
The open canal is of trapezoidal section and is 
10-2 m. (34 ft.) wide at the bottom opening out 
to 19-5 m. (64 ft.) wide at the top, the depth of 
the water being 4-4 m. (14-5 ft.). The sides are 
lined with prefabricated concrete blocks between 
which liquid mortar was poured during construction. 
The tunnel is of horse-shoe section and is lined with 
iron rings. Its equivalent diameter is 9-2 m. 
(30 ft.), and it has an equivalent section of 70 sq. m. 
(753-5 sq. ft.). It traverses the limestone range on 
the left bank of the Po and was driven by per- 
cussion and rotary hammers operated by com- 
pressed air after simple rotary electric hammers 
had been tried and found unsuccessful. 

This tunnel discharges into a head bay, a view 
of which is given in Fig. 1. As will be seen, this 
head bay is also of trapezoidal section, being 9-2 m. 
(30 ft.) wide at the tunnel opening and 29 m. 
(96 ft.) wide at the entrance to the pressure pipe 
line. It is 80 m. (264 ft.) long, the depth of water 
being 8-8 m. (29 ft.). The power station building 
is in three sections, one of which contains the 
turbine foundations, the second the turbines them- 
selves, while the third embodies the frame on which 
the generators are supported. It is 47-4 m. (156 ft.) 
long, 13-5 m. (44-5 ft.) wide, and 16 m. (50 ft.) 
high. It contains two Kaplan turbines, which 
were built by Societé Franco Tosi, of Legnano ; 
and each of which has a capacity of 11 MW when 
operating under a head of 23 m. (76 ft.) and running 
at a speed of 214 r.p.m. The runners of these sets 
are 3 m. (10 ft.) in diameter and carry buckets, 
which are connected by rods to an oil-operated 
servo-motor system installed near the main coup- 
ling. These servo-motors are automatically con- 
trolled through regulators on the turbine room 
floor. The aiternators, which were constructed by 
Tecnomasio Italiano Brown Boveri, have an exter- 
nal diameter of 7-1 m. (23-4 ft.) and an output 
of 15 MVA at a pressure of 6 kV. The main switch 
house is situated over the turbine room and controls 
the supply from the generators and to two Breda- 
type transformers in which the voltage is raised 
from 6 kV to 120 kV through circuit-breakers, 
which are installed out of doors. The water after 
passing through the turbines is discharged along a 
tail race into the River Po. A view of this tail race 
under construction appears in Fig. 2. Another 
development in northern Italy nas been undertaken 
by the Compagnia Imprese Elettriche Liguri of 
Genoa. This consists of a station at Aveto, north- 
east of Genoa, which will have an annual output 
of about 300 million kWh, and will take the place 
of the Val Roja stations which were transferred to 
France under the Peace Treaty. 

Apart from the increase in the use of hydro- 
electric power, it is interesting to note that plans 
have been made to obtain a further 1,000 million 
kWh per annum by extending the Lardarello 
natural steam plants in Tuscany and a further 
similar amount by erecting conventional steam 
stations in northern Italy. One of these stations 
will be fired with methane obtained from wells with 
an annual output of 1,500 million cub. m. (52,975 








OBITUARY. 


PROFESSOR C. L. FORTESCUE, 
O. 


WE regret to record the death of Professor C. L. 
Fortescue, which occurred at Keyhaven, Lymington, 
Hampshire, on Thursday, September 22, at the age 
of 68. He was well known to many generations of 
electrical students as a skilled instructor and to 
older members of the profession for the useful work 
he had done in the development of radio telegraphy, 
especially during the 1914-18 war. 

Cecil Lewis Fortescue was born on January 15, 
1881, and was educated at Oundle School and at 
Christ’s College, Cambridge, where he obtained 
first-class honours in the Mechanical Sciences 
Tripos. He then served a post-graduate apprentice- 
ship with Messrs. Siemens Dynamo Works, Stafford, 
for two years, and, after a short time on the engin- 
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eering staff of that firm, became instructor in elec- 
trotechnics and applied mechanics at H.M. Torpedo 
and Gunnery Schools, Portsmouth. In 1911, he 
was appointed Professor of Physics at the Royal 
Naval College, Greenwich, and, after 11 years in 
that position, became Professor of Electrical Engi- 
neering at the City and Guilds College, South 
Kensington, London, retiring from that post with 
the title of Emeritus Professor in 1946. 

During the time that Fortescue was at South Ken- 
sington he played a leading part in university 
affairs, serving on the Senate and on a number of 
academic committees. He was Dean of the Faculty 
of Engineering from 1928 to 1933, and chairman of 
the Board of Studies in Electrical Engineering in 
1927-28 and from 1941 to 1943. He took a great 
interest in student activities, not only on the pro- 
fessional, but on the social side, and was a fervent 
supporter of the dramatic and athletic societies. 
While he was at Cambridge, he had rowed in the 
college boat, so that, perhaps naturally, he was an 
ardent follower of the fortunes of the Imperial 
College on the Thames. 

Professor Fortescue was appointed an Officer of 
the Order of the British Empire for his services 
during the 1914-18 war. He was elected a member 
of the Institution of Civil Engineers in 1926 and 
of the Institution of Electrical Engineers in 1914. 
He served on the Council of the latter body from 
1925 to 1928 and again from 1935 to 1938, and was 
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chairman of the Wireless Section in 1926-27. He 


became a vice-president in 1938 and was President 
in 1942-43. Between 1920 and 1938 he contributed 
some ten papers to the Journal, nearly all of which 
dealt with radio problems from a specialised point 
of view, and indicated the keen interest he took in 
research and development in this part of the elec- 
trical field. He was also the author of Wireless 
Telegraphy, published in 1912, and of the Naval 
Electrical Manual, which appeared in 1926. It is 
significant, however, of the way in which his 
scholastic duties at the Imperial College forced 
him at least partly to abandon research that his 
presidential address to the Institution of Electrical 
Engineers in 1942 dealt comparatively briefly with 
radio and education and mainly discussed post-war 
planning. He expressed the opinion that the 
engineer’s part in this operation was the pro- 
duction of ‘‘ commodities of so high a quality that 
they are eagerly sought after by the rest of the 
worid.”” He further suggested that, in pursuance of 
this aim, exports should be subsidised and, in reply 
to some comments that we made on the subject, 
argued that it could no longer be assumed that 
the economic laws which had held for the last 
40 years would be applicable in future. The 
address is worth studying in the light of recent 
events. It will be sufficient here to say that it 
shows that Professor Fortescue was of the modern 
school of teachers, whose interests are not bounded 
by the lecture room and the laboratory. He was 
elected a Fellow of the Physical Society in 1913 and 
was one of the founders of the Institute of Physics. 





THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Continued from page 316.) 


The fourth paper in the programme of the meet- 
ing of the Institution of Naval Architects at Copen- 
hagen, and the second to be presented at the 
technical session on August 31, deait with the 
change ‘‘ From Riveting to Welding in a Merchant 
Shipyard ”’ and was presented by Mr. E. Ringsted, 
B.Sc., of the Elsinore Shipbuilding and Engineering 
Company, Limited. 


R1vETING TO WELDING. 


Mr. Ringsted’s paper described the changes in 
equipment and procedure involved in introducing 
welding in place of riveting in a three-berth shipyard 
employing about 450 to 500 men per berth and 
normally constructing about six vessels per year, of 
8,000 to 15,000 tons deadweight capacity. The 
problems arising, he said, could be grouped under 
five heads : whether the drawing staff had the neces- 
sary skill; whether the plant already existing was 
suitable ; whether the outside staff were sufficiently 
qualified ; whether sufficient welders were available ; 
and what the economic consequences would be. In 
most cases, the existing plant would not be suitable, 
and the staff and the welders would not be equal to 
requirements, so that some heavy capital expendi- 
ture would be unavoidable, and steps would have to 
be taken to train the supervisory staff and the neces- 
sary number of welders. The additional plant 
required, apart from the actual welding equipment, 
would consist mainly of plate-edge planers (or bevel- 
cutting roller shears) and flame cutting apparatus. 
It was found that approximately 3-5 to 4 welders 
(including helpers) would replace one riveting squad ; 
and as above 70 riveting squads were needed to 
finish six riveted hulls in a year, the number of 
welders would be about 260. A reasonable distribu- 
tion would give about 85 welders per berth, simul- 
taneously employed, and this fixed the amount of 
welding plant required. As three ships on three 
berths would not all be equally advanced, some 
welding points could be used for work on adjacent 
berths ; thus it was reckoned that 170 points would 
suffice, the transformer units adopted having con- 
nections for nine welding sets in most cases. For 
lifting plant, there was a choice between two 
gantries, each with two cranes of 124 tons capacity, 
or two tower cranes of 25 tons capacity, the costs 
of the two alternatives being about equal. The net 
increase in outside supervisory staff was found to 





be negligible, and the same applied to the annual 
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power consumption. The economic considerations, 
in brief, were whether the saving in weight which 
welding made possible would or would not be offset 
by the increased overhead charges and the expected 
higher labour cost. On the basis of the time known 
to be required for the various operations on a riveted 
ship, and the time estimated to be required for 
welding, it was estimated that the probable cost of 
a welded hull would not exceed that of a riveted 
hull. It was concluded, therefore, that the shipyard 
under consideration could safely change from rivet- 
ing to welding without impairing its revenue- 
earning capacity and, if the costs of material should 
increase, the economic position would be relatively 
improved. 

The discussion was opened by Mr. J. Turnbull, 
O.B.E., who remarked that the author was a ship- 
builder with advanced ideas, and was not afraid to 
put them into practice. With regard to the con- 
structional procedure adopted, however, the paper 
rather indicated that the fullest use was not being 
made of pre-fabrication methods, possibly because 
of the difficulty of fitting prefabricated assemblies 
together on the berth ; the adoption of welded over- 
laps might help to some extent. Perhaps overlaps 
had been avoided because of the search for the ideal, 
but that could be a costly business. Butt joints 
might not be necessary at fore and aft seams. It 
might even be advantageous to rivet certain con- 
nections ; it was now standard practice in the 
United States to adopt at least riveted gunwale 
bars in the larger ships. That practice was arrived 
at after a good deal of investigation—and probably 
the Americans had had more experience with 
welded ships than any other country. 

Mr. H. P. Christensen said that, assuming that 
the berths were fully occupied, the author calcu- 
lated that the costs of welding and riveting would 
be about the same. There was an advantage to 
shipowners, too, in the saving of weight, because 
their ships would be able to carry more deadweight. 
He asked what was the saving in weight, and what 
was the extra cost of labour, if any, between the 
welding or riveting of a tanker and a cargo vessel. 
At his own yard, he had found that the cost of 
labour in welded ships was rather high. 

Mr. J. A. Milne, C.B.E., criticising the author’s 
cost comparisons, said that,«n his experience of 
both lap and butt welds on light construction, the 
fairing was very expensive, possibly due to lack 
of experience on the part of the shipwrights. 
Another cause of increased cost was excessive zeal 
on the part of the welding draughtsmen, who were 
inclined to put in too many butt welds. The author 
made the labour cost for welding about 3 per cent. 
more than riveting; that figure might easily be 
trebled. He had been unable to satisfy himself 
so far that welding would not be more costly than 
riveting, even when the shipwrights had learned 
more about the erection of welded structures. With 
regard to gunwale bars, he suggested that a rounded 
plate gunwale might provide a solution. 

Mr. Norman M. Hunter said that the paper should 
prove of great value to any shipbuilder who wished 
to change from riveted to welded construction. In 
his opinion, that change must be made in the near 
future ; it was becoming increasingly difficult to 
get apprentice riveters. It was nearly 40 years 
since he began to experiment with welding in ship- 
building, and, after all those years, he had concluded 
that the more experience one had of welding, the less 
one seemed to know about it; for that reason, he 
suggested that anyone who wished to make the 
change should make it gradually, and give his 
staff a chance to become welding-minded- New 
experience was continually coming to the frent in 
welded construction. He noted that the author’s 
comparative figures were based on the employment 
of hand welders ; what about using machines ? He 
considered it advisable in the thicker plates, of about 
# in. thickness and over, to remove all traces of the 
serious effects of shearing by first planing off an 
amount equal to at least half the thickness of the 
plates before starting to form the welding edges. 
Assuming that the author was visualising the use 
of alternating current for his welding plant, Mr. 
Hunter said that he had never believed in alternating 
current for welding except for prefabricated work; 
for work on the berths, etc., and after launching, he 





considered that direct current was better and safer. 
On many occasions, it might be desired to use more 
current for hand tools, temporary lighting, pumps, 
etc. ; direct current enabled that to be done. It 
was better, and possibly cheaper in the long run, 
to have *bus-bars running down each side of each 
berth, with large generating units placed in positions 
as near as possible to the centre of gravity of the 
load, so as to minimise voltage drop. On the subject 
of cranage, he thought that a 12}-ton travelling 
crane was the most advantageous. 

Suggesting that the supervisory staff indicated 
by the author was not quite sufficient, Mr. Hunter 
emphasised the importance of ample supervision. 
Every plate edge should be examined before weld- 
ing; each run should be examined after cleaning 
and before another run was deposited on top; the 
voltage and amperage should be checked continu- 
ally, as well as the length of deposit. In his view, 
there should be a supervisor for, say, every 15 to 
20 welders. The author had observed that the 
main object in the adoption of welding was to save 
weight, but, Mr. Hunter said, the main object was 
to producea better product ; in his experience, com- 
pletely welded ships would withstand damage 
which riveted ships would not, and they would 
remain afloat under conditions in which riveted 
ships would sink. 

Commenting on Mr. Turnbull’s remarks about the 
riveting of gunwale bars in America, Mr. Hunter 
suggested that that was simply a case of panic. The 
Americans had experienced troubles with their 
ships, which were built in a hurry. They had done 
a good job during the war, but troubles were experi- 
enced which, in his opinion, were due to poor 
materials, insufficient material, and, in some cases, 
to r design and poor workmanship. He con- 
sidered that riveted gunwale bars were wrong ; 
when a bar was riveted it was stressed, and it could 
take up no strain whatever until the adjoining 
structure first yielded under stress. He thought 
that all would agree that the butt weld was more 
efficient than the overlap, but undoubtedly, in the 
lighter parts of a ship, slight overlaps helped the 
fairing and no objection could be raised to their use 
in such cases. In fabricating, too, a certain number 
of overlaps were of advantage ; but not in the shell, 
which he preferred to be welded and smooth all over. 
The welded smooth shell should make a ship faster 
and more economical than her riveted sister with 
overlaps. 

Professor C. W. Prohaska observed that, in Table I 
(which detailed the percentage saving in weight, 
item by item, which could be obtained by welding 
instead of riveting the hull of a typical cargo vessel), 
the author had shown an overall saving of 16-2 per 
cent., but, on the shell plating alone, a saving of 
only 5-6 per cent., which seemed to be low. He 
suggested that it might well be 7-0 to 7-5 per cent. 

Mr. G. Buchanan, B.Sc., referring to the author’s 
conclusion that his yard could safely weld any 
given size of hull instead of riveting it, without 
impairing money-earning capacity, pointed out that 
the yard had space available for pre-fabrication 
and that the standard of workmanship was high ; 
he did not think, however, that the author’s state- 
ment could be accepted as a broad principle. In 
certain of the older yards, space was so congested 
that extensive pre-fabrication was a practica] im- 
possibility, and there were other yards abroad 
where labour was unskilled and a complete change- 
over to the fully-welded ship would result in chaos. 
Local conditions were bound to affect the economic 
consequences to a great extent. Most yards which 
had gone in for extensive welding had trained their 
own welders. Welders could not become qualified 
overnight, and it was necessary, therefore, to employ 
them on parts of secondary structural importance 
before they could be used on parts of primary 
structural importance. Thus it had been generally 
accepted practice to weld such items as hatch-webs, 
casings, interna] bulkheads, etc., even if the main 
hull were predominantly riveted. Commenting on 
the author’s remark that the continuation of part- 
-elding and part-riveting of hulls, with al) the 
attendant drawbacks, had to be faced, Mr. Buchanan 
said that this was standard practice in a large 
number of yards throughout the world, both for 
tankers and dry-cargo ships—welded bottom shell 





and longitudinals, riveted seams of side s} :|\, 
stringer with welded butts, riveted side fra:nes 
and beams. The reason might be a lack of ihe 
requisite welders, or that erection was made ea jer 
by the holes available for bolting. What were th- 
‘* attendant drawbacks ”’ that the author envisag: d ’ 
Apparently, in the economic survey of the adv .wn- 
tages of the fully welded ship, no allowance was mid. 
for X-ray equipment for weld testing. 8 ich 
equipment was essential when constructing full 
welded vessels on the scale indicated in the pajxr, 
unless, as in Denmark, use could be made of suci: 
an authority as the Svejsecentralen. He thoucht 
that a proportion of only four overseers for 26) 
welders was surprisingly small, and asked why 
there was no decrease in the caulking staff. In 
view of the large amount of welding, a reduction 
of the number of caulkers should be possible. 

Mr. Ringsted, replying to the discussion, said that 
the new Rules of Lloyd’s Register might force 
shipbuilders to revert to overlaps; at present, 
they were increasing the thickness of ordinary butt 
joints in decks, etc., but he considered that to use 
overlaps was a retrograde step. His yard used them 
in some places for joining materials, bolting them 
before welding, and probably they would have to 
continue that practice in order to simplify erection. 
In reply to Mr. Christensen: the calculations in 
the paper were based on the ordinary occupation 
of berths. He wanted to show how the building 
time per ship on the berth could be decreased by 
doing more of the welding work on the ground. 
There was a slightly greater saving of weight in 
tankers than in dry-cargo boats as the result of 
welding. The cost of fairing was included in the 
figures given in the paper, but it was not very great. 
On the other hand, to secure that result, the 
accuracy in the shops had to be much greater. He 
agreed with Mr. Hunter that the change from 
riveting to welding should be made gradually, and 
had tried to make that clear in the paper. It was 
found that alternating current was better than 
direct current for all purposes, even on board the 
ships. He agreed, also, that it was necessary to 
provide more supervision than was previded at 
first, but felt that the suggestion that there should 
be one supervisor for each 15 or 20 welders was a 
little too liberal. Replying to’ Mr. Buchanan, 
Mr. Ringsted said the attendant drawbacks of 
mixed welding and riveting were so numerous that 
he would not try to make a complete list. Labour 
was a particularly acute problem in such cases ; 
if welded ships alternated with riveted ships, trouble 
arose with both the riveters and the welders, because 
either they became unemployed alternately, or they 
had to be shifted elsewhere. He supported the 
view that X-ray equipment for testing welds was 
absolutely necessary. It had been a surprise to 
find, on changing over to welding, how much chipping 
had still to be done ; and it was the former caulkers 
who had become chippers. To keep down the cost 
of welding and fairing, the work had to be very 
accurate ; the men chipped the plates, etc., as 
nearly as possible to the final form. 

(T'o be continued.) 





ENGINEERING AND MARINE EXHIBITION : ERRATUM.— 
In the description of the stud-welding tool, made by 
Messrs. Cyc-Arc, Limited, 27, New North-road, London, 
N.1, which appeared on pages 272 and 273, ante, we 
stated that welds are only made between surfaces which 
were reasonably clean. This statement, we are now in- 
formed, is incorrect; the tool is suitable for welding 
studs to plates covered by mill scale or a thin layer of 
rust or paint. Satisfactory electrical contact is ensured 
by the pilot arc, which creates an ionised path for the 
subsequently imposed power arc, 





LOCOMOTIVE MOBILE TESTING VEHICLES.—A six-day 
series of tests has recently been completed by the London 
Midland Region, using a 4-6-0 Class 5 mixed-traffic 
locomotive, No. 44,764, coupled to the mobile testing 
vehicles (ENGINEERING, vol. 164, page 321 (1947) and 
vol. 165, pages 596 and 620 (1948)); and to the new 
dynamometer car No. 3, which was described on page 8, 
ante. The Derby to Willesden route was used, and the 
schedule was arranged so that the engine was worked at 
constant speeds of 10, 20, 30, 40, 50 and 60 m.p.h. for 
periods of from half te one hour. For each test, different 
cut-offs were employed, and the object was to produce 





characteristic curves of indicated and drawbar perform- 
ance, as well as the upper limits of capacity at each speed. 
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1. CyLiInDER-BorRE GavGeE. 


GAUGES FOR CYLINDER BORES 
AND CRANKSHAFT DEFLECTION. 


A COLLAPSIBLE cylinder-bore gauge for the rapid 
measuring of large Diesel-engine cylinders without the 
necessity of removing the heads, and a crankshaft- 
deflection gauge incorporating several novel features, 
have been developed by Messrs. Thomas Mercer, 
Limited, Eywood-road, St. Albans. The collapsible 
cylinder-bore gauge illustrated in Fig. 1, above, was 
designed for a bore of 650 mm. and a stroke of 
1,400 mm., and the dial gauge at the upper end is 
graduated in 0-01 mm. divisions. The gauge proper 
is the horizontal member shown resting on the floor 
in the illustration. It is pivoted near its centre to the 
end of the long vertical member, which is a tubular 
handle with the dial gauge at the upper end. Towards 
the lower end the tubular handle fits inside a long 
sleeve which is free to slide. The lower end of the 
sleeve is connected by a pair of links to the gauge, at a 
point near the gauge fulcrum. With the gauge at 
right-angles to the handle, as shown in the illustration, 
the upper end of the sleeve is locked by a union-type 
nut. To measure a bore, the nut is released and the 
sleeve is slid along the handle until the gauge is practic- 
ally straight in line with the handle. The operator can 
then lower the complete gauge through a hole in the 
cylinder head (an injector hole, for example); when 
the gauge proper has passed fully into the cylinder, it 
is restored to the measuring position and locked there. 
The gauge has a fixed anvil at one end and, at the other, 
a movable anvil which operates the dial gauge through 
a small bell-crank and a long spring-loaded push rod. 
Prior to measuring, the gauge is set by means of an 
outside micrometer or a trammel. The movable anvil 
protrudes between a ~— of fixed pads, which, together 
with the fixed anvil, form a three-point contact to 
centre the gauge in the cylinder bore. The gauge 
illustrated has a handle 9 ft. 6 in. long, but gauges of 
this type can be supplied to suit any bore and stroke. 

Fig. 2 shows the new crankshaft-deflection gauge. 
It has a fixed point and a movable —. 
point, one at each end of the gauge, which are placed 
in centre pops made on the inside opposite faces of 
an adjacent pair of crank webs. The movable point 
actuates a dial gauge having 0-0005-in. or 0-01-mm. 
divisions. With the gauge in position, the crankshaft 
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Fig. 2. .CRANKSHAFT-DEFLECTION GAUGE. 


| is rotated, so that any misalignment of the crankshaft 
| journals causes the webs to spring slightly a or 
| together, the amount being indicated on the dial. The 
gauge incorporates two features designed to facilitate 
its use. The handle, in addition to being a handle, 
serves as a counterweight to ensure that, as the crank- 
shaft is rotated, the dial gauge always faces the 
operator. For this purpose, the position of the handle 
in relation to the dial, in a plane at right-angles to the 
axis of the gauge, can be adjusted and the handle locked. 
The second feature is the provision of a spring-loaded 
knee joint near the centre of the gauge, which allows 
the gauge to kink withont falling out, should it be 
| hit by the connecting rod because the crankshaft has 
been rotated too far during checking. 








| PHOTO-ELECTRIC CONTROL EQUIPMENT.—To mark 
their twenty-first anniversary, Messrs. Radiovisor Parent 
Limited, 1, Stanhope-street, London, N.W.1, held a 
small gathering at their offices on Thursday, Septem- 
ber 15, to display some of their photo-electric control 
equipment. Demonstrations were arranged to show how 
this type of equipment could be developed to suit almost 
any industrial or commercial process where direct or 
reflected light can be used to energise photo-electric cells, 
used with appropriate amplifiers and relays. Among the 
exhibits were burglar and fire alarms, apparatus for 
counting moving articles, automatic street-lighting equip- 
ment, and instruments for noting and rejecting incorrectly 
marked labels or packages. ‘ Flamestats ” for shutting 
off the fuel supply if a burner flame goes out, and an 
industrial smoke-density indicator for actuating alarms 
or controls should the smoke passing up a chimney 
become excessive, were also demonstrated. Apparatus 
in the development stage included an instrument for 
measuring the dust content of an atmosphere; dust 
collected on a plate in a given time is used to scatter a 
light beam falling on a photo-electric cell, thereby enabling 
meter readings to be obtained. 


THE LaTE MR. C. WALLACE SAUNDERS, D.C.M.—We 
note with regret the death of Mr. Charles Wallace 
Saunders, which occurred on September 21. Mr. 
Saunders, who, before his retirement in December, 1948, 
had been manager of the marine department of the 
General Electric Company, Limited, for 30 years, was 
born at Dunedin, New Zealand, in 1884. After serving 
his apprenticeship with Messrs. A. and J. Burt, general 
mechanical engineers, he went to sea in 1906 and obtained 
his chief engineer’s certificate in London, in 1909. 
In the two subsequent years, he completed the course 
in electrical engineering at the City and Guilds College 
and obtained the Associateship of the College (A.C.G.I.). 
He spent a further two years gaining practical experience 
at various electrical works and also at Twickenham 
power station. During the war of 1914-18 he joined the 
Army and was demobilised ir 1918, having been awarded 
the Distinguished Conduct Medal. He then joined the 
staff of the General Electric Company and was responsible 
for the creation of the marine department. During the 
subsequent 30 years he was closely associated with the 
building of a number of electrically-propelled ships, 
including the Monarch of Bermuda and the Queen of 
Bermuda. Mr. Saunders was for many years a member 
of the Institute of Marine Engineers. He was elected 
an associate member of the Institution of Civil Engineers 
in 1914 and of the Institution of Electrical Engineers in 
1918, and became a member of the Institution of Naval 
Architects in 1940. 














ANNUALS AND REFERENCE BOOKS. 


1949 Handbook of British Refrigeration Material and 
Home and Overseas Buyers’ Guide.—This 310-page hand- 
book, published by “ Modern Refrigeration,” Empire 
House, St. Martin’s-le-Grand, London, E.C.1, at a price 
of 10s., forms a trade directory to all sections of the 
British refrigeration industry. The main part of the 
book is devoted to an illustrated catalogue section, 
divided into four parts—machinery, power and plant 
equipment, insulation and cold-rooms, and instrument 
equipment—each of which is arranged alphabetically 
under manufacturers’ names and contains brief notes 
on their products. The hand-book also contains a 
directory of manufacturers; an alphabetical buyers’ 
guide to refrigerating-plant chemicals, components, and 
accessory equipment, etc.; a directory of cold stores 
and ice factories in the British Isles; brief notes on 
Government research organisations, professional and 
trade associations ; a short technical section including 
tables of physical constants, cold-storage data, charac- 
teristics of refrigerants, etc.; and an advertisement 
section, with an advertisers’ index. Those who have 
to deal with export inquiries would find this book still 
more useful if a trade-names index were added. 


Newnes Engineer’s Reference Book.—The third edition 
of Newnes Engineer's Reference Book, which was first 
compiled in 1946, “ to supply the need for an up-to-date 
and authoritative work of reference on all branches 
of engineering,” is larger than its predecessors by 300 
pages, on which a large number of new ‘ables and a 
great many illustrations have been printed. The field 
covered is very wide, the subjects dealt with ranging 
from thermodynamics and the laws of fluids to plastics, 
polishing and buffing, works cost accounts, quality 
control and wage incentive plans. It may perhaps be 
doubted whether this catholicity is altogether wise and 
whether it would not have been better, if it were neces- 
sary to publish a book of just over 1,600 pages, to deal 
more fully with matters which are really engineering, 
even if physics at one end of the scale and economics 
at the cther had to be excluded. The fact that a book 
has reached a third edition, however, is at least seme 
proof that it meets a demand; and from the study we 
have made of its contents there is no reason to doubt 
its utility. Its title is perhaps misleadingly wide, 
since civil engineering is not dealt with and the electrical 
engineering information given relates rather to con- 
sumption than production. Considerable space is, 
however, usefully devoted to electroplating and welding. 
The publishers are Messrs. George Newnes, Limited, 
Tower House, Southampton-street, London, W.C.2, and 
the price is 45s. net. 





British Engineers’ Association Handbook.—The 1949 
edition of the British Engineers’ Association Classified 
Handbook of Members and Their Manufactures consists 
of an alphabetical list of members giving full particulars 
of their addresses both in this country and abroad, 
an impressive advertisement section replete with 
information regarding the products of these firms and 
a classified list of the manufactures of the members, 
printed on distinctively coloured paper. All this 
valuable data regarding an important branch of British 
industry is prefaced by a foreword in which its achieve- 
ments are adequately chronicled. Particular stress 
is laid on the fact that in 1948 British engineering 
exports were computed to be between 38 and 40 per 
cent. of the total exports. The Handbook, which is 
published gratis by the Association at 32, Victoria- 
street, London, S.W.1, is issued to overseas buyers and 
agents in 93 countries which do business with the 
British engineering industry. 


Nickel in Non-Ferrous Castings.—The Mond Nickel 
Company, Limited, Sunderland House, Curzon-street, 
London, W.1, have added to their series of publications 
a pocket-size hand-book in which is set forth informa- 
tion relating to nickel in non-ferrous metal castings. 
The object of the publication is to provide data covering 
all aspects of the production, properties and appli- 
cations of the various types of nickel-containing 
castings and it should prove of service to founders, 
metallurgists and engineers engaged in the development 
of alloys to meet the demands of new specifications. 
The compositions, mechanical properties and applica- 
tions of cast nickel alloys are given in clear and concise 
tabular form, then follow sections dealing with inspec- 
tion methods for castings, the founding of nickel 
bronzes, nickel silver foundry practice, the production 
of cupro-nickel castings and the making of precision 
castings. Further sections contain tables of pattern- 
makers’ contraction allowances, physical constants 
and conversion factors. The book is presented in 
loose-leaf form so that new sections can be added 
or existing sections revised as fresh data become avail- 
able. New sections now in preparation will deal with 
aluminium castings, high-tensile brass castings, nickel- 
aluminium bronze, and bearing alloys. The volume is 





supplied without charge to business applicants. 
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MILITARY RADAR RESEARCH AND 
DEVELOPMENT. 


Aw exhibition, arranged for the primary purpose of 
showing the non-technical public some of the work 
carried out at the Radar Research and Development 
Establishment, Malvern, was opened by. the Minister 
of Supply (the Rt. Hon. G. R. Strauss) on Wednesday, 
September 21, and remained open on the two follgwing 
days for inspection by representatives of the univer- 
sities and manufacturers, and by the general public. 

The Establishment, of which Mr. P. E. Pollard is 
the chief superintendent, had its genesis in 1917, 
when an experimental section of the Royal Engineers 
was formed to modify existing searchlights, so that 
they could be used more efficiently for the detection of 
enemy aircraft. At the end of the war, this organisa- 
tion was converted into a civil department, which 
carried out researches not only on searchlights, but on 
gun ranging and sound location, while in 1936 investi- 
gations on anti-aircraft instruments using radar were 
begun. Later, radar was developed not only for anti- 
aircraft gun laying, but for coast defence purposes, 
for giving warning of approaching aircraft, and for 

irecting searchlights, as well as for automatically 
following a selected target and for observing the move- 
ment of tanks on land. Last week’s exhibition was 
arranged in a number of groups to illustrate the appli- 
cation of radar to all these purposes and to meteorology. 
Examples of line and other aerials, and equipment for 
testing and circuit development, were shown, while the 
work that is being done in improving existing sets was 
illustrated. The workshops, which > excellently 

ui to out the demands of the various 
pn sal ‘of the Establishment, were on 
view. 

In the gun-laying section, two of the early radar 
sets, in which wavelengths of about 4m. were used, 
were shown. Although these did useful work in 
1939, the invention of the magnetron, using a pulse 
lasting 10-* seconds, enabled accuracy in finding 
the position of the target to be greatly increased, 
errors from ground reflections to be avoided, and one 

t to be more easily distinguished from another. 
A further substantial advance was provided by the 
gun-laying radar set, in which the target is automati- 
cally followed once it has been selected. This proved 
valuable during the flying bomb attacks on London. 
Other sets have been designed to give early warning 
of the approach of hostile aircraft. In these the search 
is carried out more rapidly than in the gun-laying sets, 
and the direction and range of the target are accurately 
given, although the height can only be approximately 
determined. 

In the searchlight group, two exhibits illustrated the 
steps that are being taken to apply radar techniques 
to light by generating it in very short pulses of very 
high intensity. These enable the upper atmosphere to 
be investigated by measuring the reflection from 
layers at various heights which may reflect light but 
not normal radar frequencies. In the ballistics section, 
particular attention is being devoted to applying radio 
technique to the determination of the speed, spin and 
direction of rockets and other projectiles. During the 
exhibition, a scale model rocket—about 12 in. long— 
was projected along a taut wire for a distance of 
about 100 ft., its speed being measured by the Doppler 
effect, using very high radio frequencies. The same 
principle was also being used in an exhibit named 
* Watchdog,” which showed the equipment that has 
been designed for observing a section of a battle area, 
and for indicating the movement in that area of any 
vehicles under all conditions of visibility. This employs 
shorter wavelengths than those used in the early 
warning systems, thus increasing the definition of the 
picture focused by the scanning beams. . 

The continual striving for greater range necessitates 
the use of radar transmitters with higher and higher 
outputs. In this connection, a problem is presented 
by the fact that the efficiency of the transmitting 
valves does not exceed 50 per cent. In fact, to obtain 
an output of 2 MW from a magnetron a modulator 
capable of deliving 5 MW pulse power must be built. 
Such a modulator was among the exhibits in the 
research group, while another was a pulse spectro- 
meter, which has been designed to give an instan- 
taneous picture of the distribution of energy over the 
frequency spectrum. This enables the change in the 
frequency of a magnetron, which occurs when the load 
into which it is feeding varies, to be measured. 

In the workshops, one of the principal exhibits was 
a large centrifuge which has been constructed for the 
Royal Aircraft Establishment, Farnborough. It con- 
sists essentially of an aircraft wing section, which is 
mounted on a vertical shaft and rotated at a speed of 
270 r.p.m. Its radius being 8 ft., the peripheral = 
attained in two minutes is 175 m.p.h., and the force 
exerted on its contents is equivalent to 200 g. This 
centrifuge is intended for testing the components 


incorporated in rockets so as to ascertain their capacity | F 


to withstand the stresses to which they will be exposed. 





LABOUR NOTES. 


PRICE increases over a wide of and 
materials, from bread to tin, arising from the Govern- 
ment’s devaluation of the pound, and fears for their 
effect on the cost of living, have placed all other pro- 
blems facing the Trades Union Congress in the back- 
ground. It may be recalled that the representatives of 
the T.U.C. General Council who were received by the 
Chancellor of the Exchequer, Sir Stafford Cripps, prior 
to his broadcast announcement on September 18 of 
the devaluation of the £ sterling, reported to the 
General Council two days later. Subsequently, the 
General Council issued a statement saying that, while 
they were satisfied that ‘the grave step of devalua- 
tion” would not have been taken by the Government 
without a careful assessment of all the factors involved, 
they “could not judgment on the necessity of 
devaluation,” as they lacked fuller information on 
all those factors. The General Council asked for an 
early meeting with Sir Stafford to discuss devaluation 
and to seek further information from him. 





That meeting took place last Monday and was 
attended by almost all members of the General Council. 
The importance attached to it by the Government 
was indicated by the presence, with Sir Stafford, of 
Mr. Harold Wilson, President of the Board of Trade, 
Mr. George Isaacs, Minister of Labour, Mr. Aneurin 
Bevan, Minister of Health, Mr. George Tomlinson, 
Minister of Education, and Mr. Douglas Jay, Economic 
Secretary to the Treasury. Although the meeting was 
held mainly to enable the General Council to obtain 
the fuller information they desired on the factors 
relating to devaluation, the strength of the Ministerial 
backing for Sir Stafford would suggest that the Govern- 
ment hoped for a favourable “‘ judgment on the neces- 
sity of devaluation ” from the General Council. 





The amount of success, however, which attended the 
Chancellor’s efforts to win support for the Government’s 
policy may be measured, to some extent, by the 
absence of any Government announcement following 
the meeting. It was left to the General Council to 
issue a statement. This declared that a long discussion 
had taken place on the probable effects of the alteration 
in the exchange value of the pound and on the difficult 
problems, affecting wages and the cost of living, which 
arise from devaluation. These matters will now be 
investigated by the special economic committee of the 
T.U.C., which is expected to commence this work next 
Wednesday, after the meeting of the General Council 
on that day. Other meetings with Ministers are 
ex to be held before any final propositions are 
submitted to the General Council. These will probably 
take the form of a report from the special economic 
committee. 





Among the issues arising from devaluation, on which 
the General Council are understood to have sought 
information at Monday’s meeting, was the extent to 
which the cost of living may be expected to rise during 
the coming six months or so. The question of wage 
increases was also brought up and the possibility of 
some measures being taken to ease the burden of rising 
prices, in the case of the lowest-paid grades of em- 
ployees, was discussed. Many members of the General 
Council felt that Sir Stafford’s statement in his devalua- 
tion broadcast, that “‘ a stop must be put on any wage, 
salary or other personal-income increases,” should not 
apply to those earning small wages. 





The possibility of fixing a statutory minimum wage 
was also brought up and, on that subject, there is some 
difference of opinion in the higher trade-union circles. 
Some leaders consider that the introduction of such a 
measure would be a totalitarian step and one which 
would oust the British method of free collective bar- 
gaining. In any event, an attempt to enforce a 
national minimum wage would raise in a most acute 
form the question of differentials between the wages 
of skilled men and labourers. To narrow the gap 
between the wages of the least skilled and most skilled 
grades would deprive the latter of the incentive which 
has encouraged them to become skilled. The craft 
unions, somewhat in opposition to the views of unions 
catering for general grades of workpeople, have long 
felt that there is a good case for a widening of the gap. 
On the question of the social services, the T.U.C. seem 
determined that there shall be no abatement. 





It may be recalled that at the recent Trades Union 
Congress, Mr. E. J. Hill, secretary of the Boilermakers’ 
Society, is rted to have said that no more towns 
would be “murdered as Jarrow had been murdered 
by the employers.” In a —, to this criticism, Mr. 

7 n, chairman of National Shipbuilders 
Security, Limited, states in Lloyd’s List that Jarrow 
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was not murdered. The Palmer Shipyard had “ be. 
come redundant and had gone out of business three 
years before National Shipbuilders Security bought 
the shipbuilding assets from the receiver who had been 
appointed by the creditors.” Estimates had indicateg 
that there was a huge surplus capacity for shipbuilding, 
beyond any conceivable demand. “ The pruning was 
bound to be painful. It was, however, done, and far 
from being a wicked work of vandalism, it was as 
brilliantly successful as it was misunderstood and 
maligned.” Never, subsequently, had the industry 
been at any time short of berths or capacity, though 
it had been short of labour. 





In a further comment on this matter it is stated 
that, “far from causing unemployment, the long-term 
effect of the activity of National Shipbuilders Security 
has been to diminish it by encouraging the setting u 
of new industries upon the sites for which there was 
no longer any hope of economic shipbuilding.” 
Throughout the years, National Shipbuilders Security 
had continued to dispose of the workless shipyards, 
acquired under its charter, to other interests, and very 
few now remained. As to the future, the certificate 
held under Section 25 of the Finance Act, 1935, had 
been cancelled on October 1, 1946, so that the company 
was not now an active concern for absorbing redundant 
shipyards. 





Carpenters and painters engaged on the erection of 
stands and similar work in connection with the Inter- 
national Motor Show at Earl’s Court and the Radio 
Exhibition at Olympia ceased work over a wage dispute 
last Saturday. With other employees who stopped 
work in sympathy, the total number of strikers was 
3,000 and they were joined on Monday by 300 elec. 
tricians on preparatory work connected with 
the same exhibitions. The diapate arose from a demand 
for a general wage rate of 3s. 6d. an hour for all opera- 
tives, instead of the agreed rate of 2s. 114d. an hour paid 
by the Exhibition Contractors’ Association, who form 
the majority of the employers. The men claimed that 
some contractors engaged on work for the exhibitions 
were paying wages up to 4s. an hour and, occasionally, 
more, 





Work was resumed on Tuesday morning, without 
any increase having been granted, on the understanding 
that negotiations would commence next Thursday, 
between the employers and trade unions concerned, to 
investigate the whole structure of wages and conditions 
in the industry. Much progress was made with the 
stands during the short period of the strike by the 
introduction of trade-union labour from outside, in 
some cases from the provinces, but it was a condition 
for the return of the strikers that these workmen 
should leave the exhibition halls by 10 p.m. on Monday 
night. Both exhibitions were opened on Wednesday 
morning, the official date, although the private view on 
Tuesday had to be abandoned. 





After a fortnight of unofficial strikes by oncost opera- 
tives in Scottish collieries, mainly situated in the 
Lanarkshire coalfield, a resumption of work took place 
on Wednesday last. At one time, nearly 20 pits 
were affected, but, by Monday, the men had returned 
to work in all collieries except ten, in which that day 
was a statutory holiday. In a statement issued on 
Monday after a special meeting in Edinburgh of the 
Scottish executive of the National Union of Mine- 
workers, Mr. Abe Moffat, President of the N.U.M., 
Scottish area, said that a meeting of the trade-union 
side of the industry’s national joint negotiating com- 
mittee would be held in a day or two to make recom- 
mendations to the committee. The trade-union side 
would consider what policy could be pursued by the 
N.U.M. to obtain wage increases for the lower-paid 
employees. The Ministry of Fuel and Power stated on 
Wednesday that the coal lost last week owing to 
disputes was 55,400 tons, more than double the esti- 
mated amount for the previous week. This increased 
loss was attributed to be due mainly to the strike of 
the Scottish oncost men. 





There was no change in the index-of-retail-prices 
figures at mid-August. At that date, the figure for all 
items stood at 111, at which level it has remained for 
four months in succession. The index was commenced 
on June 17, 1947, the level at that date being 100. 





Considerable criticism of the wage proposals of the 
recent railway Board of Conciliation was made on 
Tuesday at a meeting of the executive committee of 
the National ome ane Conference, which was held 
at Hastings. © Board suggested that a re-classi- 
fication of railway signal-boxes should take place. 
During the meeting, speakers protested that the carry- 
ing out of the Board’s suggestions would mean wage 
reductions, in some’ cases up to 10s. a week, for over 
half the signalmen. 
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Fig. 2. Press SECTION OF MILL. 

GOVERNMENT DEPARTMENT ELECTRICAL SpEciFIca- | Department Electrical Specification. The reprint of 
TIONS.—The Committee on the Standardisation of | G.D.E.S. No. 5 differs from the 1948 issue only in the 
Electrical Cables and Wires for the Government Services, | numbering of the pairs of the cable. The amendment 
the secretary of which has his office at the Ministry of | list No. 1 contains details of additional types of cordage 
Supply, Inspectorate of Electrical and Mechanical Equip- | and also changes in the rubber and polyvinyl chloride 
ment, “‘ Walsingham,” Manor Park, Chislehurst, Kent, | requirements. Copies of both of these publications may 
have now issued a reprint, for 1949, of G.D.E.S. No. 5| be obtained from H.M. Stationery Office, York House, 
and an amendment list No. 1 to G.D.E.S. No. 19-1947. | Ki gsway, London, W.C.2. The prices are 6d. for the 
The letters G.D.E.S. signify, of course, Government! G.D.E.S. No. 5 and 1d. for the amendment list. 








THE MANUFACTURE OF TRACING 
PAPER AT CHARTHAM. 


Brrore the war the production of the tracing paper, 
which is so largely used in engineers’ and architects’ 
drawing offices, as well as for educational purposes, 
was to a great extent a German monopoly and was 
mainly concentrated in one factory at Duren, near 
Cologne. In 1934, however, Messrs. Wiggins, Teape 
and Alex. Pirie (Sales), Limited, Aldgate House, 
46, Mansell-street, London E.C.1, began experiments 
with its manufacture at their mill at Chartham, near 
Canterbury, and achieved such success that on the 
outbreak of war they were able to meet the entire home 
demand. On the return to peace, Chartham factory 
was, in fact, one of the few mills in Europe which was 
producing tracing paper. To meet requirements which 
have been steadily increasing, it has now been re-built 
and equipped with modern machinery, which embodies 
the results of the firm’s*experiences and of researches 
carried out by them in Germany, the United States, 
Norway and Sweden. 

As an indication of the problems involved, it may 
be mentioned that a first-class tracing paper must 
have good transparency and flatness to facilitate its 
use. It must be free from “ grain,” so that the back- 
grounds of the prints taken from it are clear. It must 
not es or shrink with changes in humidity, and it 
must capable of withstanding the heat to which 
it is exposed during photo-printing. The surface 
must be smooth enough to permit fine lines to be traced 
in Indian ink. It must, however, also be rough enough 
to take pencil lines easily and yet not so rough that 
the pencil requires frequent sharpening. Moreover, it 
must be free from cracking, brittleness, discoloration 
and loss of strength, and have good keeping qualities. 
Some of these requirements demand diametrically 
opposite treatment and, as noted below, have necessi- 
tated much care in the design of the plant, in order that 
a satisfactory compromise may be achieved. 

The new mill at Chartham is a brick and steel building. 
It is floored with reinforced concrete, while the roof 
is covered with felting and light-alloy sheets, so as to 
ensure an even internal temperature and to reduce 
condensation. Particular attention has been paid both 
to the natural and artificial lighting, as well as to 
ventilation and to the sprinkler system for fire protec- 
tion. The shell of this new building was constructed 
round the old one, without stopping production, and 
a six months’ stock of paper was built up to cover the 
period of “‘ shut down ” while“the old machinery was 
removed and the new installed. The architect was 
Mr. H. Campbell Ashenden, F.R.I.B.A., and the main 
contractors Messrs. J. E. Wiltshier and Company, 
Limited, Canterbury, and Messrs. Hamilton Slade and 
Company, Limited, Folkestone. 

The main raw material used for the manufacture of 
tracing paper is wood pulp from Scandinavia and, in 
order to obtain the required properties, two or more 
different types must be blended. To do this the pulps 
are first digested to remove the lignins, or non-cellu- 
lose portions, by either the acid sulphate or sulphate 
soda processes, the pressure and time of treatment being 
varied according to the character of the material. 
After the pulp has been broken up in a Hydrapulper 
which is driven through a horizontal V-rope belt by a 
60-h.p. vertical slip-ring motor, the blending is carried 
out in beaters, which consist either of basalt lava 
stone rollers or bronze bars and plates, the latter being 
employed when the pulp incorporates short fibres. 
These rollers or plates are contained in large reinforced 
concrete tanks, six of them being driven by 85-h.p. 
squirrel-cage motors and two by 50-h.p. direct-current 
motors to obtain speed variation. The water for this 
process, of which a large quantity is required, is drawn 
from deep wells, and has been fcund to have a constant 
composition and temperature suitable for the purpose. 
During beating, the temperature, Schopper Riegler 
wetness, setting of the rollers and power consumed is 
recorded at regular intervals. 

The contents of the beaters are then taken to blending 
chests, where the various kinds of pulp are mixed in 
the correct proportions, and are next pumped to the 
machine chest, whence they are drawn into the main 
machine. This machine, of which views appear in 
the accompanying illustrations, was built by Messrs. 
Bentley and Jackson, Limited, Bury, Lancashire, 
and Messrs. Walmsleys (Bury), Limited, Bury, the 
suction rollers being supplied by Messrs. Millspaugh, 
Limited, Tinsley, Sheffield, and the super-calender, 
through which the finished paper passes, by Messrs, 
Hunt and Moscrop, Limited, Middleton, Manchester. 
The pulp is first pumped through a set of screens to 
remove some of the water with which, at this point, it 
is highly charged, and is then forced through a flow box 
on to an endless wire screen over the surface of which 
it is evenly spread. This screen, which can be seen 
in the view of the wet end of the machine given in Fig. 1, 
is kept in constant revolution and is subjected to a 
vacuum, so that the bulk of the water is drawn away 
from the pulp. On reaching the centre of the machine, 
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where the “dry ” section begins, as shown in Fig. 2, 
the pulp is blown off the screen by compressed air 
and on to a revolving woollen felt. This felt with its 
burden is passed through pressing stages in the press 
section, which can also be seen in Fig. 2, where the 
water content is further reduced, and then between 
steam-heated drying cylinders. Finally, the dried 
paper is passed to a calender consisting of a stack of 
chilled iron rollers, and then to the reel on which 
it is stored. An essential feature of the machine is 
the large 14-ft. cylinders, of which there are four, 
which each weigh 14 tons. These ensure that drying 
takes place gradually and thus assist in checking the 
shrinkage which would otherwise occur in the paper 
during its passage from the screen to the reel. This 
shrinkage and its accompanying unevenness cause 
instability and lack of flatness. 

The machine is driven by two motors, which like the 
rest of the main electrical equipment was supplied 
by Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester. The motor for the wet 
end has an output of 150 h.p. and that for the dry end 
100 h.p. and the power from both is transmitted 
through cone pulleys and spiral bevel gearing, which 
was supplied by Messrs. David Brown & Son (Hudders- 
field), Limited, Huddersfield. The setting mechanism 
for the clutches is operated on the Lockheed 
system, the necessary equipment being supplied by 
Automotive Products, Limited, Leicester. The motors 
in turn are supplied from a Ward Leonard set and run 
at a speed of 1,200 r.p.m., the speed of the screen being 
500 ft. per minute. To ensure the proper interworking 
of the two parts of the machine, the motors are fitted 
with the Metropolitan-Vickers Company’s “ Metro- 
lock ” control system, details of which were published 
on page 410 of our 167th volume (1949). The essential 
feature of this system is that tachometer generators 
are coupled to each motor and give a voltage propor- 
tional to the speed of the latter. Any change in this 
speed from the basic speed produces a different signal, 
which is transmitted to an amplifier, and this amplifier, 
in turn, gives an output which corrects the speed by 
varying the voltage of the motor armature. A fine 
speed control of + 7} per cent. can thus be obtained. 
As has already been pointed out, shrinkage occurs as 
the paper passes from the wet to the dry end and a 
certain “draw” between the two ends is therefore 
necessary. To obtain this the speed of the motor at 
the dry end is controlled by that at the wet end, the 
necessary difference being allowed for in the setting 
of the Metrolock control. Rough speed control of the 
motor speeds is also possible from the control desk. 

The vacuum is produced by pumps, manufactured by 
Messrs. Sulzer Brothers (London), Limited, Bedford- 
square, London, W.C.1. To ensure uniformity of pro- 
ducts, paper is cut off the tops and bottoms of the rolls 
and is returned to the beaters for re-use. 





Ship's Side 
PROPULSION OF SHIPS BY JETS.* 


By H. Watson, B.Sc. (Dunelm). 


THE e of this paper is to discuss the possi- 
bilities of jet propulsion in the marine field and to 
suggest practical methods of operation. Since very 
little research has been done on the subject, the paper 
is concerned with surmise rather than with fact. 
Comparisons will be made, however, with existing 
machinery, about which more data are available. 

The development of marine plant is seriously 
hindered by the limitations of the screw propeller. 
The efficiency of the propeller itself rarely exceeds 
72 per cent., while the effect of cavitation and slip 
losses limit its running speed to below about 300 r.p.m. 
Under the best conditions, therefore, 28 per cent. oF: the 
available power is lost in eddy currents and—-unless 
gearing is adopted—the engine must be designed to 
run at low speeds. If high-speed engines could be 
used, a large saving in weight and size and a slight 
increase in efficiency would result. 

Many innovations have been made to increase the 
efficiency of the screw-propeller system. The Kort 
nozzle—which is a system of shrouding the screw in a 
converging casing or nozzle—was designed with the 
intentions of increasing the velocity of the wake 
while decreasing centrifugal slip losses. Here we have 
a compromise between screw and jet propulsion. This 
external nozzle system has not been universally 
adopted. 

More satisfactory results might be gained if the 
whole of the propulsive mechanism were embodied 
within the hull of the ship, thus eliminating wake 
interference and permitting a more suitable design of 
nozzle. Moreover, it is suggested that, if the propeller 
were replaced by some form of pump, the propulsive 
efficiency and engine speeds might be raised consider- 
ably. This constitutes a form of water-jet propulsion. 

From theoretical considerations, jet propulsion relies 
on a change of momentum rather than on a reaction. 
The propulsive force exerted on the vessel is propor- 
tional ta the product of the mass of the issuing fluid 
and the velocity of the jet relative to the vessel. With 
liquids it is sufficient to assume that the propulsive 
force is directly proportional to the square of the 
relative jet velocity. In such a unit, therefore, the 
jet velocity will be the controlling factor, necessitating 
the use of carefully designed nozzles to accelerate the 
water. The purpose of the pumps will be to raise the 
water to a high pressure head which, in turn, will be 
transferred to a velocity head by the nozzles and thus 
to a propulsive force. 

Fig. 1 shows a water-jet propulsive system suitable for 
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propelling a coasting vessel of some 1,500 tons dead- 
weight. The main engines a are small, high s 3 
Diesel engines, each developing about 1,300 brake 
horse-power at 250 r.p.m. and coupled directly to 
multi-throw plunger pumps 6. These pumps draw 
from a reservoir c, which is fed by ducts e leading to 
the ship’s side. Coarse filters are provided at f. The 
pump discharge is led by pipes g to the nozzles h 
which send an issuing stream of water out at the stern 
of the ship. Reversing is effected by means of separate 
nozzles and pipes j. In this case, the pumps draw 
from the chamber c as before, but the ahead jets are 
closed and the astern jets opened by sluice valves. 

Fig. 2, on page 349, shows the machinery fitted in 
place. In a coasting vessel of this type, the machinery 
is arranged near the stern, consequently the pipe 
lengths are small and the friction losses involved are 
minimised. With the larger ocean-going vessel shown in 
Fig. 3, some modification must be made to reduce the 
lengths of piping involved, thus reducing the friction 
losses and the machinery space. (The outlet piping is of 
the order of 4 ft. 0 in. diameter.) This is done by fitting 
the nozzles in the ship’s side, some distance forward of 
the stern and arranging a suitable recess aft of them. 

The choice of machinery, for the water-jet system, 
affords a good topic for discussion. From the point 
of view of efficiency, nothing (as yet) can equal the oil 
engine when operating in the 2,000 to 8,000 h.p. range, 
but for speeds of the order of 100 r.p.m.—i.e., the 
normal mercantile practice—this engine is heavy and 
large. The ideal is to increase the engine speed and so 
decrease the engine size. Hitherto, the slow-running 
requirements of the screw propeller have limited the 
attainment of this ideal, but with jet —_— the 
only s limit is that imposed by the pump. Pumps, 
we th ago operate efficiently at speeds well above 
the 300 r.p.m. which is the propeller limit, and the use 
of light, high-speed oil engines is thus made possible. 
For powers of above 8,000 h.p., the turbine, so far, has 
reigned supreme, due to its high efficiency at high 
powers and to its great reliability. For high-powered 
vessels, however, the water-jet system may make it 
possible to split the total power between several small 
prime-movers. It may thus be feasible to use small 
high-speed oil engines or gas turbines in the jet- 
propulsion system of such large vessels. 

An important factor in considering the type of plant 
to be used, is the choice of pump. The type used in the 
arrangement of Fig. 1 is of the multi-throw plunger type. 
This has the advantage of delivering a reasonable 
quantity of water at a high head, while maintaining 
an efficiency in the region of 90 per cent. to 95 per cent. 
This pump can run at speeds well in excess of 300 r.p.m. 
without involving any high maintenance costs. It 
may well be, however, that rotary pumps of the centri- 
fugal flow type may be more favoured, due to their 
high capacities. 
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lt is a necessary requisite of design that the friction 
and eddy-current losses in the system must be mini- 
mised. The high water velocities envisaged, make it 
impossible to avoid turbulence, but, by careful design 
of flow ducts—particularly those following the pump 
outlet—the eddy-current and friction losses are not 
e to be excessive. 

e question of reliability is of prime importance in 
marine engineering. In a land installation, reserve 
machinery is provided in case of emergency and well- 
i repair squads may be called upon, but no 
such facilities exist aboard a ship. A serious break- 
down may place the vessel in danger and involve the 
owners in considerable financial loss—quite apart from 
the risk to lifeinvolved. The need for even minor repair 
work may put a vessel out of action for several days, 
resulting in a loss of several hundred pounds for each 
day the ship is idle. These factors demand that the 
greatest attention be paid to reliability in considering 
any new design. 

With the water-jet system envisaged, little trouble 
is e ted with the pumps, since a wide choice exists, 
all of which are of proven service. The main difficulty 
is expected to be the main engines. With a normal 
marine oil engine, running at about 100 r.p.m., the 
replacement of worn parts has been a great financial 
drawback. With the faster engines envisaged, this 
difficulty will grow. Considerable experience in this 
field has been gained, however, by firms making Diesel- 
generators for marine use and the high-speed Diesel 
— has lately become popular as a main propulsion 
uni 


The use of salt water as the working medium will 
require special precautions with regard to filtering 
and galvanic action. These should present no great 
difficulty and the arrangement of Fig. 1 shows a double 

















bank of coarse-grid filters fitted near the pump inlet, 
for the purpose of arresting any matter which might 
damage the pump. One grid could be removed for 
inspection while the other remained in operation. An 
automatic cleaning device might be a 

The system described lends itself well to improved 
methods of maneuvring. The ship’s direction may be 
changed from ahead to astern by operating the four 
valves lettered v in Fig. 1. The two valves fitted in 
the astern ducts are opened and those in the ahead 
ducts are closed. A great assistance to turning the 
ship is offered by operating one ahead jet and its 
opposite astern jet in unison. This is of considerable 
importance to light naval craft to which speed and 
maneuvrability are a great asset. 

Fig. 4 illustrates a novel device to assist manceuvra- 
bility, which, it is suggested, may be used in small 
naval craft fitted with water-jet units. It consists of 
two deflector plates d pivoting at p and operated by 
means of a hydraulicram. The plates may be inserted, 
at a suitable angle, into the jet, which is thus deflected. 
The resulting side thrust f creates a turning moment 
on the ship, thus altering the course of the latter. This 
system has considerable possibilities with torpedo boats, 
which need high speed and manceuvrability for their 
defence. 

So far only one system of jet propulsion has 
discussed, namely, the water-jet. It is now intended 
to discuss, briefly, the gas-jet system. Some time 
ago, the late Sir Malcolm Campbell made an attempt 
on the water speed record, using a boat fitted with 
two aircraft jet units. He experienced considerable 
difficulty in control, and some work is now being 
carried out by his son in order to obtain a solution 
to the problem. The boat he used, of course, gave no 
fair comparison with larger vessels, since it was of 
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extremely shallow draught, offering no great resistance 
to turning, especially at high speeds, when the vessel 
rode over the water rather than through it. This 
latter effect resulted in a “skidding” process which 
was enhanced by any relative power differences between 
the engines. Further, the boat was designed primarily 
for speed, little attention being given to endurance and 
to economical running. 

In spite of this initial setback, the (oer propulsive 
system is considered to have a useful future in the 
marine field. From a thermodynamic point of view, 
it is superior to the water-jet, in that it makes use of 
the expansive and thermal properties of the working 
fluid. From the practical point of view, however, the 
high temperatures involved and the subsequent failure 
of the metals, make such a system inadvisable at 
present. The need for complete reliability in marine 
work has been mentioned, and it is sufficient to say 
that the short life of aircraft jet-units would not be 
accepted by shipowners who require that the life of 
machinery should be of the order of 20 years. The 
future of the gas-jet system, however, is closely allied 
to that of the marine gas turbine, similar problems 
being involved, and, since it is becoming clear that the 
day of the latter is not far distant, equipment of future 
vessels with gas-jet units is quite possible. 

is paper has necessarily been of a purely descrip- 
tive nature. The absence of research on the subject 
makes precise reasoning hazardous and no attempt has 
been made to expound the theories involved in a 
mathematical form. It is hoped, however, that the 
paper may arouse some interest in marine jet pro- 
pulsion. 





COAL-MINING SUBSIDENCE.* 
By Grorce Raw, B.Sc., M.I.C.E. 


My task is to examine the involved subject of British 
coal-mining subsidence from the standpoint of the 
citizen, and to show whether the matter is one merely 
of academic interest or, alternatively, of concern to the 
British public. The thickness of the seams of coal 
which are mined in Britain vary usually from 1 ft. 6 in. 
to 7 ft. 0 in., though thinner and much thicker seams 
are occasionally mined. The average thickness of the 
coal seams from which at the present time British 
mined coal is produced is about 3 ft. 6 in. If the 
whole of the Isle of Wight sank about 18 in. into the sea, 
the displacement would approximate to the volume of 
coal taken out of Britain’s coal mines in one year. 
That volume is about 200 million cubic yards. 

The underground void created by mining this volume 
of coal does not consist of one vast cavern. Instead, it 
comprises a multitude of cavities averaging about 
3 ft. 6 in. in height and spread throughout the British 
coalfields. These cavities are generally. short lived, 
for it is usually, though not invariably, the practice 
after the coal has been mined, to permit the overlying 
rock forming the roof of the mine workings to collapse. 
Overhead the surface of the ground sinks in sympathy 
with the collapse of the roof in the mine below, thus 
producing mining subsidence. The lowering of the 
surface, however, does not follow immediately on the 
extraction of the coal seam below ; there is a time lag. 
Indeed, a period of five years may be exceeded, in the 
case of the deeper mines, before the sinking movement 
on the surface ceases. 

Of Britain’s annual coal output, 5 per cent. is mined 
below sea water in coastal and estuarine areas. Com- 
pared to the damage caused by coal-mining subsidence 
to overlying land surfaces and structures, the depression 
caused to the sea floor is of little consequence, apart 
from the care necessary of occasional coastal structures, 
such as harbour works. Since the volume of coal 
mined each year is 200 million cubic yards, and the 
average thickness or height of coal seams from which it 
is extracted is 3 ft. 6 in., a simple calculation shows that 
the superficial area of the coal seam cavities left 
behind is approximately 55 square miles. Of this area, 
about 3 square miles occur under sea water, and 
52 square miles under the land surfaces. The amplitude 
of mining subsidence on the ground surface, seldom 
equals in depth the thickness of the seam of coal removed. 
It is, on an average, only about 60 per cent. of that 
thickness. In consequence, since the mean thickness 
of the coal seams producing the present output is 
3 ft. 6 in., the average resulting surface subsidence is 
about 2 ft. 1 in. Approximately, therefore, the 
dimensions of Britain’s coal mining subsidence, is the 
lowering of 50 square miles of land surface by 2 ft. each 
The problem presented year by year by the 
formation of this vast “‘ basin of subsidence,” spread 
as it is throughout the coalfields from Scotland to 
Wales and Kent, is part of the price Britain must pay 
for the benefit of progressively realising the great 
asset of her coal resources. 

In the public mind, coal-mining subsidence is fre- 
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quently envisaged in terms of sudden collapse of the 
ground, and the engulfing of hapless individuals or 
buildings in gloomy depths. This legend probably 
derives from the early mining of the very shallow 
coal seams which lay along the outcrops of the coal- 
fields. The thin covering of weather-softened rock 
overlying the coal collapsed from time to time following 
the removal of the coal seam. When such a collapse 
occurred, it exposed a cavity probably several feet in 
width and depth, but the opening was of little conse- 
quence, indeed such exits from the mine were occasion- 
ally welcomed by the miners as a short route to their 
homes at the end of the day’s work. Such seams at 
the present time would doubtless have been excavated 
by opencast mining. The most accessible of nature’s 
bounties has always been the first to be utilised by 
man for his needs; and the coal seams of economic 
quality and thickness in Britain lying at shallow 
depths, were the first to be mined, the development of 
the deeper coal mines following later. Coal mining 
has reached a depth of about 4,000 ft. in Lancashire. 
Depths of 3,000 ft. are not uncommon in other British 
coalfields. 

When a seam of coal is mined at depths of, say, 
500, 1,000, 2,000 ft. or more, much knowledge of the 
principles which govern mining subsidence would be 
gained were it possible to observe the actual behaviour 
of the strata, as they transmit the subsidence from its 

lace of origin in the mine workings to the surface. 

he advent of the modern pressure-arch theory, 
however, has assisted materially in deducing the subsi- 
dence behaviour of the strata hidden from observation. 
Continental mining engineers, in recent years, have 
8 British engineers in observation and study 
of the actual subsidence on the surface, relating it 
with meticulous care to coal-mining operations below 
ground. In the meantime, however, British mining 
engineers were focusing their attention on the mining 
stresses produced below ground in the vicinity of the 
actual mining operations and in so doing developed the 
modern pressure-arch theory. It might be said, 
therefore, that the Continental engineers worked down- 
wards in their investigation and the British upwards. 
The findings were complementary and resulted in a 
more precise appraisal of the mining subsidence 
complex than was previously available to mining 
engineers. 

If a building could be lowered steadily and vertically, 
there need be no resulting injury; but uncontrolled 
mining subsidence is not steady, neither is it exclu- 
sively vertical. Reference must be made to the 
tensional and compressive stresses induced in the 
strata by subsidence. Ground subjected to such 
stresses transmits them to structures occupying the 
site, and it is the associated stresses, rather than the 
subsidence itself, which distort and fracture buildi 
in the fashion characteristic of subsidence. Mining 
subsidence has limits to its range. That range is 
defined in terms of a factor known as “ draw.” Subsi- 
dence occurs directly over the area from which coal 
has been extracted, but, in addition, it occurs over the 
solid coal adjacent to the excavation which caused it. 
The limit beyond which mining subsidence and its 
associated stresses need not be apprehended is of great 
importance. “ Draw” has been defined as “ an angle 
to the vertical from the edge of the excavation, as a 
means of defining the extent of the area on the surface 
affected by the mined area underground.” The 
“ angle to the vertical from the edge of the excavation ” 
varies with the nature and inclinations of the strata 
containing the coal seams. As quite an approximate 
indication, the angle in the North of England is com- 
monly regarded as being in the region of 16 deg. to 
20 deg. The line connecting the edge of the excavation 
with the limit of the area affected on the surface, is 
not a line or plane of fracture. This conclusion is 
positively proved by the absence of leakage of sea 
water into underséa mine workings. 

Visitors to Newcastle-upon-Tyne will doubtless be 
interested to know that the city has been extensively 
undermined by coal mining. Manchester, Leeds and 
Sheffield share that distinction in varying degree. 
Britain’s coalfields underlie cities, towns and industrial 
areas. They underlie urban areas, they underlie open 
rural country with its occasional farmsteads, and, in 
addition, they fringe limited portions of our coast line. 
Pondering this vista we recall our “‘ subsidence basin ” 
50 sq. miles in extent and 2 ft. in depth, a basin which 
we recollect must be accommodated afresh every year, 
if the nation is to be provided with its present supply 
of coal, apart from any future increase; and we ask 
in which portions of our coalfields that basin may be 
located next year, and in the years to come. Involun- 
tarily, our consideration becomes a process of elimina- 
tion. We exclude the vital centres of our great cities, 
we exclude our larger factories, we exclude the great 
estates providing the homes of the people, we exclude 
our massive power stations, railway key points and 
canals, we exclude our waterworks, gasworks and 
sanitation. In effect, we exclude the whole range of 
the essentials of our civilisation; but we cannot 





exclude the grim irony which now obtrudes itself : that 
the coal we now wish to mine attracted these very 
essentials, and sterilised itself in so doing. 

Inescapably the conclusion is compromise; and, in 
consequence, coal mining and the necessities of our 
civilisation must march together. When necessary, 
coal for support must be sterilised, where possible, with 
proper compensation, the surface must be undermined 
and the subsidence damage mitigated. Dr. Charles- 
worth’s view of legal developments in this direction is 
important. He says “as to the future, it appears 

robable, subject to any results which may be achieved 

y improved mining methods, that subsidence is likely 
to be more rather than less frequent, than in the past. 
This is because the legislature following the precedent 
set by the Mines (Working Facilities and Support) 
Act, 1923, has apparently accepted the principle that 
it is in the national interest that coal should be worked 
even though it may result in interfering with the 
right of the owner of the surface to enjoy his land 
undisturbed. The Committee on Mining Subsidence, 
in their recent report, accept this principle, subject 
to the payment of compensation for damage to the 
surface.” 

Alongside Dr. Charlesworth’s remarks, the recom- 
mendations of the Committee of Mining Subsidence in 
their recent report are of consequence. The first of 
these recommendations reads that “In future rights 
of support should only be retained or acquired on the 
ground of the national interest, but every surface 
interest should be compensated for subsidence damage 
caused by the working of coal.” Recommendation 
No. 8 enunciates the “ key points ”’ principle, recom- 
mending that “A schedule should be compiled and 
maintained by the Regional Controller of the Ministry 
of Town and Country Planning, in each coalfield, of 
properties entitled to a statutory right of support in 
the national interest. In future, only properties 
included in this schedule should be entitled to support 
and all other rights of support should be abolished,” 
and No. 9 proceeds to say that “‘ Only those properties 
should be included in the schedule which may be 
described as “key points” in the sense that they 
play so vital a part in the life of the community or a 
section of it that the risk of interruption of their 
functions or of serious damage to their structure cannot 
be tolerated. Buildi forming part of the historic 
or «esthetic heritage of the nation should be included 
in the schedule.” If in due course the major recom- 
mendations of the Mining Subsidence Committee are 
afforded statutory authority, all types of property, 
large and small, public and private, in the coalfields 
will be liable to be affected except the key points. 
In consequence, safeguards against, and mitigation of 
subsidence damage are likely to assume urgent 
importance in the future. 

An elementary precaution against subsidence damage 
to prospective structures, when possible, is to avoid 
building at all on ground underlain by economically 
workable coal. This course does not involve rejecting 
the coalfields altogether, for some ground in the coal- 
fields is barren and some of it has been exhaustively 
mined ; but there are key points, projected and existing, 
which must be protected completely from mining 
subsidence whatever the cost a | resulting inconveni- 
ence may prove to be. Other essential works and ereo- 
tions must be preserved from the effects of uncontrolled 
subsidence, but may be subject to a reduced measure 
of subsidence without detriment to the public interest. 
Precautions to meet these varied circumstances merit 
reference. 

The first and obvious method to maintain absolute 
stability is to leave solid and un-mined such an area 
of coal, in each coal seam under the site as the circum- 
stances require. The support thus afforded partakes of 
the character of a pyramid or cone of strata truncated 
sufficiently to accommodate the surface site, the base 
being the solid coal left in situ ; but there are two grave 
disadvantages in this solid coal method of support. 
The first disadvantage is that large quantities of coal 
may have to be sterilised. For example, the support 
of a site 100 ft. square at the surface overlying, say, 
six coal seams at depths varying from 400 to 1,200 ft., 
and averaging 3 ft. 6 in. in thickness each, would 
sterilise 300,000 tons of coal. If these seams occurred 
at twice the depths mentioned, that is between 800 and 
2,400 ft., the quantity of coal sterilised would be 
one million tons. The second disadvantage in a “ built- 
up” area of leaving a solid pillar is that the site of 
the structure eventually becomes an elevation due to the 
subsidence of the unsupported ground round it. Other 
buildings in the vicinity of the slopes produced by 
the elevation, easy as those slopes may be, are liable 
to suffer more damage than would have been the case 
had it been possible to mine all the coal in that region. 
Clearly, it is only key points that can be allowed to 
incur such heavy scr gm pe 

An alternative method of affording support is to 
mine a predetermined proportion (leaving 40, 50, 60 
or 80 per cent.) of the coal seam, by driving galleries 
through the supporting area, thereby reducing the 





quantity of coal sacrificed. Under towns and built-up 
areas, and in shallow seams under the sea, this met/iod 
has been widely and satisfactorily used, particularly 
in the north of England. The quantity of coal left 
behind, however, may be large, while the type of 
mining involved in cutting up the area by gallerie: js, 
under some conditions, impracticable, and under 
others uneconomic. For mitigating the effects of suisi- 
dence following total extraction, the stowage of debris 
in the cavities left by the excavation of the coa! is 
most commonly used. This method reduces the 
subsidence which would otherwise occur by between 
30 and 40 per cent., and, in consequence, reduces the 
subsidence damage to the surface. The system, how- 
ever, increases the cost of coal production by 10 to 15 
per cent. and occupies additional manpower. 

A mitigating measure, in successful use on the 
Continent, is to locate the mining operations in one 
coal seam, in relation to those in another seam above 
or below, so that the tensile stresses produced at the 
surface by mining in the one seam neutralise the com- 
pressive stresses caused by mining in the other. The 
result is to effect a steadier lowering of the surface and a 
consequent reduction of the subsidence damage. The 
method has its limitations, particularly in older coal- 
fields, but it may be able to contribute economically a 
measure of mitigation of subsidence damage in Britain 
and in that event is to be welcomed. Safeguards in prac- 
tice against such subsidence as would have induced 
leakage of sea water into the undersea mine workings 
have been eminently satisfactory. No mining at all with- 
in a vertical depth of 240 ft. of thesea floor has usually 
been permitted. Restrictions are placed on mining 
at depths of between 240 ft. and 600 ft. below the sea 
bed. At depths of more than 600 ft. these restrictions 
do not apply. If erections must be’ built on ground 
overlying economic coal reserves, they ought to be 
designed within the limits of admissible cost, so as to 
withstand subsidence movement and stresses. To 
accomplish such design, the architects and structural 
engineers ought to be provided by the mining engineers 
with forecasts of the subsidence to which the buildings 
are to be required to accommodate themselves. 

Unfortunate as the trend may be in the coalfields in 
the future, to undermine the people’s homes, their 
places of employment and their public services, it had 
probably become inevitable under our congested 
British conditions. In any event, however, it is to be 
borne in mind that the National Coal are 
not likely to be deterred, as colliery companies in the 
past were deterred, from undermining built-up areas, 
by apprehension of the resulting liabilities. Compen- 
sation is proposed for all surface interests which 
sustain mining subsidence damage, but, apart from 
compensation, the public will expect prompt and 
skilful measures to reduce their disturbance to the 
minimum. 

Comprehensive and systematic records of subsidence 
are essential in each British coalfield, and the angles of 
draw should be recorded under all the varying condi- 
tions. The results of these investigations ought to be 
made freely available to the public through the usual 
channels of the scientific bodies, which have acted so 
successfully as the clearing-houses of such information 
in the past. In conclusion, as the British public 
begins to experience this trend of coal frugality, they 
will expect flawless examples from Government 
departments in the direction of avoiding all possible 
sterilisation of the nation’s coal resources. 





ELECTRONICS IN WAR AND 
PEACE.* 
By Dr. A. L. WHITELEY. 


Ir will be realised that it is impossible in a short 
paper of this description to give an accurate technical 
account of all the known uses of electronics as weapons 
of war; it would be impossible even to enumerate all 
the commercial uses of electronic valves in industrial, 
communications, electro-medical apparatus, etc. The 
present seems a suitable time to make a brief review 
of the peace-time status of electronic engineering, 
particularly in comparison with its importance during 
the last war and the continuing expansion of electronic 
devices as offensive and defensive weapons. 

While it will be assumed unnecessary to define the 
fields covered by electronics, it seems desirable in the 
present discussion to eliminate considerations relating 
to radio and allied fields in communication engineering. 
Firstly because the latter are not primarily develop- 
ments of the last decade or so; secondly, the technical 
developments and commercialisation have reached 
well established forms to the extent that we recognise 
radio communication equipment manufacture and 
operation to be a substantially independent industry, 
well established before the late war. 


* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne, on Monday, September 5, 
1949. Abridged. 
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From 1930 to 1939 there was an increasing recogni- 
APPLICATIONS OF ELECTRONICS. tion of the fact that electronic valves could be used 
to control many industrial processes for achieving 
greater accuracy, for convenience in instrumentation, 
and so on. The industrial users’ acceptance of valves 
in this country, however, was low and there were 
only relatively few and generally small-scale industrial 
electronic devices in use in 1939. The situation in 
the United States was not materially different; on 
the Continent and elsewhere the use of electronic 
valves in manufacturing processes and the like was 
quite negligible. It is therefore relevant to inquire 
whether the peace-time commercial activities of 
industry are making, or are able to make, use of the 
rapid developments in electronics which have occurred 
since 1939. 

Radar represents the outstanding electronic develop- 
ment of the last war. There is no need to emphasise 
its importance or to describe the great advances in 
electronic circuit techniques which were-brought about 
by the demands of the armed Services. Radar, 
however, did bring to the attention of physicists, 
engineers, maintenance personnel and others a new 
conception of the use of electronics, because radar is 
not solely an extension of radio communication tech- 
niques. Accurate measurement and control by 
electronic circuits are essential functions of a radar 
system. Concurrently with the advances made in 
radar, electronic-valve systems were developed for 
performing the computations necessary for accurate 





Fig. 1. Lonoerruprvat Seam WELDER Wits ConTROL PANEL. gun laying; electronic servo mechanisms were pro- 
duced which controlled electric motors for accurate 
<< % remote angular positioning of guns, searchlights, radar 
c b aerials, etc. 
\ ) Thus many circuit techniques are at the disposal of 
~ the electronic engineer; for performing rapid and 


accurate computing, detection at minute levels of 
energy, accurate measurement, accurate control of 
electrical machines, the latter of course giving corres- 
pondingly accurate control of mechanical motion. 
Summarising, the advantages of electronics as a 
weapon of war can be stated as (1) high sensitivity— 
valuable since action at a distance is an obvious 
demand, such as radar auto-alignment on a distant 
target, control of guided missiles, etc.; (2) high 
speed of respc rapid ement, computation, 
| and control is a clear necessity and hence the use of 
| electronic systems in computers and various electronic 
| controlling devices for gun mountings, automatic 


aH navigation, etc. 


(Ovid Circuit If we can imagine two combatant nations, equally 
GReoteiccs std pinteeameaaens equippel except that one is fully provided with 
Grid Circuit! modern electronic weapons, the other without or at 

Network least no further advanced than 1939 techniques, say, 
the issue would hardly be in doubt. 

It is a matter of opinion as to the extent to which 
electronics have contributed to industrial production 
methods. Applications are so diverse that no one 
individual, or single group of workers has an adequate 
picture of the whole industrial electronics field. How- 
ever, if we now imagine two competing industrial 
nations, one using the present-day level of application 
of electronics in manufacturing, transport and industry 
generally, the other not so equipped but otherwise 
having comparable industrial developments and re- 
sources, it is not likely that at the present time anyone 
would contend that the former nation would have a 
markedly superior economy. Electronic methods are 
already being freely used both in basic and applied 
research; electronic instruments and control often 
designed by the research worker himself are to be found 
;in otherwise non-electronic or even non-electrical 
research establishments. This, however, is mainly a 
matter of specialised apparatus in the hands of highly 
skilled employees. 

With the general background of achievement of 
electronics in the solution of wartime problems and the 
widespread though generally small-scale use in 
research, it is understandable why optimistic reports 
and prophecies are made from time to time in the 
technical and non-technical, Press. While electronic 
engineering is making an increasing contribution to 
the manufacturing industries, safety and speed of trans- 
port, etc., a critical survey at the present day leads to 
the conclusion that such reports are in the main too 
optimistic and sometimes extravagant. 

Since many industrial processes, techniques of opera- 
tion and control have evolved without the aid of elec- 
tronics there is the background of other techniques and 
very pronounced advantages must be offered to break 
into established practice. A review of some of the 
problems in industry indicates that while the benefits 
of electronics are positive they are sometimes marginal. 
Further, optimum results may depend upon the redesi 
of the controlled processes or machine ; thus the initial 



































































































































+ Control Grid Circuit capital cost may be greatly in excess of the basic cost 

(e603 c) - Network of an added electronic-control system. The procure- 
ment and training of operating and maintenance per- 

ian .. ss sonnel is an especially serious matter as regards this kind 

5 of work. This and the other restrictions enumerated 








previously are not peculiar to this country with its 
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present-day shortages of labour, equipment and capital. 
Some examples will serve to illustrate these rather 
wide generalities. During the war it was confidently 
expected that radar navigation for merchant ships 
would be a peace-time application of radar with an 
attractive commercial outlook, requiring no major 
departure from war-time practice, since navigation 
radar was already in use by the various navies. As 
might be expected, this is one of the most marked of 
present-day commercial uses of war-time electronic 
development. 

Nevertheless, progress has not fulfilled expecta- 
tions; the training and capital outlay required to 
provide operating personnel, world-wide service and 
maintenance, ther with redevelopments to suit 
the conditions of the merchant service, have proved 
formidable. The benefits of radar as a navigational aid 
in fog, etc., are real and the commercial advantages 
in time saving can be computed, but they are perhaps 
not so tangible as the initial capital expenditure and 
annual running cost. The latter are very appreciable 
in the case of cargo vessels which, from the point of 
view of industrial productivity, would be the most 
effective user. This field of activity also illustrates a 
factor mentioned previously: that of redesign to use 
electronics—the full advantages of radar navigation 
will not be realised until ships’ superstructures are 
designed with a knowledge that radar will be fitted. 

is paper was written with electronics in the 
manufacturing industries mainly in mind; some 
illustrative examples will be drawn from the industrial 
field. That evolution in electronic control may be 
slow and may depend upon redesign or progressive 
improvement in related apparatus and techniques, 
is illustrated by the welding industry. Electronic 
control of resistance welding of ferrous and non-ferrous 
metals was first used nearly 20 years ago. Briefly, high 
power electronic valves function as inertialess switches 
to control accurately the current fed to copper or 
copper-alloy welding electrodes between which the 
two pieces of work to be welded together are held under 
mechanical pressure applied by the electrodes. High 
current passing through the material and the interface 
resistance of the latter raise the local metal between the 
electrodes to a forging temperature; the metals then 
bond together under the mechanical pressure applied 
by the electrodes. Fig. 1, on 351, illustrates the 
electronic control of a resistance-type longitudinal seam- 
welding machine. 

While improvements in electronic techniques since 
1930 have contributed to improved welding, the full 
utilisation of electronic control has depended upon 
improved design of the welding machine. In particular 
it has been necessary for the welding machine manu- 
facturers to reduce the inertia of the upper movable 
electrode so that it “follows up” the slight collapse 
of the local metal during the weld. There have been 
other advances, such as improved surface treatment 
of the welded materials to ensure consistency. 

Those acquainted with the colour printing and pack- 
aging industries will recognise the need for automatic 


register control between a pre-printed sheet of paper | te 


during its passage as a continuous web through the 
machine, and mechanical operations, such as further 
printing, cut-off or folding of the sheet. This accurate 
correlation of printed matter and mechanical processes 
can be achieved by electronic means provided that the 
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mechanical system, for example, the printing]press, is 
of suitable design and in good condition as regards 
freedom from backlash in gearing, etc. Electronic 
systems applied to old or otherwise unsuitable presses 
have failed, even when skilled hand-control methods 
have achieved some measure of success. 

The industrial user is not primarily interested in 

electronic apparatus but only in its ultimate result, 
which is oe an electrical phenomenon but usually 
some mechanical action, as the foregoing examples 
serve to illustrate. This is equally true ¢ Poo war- 
time uses of electronics, such as remote position control 
of gun mountings; but a ce-time economy seldom 
permits the scrapping of obsolete mechanical systems 
and redesign which is enforced under the pressure of 
war. 
Electronic control of gun mountings through the 
medium of suitably designed electric motors, high 
quality gearing, etc., emphasises the fact that elec- 
tronics can be used for the accurate control of speed 
and mechanical position; there is little doubt that 
industry will eventually make wide use of this line of 
development which, however, should be understood 
as being a product of the pre-war years. Accurate 
control of motor s is desirable in many processes 
in the machine-tool, textile, printing and paper-making 
industries. 

With some few exceptions, however, the accuracy of 
control which electronics can give is not required ; that 
is, the precision controls developed for war-time pur- 
poses are not fully utilised in indus When the 
potentialities of accurate speed-control and wide speed- 
range performance of electronic motor-control systems 
are fully realised by machinery manufacturers, it seems 
highly probable that improved manufacturing tech- 
niques will evolve. The apparatus demonstrated 
shows the close relationship between a remote position 
control system for gun mountings, say, and wide-range 
accurate speed-control which is desirable in many 
industrial processes. 

The following interconnections of machines and 
electronic apparatus are made and are indicated iu 
the schematic diagrams, Figs. 2 and 3, page 351. (1) The 
electronic units AB are interconnected to give a 
reversible drive to machine a acting as a motor. Selsyns, 
which are electrical position-measuring devices, give 
an electrical signal proportional to the deviation in 
position between the two shafts S, and S,. This 
signal is fed to the electronic circuits in such a manner 
that the motor rotates the shaft S, into alignment with 
8, Shaft S, corresponds to the remote director of a 
gun mounting for instance, and shaft S, corresponds 
to the elevation motion of the gun mounting. (2) By 
a modified interconnection electronic unit*A drives 
motor a so that the speed of the motor shaft is accur- 
ately-controlled by a speed adjustment device R. 
The meter indicates that the speed is accurately held 
to its pre-set value irrespective of the load variations 
which are applied by the other machine 6. (3) The 
electronic unit B is now an automatic voltage regulator 
acting upon machine 5, holding constant voltage at the 

rminals of the machine, though the load on the 
machine is varied from zero to an appreciable overload 
value. 

These are, of course, small-scale demonstrations; a 
full-scale version of the electronic motor control system 
(2) is shown in Fig. 4, which illustrates an electronic 
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unit of 180 h.p. maximum rating driving a printing 
press. In this case the wide speed range is valuable, 
but the highly accurate speed control of which the 
unit is capable over its whole speed range is not 
utilised. Fig. 5 shows an electronic vol regulator 
which controls the excitation of a turbo-alternator to 
hold constant alternator voltage; the principles are 
basically similar to those shown. 

A somewhat modified version of (1) is used to control 
the power level of nuclear reactors (atomic piles); 
electronic remote position control adjusts the position 
of neutron absorber rods, accurate control of rotational 
motion being translated into accurate control of linear 
(rod) motion by suitable accurately cut rack-and- 
pinion combinations. 

As emphasised previously, the use of electronics and 
its full exploitation depends upon evolution, and a 
non-electronic background in an industry may retard 
the adoption of electronic methods. It seems probable 
that new industries or new industrial processes will 
adopt electronic methods, where applicable, from the 
outset. There are difficulties in quoting current 
examples owing to commercial reticence, but the 
development of atomic-energy plants may be quoted. 
From the outset, electronic instrumentation and 
control has been accepted and while it is difficult to 
visualise means other than electronic for carrying out 
certain functions, nevertheless electronics are used 
where older industries would have been forced to 
employ some alternative and no doubt would resist a 
changeover to electronic control whatever the advan- 
tages of the latter. 

Thus there is the inertia represented by established 
methods in the older industries; applications of 
electronics in newer industries, though on a more 
favourable footing, are naturally retarded by the rate 
of growth of new industrial activity. In either case 
progress is slow compared with the results demanded 
by the urgency of war. 

The foregoing may be construed as an electronic 
engineer’s apology for progress which is not as great 
as popularly expected. It therefore seems appropriate 
to conclude with criticism of the electronic engineering 
industry itself. Some criticisms are briefly enumerated 
as follows: (1) Future progress in electronics is 
dependent upon improved valve life; 10,000-hour 
and even 50,000-hour valves are required. Shorter 
life valves were acceptable in war where the expected 
life of the complete system was often all too short. 
A new yard-stick of performance should be adopted 
by valve designers. (2) Secrecy considerations forbid 
the presentation of statistics, but it is suggested 
that at the mt time a disproportionate amount 
of effort is expended on the development and production 
of electronics for war-time purposes compared with 
that devoted to industrial electronic developments. 
(3) The electronic engineer must become more closely 
acquainted with industrial problems; it is clearly 
necessary that an electronics engineer should be 
well acquainted with the characteristics of a system 
he hopes to improve upon and this demands a know- 
ledge of electrical machines, various industrial processes, 
etc. Industrial electronic engineering may be only 
25 per cent. pure electronics. The desired industrial 
background is not commonly possessed by the younger 
engineer, whose war-time electronic training was of a 
particularly specialised nature. 
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WALSALL GENERATING 
STATION OF THE BRITISH 
ELECTRICITY AUTHORITY. 


TuE 180-MW station at Walsall, the first section 
of which was formally opened by the Mayor (Coun- 
cillor T. P. Riley, J.P.) on Friday, September 30, is 
the second of the 38 new stations that form the 
1947-1952 programme of the! Central Electricity 
Board, the first being the 120-MW station at King- 
ston-upon-Thames, which was inaugurated by 
H.M. the King last year.* This programme covers 
the installation of 9,474-45 MW in new and old 
stations and represents an increase of 77 per cent. 
on the aggregate capacity available at the end of 
1945. Although delays in construction have 
occurred, it is satisfactory to be able to record 
that 875 MW of new generating plant will be in 


The power station site, work on which was begun 
in April, 1946, consists of a strip of land about 
64 acres in extent lying to the west of the original 
Birchills generating station of the Walsall! Corpora- 
tion, and between the railway from Walsall to Wol- 
verhampton on the north and Reeds Wood Park on 
the south. On the east the boundary is the Wyrley 
and Essington canal, an arm of which also lies 
near the extreme western boundary. In preparing 
the site some 300,000 cubic yards of earth had to be 
excavated. This was used to form an embankment 
for the railway sidings which lie on the north side 
of the site at 445 ft. O.D., while the station 
buildings and cooling towers are at 462 ft. O.D., and 
the level round the old Birchills station is about 
480 ft. O.D. The foundations for the switch house 
and office block and for the turbine and boiler houses 
are separate rafts. The concrete for these was placed 
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are designed to deal with an input of 8,000 tons per 
week. They then pass on to two side-discharge 
tipplers, each of which is capable of dealing with 
ten wagons an hour and by which the coal is tipped 
into hoppers. From these hoppers rotary plate 
feeders deliver the coal on to two 36-in. belt con- 
veyors, which elevate it to the top of the main 
junction tower north of the boiler house. This 
tower can be seen in Fig. 1 and its position is also 
indicated in Fig. 2, Plate XI, and Fig.3. Atthis point 
it is transferred to two other conveyors and raised 
to a central point in the boiler house, whence it is 
delivered to two shuttle conveyors. These latter 
conveyors can travel in either direction and discharge 
the coal at any desired point over the storage 
bunkers. This system of conveyors is capable of 
dealing with 200 tons of coal an hour when both 
tipplers are being used. Coal is also unloaded from 
barges by two electrically-operated unloaders with 
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operation this year and that, for the first time since 
the war, the additional capacity will more than meet 
the anticipated annual increase in demand. 

An aerial view of the new station appears in Fig. 1, 
on this page, while a longitudinal section and plan 
showing the arrangement of the plant are given in 
Fig. 2, Plate XI, and in Fig. 3, on page 354, respec- 
tively. The station falls within the 
Division of the British Electricity Authority, which 
covers some 4,886 square miles and is the fourth 
largest in the country. This Division already 
contains 19 power stations with an aggregate 
installed capacity of about 1,500 MW, and an 
annual output of 40,000 million kWh. The present 
capacity of the Wallsall station is 60 MW, but it 
is hoped to add a third 30-MW set before the end 
of the year, another early in 1950 and two more 
in 1952. Further new stations are also under con- 
struction in the Division, one at Nechells, Birming- 
ham (210 MW), and the other at Stourport (120 MW,) 
while two more are projected, one at Drakelow 
(840 MW) and anotiner at Meaford (240 MW). 





* See ENGINEERING, vol. 166, page 439 (1948). 
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| pipe line at the rate of 25 cubic yards per bour 
| over distances up to 1,000 ft. The same pump also 
| Supplied the filling for the ‘‘ Spartan ’’ beam floors 
| at different levels. This work, the main contractors 
|for which were Sir Alfred McAlpine and Son, 
| Limited, Hooton, Cheshire, was greatly delayed 
| by the severe weather during the early part of 1947. 

As will also be seen from Fig. 2, Plate XI, and Fig. 
3, the completed turbine room is 650 ft. long by 67 ft. 
wide by 70 ft. 6 in. high. Parallel to it runs an 
auxiliary plant bay 25 ft. 3 in. wide and 62 ft. 8 in. 
high, while between this bay and the boiler house 
is a switch annexe 500 ft. long, 25 ft. wide and 
62 ft. 8 in. high. The boiler house itself is 408 ft. 
long, 116 ft. wide and 99 ft. 14 in. high. The 
switch house and office block, which are connected 
to the main buildings by a suspended road, are 
431 ft. long, 53 ft. 10 in. wide and 52 ft. high. 
All these buildings consist of steel frames, supplied 
by Horseley Bridge and Thomas Piggott, Limited, 
Tipton, Staffordshire, with brick filling. 

Coal is brought to the site by both railway wagons 
and canal barges. The wagons are run on to sidings, 
the total length of which is 7,000 yards and which 
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AERIAL View oF 180-MW Sration aT WALSALL, Looxrne Soutu-East. 


a capacity of 90 tons per hour, and discharged into a 
receiving hopper, whence it is taken by two 30-in. 
conveyors to the top of the central tower and 
delivered to the bunkers by the system of conveyors 
already described. The rotary plate feeders under 
the tippler hoppers can also be arranged to discharge 
on to a third system of belt conveyors by which coal 
is conveyed a distance of 1,100 ft. to a store. This 
store, which has a capacity of 135,000 tons when 
loaded to a depth of 20 ft., will be spanned by a 
travelling transporter 360 ft. wide and 261 ft. long 
between the centres of the bogies. The transporter 
will both deposit coal in, and reclaim it from, the 
store, so that it can be taken back over the belt con- 
veyors to the boiler house. The main contractors 
for this coal-handling plant were Mitchell Engineer- 
ing, Limited, Fengate House, PeterLborough, while 
the weighers which are provided in the tippler house 
and on each line of belt conveyors were supplied by 
Messrs. W. and T. Avery, Limited, Birmingham. 
As will be Clear from Fig. 3, the boiler house will 
ultimately contain twelve boilers each with a normal 
evaporative capacity of 150,000 Ib. and a maximum 
capacity of 180,000 Ib. per hour, the steam conditions 
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at the stop valve being 650 Ib. per square inch and 
a temperature of 875deg. F. These boilers, of which 
four have at present been installed on each side of 
a central firing aisle, were constructed by Messrs. 
Babcock and Wilcox, Limited, Farringdon-street, 
London, E.C.4. They are of that firm’s ‘‘ High- 
head” type, each boiler having a total heating 
surface of 6,650 sq. ft., and a water-wall area of 
1,650 sq. ft. They are fired by mechanical stokers 
with an area of 660 sq. ft., which have been designed 
to burn 42 Ib. of local coal, with a calorific value of 
9,000 B.Th.U. per pound, per square foot of grate 
area per hour under conditions of maximum contin- 





uous evaporation. The furnace heat liberation is 
30,000 B.Th.U. per cubic foot at mean continuous 
rating. Associated with each boiler are a ‘‘ Multi- 
loop ” superheater with an area of 12,415 sq. ft., the 
temperature of the steam in which is regulated by a 
Kent controller, and an economiser with an area of 
20,810 sq. ft. The specified gross efficiency at 
economic rating is 83 per cent., and the net overall 
efficiency, including the economiser, 81-5 per cent. 
at the same rating. 

The necessary draught for each boiler is provided 
by two induced-draught, two forced-draught and 
two secondary-air fans, all of which were manu- 
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factured by Messrs. James Howden and Company 
(Land), Limited, 195, Scotland-street, Glasgow, C.5. 
The induced-draught and forced-draught fans are 
installed on a fan floor above the boilers, as will be 
clear from Fig. 2, Plate XI, and the latter draw air 
from above the boilers, thus regaining some of the 
heat lost by radiation. These fans are electrically 
driven through Vulcan-Sinclair hydraulic couplings, 
by which the speed is controlled. The secondary- 
air fans, however, have constant-speed drives, the 
air flow being regulated by dampers. All the main 
dampers on the boilers are remote-controlled by 
Lockheed hydraulic mechanism. This is operated 
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continuous rating with the circulating water at an 
inlet temperature of 70 deg. F. They have a net cool- 
ing surface of 35,000 sq. ft. and are supplied with 
27,500 gallons of water per minute by two Drysdale 
pumps, each of which is capable of 60 per cent. duty. 

The necessary cooling water for condensing, 
of which nearly 13,000,000 gallons per hour will 
ultimately be required, is to be obtained from six 
cooling towers, which are being erected by the 
Mitchell Construction Company, Limited. These 
towers, of which four are now wholly or partly 
completed and the appearance of which will be 
clear from Fig. 1, are each designed to cool 1,600,000 
gallons of water per hour through a range of 
12 deg. F. with an inlet temperature of 87-4 deg. F. 
and a humidity of 70 per cent. The diameter 
of the ring beam at the base of each tower is 
165 ft. 6 in. and the diameters at the throat and 
top are 89 ft. and 100 ft., respectively. The 
weight of each tower, excluding the irrigation 
system, is over 2,700 tons, but the average ground 
pressure has been reduced to about 0-33 ton per 
square foot by increasing the area of the footings 
under the ring beam. This increase has been 
necessary, Owing to the presence of the mine work- 
ings below the site, of which mention has already 
been made. In the case of No. 3 cooling tower, 
however, it was necessary to drive piles under the 
ring beams, as the excavations for the foundations 
of the latter actually exposed the old workings. 
The tower irrigation system is constructed on a 
framework of prefabricated concrete units. These 
units carry timber louvres over which the circu- 
lating water is sprayed from rosettes attached to 
the sides of asbestos-cement pipes. The latter are, 
in turn, fed from an annular culvert at the level 
of the main overhead discharge culvert. The 
towers and condensers are connected by one suction 
and one delivery pipe, each of which is 42 in. in 
diameter. These pipes, which were manufactured 
by Messrs. Whittaker, Ellis, Limited, 54, Victoria- 
street, London, S.W.1, are fabricated from mild 
steel and are coated both internally and externally 
with bitumastic compound. 

The make-up water to the cooling tower ponds, 
each of which has a capacity of 1,500,000 gallons, 
is obtained from the Wyrley and Essington canal. 
This canal, as mentioned above, forms the eastern 
boundary of the site and passes adjacent to the 
Birchills generating station. At that point it is 








Fie. 6. View in TURBINE 
from the boiler gauge panel, where the fan motors 
are also started and stopped and their speed 
adjusted. 

As, owing to the proximity of old mine workings, 
it was not considered advisable to erect brick 
chimneys, the flue gases are discharged into steel 
chimneys, of which there is one for each pair of 
boilers. These chimneys are carried on the main 
boiler-house structure over the firing aisle and above 
the coal bunkers. They are of the self-supporting 
type with an internal diameter of 12 ft. and rise to 
a height of 160 ft. above the roof and 275 ft. above 
ground level. They are lined, first with a coating of 
bitumen to protect the metal and then with a 4}-in. 
course of Accrington acid-resisting bricks. These 
bricks are erected on cast-iron angle rings, which are 
attached to the steel shell at intervals of 5ft. The 
brickwork is pointed with Prodorite acid-resisting 
cement. The contractors for this part of the 
work were Messrs. J. Houston and Company, 
Limited ; Messrs. Edwin Danks and Company 
(Oldbury), Limited, Oldbury, near Birmingham ; 
and the Patent Shaft and Axletree Company, 
Limited, Wednesbury, Staffordshire. 

The ashes are handled by the Babcock and Wilcox 
paddle system and after quenching are discharged 
on to a belt conveyor under each line of boilers. 
The conveyor on the south side of the boiler house 
deposits its contents on a cross conveyor in a 
tunnel in the basement, whence the ashes are 
dropped into the same hopper as that serving a 


RooM DURING CONSTRUCTION. 


| second conveyor on the north side of the house. 
From this hopper duplicate belts convey the ashes 
to a storage bunker with a capacity of 688 tons. 
They are hauled thence in tipping wagons over a 
standard-gauge track to low-lying land to the west 
of the station. 

A view in the turbine house, in which six 30-MW 
turbo-alternators will ultimately be installed, is 
given in Fig. 6, above, and one of the sets already 
in commission is shown in Fig. 7, on page 356. 
As will be seen from Fig. 3, these sets are dis 
longitudinally in pairs down the length of the 
building, so that the steam ends face each other. 
The turbines, which were constructed by the British 
Thomson-Houston Company, Limited, Rugby, are 
designed to run at 3,000 r.p.m., and to operate with 
steam at a pressure of 600 Ib. per square inch and 
a temperature of 850 deg. F., which is supplied 
from a receiver constructed by Messrs. Thos. Firth 
and John Brown, Limited, Sheffield. They are of 
the two-cylinder impulse reaction type with 22 
stages in the high-pressure and 7 double-flow stages 
in the low-pressure cylinder. There are two steam 
inlets to the high-pressure cylinder, which exhausts 
to the centre of the low-pressure cylinder, and from 
the latter a double flow leads to the twin condensers. 
These condensers, which were manufactured by 
Messrs. Hick, Hargreaves and Company, Limited, 
Soho Ironworks, Bolton, and the general appearance 
of which will be clear from Fig. 4, opposite, maintain 
a vacuum of 28-55 in. when running at maximum 





at its highest level and falls thence through seven 
locks on its way through the town. An arm at 
the lower level, known as the Anson branch, lies 
adjacent to the western boundary of the power- 
station site. When the Birchills station was built, 
an arrangement was made whereby the Walsall 
Corporation Electricity Department pumped the 
water, which passed through the locks with the 
traffic, from the Anson branch back to the top 
level at the power station. On its way, this water 
could be passed through the Birchills power-station 
condensers, so that it was possible to increase the 
capacity of the station to 17-5 MW without erecting 
cooling towers. As the pipes used for this purpose 
ran across the site of the new cooling towers, they 
had to be diverted before work on the latter could 
be begun. 


Returning to the condensers, the condensate is 


posed | pumped by two Hi-Vac extraction pumps, manu- 


factured by Messrs. Hick, Hargreaves and Company, 
Limited, and each designed for 100 per cent. duty, 
through air ejectors, gland steam condensers, 
drain coolers and low-pressure feed heaters to 
the suction mains of the boiler feed pumps. Three 
multi-stage centrifugal pumps, which were manu- 
factured by Messrs. G. and J. Weir, Limited, 
Cathcart, Glasgow, are provided for each boiler, 
and are driven by 370-h.p. 3-3-kV motors. In 
addition, a steam-driven pump is provided for 
each turbine. These pumps pass the condensate 
through three high-pressure heaters into duplicate 
feed ranges and deliver it to the boiler at a tempera- 
ture of 340 deg. F., when the turbine is carrying its 
full load of 30 MW. The drains from these heaters 
are cascaded into a drain cooler and are then 
re-pumped into the feed suction line. The make-up 
feed is also supplied in this line from a surge tank. 





through a de-aerator. A reserve tank is coupled to 
each surge tank and each machine also has a treated 
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water tank. The make-up water is drawn from the 
South Staffordshire Waterworks Company’s mains. 
As this water has a hardness of about 15 deg., it is 
first passed through an automatically-operated 
Permutit base exchange softening plant. This 
plant delivers water at zero bardness to the treated 
water tanks, thereby providing a reserve capacity 
in case the raw supply is interrupted. From these 
tanks water is passed to triple-effect evaporators, 
four of which will ultimately be installed, one being 
a stand-by. Each of these evaporators, which were 
manufactured by Messrs. Aiton and Company, 
Limited, Derby, is capable of providing 15,000 Ib. 
of distillate per hour from water at 50 deg. F., and 
this is passed to the reserve tanks, all of which are 
interconnected by bus mains. 

The rating of the main alternators, which were 
manufactured by the British Thomson-Houston 
Company, Limited, is 37-5 MVA at a power factor 
of 0-8 and an inherent impedance of 18-3 per cent. 
These machines generate three-phase current at 
33 to 36 kV and a frequency of 50 cycles per second, 
the stator windings being of the two layer fractional 
pitch type. Cooling is effected by fans, mounted 
on the rotor, which pass air through twin coolers 
supplied with water from the main circulating 
system. The exciters, which are direct-coupled 
to the main rotor, are totally enclosed and combine 
a main and pilot exciterin one frame. There is also 
one reserve exciter in the station, which is driven 
by a 180-h.p., 3-3-kV squirrel-cage motor. The 
alternator voltage is controlled by rheostatic 
quiescent regulators, working in conjunction with 
a motor-operated exciter field rheostat. 

Most of the power generated in the station will 
be supplied to the grid through a substation on the 
other side of the railway. Current will, however, 
also be transmitted to the Birchills station to 
meet local requirements. To fulfil these conditions 
the alternators are connected through switchgear, 
with a rupturing capacity of 1,500 MVA, to a set of 
duplicate "bus bars in the west switch house, 
which forms one of the wings of the office block 
between the cooling towers and the main buildings, 
as shown in Fig. 2, Plate XI, and Fig. 3. These ’bus 
bars are connected to each other by "bus couplers 
and will supply the grid substation through two 
75-MVA transformers. They are also connected 
through reactors, so that the 1,500-MVA fault poten- 
tial is reduced to 500 MVA, to a second set of ’bus 
bars in the east switch house. This second set of *bus 
bars is also arranged in two sections to which the 
outgoing feeders and the works transformers are 
connected through circuit-breakers with a rupturing 
capacity of 500 MVA. Each section of these bus 
bars is also connected to the existing 33-kV switch- 
gear in the Birchills station. 

Both the 1,500- and 500-MVA circuit-breakers, 
which were manufactured by Messrs. Ferguson, 
Pailin, Limited, Higher Openshaw, Manchester, 11, 
are of the low oil-content metal-clad type, as illus- 
trated in Fig. 5, on page 354. The "bus bars are 
of the condenser bushing type, and off-load selection 
is effected by physically transferring the circuit- 
breakers from one set to the other. In each switch 
house the two ’bus bar sections, with their circuit- 
breakers, are separated by walls built on either side 
of the "bus section switches. The metal earth 
screens of the condenser bushings on the 1,500-MVA 
circuit-breakers are brought out to common points 
so that power-factor readings may be readily made 
on a Schering bridge and the condition of the 
insulation thus checked with the gear on load. 
The voltage transformers are mounted on rails on 
the floor above the switchgear level, and are thus 
readily withdrawn. The tops of the ’bus-bar 
bushings reach this floor and the cable boxes lead 
away from them at right angles. The cables, 
which were manufactured by British Insulated 
Callender’s Cables, Limited, Norfolk-street, London, 
W.C.2, and have aluminium wire armouring, drop 
down to tunnels beneath the road which separates 
the control room from the turbine house. On the 
other hand, the voltage transformers and cable boxes 
on the 500-MVA switchgear are self-contained. 
The 60-MVA reactors are of the cast-in-concrete 
type and are housed in chambers on the ground floor 
of the control house. 

The main switchgear is operated from a control 
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room, the position of which is indicated in Fig. 3. 
This contains separate panels for the two ’bus-bar 
systems, which are arranged in arcs in front of and 
behind the control desk. This desk is of the steel 
cubicle type and from it adjustments of the voltage, 
current and load of the main turbo-alternators and 
grid transformers can be carried out. Synchronising 
and telephone services are also provided, as well as 
non-trip alarm and fire annunciator systems, the 
whole making up a compact operating centre. The 
position of the circuit-breakers is shown on a 
mimic diagram by semaphores. There are also 
annunciators which indicate the type of fault which 
has caused a circuit-breaker to trip. The protective 
relays are mounted at the rear of the mimic diagram 
boards. The metering equipment and the panels 
for the 1,500 and 500 MVA ’bus-bar zones protective 
equipment are mounted on dais at each end of the 
room. ’*Bus-bar protection is effected by a modifi- 
cation of the Translay system, in which two coil 
inductively-biased relays are used. These relays 
are energised from two independent sets of current 
transformers, each group being connected so as to 
detect current flowing into the protected zone. The 
characteristics of the current transforn.ers are such 
that stability is maintained under external fault 
conditions up to the short-circuit rating of the 
switchgear. A test panel with a Variac transformer 
is provided in the centre of this gear, and since there 
is an auxiliary winding on each current transformer 
voltages may be injected to simulate faults, and 
testing can therefore be carried out without inter- 
fering with the normal running of the station. 
Two liquid earthing resistors, each of 38 megohms, 
are connected in parallel between each alternator 
and the control room so as to limit the fault current 
to 1,000 amperes. All the control operations are 
effected from the main desk after the particular 
movement required has been made at the indicator 
boards. Duplicate synchronising equipment is 
provided on each side of the central ’bus-bar 
sectioning panel on the 1,500-MVA indicator board, 
and from this synchronising can be carried out on 
both the 1,500-MVA and 500-MVA switchgear 
through selector switches. 

As already mentioned, the new station will be con- 
nected to the grid substation on the north side of 
the railway siding through two 75-MVA trans- 
formers. These transformers, which are being 
supplied by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, are to be 
provided with “‘on-load”’ tap-changing gear and 
raise the generator voltage from 33 kV to 132 kV. 
The high-tension side of these transformers will be 
directly connected to 132-kV lines, which run to the 
grid substation at Willenhall, about 4} miles away. 
These lines are to be carried on double-circuit lattice 
steel towers, the conductors being of steel-cased alu- 
minium. At Willenhall, two 132-kV oil circuit- 





breakers and protective gear will be installed to 
control these lines. As a temporary measure, 
however, a 30-MVA 132/33-kV transformer has 
been erected and is connected to the generating 
station to deal with part of the output in the early 
stages. 

Auxiliary power for use in the station is obtained 
from the main *bus-bars through four 5-MVA 
33/3-3-kV and six 750-kVA 3-3-kV/415-volt trans- 
formers, which were manufactured by the British 
Electric Transformer Company, Limited, Hayes, 
Middlesex. The 3-3-kV and 415-volt switchgear 
for the auxiliaries of each turbo-alternator and its 
associated pair of boilers, which was manufactured 
by Messrs. George Ellison, Limited, Perry Barr, 
Birmingham, 22, has rupturing capacities of 100) 
MVA and 25 MVA, respectively, and is segregated 
in a separate switch room in an annexe between 
the boiler house and turbine room. Electrical 
interconnection between the sections is effected by 
switches housed in separate brick-built chambers. 
As an additional safeguard against damage from 
fire, an automatic carbon-dioxide system is installed. 
Distribution from the main 415-volt switchboards 
is through metalclad fuse-switchboards manufac- 
tured by Messrs. Parmiter, Hope and Sugden, 
Longsight, Manchester, 12. Supplies for emergency 
lighting are obtained at 230 volts from a 1,200-ampere 
hour battery manufactured by the Chloride Elec- 
trical Storage Company, Limited, Clifton Junction, 
near Manchester. This battery is charged through 
10-kW and 20-kW rectifiers, either of which can be 
arranged for continuous trickle charging or to give 
a boost charge when connected in parallel. Separate 
Nife batteries supply the main switchgear tripping 
circuits and the position indicating switches, and 
are charged from their own trickle chargers. 

The design and construction of, the station were 
initiated in 1944 by the West Midlands Joint Elec- 
tricity Authority, of which body Mr. L. F. Jeffrey 
was the chief engineer. When the station was 
vested in the Midland Division of the British Elec- 
tricity Authority on April 1, 1948, Mr. Jeffrey 
became chief generation engineer (construction) and 
Mr. A. E. Farmer, generation engineer (construc- 
tion), respectively, for the northern half of the 
division in which Walsall is situated. The divisional 
controller is Mr. F. W. Lawton. 





FLUORESCENT LIGHTING AT WATERLOO AND CHARING 
Cross StTaTions.—The existing incandescent lighting 
at the Waterloo and Charing Cross stations of London 
Transport is to be replaced by fluorescent lighting. The 
same system of illumination will also be used for lighting 
the new ticket hall, subways and escalators at Waterloo 
and the new escalators and subways at Charing Cross, 





all of which are being constructed in preparation for the 
Festival of Britain in 1951. 
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Gas Tables. Thermodynamic Properties of Air, Products 
of Combustion and Component Gases, and Compressible 
Flow Functions. By PRoressor JosePpH H. KEENAN 
and JOSEPH Kaye. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
5 dols.]; and Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 30s, net.] 

‘THE fact that engineers are now more dependent 
than ever upon the physicist and the chemist for 
many of the fundamental properties of matter is 
not a8 widely accepted as it might be; a certain 
reluctance to discard the old and adopt the new is 
common in most walks of life. The authors of this 
book, however, show little sign of it, but, with great 
liberality, present the most recent data available. 
The amount of information available within their 
238 pages and 64 tables is scarcely indicated by 
the main title or by the wording of the sub-titles, 
and it is only on closer examination that the full 
usefulness of this book is realised. The tables are 
divided into two approximately equal sections, the 
first section containing thermo-dynamic properties 
of general use and the second section, functions 
applicable in the field of fluid flow where com- 
pressibility cannot be neglected. 


In the first section, the gases considered include 
air, nitrogen, oxygen, water vapour, carbon dioxide, 
hydrogen, and carbon monoxide. The values of 
enthalpy (total heat), internal energy, entropy, and 
two functions referred to as ‘relative pressure ” 
and “‘ relative volume ”’ are listed against the abso- 
lute Fahrenheit scale of temperature. The proper- 
ties of air are given from 100 deg. F. abs. at intervals 
of 1 deg. F. to 3,000 deg. F. abs., and thence to 
6,500 deg. F. abs., at intervals of 10 deg. F. For 
air, the unit of mass is taken as one pound, but the 
molal (pound molecule) unit is used in all the 
other tables, where the properties are listed from 
300 deg. F. abs. at intervals of 5 deg. F. to 800 
deg. F. abs., and thence by intervals of 10 deg. F. 
to 5,380 deg. F. abs. After each of the main tables 
listed for the gases above there are subsidiary 
tables, giving the two specific heats, their ratio (k), 
and the velocity of sound (V. kRT); and, for air 
alone, values are given for the viscosity, the thermal 
conductivity, and the Prandt] number over a limited 
range of temperature. Further tables appear in 
the section under consideration, giving the properties 
in molal units of the products of combustion of 
hydrocarbon fuels with 400 per cent. and 200 per 
cent. of theoretical air, from 300 deg. F. abs. to 
3,490 deg. F. abs. and 3,990 deg. F. abs., respec- 
tively. These tables for products of combustion 
are supported by information on the types of fuel 
producing the products, and additional tables give 
the molecular weights and gas constants of the 
products for different hydrogen-carbon ratios and 
for different air-fuel ratios. A short table gives the 
heat liberated by 1 Ib. of the hydrocarbons in the 
gaseous or liquid state for the paraffin, olefin and 
alkylbenzene series. The first section is concluded 
by a table of the properties of argon. It should be 
noted that ordinary Fahrenheit temperatures are 
given at intervals and that, where possible, the mean 
difference is given at the foot of each column of 
values. 

At the beginning of the second section, some 
useful functions of pressure ratio met with in 

n—1 
polytropic processes, suchasr ™ , where r is the 
pressure ratio and n the polytropic exponent, are 
listed. The working fluid is taken to be air and 
values are given over wide ranges of r and n. The 
section is concluded by the following tables for a 
perfect gas with constant specific heat and constant 
molecular weight : one-dimensional compressible- 
flow functions ; the Rayleigh Line—one dimensional 
compressible-flow functions for stagnation tempera- 
ture in the absence of friction and area change ; 
the Fanno Line—one-dimensional compressible-flow 
functions for adiabatic flow at constant area, with 
friction ; one-dimensional normal shock functions ; 
and two-dimensional compressible-flow functions. 
The book is completed by a short section on the 
derivation and sources of the tables, and examples 
are given illustrating the use of the tables, together 


with a full bibliography. The authors do not claim 
credit for the tables giving compressible-flow func- 
tions, but refer the reader to work, already published, 
in reports for the United States Navy and for the 
National Advisory Committee for Aeronautics. It 
appears that they wish to emphasise the application 
of the tables in the field of applied thermodynamics, 
since only four out of the 21 examples concern 
compressible flow; but the reader who is versed 
in this subject may judge for himself, from the 
tables listed here, how far they are of use. Accord- 
ingly, emphasis is given here to the thermodynamic 
aspect also, since this will be of more general 
interest. 

There is little doubt that the authors support 
the view, already expressed by others, that gas 
tables giving the values of the properties of gases 
should be used in much the same way as steam 
tables ; and that the use of mean specific heats or 
of equations relating specific heat to temperature 
should be discontinued, now that reliable informa- 
tion on specific heats is available. The thermo- 
dynamic properties of the gases which are listed 
were calculated by Johnston, Giauque, Gordon and 
Kassel over a wide range of temperature, and 
were published in the years 1933-35. This work 
was reviewed by Rossini and his colleagues of the 
National Bureau of Standards, and corrected figures 
were published in 1945. The corrections were 
brought about by changes in the fundamental 
physical constants, and the effect on the original 
values is of a very small order in all cases. Since 
there is little likelihood of any significant change 
in the future, engineers can consider the values of 
the thermodynamic properties as virtually fixed. 

The effect of pressure on the specific heats of the 
gases is normally neglected and the extent to which 
the effect of pressure may be disregarded is made 
clear. Each table carries the caption “for low 
pressures,” so that the effect of pressure may not 
be overlooked when it may be significant. The 
authors are to be complimented on basing all their 
work on the absolute Fahrenheit scale of tempera- 
ture, as, by doing so, they have avoided the need 
for negative values in the tables ; a trouble which 
was apparent in an earlier publication by them on 
the properties of air. They list two functions of 
pressure and volume ; in general, these will not be 
the actual values of pressure and volume in any 
particular problem, but are the relative values for 
@ single isentropic line as the gas passes through 
every listed value of temperature. This concept 
will be easily understood by those who are familiar 
with the temperature-entropy chart for gases. The 
use of these functions, applicable along an isentropic 
line only, is illustrated in the examples, but they do 
not prevent the application of the characteristic 
equation to the calculation of actual pressures and 
volumes. 

The authors avoid the difficulty of dealing with 
dissociated gas mixtures by having a sufficient 
excess of air to keep the temperature of the products 
of combustion below 4,000 deg. F. abs.; but, with 
the values of the properties known within close 
limits, it is not permissible to neglect the effects of 
dissociation in gas mixtures attaining temperatures 
in excess of 4,000 deg. F. abs. Those concerned with 
higher temperatures may need to make slight 
changes in the equilibrium constants, to bring them 
into line with the latest information. The tables of 
products of combustion, besides serving for a 
variety of fuels, serve also for mixtures of air and 
octane vapour, and for air and water vapour, to 
close approximations. 

To derive the fullest utility from this book, engin- 
eers will require to accept gas tables in much the 
same was as they dosteam tables. In the past, there 
was a certain resistance to the use of steam tables 
when they were introduced, and a preference for 
specific heats continued, but it is to be hoped that 
gas tables will be accepted rather more rapidly. The 
use of the Fahrenheit scale of temperature in this 
book must surely contribute towards settling the 
dispute between the adherents, among engineers, 
of the Fahrenheit and Centigrade systems, and the 
authors have evidently decided that the former will 
be the more acceptable in America, and, presumably, 





in this country. The molal unit may cause some 
difficulty, but its advantages, when dealing with 


gas mixtures, undoubtedly recommend its adoption. 
It is interesting to note that the authors use the 
word “adiabatic” in its broadest sense, retaining 
the word ‘isentropic ’’ for the reversible adiabatic 
change of state. It is to be hoped that writers of 
text-books on applied thermodynamics may be 
guided by the general principles adopted not only 
by the authors of this work, but also by most other 
American writers. 


The Technology of Aluminium and its Alloys. By Dre 
Ing. Alfred von Zeerleder. Third edition. High 
Duty Alloys Limited, Slough. [Price 21s.] 

Tue publishers have carried out a useful service in 

issuing this excellent translation, by J. Juxon 

Stevens, of the third edition of Professor von Zeer- 

leder’s authoritative text-book which was published 

in German during 1938. It must be admitted, 
however, that a translation of the fourth edition 
would have been more welcome, as it was published 
in 1943 and appears to contain even more informa- 
tion than the one now reviewed. This, however, 
is some 30 per cent. longer than the second edition, 

a translation of which was published by the same 

company in 1936. The primary aim of the book is 

to serve the practical man by making available in a 

readily understood form the essentials of the pro- 

cesses applied in the working of aluminium and 
aluminium alloys. The experience of the author is 
well shown by the skill with which the basic data 
have been selected and presented. Theory con- 
cerning such matters as alloying has been kept to a 
minimum. The comprehensive tables of proprietary 
alloys are likely to be widely used for reference. 
The first 16 chapters cover production of the 
virgin metal, alloying, melting and casting, the 
full range or working processes, properties, and 
testing being dealt with. These are followed by 
short chapters on design considerations and fields 
of application, with a final chapter setting out the 
standard specifications in use at the time of publi- 
cation. Several of the new chapters have been 
written by, or in collaboration with, specialists on 
such topics as welding, riveting, and surface treat- 
ment, but, even so, they are somewhat dated 
because of the further advances made during the 
war years. This comment applies also to some of 
the data in the final chapters and the numerous 
footnotes by the translator are welcome in correcting 
possible false impressions. One of the valuable 
features of the book is the comprehensive biblio- 
graphy which contains many items of foreign litera- 
ture not always known or readily available to 
readers in this country. The translator is to be 
congratulated on the quality of his rendering, 
especially on his handling of the technical terms 
employed—always a worrying aspect in tasks of 
this kind. The book has been produced to a high 
standard, and typographical errors are notably few. 





Process and Physical Metallurgy. By Dr. James E. 
GARSIDE, M.Sc.Tech., F.I.M. Charles Griffin and 
Company, Limited, 42, Drury-lane, London, W.C.2. 
[Price 40s. net.] 

Nowapays, as is the case with most other sciences, 

books on metallurgy are usually restricted to the 

consideration of one or a selected few phases of the 
subject and it is becoming increasingly rare for 
an author, even in a text-book, to cover both the 
theory and the practice of metallurgy as a whole in 
one volume. This, however, has been accom- 
plished by Dr. Garside, who is the head of the 

Department of Applied Chemistry at Northampton 

Polytechnic, London, E.C.1. In process metallurgy 

he has included ore dressing, metal extraction and 

refining, the processes of metal shaping, beginning 
with the production of ingots and castings and 
followed by rolling, forging and other deformation 
processes, and, finally, various finishing and surface- 
treatment processes, including heat-treatment and 
case hardening, and electroplating and metal spray- 
ing. Physical metallurgy the author defines as 
being concerned with the effect of such operations 
as heat-treatment and mechanical working upon the 
structure, properties, and behaviour of metals and 
alloys. It will be seen that the book covers an 
exceedingly wide field ; indeed, as the non-ferrous 
metals are dealt with, as well as iron and steel, it 





may be questioned, perhaps, whether the author 








358 


ENGINEERING. 











has not attempted rather too much. Certain 
aspects of metallurgy have been dismissed somewhat 
briefly. The author emphasises that the viewpoint 
of the user of metals and alloys has been kept well 
in mind and, therefore, he has given more space to 
casting, mechanical deformation, and other fabrica- 
tion methods and to such subjects as fuels, refrac- 
tories and furnaces, than to the extraction of metals 
and ancillary matters. While the specialist may 
consider that his own particular subject has been 
given too little space, the student or the practical 
man who may desire to ascertain the salient points 
regarding a process, alloy or method of treatment 
will find much of interest and help. Indeed, 
several topics are dealt with in considerable detail ; 
the chapters on the technique of metallographical 
microscopy, the constitution of alloys, moulding 
sands, and copper and copper-base alloys, to mention 
only a few, are particularly informative. What 
will be a pleasing feature to many is that, throughout 
the work, the author gives neat and clear diagrams, 
rather than detailed drawings, to indicate how a 
machine or piece of apparatus operates. 
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(Concluded from page 330.) 


ELECTRONICS IN WAR AND PEACE. 


Str ARTHUR FLEMING again presided at the meet- 
ing on Monday afternoon, September 5, and the 
paper for reading and discussion was one by Dr. 
A. L. Whiteley, entitled ‘‘ Electronics in War and 
Peace.” It was reprinted in abridged form on page 
350 of our issue of September 30. Dr. Whiteley first 
mentioned that he would speak on the relative 
importance of electronics in war and peace, but he 
proposed to omit any reference to radio or radar. 
He then presented his paper, and at its conclusion 
gave examples of position control, speed control 
and voltage control by electronic apparatus. 

The first speaker asked the author for further 
explanations on servo follow-up systems of control, 
remarking that if the restoring force were propor- 
tional to the displacement the result would be 
simple-harmonic motion. A system consisting of a 
restoring force without friction was also liable to 
give trouble. He thought there had been two 
major advances in electronic thought during the 
war, of which one was that a servo system must be 
accompanied by damping, self obtained electronically 
if necessary, by converting the signal from strict 
proportionality to the rate of change. The other 
was that the amplifying valve was better used as 
a switch than as an amplifier. 

In reply, Dr. Whiteley said he was in agreement 
with most of these comments. He had not men- 
tioned damping because of the complexity of the 
subject and the shortness of the time available. 
An important aspect of electronics was the ease with 
which position-control servos, automatic speed 
regulators, and other kinds of automatic control 
could be stabilised. Damping could be achieved 
by a few resistors and condensers. 

Another speaker asked how far the author con- 
sidered the syllabus of the ordinary National Certi- 
ficate course should provide instruction in elec- 
tronics. To this Dr. Whiteley replied that he was 
not sure that it should be given at all. The subject 
of electronics was vocational, rather than primary, 
training. The real problem was to make the 
designer and research worker thoroughly acquainted 
with basic needs, and if electronics were introduced 
several other branches of electrical engineering 
would have to be introduced also. 

No other member wishing to ask questions, the 
President thanked Dr. Whiteley for his paper and 
for the trouble he had taken in arranging the 
demonstrations. The meeting was then adjourned. 


CONVERSAZIONE. 


On Monday evening a large number of members 
of the Engineering Section and their ladies attended 
a conversazione in the Old Assembly Rooms, West- 


of the North East Coast Institution of Engineers 
and Shipbuilders. The guests were received by the 
President of the Institution, Mr. Mungo Campbell, 
C.B.E., M.A., and Mrs. Campbell, and a particularly 
agreeable evening was spent. 

The final session of the meeting was held in the 
morning of Tuesday, September 6, with Sir Arthur 
Fleming in the chair, four short papers being read 
and discussed. The only relation between the 
papers was that the four authors were all relatively 
young engineers. 


RECENT DEVELOPMENTS IN THE USE OF COKE. 


The first paper taken was that by Mr. E. Murphy, 
entitled *‘ Recent Developments in the Use of Coke.” 
The paper, which we hope to reprint, in abridged 
form, in a later issue, was concerned with the tech- 
nical advances made in the last two or three years 
in the design of automatic appliances for burning 
coke in connection with central heating, steam-rais- 
ing in small boilers, and process work. The first 
speaker in the discussion which followed the reading 
of the paper was Professor W. F. K. Wynne-Jones, 
who said that the Chemistry Department of King’s 
College were interested in coke because they had had 
a coke-research laboratory in operation for 25 years. 
It was interesting and important that the engineer- 
ing side should have been so thoroughly tackled as it 
had been in the work described by Mr. Murphy, and 
to hear how the bad properties of coke—its abrasive- 
ness and the corrosion from the gases—had been 
countered ; also that the problem of using breeze 
had been taken up so seriously. 

In connection with the economics of the use of 
equipment in domestic appliances, he did not think 
that calculation along the line of minimum cost 
would solve the problem; it was necessary to 
include the increasing cost of labour. In this 
country we had often been backward because the 
low cost of labour had enabled us to operate in an 
extremely inefficient manner. America, on the 
other hand, had been forced to adopt mechanical 
control and the latest appliances because labour for 
domestic purposes was virtually unobtainable ; the 
same state of affairs was now being reached in this 
country. The right answer was to get better appli- 
ances, and a matter of the greatest importance was 
the relationship between the engineering side and 
the physical and chemical work which had been 
done in order to investigate the properties of fuels. 

In reply, Mr. Murphy said that research was con- 
tinuing all the time and the cost was borne by the 
industry. It was a different matter to pass it on 
to the consumer. Frequently something had been 
designed which cost, say, 150/., and the problem 
was to reduce this cost. In the case of appliances 
costing 501. and 60/., respectively, the consumer 
would probably select the more efficient, but when 
the difference was between 501. and 150]. he would 
make do with the cheaper product. 

Wing-Commander T. R. Cave-Browne-Cave called 
attention to the importance of making cleaning as 
simple as possible. Many coke-fired boilers in 
comparatively small installations, he said, had, as 
installed, high thermal efficiencies, but after they 
had been in use for a time deposits were formed 
on the main surfaces and in various out-of-the-way 
corners which greatly reduced efficiency. No other 
member wishing to speak, the President inquired 
whether, assuming proper maintenance, there was 
any material difference in the economic life of the 
various designs referred to by the author, and what 
was their economic life? Replying, Mr. Murphy 
said he was unable to answer this question as far 
as the new boilers were concerned, as they had not 
been in existence long enough. Industrial and 
central-heating equipment was usually written off 
in 20 years, though it was not necessarily worn out 
in that period. There was no reason to suppose 
that the new designs would have a shorter life. 


SETTLEMENT OF STRUCTURES ON CLAY 
FounDATIONsS. 
Mr. Alan Chisholm, B.Sc., then delivered the 
next paper on the programme, which bore the title 
given above. The paper, which is reprinted on 
page 375 of this issue, discussed the nature of clay, 
the mechanics of settlement, and the methods of 
predicting and measuring it. Mr. D. H. McPherson 
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no discussion on the paper, a fact which the President 
suggested might be due to its completeness. 


JET PROPULSION OF SHIPs. 


The next paper presented was one by Mr. 1. 
Watson, B.Sc. (Dunelm), on the jet propulsion 
of ships. The paper, which was reprinted in 
abridged form on page 348, ante, discussed, in 
a purely descriptive manner, the propulsion of ships 
by water jets and gas jets. The discussion was 
opened by Mr. A. W. Jones, who observed that 
water-jet propulsion of ships was most likely to find 
its use in connection with particular vessels rather 
than with general cargo vessels. The propulsive 
efficiency referred to, he said, was of the order of 
75 per cent., but for the slower vessels it might je 
considerably less. There were many vessels for 
which the fuel was not the most important item in 
the bill of costs for running the ship ; the percentaze 
improvement might therefore be only small. He 
understood that some of the fire-floats on the 
Thames were jet propelled. They had powerful 
pumps on board for pumping water, and the oppor- 
tunity was taken to use these pumps for propulsion. 
He believed the efficiency was not as great as had 
been hoped, being only of the order of 45 per cent. 

Another point to remember was that, in carrying 
these large jets on board, the wetted surface was 
increased. The resistance of a ship was made up 
of the frictional resistance on the wetted surface 
and wave-making resistance due to the form. To 
put large ducts inside the vessel would not greatly 
affect the wave-making resistance but would add to 
the wetted surface. For the improvements made 
in propulsive efficiency the losses entailed by the 
increased frictional resistance must be taken into 
account. These two points emphasised the import- 
ance of accepting innovations slowly, but his com- 
ments were not intended to discourage the author, 
who had presented a good and stimulating paper. 

Mr. Watson, in reply, agreed that the efficiency of 
a vessel was not always the controlling factor in 
design. Regarding the remark that jet propulsion 
might be used with particular rather than general 
vessels, he felt that water-jet propulsion afforded 
good manceuvrability. In certain river craft, where 
this was of prime importance, jet propulsion was 
much superior. He was unable to give data regard- 
ing actual efficiencies, but a great deal of research 
would be required before the system was really 
efficient. Fire-floats on the Thames might be 
inefficient, and would probably be more efficient if 
they had propellers, but that did not mean that jet 
propulsion was not efficient. 

Wing-Commander Cave-Browne-Cave, the next 
speaker, said that efficiency was the fundamental 
difficulty in jet propulsion. Mr. Watson had 
rightly pointed out that the thrust was a product 
of the mass of the issuing fluid and the velocity 
of the jet relative to the vessel, but he had also tried 
to show that the energy thrown away was the mass 
multiplied by the square of the velocity. The loss 
was therefore proportional to the square of the 
thrust divided by the mass, but that was what broke 
down jet propulsion. It meant that unless the mass 
were very large the loss was bound to be great. 
That was why, for normal ship propulsion, the 
propellers dealing with the largest possible mass at 
a comparatively low velocity were far more efficient 
than a jet using a much smaller mass, which had to 
be expelled with greater velocity to get the necessary 
thrust. He agreed that jet propulsion, particularly 
if the type of jet which could be slewed all round 
were used, as in certain landing craft, was very 
convenient for maneuvrability, but on the score 
of efficiency, jet propulsion was bound to be inferior 
to propellers. 

The last speaker, Professor W. J. Kearton, said 
that it might be of interest to point out that the 
type of propulsion referred to was used 80 years ago 
in the propulsion of lifeboats, simply because no 
propellers were involved ; and a lifeboat could be 
manceuvred quite easily. The author might be 
on safe ground with regard to liquid-jet propulsion 
in certain cases and for certain types of vessels, but 
there was some doubt whether the suggestions 
for using gas jets for propulsion had any feasibility 
whatsoever. A little reading on gas turbines com- 
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given the author a very good idea of the possibilities 
or otherwise of the gas-jet scheme. He had shown 
a gas-turbine unit comprising, as far as could be 
ascertained, a compressor driven by its gas turbine, 
the remaining energy in the gas being used for 
promoting velocity in the jet engine. In the most 
economical conditions, approximately half the 
energy would be used in the gas turbine and the 
remaining half in creating the jet. With velocities 
In the neighbourhood of 1,400 and 1,500 ft. per 
second there would be a difficult relationship 
between the jet velocity and the velocity of the 
object that was being propelled; he thought the 
velocity of the object being propelled must be half. 
He would suggest that Mr. Watson should make 
some calculations on this gas-jet scheme ; he might 
find it far from practicable. 

The President, having indicated at this point 
that, as time was pressing, the author’s reply 
must be kept as brief as possible, Mr. Watson said 
he would need more time than was available to 
answer this difficult question. 


ELEcrricAL METHODS OF INDUCING AND DETECTING 
VIBRATION. 


The President then invited Mr. G. Snowball, 
B.Sc., to deliver the last paper on the programme, 
which described an investigation into the vibrations 
of a steam-condenser tube held in supports approxi- 
mating to those used in an actual condenser. The 
paper will be reprinted in an early issue of 
ENGINEERING. 


Vorss oF THanks, Etc. 


As no member accepted the President’s invitation 
to discuss the paper at its conclusion, he proposed 
a vote of thanks collectively to the authors of the 
four papers, which, he said, had been of excellent 
quality and very interesting. He expressed the 
hope that the authors would maintain their connec- 
tion with the British Association, and that, in future 
years, they would make further contributions to 
Section G. Wing-Commander Cave-Browne-Cave 
then expressed appreciation, on behalf of the Section, 
of the manner in which Sir Arthur Fleming had 
conducted the proceedings, and, in replying, the 
President said the work had given him great 
pleasure, but the credit for anything that had been 
done must be given to the Recorder and secretaries. 
The programme having been thus completed, the 
meeting terminated. 

In the afternoon, a lecture on Heating Research 
for Houses, accompanied by a sound film, was 
delivered by Dr. J. C. Weston, and in the evening 
a number of members accepted an invitation to 

















visit the laboratories of the Applied Science Depart- 
ment of King’s College in which a number of interest- 
ing exhibits and demonstrations had been arranged. 


Vistts TO Works, Etc. 


In the afternoon of each day of the meeting, and 
also on Saturday morning, visits were paid to works 
and places of technical interest in the neighbourhood 
of Newcastle-on-Tyne. The establishments visited 
were Messrs. Imperial Chemical Industries, at 
Billingham and Prudhoe; Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited; The 
Wallsend Slipway and Engineering Company, 
Limited; Messrs. Swan, Hunter and Wigham 
Richardson, Limited ; The Sunderland and South 
Shields Water Company, Limited; The North 
Eastern Marine Engineering Company, Limited ; 
Wallsend; Pametrada, Wallsend; Messrs. A. 
Reyrolle and Company, Limited, Hebburn-on-Tyne ; 
and Messrs. Vickers-Armstrongs Limited, Elswick. 





SHELL-RICARDO LUBRICATING-OIL 
TEST ENGINE. 


WE have, on previous occasions, described some of the 
work on fuels and lubricants which is carried out at 
the Thornton Research Centre of the Shell Group, 
and on page 218, ante, in connection with the Engineer- 
ing and Marine Exhibition, we referred briefly to the 
Shell-Ricardo lubricating-oil test engine which was 
shown publicly for the first time on the Shell stand at 
Olympia. A number of these engines have been 
made, and one has successfully completed a 100-hour 
test of mechanical reliability at Thornton. Work is 
now proceeding on the co-operative development of a 
suitable test method using this engine, under the 
egis of the Institute of Petroleum. Two photographs 
of the engine, from different angles, are reproduced in 
Figs. 1 and 2, on this page; Fig. 3, on page 360, is a 
section of the crankcase unit, which is designed to 
accept almost any type of heat for test purposes ; 
Fig. 4 is a part section of the piston, and Figs. 5 and 6, 
on page 361, are sections of the Ricardo Comet Mark IIT 
cylinder and head. 

A good indication of the intrinsic lubricating proper- 
ties of an oil may be gained from laboratory physical 
tests and from simple mechanical-rig tests. An oil 
has to do more than perform a purely lubricating 
function, however. While lubricating and cooling the 
engine, the oil is subjected to high temperatures in the 
cylinder and also to contamination from the products 
of decomposition of the fuel, from the atmosphere 
and from the products of wear of the engine parts. 
Deterioration of an oil in this way results in the forma- 
tion of carbonaceous deposits and lacquer on the 
piston, and of sludge in the crankcase. This may lead 
to trouble in service due to blocking of oil-ways, sticking 
of valves and the sticking of piston rings in their 
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grooves. The oil may also develop acidity and cause 
corrosion of engine parts. It is not easy to assess, 
by a laboratory test, the ability .of an oil to resist 
oxidation and deterioration arising from the products 
of combustion. In fact, no laboratory oxidation test 
has yet been devised which will satisfactorily predict 
the behaviour of an oil in service. Ideally, the oils 
would be tested in engines under actual service con- 
ditions. Such tests, however, would be lengthy and 
costly, and the difficulty of reproducing the operating 
conditions would make accurate comparisons almost 
impossible. ngine tests, 








For this reason, aecelerated-e 
i.e., tests on engines in which the conditions of load 
and temperature have been so increased in severity as 
to produce the effect of, say, 1,000 hours running in 
50 to 100 hours, are the more usual solution adopted 
for routine rating. 

The only recognised standard engine tests for Diesel 
lubricating oils in general use at present are those 
required for the United States Army Specification 
2104B and the U.S. Navy 9000 series for high-duty 
lubrication. They require test engines of American 
manufacture, such as Caterpillar, Chevrolet or General 
Motors Diesel. These engines are not always easy to 
obtain in this country and are not necessarily repre- 
sentative of British practice. In addition, the tests 
themselves, with the possible exception of the L5, 
are not entirely suitable for rating modern heavy-duty 
oils. The need has therefore been felt for some time 
for a British lubricating-oil test engine which would 
enable a wide range of tests to be carried out on the one 
unit. These tests, while being generally similar to the 
L series, would in all probability involve more severe 
conditions of load and temperature to cover future 
developments in lubricants and service requirements. 
It was to meet this need that the Shell Group and 
Messrs. Ricardo and Company, Engineers (1927), 
Limited, Bridge Works, Shoreham-by-Sea, Sussex, 
co-operated in the design and manufacture of a suitable 
engine under the egis of the Engine Tests of Lubricants 
Panel of the Institute of Petroleum. 

The main requirements for a lubricating-oil test 
engine are the greatest possible flexibility of operating 
conditions, consistency of performance, and ease of 
access to all important parts for cleaning and inspection. 
These considerations formed the basis of the design, 
which includes the following features. It was decided 
that the engine should have a crankcase and crank- 
shaft assembly on to which could be bolted various types 
of cylinders ; thus, the possible range of tests would be 
large and the number of different oil-testing engines 
now in use could be reduced. The crankcase and 
crankshaft assembly are of sturdy construction to 
enable it to operate satisfactorily for many hours 
at the high outputs visualised for these tests, and so 
that, with a wet sump, efficient lubrication can be 
obtained with not more than 2 gallons of oil. Easy 
dismantling and assembly of the unit was considered 
essential, making it possible to exchange the various 
cylinder assemblies rapidly and to remove the piston 
from the connecting rod without disturbing the big- 
end bearing. The piston-temperature control had to 
be accurate, as the ring belt temperature largely 
influences the ring-sticking and carbon-forming ten- 
dencies of the oil. The oil circulation system consists 
of two distinct circuits, one supplying the valve cams 
and timing gears with a straight mineral oil, and the 
other supplying the test oil to the rest of the engine, 
the supply for cooling the piston being capable of 
separate control. Separation of the oil circuits in this 
way, of course, facilitates the cleaning of the engine 
between tests, as it obviates the necessity of disturbing 
the parts of the engine lubricated by the straight mineral 
oil. The internal surfaces of the crankcase and various 
oil ways had to be smooth and free from pockets. 
While combined copper in bearing metals was allowable, 
copper and copper alloy could not be used elsewhere, 
because of their catalytic effect, causing lubricating-oil 
deterioration. For this reason, all the oil pipes and the 
gear pumps are of ferrous material. A knowledge of 
the temperatures at various points in the engine being 
important, reasonable provision had to be made for 
thermocouples in the piston, cylinder liner, crankpin 
and main bearings. The engine was designed with 
the following maximum performance requirements in 
view, although it is ikely that all extremes of 
performance will be required simultaneously: speed, 
normal 1,200 r.p.m., maximum 2,000 r.p.m.; load, 
maximum, 300 Ib. per square inch brake mean effective 
pressure at 1,200 r.p.m.; duration, 500 hours ; coolant 
temperatures, of the same order of magnitude as those 
specified for the L series of tests. 

The unit is designed with a stroke of 6 in., which 
enables a | selection of typical modern high-speed 
Diesel-engine cylinders to be fitted to the crankcase. 
So far, two combustion systems—direct injection and 
compression swirl, have been run on the engine, both 
cylinders being 4} in. bore; and a two-stro m 
has been designed, but not yet tested. Fig. 3 shows a 
section of the universal crankcase, the internal surface of 
which is shot-blasted to a smooth finish to enable it to be 
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cleaned easily. The crankshaft is made of Meehanite 
cast iron, and is supported by two main bearings con- 
sisting of steel shells lined with white-metal. The 
bearing housings are designed so as to allow the crank- 
shaft to be removed without disturbing the bearings. 
Two removable rollers have-been provided to support 
the crankshaft when this operation is being carried out. 
The flywheel has been made so that the outer rim and 
web can be removed from the inner boss, thus allowing 
the whole crankshaft assembly to pass through the 
crankcase. The big-end bearing consists of two half 
shells, the top half being lined with 70/30 copper-lead, 
and the bottom half with white-metal. The connecting 
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rod is of H-section 0-45 per cent. carbon steel and is 
interchangeable between the various types of cylinder. 
The small-end bearing consists of a fully-floating plain 
Y-alloy bearing running in a hardened-steel bush. 
The drive to the camshaft is through a train of gears, 
driven from the front end of the crankshaft. From the 
spindle of the top timing gear the drive is taken through 
an internally-splined sleeve to the camshaft. This 
sleeve can be disengaged and held with a spring clip so 
that it does not impede the removal of the cylinder. 
Some variation in the valve timing can be obtained by 
suitable adjustment of this sleeve and the timing gear, 
the minimum change which it is possible to make 
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being 3-8 deg. of crank rotation. The other end of the 
timing-gear spindle drives the fuel-pump cam. The 
C.A.V. fuel pump is of the flange tyge without advance 
and retard mechanism. The pump timing can be 
adjusted statically by rotating the outer sleeve, which 
forms part of the pump camshaft, relative to the inner 
shaft, these two members being secured by locking the 
two end plates together. These plates are drilled with 
two series of holes which give a vernier adjustment 
The minimum variation obtainable by adjusting the 
relative position of the plates is 2-6 crank degrees. A 
fine adjustment can also be obtained by altering the 
pump tappet. 
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The lubricating-oil system is divided into two main 
circuits, one supplying the camshaft, the —— 
cam and the timing gears with a straight mineral oil, 
and the other supplying the test lubricant to the main 
bearings, big-end and rockers. The mineral oil is fed 
directly to each place and flows by gravity down 
the inside of the timing case to an outlet at the bottom. 
Each pair of timing gears has an individual supply. 
The test oil is supplied to each main bearing from a 
common source, the flywheel-end inlet also feeding the 
big-end bearing. The oil flowing from the rockers to 
the sump by-passes the cam-box through an external 
pipe to avoid contaminating the gear oil. In order that 
oil from one circuit should not pass into the other 
circuit each system is isolated by a number of “‘ Super ” 
oil-seals fitted along the crankshaft. To avoid passing 
the piston cooling oil through the main bearing, and to 
facilitate accurate control, a separate feed has been 
arranged to supply oil to the piston. The oil is fed 
into a fully-floating “ banjo ” fitting on the timing end 
of the crankshaft, from which it passes through the 
crankshaft and crankpin up the connecting rod to the 
piston. This oil, as well as that supplied to the main 
bearings, big-end and rockers, is scavenged from the 
base of the crankcase. 

The performance of the engine depends, of course, 
on the combustion system with which it is fitted. Of 
the two cylinders so far tested—a direct-injection type 
and the Comet Mk. IfI—both have given the expected 
power output and fuel consumption on an indicated 
basis. The brake performance figures on the Shell- 
Ricardo crankcase are necessarily somewhat low, owing 
to the relatively high friction losses of the unit. These 
losses are an inevitable accompaniment of the larger 
bearing areas required to ensure complete mechanical 
reliability under all conditions of load and speed. The 
oil seals on the crankshaft cause an additional loss. 





it is the indicated performance of the engine which is 


— 
he crankcase fitted with the direct-injection com- 
bustion system has now completed a 100-hour type 
test at 1,600 r.p.m. and 83 lb. per square inch b.m.e.p., 
equivalent to 115 Ib. per square inch indicated m.e.p., 
or to 90 lb. per square inch b.m.e.p. on the usual 
industrial single-cylinder crankcase. All moving 
were found to be in perfect condition at the conclusion 
of the test. The ‘‘ Super” oil-seals gave good service 
at oil inlet temperatures up to 100 deg. C. Tests have 
not yet been carried out at higher temperatures, but, 
if this design should prove unsuitable under these 
conditions, mechanical seals of the Peon 4 type are 
available. All the running spares of the direct-injection 
version are of proprietary manufacture and are readily 
available in large numbers, a fact of considerable 
importance in routine engine test work. The mechani- 
cal reliability of the design having been proved, the 
next task is to evolve a suitable engine test technique 
for rating lubricating oils which will accurately predict 
their performance in service. This programme, organ- 
ised and supervised, as already noted, by the Engine 
Tests of Lubricants Panel of the Institute of Petroleum, 
necessitates the fullest co-operation from the oil com- 
panies and the Diesel-engine manufacturers and users. 
Although the engine has been designed as a lubricat- 
ing-oil test unit, such a sturdy universal crankcase 
will probably find many other applications as a general 
research tool. Technical colleges, universities and 
research institutions would probably find the engine 
particularly suitable for investigations on fuels and 
combustion systems. Diesel-engine manufacturers may 
find it useful to have an established basic unit on which 
to carry out development work on new combustion- 
chamber and top-assembly designs. The unit may 
also be adapted for testing internal-combustion petrol 





From the point of view of the rating of the oil, however, 


engines. 


FAILURE OF GALVANISED-STEE 
HOT-WATER TANKS. 


A pocumEntT* recently issued by the Building 
Research Station, Garston, Watford, Hertfordshire, 
points out that hot water for domestic use is commonly 
provided by systems in which the water is heated by 
an independent or “‘ back boiler ’’ and stored in a cylinder 
ortank. Various materials have been used successfully 
for the tanks, cylinders and pipes, the commonest 
being copper and galvanised steel for the tanks and 
cylinders, and copper, galvanised steel, lead and lead 
alloys for the piping. Hot-water tanks and cylinders of 
galvanised steel have in shown satisfactory 
durability, but towards the end of the 1930’s a number 
of failures after short periods of use were reported. 
These failures were not numerous considering the number 
of galvanised-steel cylinders and tanks in use, but were 


_- 


parts | found with unusual frequency in certain areas of the 


country. Investigation by the British Non-Ferrous 
Metals Research Association led to some interesting 
conclusions. It was found that the failures occurred 
rin such numbers in the same locality that they could 
not be attributed to faults in manufacture, damage in 
transit or defects in installation. In one locality of 
about 1,000 installations, on an estate fitted with copper 
pipes, 50 per cent. of the installations failed in four 
years ; whereas on another estate of 50 houses (fitted 
with galvanised-steel pipes) no failures had occurred 
six years after the houses had been erected. This and 
other similar observations led to the conclusion that 
the failures occurred in certain areas of the country 
when copper pipes were used in association with gal- 
vanised-steel tanks. Moreover, the failures could not 
be ascribed to ordinary defects of manufacture or 
installation, such as defective galvanising, to the 
presence of filings or borings left in the tanks by 
workmen, or to excessive softening of the water supply. 
It was also found that the cold-water storage cisterns 
in the “ areas of failure” gave satisfactory service. 
Laboratory experiments simulating practical condi- 
tions were carried out by the British Non-Ferrous 
Metals Research Association, with the object of finding 
the cause and mode of failure of the tanks in these 
“mixed metal” water systems. The action was 





* Building Research Station Digest No. 8, entitled 
“The Use of Copper and Galvanised Steel in the Same 





Hot Water System,” 
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found to be as follows. Certain types of water, as 
supplied in the “ areas of failure,” are capable of dissolv- 
ing minute amounts of copper from the pipes of a hot- 
water system, though the loss in weight of the pipes 
is very difficult to detect and the life of the pi 

is not thereby impaired. When the water containing 
the copper comes into contact with the galvanising 
of the tank, some of the copper is deposited on the 
zinc and an equivalent amount of zinc is dissolved. The 
copper tends to be deposited in small particles, and at 
these points electrolytic action between the adjacent 
copper and zine causes rapid attack on the zine coating, 
and its ultimate perforation. Rusting of the unprotected 
steel then proceeds and before long the tank leaks. 
The most significant feature of this action is the very 
small amount of copper which suffices to start it. Even 
one part in ten “ie in the water has been found to 
lead to serious attack. 

In practice, the rate at which the action proceeds 
is determined by a number of factors, the most impor- 
tant of which is the ability of the water to dissolve 
copper. This is dependent on the composition of the 
water, mainly with regard to the content of carbon 
dioxide and the temporary hardness. Increase in 
carbon dioxide content increases cupro-solvency, while 
an increase in temporary hardness tends to decrease it. 
Unless, however, a high temporary hardness is accom- 
panied by very low carbon dioxide, a pitting type of 
attack may develop. Scale formation in pipe line and 
tank (which occurs with hard water) may have a protec- 
tive effect. However, it would appear that such scale 
needs to be formed fairly early to be effective in reducing 
attack ; and that if the scale is not uniformly adherent 
over the surface of a tank or cylinder it may tend to 
concentrate the attack at bare places. To reduce 
hardness by the use of water softeners may slow up or 
stop scale formation. It is thus desirable, if a mixed 
 —. is used, not to carry the softening process too 


An important local factor is the temperature of the 
water, because cupro-solvency increases with the tem- 
perature. The temperature of the hot water in a system 
is partly dependent on the relative sizes of the boiler 
and the hot-water storage tank, but it also depends to 
some extent on the rate at which the householder heats 
the boiler. In a mixed system it would be advisable, 
therefore, not to heat too vigorously—especially in the 
early life of the installation before a protective scale 
has been formed. Scale formation is probably the 
reason why some galvanised tanks have been found to 
give satisfactory service in areas where many other 
tanks have failed. 

Two materials used for domestic boilers are cast 
iron and copper. It may often be quite satisfactory 
to use cast-iron boilers in conjunction with copper pipes 
and copper hot-water tanks, but on the whole it is 
preferable to avoid this, as it constitutes a “‘ mixed 
system.” Boilers made of copper are commonly 
fitted in soft water areas (where cupro-solvency appears 
most likely to occur) and their use would be ex 
to give larger amounts of copper in solution, thus 
accelerating attack on any galvanised steel incorporated 
in the system. There seems to be some evidence for 
regarding it as unwise to use copper for cold-water 
rising mains and down feeds to hot-water systems when 
the hot-water tank and/or distributing pipework are 
of galvanised steel. - 

In general, the hot-water system should be con- 
structed throughout of copper (with copper boilers) 
or of galvanised steel (with cast-iron boilers), unless 
previous experience in the district shows it to be 
safe to use these materials together. The choice 
between copper and galvanised steel should be based 
on the nature of the water supply and, in particular, on 
the experience of the local supply authority. It 
should be noted, however, that an all-copper system is, 
in general, preferable to an all-galvanised system 
from the standpoint of resistance to corrosion. 

Failures of galvanised-steel cold-water cisterns with 
copper pipes are rare, and these failures have been 
related to the effects of hot copper-bearing water being 
introduced by splashes from vent pipes or by expansion 
via the feed pipe. As precautions, the expansion pipe 
should not discharge against the side of the cistern, and 
the draw-off for cold water feed to the hot-water tank or 
cylinder should project slightly into the cistern. If 
there is any doubt about the cold cistern, a treatment 
with a non-water-tainting bituminous paint should 
prevent trouble. 





NORTHAMPTON POLYTECHNIC, LONDON.—A series of 
prospectuses, leaflets and handbills relating to the 
activities of the Northampton Polytechnic, St. John- 
street, Clerkenwell, London, E.C.1, during the present 
1949-50 session, have come to hand. These contain the 
syllabuses and all relevant particulars regarding the part- 
time day and evening, and special-lecture courses avail- 
able in engineering and applied chemistry at the Poly- 
technic. Copies may be obtained on application to the 
secretary at the above address. 





PLATE-BENDING MACHINE. 


THE BRONX ENGINEERING COMPANY, LIMITED, 


LYE. 











THREE-ROLL PLATE-BENDING 
MACHINE. 


Tue Bronx Engineering Company, Limited, Lye, 
Stourbridge, have recently introduced an improved 
three-roll plate-bending machine which is designed to 
handle mild-steel plates up to 10 ft. wide and } in. 
thick. It is motor-driven, and its general construction 
is shown in the illustration on this page. The rolls 
are carried horizontally between two bearing and 
worm-gear housings mounted on a fabricated-steel 
baseplate, and the lower two are driven by a 28-h.p. 
electric motor through clutches and reduction gears, 
which are contained in two gearboxes mounted on 
a cast-iron bedplate and situated at one end of the 
machine. The rolls are machined from solid-steel 
forgings, the top roll being 144 in. in diameter and the 
bottom rolls 10} in. Longitudinal grooves are machined 
in the latter to assist them in gripping the plate. A 
flexible coupling and high-speed shaft transmit the 
drive from the motor to the first gearbox, in which are 
friction clutches for engaging either forward or reverse 
gear. The second gearbox is coupled directly to the 
first and contains the reduction gearing; this trans- 
mits the drive to a final shaft extending into one of the 
machine housings and fitted with a driving pinion, 
which engages with two other pinions fitted to the 
ends of the lower rolls. The double-helical gears 
are of steel and the bearings in both gearboxes are of 
the self-oiling ring type. The top roll is mounted in 
pivoting phosphor-bronze bearings, and may be tilted 
for conical rolling or to allow for the removal of cylin- 
ders when they have been formed on the machine. Its 
height is adjusted by means of worm gearing contained 
in the housings, the drive shaft which couples these 
worms being connected directly to a pair of gears 
and clutches in the first gearbox; the clutches are 
operated by hand levers. A separate clutch is fitted 
to the worm drive shaft and is used to disconnect the 
worm gearing at the end remote from the drive when 
the roll is to be tilted. The positions of the ends of the 
roll are shown by two pointers on a large dial and 
electric safety switches are fitted which cut the supply 
to the motor if the top roll is accidentally raised 
or lowered too far. An extension shaft is provided 
on one end of the top roll and has a ball-shaped end 
which may be held down by a plate carried on the 
end of a hand-operated screw. This is used to — 
the top roll when the far bearing is let down. The 
driving motor is of the slip-ring type and delivers 
28 h.p. at a speed of approximately 950 r.p.m. 





“THE NEW APPRENTICESHIP.”—The leading article 
on ‘* The New Apprenticeship,”’ which was published on 
page 157, ante, has led Ericsson Telephones, Limited, 
Beeston, Nottingham, to send us a copy of a booklet 
dealing with their own scheme. After describing the 
growth of the telecom tions industry and the part 
played by the firm in this development, details are given 
of the various apprenticeship courses available and of the 
technical and other amenities which those who are 
admitted to them may enjoy. 











| TURBO-ELECTRIC TANKER 
“SAN SILVESTRE.”’ 


THE single-screw turbo-electric tanker San Silvestre, 
which was built by the Furness Shipbuilding Company, 
Limited, Haverton Hill, Billingham, County Durham, 
for the Eagle Oil and Shipping Company, Limited, 16, 
Finsbury-cireus, London, E.C.2, has successfully com- 
pleted her trials and was handed over recently. A photo- 
graph of the vessel, taken during the trials, is reproduced 
on the opposite page, from which it will be seen that she 
is of the “ three-island’”’ type, with poop, bridge and 
forecastle, rigged with twin lower “ goalpost ” masts and 
two telescopic topmasts. The length overall is 537 ft. 
and between perpendiculars 510 ft., while the moulded 
breadth and depth are 69 ft. and 37 ft., respectively. 

Electric welding has been employed extensively in 
the construction, the main transverse and longitudinal 
bulkheads being of the corrugated type, welded on the 
Unionmelt system developed by the builders. The 
tank space is divided in nine main compartments, which 
are subdivided to make 28 compartments in all, 
the total cargo capacity being 665,300 cub. ft. after 
allowing 2 per cent. for expansion. The fuel oil is 
carried in a deep tank in the engine room, after and 
forward cross bunkers and a forward deep tank. The 
feed water is carried in the double bottom under the 
machinery space, and the domestic water in large tanks 
in the stern and bridge space. 

The propelling machinery was supplied by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, and consists of a single-cylirder high- 
pressure turbine, a 3,320-volt three-phase alternator, 
and a synchronous motor designed to give a service 
speed of 14} knots. The turbine is supplied with steam 
at a pressure of 475 Ib. per square inch superheated to a 
temperature of 775 deg. F., and is arranged to exhaust 
to a Worthington-Simpson condenser capable of main- 
taining a vacuum of 28} in. of mercury with an average 
sea temperature of 73 deg. F. The turbine is coupled 
directly to the three-phase alternator which, at a 
shaft horse-power of 9,000, has a maximum continuous 
rating of 6,930 kW at 3,280 r.p.m. The alternator is 
provided with a closed-circuit air cooler designed for 
tropical conditions and arranged so that salt water 
cannot be carried into the windings ; emergency doors 
and dampers are installed, however, so that, if neces- 
sary, air can be drawn in from the engine room. The 
alternator stator has six terminals, three of which form 
the star point while the remaining three are connected 
by pe *bus-bars to the high-tension reversing- 
switch cubicle situated on the stringer deck. A photo- 
graph showing the turbine and alternator, the main 
condenser, and the alternator cooler, is reproduced in 
Fig. 2, on page 366. 

The control desk is arranged above the reversing- 
switch cubicle, the controls operating on the same 
principle as applied to earlier ships of this class. There 
are three main controls, namely, a reversing lever, a 
starting wheel and a speed-control wheel, all of which 
are interlocked so as to ensure correct sequence of 
operations. The reversing switch is operated by a 
vertical lever at the side of the control desk which can 
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be moved either with the assistance of a servo cylinder 
or by manual effort alone ; it is interlocked mechanic- 
ally with the exciter switches so that it cannot be 
moved until the exciting current has been cut off from 
both the alternator and the main-propulsion motor. 
Exciting current is applied by operating a large main 
control wheel situated on the front of the desk and 
fitted with mechanically-operated sequence stops to 
arrest movement of the wheel at each stage of the 
maneuvre. The first movement of the wheel places 
double excitation on the alternator and the main motor 
starts as an induction machine with the turbo-alternator 
controlled by its governor at one-fifth of full speed. 
After the motor has accelerated to synchronous speed, 
movement of the control wheel to the next stop switches 
on the motor-excitation current and the motor is 
synchronised with the alternator. At the next position 
of the control wheel, the excitation current for the 
alternator is reduced and at the same time the separate 
speed control wheel is unlocked, thereby allowing the 
governor setting to be raised or lowered as required. 
A photograph of the control desk is reproduced in 
Fig. 3, on page 366. 

The main propulsion motor is a salient-pole syn- 
chronous machine of fabricated construction. It is 
provided with its own ventilating and cooling system 
designed for continuous full-power operation under 
tropical conditions and with a sea-water tempera- 
ture of 90 deg. F. Duplicate fans and coolers are 
installed as a safeguard and each set is arranged so 
that the coolers, etc., can be examined while the vessel 
is at sea. A photograph of the main propulsion motor 
is reproduced in Fig. 4, on page 366. Excitation current 
for the alternator is supplied by one of two exciters 
coupled to the auxiliary-generating sets, while that for 
the main motor is taken from the low-tension switch- 
board through remotely-controlled circuit- breakers. 

The steam generating plant consists of two separate 
installations, namely, a low-pressure system and a high- 
pressure system, the former being used for auxiliary 
purposes, particularly where any oil contamination 
of the exhaust steam may occur, thereby restricting 
oily condensate to the low-pressure steam plant. The 
low-pressure installation comprises a Cochran oil-fired 
vertical boiler and a steam-operated generator, or 
transformer, designed and manufactured by Messrs. 
John Thompson Water Tube Boilers, Limited, both 
of which supply steam at 150 Ib. per square inch. In 
the steam-operated generator, steam from the main 
boilers at a pressure of 500 lb. per square inch is 
de-superheated to about 500 deg. F. and passed 
through closed coils immersed in water. After passing 
through the generator, the high-pressure steam emerges 
from the drains as water at a fairly high pressure and 
temperature ; this is passed through steam traps to a 
flash chamber on the second feed heater. The steam 
generator is capable of supplying 10,000 Ib. of auxiliary 
— an hour, and the Cochran boiler 6,000 lb. an 
hour, 

Steam for the main and auxiliary turbines, the turbo- 
zenerators, and the cargo pumps, is supplied by two John 
Thompson-La Mont boilers, each of which has a normal- 
load capacity of 60,0001b. of steam per hour at a pressure 
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Fig. 1. Vesset on TRIALS. 


of 500 lb. per square inch and{a temperature of 800 
deg. F. at the superheater outlet. The boilers are of the 
forced-circulation type, positive and controlled circula- 
tion being provided by Weir turbo-driven circulating 
pumps. The boiler, superheater and economiser tubes, 
however, are designed so that they are self venting and 
self draining, an arrangement which not only ensures 
that the boilers can be drained completely but gives, in 
addition, a degree of natural circulation so that steam 
can be raised, or the boilers banked, without recourse 
to the circulating pumps. The boilers operate under 
Howden’s system of forced draught and each boiler is 
surrounded by an air jacket thus eliminating leakage 
of combustion gases into the boiler room. Air heaters 
and economisers also are installed, the former being 
particularly interesting, as provision has been made 
to ensure that the final temperature of the gas is main- 
tained above the gas dew-point when operating at loads 
below full power. Furthermore, each heater is divided 
into two sections which can be called the hot-end air 
heater and the cold-end air heater, respectively, the 
latter being situated at the gas exit. It is here that 
corrosion may be expected to take place, and for this 
reason the cold-end air heater is formed from excep- 
tionally short replaceable tubes. In addition, arrange- 
ments have been made so that the cold-end air heaters 
can be isolated should failure due to corrosion occur. 
For similar reasons, the economisers are arranged so 
that they can be circulated with hot water when 
operating under low loads. 

The two boilers operate under a closed-feed system, 
the main condenser being provided with a large sump 
and float-operated control valve. The condenser has a 
surface area of 9,000 sq. ft. and both the circulating 
and extraction pumps, which are driven by electric 
motors, are duplicated. Two Weir turbo-feed pumps are 
installed, each of which is capable of taking over the 
full duty. The boiler make-up water is supplied by 
two evaporators operated from the low-pressure steam 
system, each evaporator being provided with its own 
seawater-cooled distiller. The first evaporator is fed 
with seawater and the distillate is led into the double 
bottom feed-water tank, but the second evaporator 
takes fresh water from the double bottom feed-water 
tank only, the distillate, in this case, being drained 
into the reserve-feed tank for the main boilers. When 
the water level in the condenser falls, water is drawn in 
from the reserve-feed tank, where it is partially de- 
aerated before being pumped to a de-aerator installed 
in the engine room. Arrangements also have been 
made for circulating the feed water through the 
de-aerator during initial filling of the boilers, thus 
ensuring complete de-aeration before steaming. The 
boilers are fitted with the usual gauges, feed regulators, 
safety valves, etc., and, in addition, are provided with 
combined low-water level alarms and fuel shut-off 
gear and a further device for shutting off the fuel 
should the forced circulation fall below the safety limit. 
Both safety devices are arranged so that they operate 
on the boiler affected only, leaving the other in full 
commission. 

Current for the engine-room auxiliaries and the 
ship’s services is provided by two turbo-generators, 








which were manufactured by the General Electric 
Company, Limited, each having an output of 400 kW 
at 220 volts; as previously mentioned, each turbo- 
generator drives an exciter. A 100-kW Diesel- 
engine driven generator supplied by Messrs. Mirrlees, 
Bickerton and Day, Limited, is also installed in 
the engine room. This is illustrated in Fig. 5, on 
page 366; it is a self-contained unit complete with 
air compressor, cooling pumps, fuel supply, etc. 
Although when at sea there is adequate distribution 
of exhaust heat, this is not so when the vessel 
is discharging cargo, the surplus low-pressure steam 
from the cargo pumps and tank-heating coils being 
in excess of that which can be absorbed by the 
feed-heating system. In order, therefore, to obviate 
use of the main condenser when in port, the turbo- 
generators are fitted with mixed-pressure governors 
which enable them to accept all surplus exhaust steam 
and, at the same time, reduce their demand for high- 
pressure steam. 

The vessel is provided with two pump rooms, one 
between Nos. 3 and 4 tanks and the other between 
Nos. 6 and 7 tanks. Each pump room is fitted 
with two Numarine self-priming two-s centrifugal 
pumps driven at a speed of 1,300 r.p.m. by Mirrlees- 
Watson turbines of 380 brake horse-power. When 
discharging against a pressure of 150 lb. per square 
inch, each pump is capable of delivering 300 tons of 
heavy oil an hour. The turbines exhaust to a four- 

condenser installed in each pump room. Each 
condenser is fitted with a two-stage air ejector and is 
capable of handling 15,700 Ib. of exhaust steam an 
hour with a vacuum of 27} in. of mercury, the con- 
densate from each pump room being returned to the 
main feed system through te lines. The extrac- 
tion and circulating pumps for the condensers are also 
driven by steam turbines, which run at 1,500 r.p.m. The 
number 4 tanks are fitted out for the carriage of 
lubricating oil; as a consequence, two additional 
pumps are installed in the after pump room, each 
capable of delivering 75 tons of lubricating oil an hour 
against a pressure of 150 Ib. per square inch. The two 
pumps are similar to the main cargo pumps and are 
driven by Mirrlees-Watson turbines of 103 brake horse- 
power. A vertical lubricating-oil cooler is provided for 
each main and auxiliary cargo pump, the cooling water 
being taken from the condenser circulating system. 
A small horizontal duplex pump is fitted in each pump 
room for bilge and final stripping duties and a vertical 
Simplex oil-fuel transfer pump in the forward pump 
room ; this is a duplicate of that installed in the engine 
room for similar duties. 

All the cargo tanks are fitted with steaming-out, 
fire-extinguishing and vent pipes and are arranged 
for Butterworth tank-cleaning gear. The fire and wash- 
down pumping and heating installation in the engine 
room incorporates several improvements. The heater 
is supplied with steam from the main boilers but reduced 
in pressure to 100 Ib. per square inch and desuperheated 
to saturation temperature. The fire and wash-down 
system, however, operates at 200 lb. per square inch, so 
in order to keep the steam pressure above the salt-water 





pressure and thereby prevent any possibility of boiler- 
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feed water contamination, a two-stage pump is installed. 
The first stage of this pump draws in seawater and dis- 
charges it through the heater, while the second stage 
draws from the heater and discharges to deck through 
the fire and wash-down line. The temperature of the 
water in the heater is controlled by a regulator manu- 
factured by Messrs. Arca Regulators, Limited, while 
the heater, which includes a drain cooler, was designed 
and manufactured by Messrs. Caird and Rayner, 
Limited. In order that the fire and wash-down line 
can be used for deck washing, it is arranged so that 
it can be connected to the sanitary pumps. Further- 
more, the combined desuperheater and reducing valve 
for supplying steam to the heater is designed to reduce 
steam the main boilers to a pressure of 200 Ib. 
per square inch without desuperheating, so that it can 
supply steam to the auxiliary circulating pump in an 
emergency. The —_ pumps are supplied with steam 
from the main boilers through a thermostatically- 
controlled desuperheater capable of desuperheating 
37,000 lb. of steam an hour from 768 deg. F. to 507 
deg. F. with the introduction of approximately 6,000 Ib. 
of feed water per hour, the total output of desuper- 
heated steam being therefore approximately 43,000 Ib. 
per hour. 

The accommodation and amenities provided for the 
crew are exceptionally good, even when judged against 
the standards of a modern ocean-going liner. The 
navigating and engineer officers have separate cabins 
with adjacent private bathrooms, while every member 
of the deck and engineroom crews has a single-berth 
cabin. Each department of the crew has its own mess 
room, and there is a large recreation room equipped 
for showing films, also an open-air swimming pool. 
Provision has been made for carrying a gumber of 
passengers, there being four two-berth staterooms, 
each of which has a private bathroom. The public 
rooms are correspondingly larger and all the accommo- 
dation is fitted with mechanical ventilation and heating. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ BRAESIDE.”—Single-screw cargo liner, carrying 
12 passengers, built by Messrs. Barclay, Curle and Com- 
pany, Limited, Whiteinch, Glasgow, for Messrs. Burns, 
Philp and Company, Limited, Sydney. Sixth ship built 
for these owners. Main dimensions: 455 ft. by 57 ft. 9 in. 
by 37 ft. 6 in. to shelter deck; gross tonnage, about 
7,800. Six-cylinder two-stroke single-acting direct- 
reversible B. and W.-H. and W. Kincaid engine develop- 
ing 4,500 b.h.p. at 115 r.p.m. Trial trip, September 14. 


M.S. “‘ SPIGERBORG.”—Single-screw cargo vessel, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for A/S Dampskibsselskabet 
“* Dannebrog ’”’ (Messrs. C. K. Hansen), Copenhagen, 
Denmark. Last vessel of an order for three. Main 
dimensions: 310 ft. (between perpendiculars) by 
46 ft. 10 in. by 27 ft. 104 in. to shelter deck ; deadweight 
capacity, about 3,450 tons on a draught of 19 ft. Seven- 
cylinder single-acting two-stroke  directly-reversible 
Gray-Polar Diesel engine to develop 2,145 b.h.p. at 
195 r.p.m. and a speed of 12 knots. The first engine 
of this type to be constructed by the Central Marine 
Engine Works of Messrs. William Gray. Launch, Septem- 
ber 21. 


M.S. ‘“‘ SoLér.”—Single-screw tanker for carrying 
oil in bulk, built by the Furness Shipbuilding Company, 
Limited, Haverton Hill, County Durham, for S. Ugelstads 
Rederi A/S, Oslo, Norway. Third vessel of a series of 
ten. Main dimensions: 589 ft. (overall) by 80 ft. by 
42 ft. 3 in.; deadweight capacity, about 24,900 tons on 
@ summer draught of 32 ft. 3 in. Six-cylinder single- 
acting two-stroke opposed-piston N.E.M.-Doxford rever- 
sible oil engine, to develop 6,800 b.h.p. at 116 r.p.m. in 
service, and a speed of 14 knots, constructed by The 
North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Launch, September 22. 


M.S. “ TERN6y.”—Single-screw oil tanker built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for Messrs. Olaf Boe & Co., Arendal, Norway. Main 
dimensions : 487 ft. 6 in. (overall) by 59 ft. by 34 ft. 10 in. ; 
deadweight capacity, about 12,000 tons on a draught of 
27 ft. 6 in.; gross tonnage, about 8,200. Six-cylinder 
single-acting four-stroke Harland-B. and W. Diesel 
engine to operate at 115 r.p.m. Launch, September 22. 


MLS. “‘ HULDA MAERSK.”—Single-screw cargo vessel, to 
carry twelve passengers, built by Messrs. Bartram and 
Sons, Limited, Sunderland, for A/S Dampskibsselskabet 
Svendborg & Dampskibsselskabet af 1912 (Messrs. A. P. 
Méller), Copenhagen, Denmark. Main dimensions: 
430 ft. (between perpendiculars) by 58 ft. 9 in. by 
38 ft. 2 in. to shelter deck ; deadweight capacity, about 
8,740 tons on a draught of 26 ft. 24 in. Five-cylinder 
single-acting two-stroke opposed-piston N.E.M.-Doxford 
reversible oil engine, to develop 5,500 b.h.p. at 115 r.p.m. 
in service, and a speed of 15 knots, constructed by The 
North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Launch, September 22. 
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Accumulator Charging. Maintenance and Repair. By 
W. S. IpBeTson. Tenth edition. Sir Isaac Pitman 
and Sons, Limited, Pitman House, Parker-street, 
Kingsway, London, W.C.2. [Price 10s. net.) 

Fluid Pressure Mechanisms. By H. C. Conway. Sir 


Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 258. 
net.) 

University Mathematics. A Textbook for Students of 
Science and Engineering. By Dr. JosePH BLAKEY. 
‘Blackie and Son, Limited, 66, Chandos-place, London, 
W.C.2. [Price 25s. net.) 

Route Surveying. By PROFESSOR GEORGE WELLINGTON 
PICKELS and PROFESSOR CARROLL CARSON WILEY. 
Third edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
4-75 dols.}] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 28s. 6d. net.) 

Plant Production Control. By CHARLES A. KOEPKE. 
Second edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
5-50 dols.) Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 63s. net.) 

Chemical Constitution and Properties of Engineering 
Materials. By Dr. P. C. CARMAN. Edward Arnold 
and Company, 41, Maddox-street, London, W.1. 
[Price 50s. net.] 

Metals Reference Book. By Dr. CoLiIn J. SMITHELIS. 
Butterworths Scientific Publications, Bell-yard, Temple 
Bar, London, W.C.2. [Price 608. net.) 

The Light Metals Industry. By WINIFRED LEwIs. 
Temple Press Limited, Bowling Green-lane, London, 
E.C.1. [Price 21s. net.] 

History of the Development of Building Construction in 
Chicago. By FRANK A. RANDALL. The University of 
Illinois Press, Urbana, Illinois, U.S.A. [Price 5 dols.] 

Tacheometric Tables. By Proressor F. A. REDMOND. 
The Technical Press, Limited, Gloucester-road, 
Kingston Hill, Surrey. [Price 12s. net.) 

Der Stahlbetonbau. Ein Leitfaden fiir Studium und 
Praxis. By CARL KERSTEN. Part III. Rechnungs- 
beispiele aus dem Hochbaugebiet mit Anhang: Berech- 
nung des Durchlaufbalkens. Ninth revised edition. 
Wilhelm Ernst & Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 8-20 D.M.] 

Einiges iiber Mauerwerk, Widerlager, Pfeiler und die 
Gestaltung von steinernen und stdhlernen Briicken. 
By Dr.-Ine. GOTTWALT SCHAPER. Fourth revised 
edition. Wilhelm Ernst & Sohn, Hohenzollerndamm 
169, Berlin-Wilmersdorf, Germany. [Price 13 D.M.] 

Productivity Team Report. Steel Founding. Report on a 
Visit to the United States of America in 1949 of a 
Productivity Team Representing the Steel Founding 
Industry. Anglo-American Council on Productivity, 
United Kingdom Section, 21, Tothill-street, West- 
minster, London, S.W.1. [Price 3s.] 

The Physical Society. Reports on Progress in Physics. 
Volume XII (1948-49). Offices of the Society, 1, 
Lowther-gardens, Prince Consort-road, London, S.W.7. 
[Price 25s. net to Fellows of the Society, 42s. net to 
others.] 

Overhead Line Practice. By Dr. JoHN MCCOMBE. Mac- 
donald and Company (Publishers), Limited, 19, Lud- 
gate-hill, London, E.C.4. [Price 25s. net.] 

The Elementary Theory of Stressed-Skin Construction. 
By W. S. Hemp. An Aircraft Engineering Mono- 
graph. Bunhill Publications, Limited, 12, Blooms- 
bury-square, London, W.C.1. [Price 2s. net.] 

Multitubular and Locomotive Boiler Defects and Repairs. 
By SypneEyY D. Scorer. John D. Troup, Limited, 90, 
High Holborn, London, W.C.1. [Price 7s. 6d. post 
free.] 

Lehr- und Handbiicher der Ingeni i. h No. 8. 
Technische Hydraulik. By Dr. CHARLES JABGER. 
Verlag Birkhauser, Elisabethenstrasse 15, Basle, Swit- 
zerland. [Price 44-50 Swiss francs in paper covers ; 
48-50 Swiss francs, cloth bound.) 

Die Thermodynamik des Warme- und Stoffaustausches in 
der Verfahrenstechnik. By Dr.-ING. WERNER Matz. 
Dr. Dietrich Steinkopff, Einbaumstrasse 2, Frankfurt 
A.M.-Griesheim, Germany. [Price 26 D.M. in paper 
covers, 28 D.M. cloth bound.] 

Building in Britain Today. Prepared by the Ministry of 





Works and the Central Office of Information. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
6d. net.] 

Mechanical World Monographs. No. 53. Industrial 


Grinding and Reduction Plant. By C. S. DaRLine. 
Emmott and Company, Limited, 31, King-street West, 
Manchester. [Price 3s.] 

Progress in Metal Physics. Edited by Dr. Bruce 
CHALMERS. Butterworths Scientific Publications, Bell- 
yard, Temple Bar, London, W.C.2. [Price 45s. net.] 
Cold Cathode Fluorescent Lighting. By HENRY A. MILLER. 
The Technical Press, Limited, Gloucester-road, Kings- 
ton Hill, Surrey. [Price 10s. 6d. net.] 

Calculating Instruments and Machines. By PROFESSOR 
Doveias R. HARTREE. The University of Lllinois 





Press, Urbana, Illinois, U.S.A. [Price 4.50 dols.] 


PERSONAL. 


The Managers of the Royal Institution announce that 
PROFESSOR E. K. RIDEAL, F.R.S., has resigned from his 
appointments as Director and Resident Professor, and 
Director of the Davy-Faraday Research Laboratory, 
with effect on December 31, and that he will be succeeded 
by Proressor E. N. pa C. ANDRADE, F.R.S. 

Sm RICHARD PEASE, Br., has relinquished his seat on 
the board of the Brush Electrical Engineering Company, 
Limited, and three members of the staff have been 
appointed directors. They are Mr. P. C. Suarp, 
secretary; Mr. A. H. SyME, comptroller; and Mr. 
D. 8. A. E. Jessop, director of personnel. 

Mr. R. D. Brown, M.I1.C.E., chief engineer, Manchester 
Ship Canal Company, Ship Canal House, King-street, 
Manchester, and Mr. J. C. Martin, M.I.C.E., deputy 
chief engineer, retired on September 30. Mr. D. ©, 
MILNE, B.Sc., M.1.C.E., hitherto assistant engineer to 
the company, has been promoted chief engineer, while 
Mr. OSWALD HaRrpIE, M.1.C.E., who joined the company 
in May, 1949, has succeeded Mr. Martin as deputy chief 
engineer. Mr. A. E. Biytu, O.B.E., A.M.I.C.E., who 
joined the company in October, 1948, has succeeded Mr. 
Milne as assistant engineer. 

Compr. F. W. Hornssy, M.1.Mech.E., has been 
appointed President of the Institution of Engineering 
Draughtsmen and Designers, King Edward Building, 
341, Regent’s Park-road, London, N.3. Sm Donatp 
BatLey, O.B.E., D.Eng., A.M.I.C.E.,. and Mr. A. C, 
PARKINSON have been elected vice-presidents, and 
Mr. 8S. G. Owen, A.M.I.Mech.E., chairman. 

Mr. 8S. B. WarRDER, M.I.Mech.E., M.1.E.E., M.Amer. 
1.E.E., has been appointed mechanical and electrical 
engineer to the Southern Region of British Railways as 
from October 10. Mr. Warder joined the former Southern 
Railway in March, 1936 ; he was subsequently appointed 
assistant to the chief electrical engineer, and in January, 
1948, he became electrical engineer to the Region. 

Mr. R. D. CHatorart, A.M.1.C.E., for many years 
chief estimator to Messrs. George Wimpey and Company, 
Limited, and Dr. W. MacGreoor, A.M.1.C.E., manager 
of the firm’s heavy civil-engineering department, have 
been elected directors of the company. 

Mr. E. S. Hunt, district goods manager, London 
(Broad Street), British Railways, London Midland Region, 
has been appointed assistant chief regional officer of 
that Region, in succession to Mr. 8. H. FisHer, C.V.O., 
deputy chief regional officer, who retired on September 30. 

Mr. L. H. HALiinG, at present on the South Eastern 
Area sales staff of High Duty Alloys, Limited, Slough, 
Buckinghamshire, has been appointed sales area manager 
for Scotland, Northern Ireland, Cumberland, Durham 
and Northumberland. His address will be at the firm’s 
factory at Winscales, Workirgton, Cumberland. (Tele- 
phone : Workington 581.) 

Mr. E. E. Kine, O.B.E., at present Town Clerk of 
the Borough of West Ham, has been appointed secretary 
of the Road Passenger Executive, Euston Station, 
London, N.W.1, as from December 19. 

Mr. F. G. Woo.Liarp relinquished his active work in 
connection with Birmirgham Aluminium Castirg (1903) 
Company, Limited, and the Midland Motor Cylinder 
Company, Limited, Birmid Works, Dartmouth-road, 
Smethwick, 40, Staffordshire, on September 30. He will, 
however, retain his seat on the boards of these companies 
and will continue to represent the former on the Executive 
Committee of the Aluminium Development Association 
and the Council of the Zine Alloy Die Casters’ Association. 

Mr. J. B. Scorr, D.F.C., Assoc.I.E.E., sales manager, 
plant division, Messrs. Crompton Parkinson Limited, 
Crompton House, Aldwych, London, W.C.2, has been 
appointed an executive director of that company for one 
year from October 1 last. Mr. Scott joined the com- 
pany’s staff in 1939. 

Messrs. BURTON, GRIFFITHS AND COMPANY, LIMITED, 
Mackadown-lane, Marston Green, Birmingham, have 
been appointed sole agents in the British Isles for the 
** Beco ” thread rolling machine manufactured by the 
BATCHELDER ENGINEERING COMPANY, Springfield, Ver- 
mont, U.S.A. 

Messrs. STRAMIT BOARDS, LIMITED, Stowmarket, 
Suffolk, have terminated, by agreement, their selling 
arrangements with Messrs. BOWATERS BUILDING 
BoarRps LIMITED, and, as from October 1, have opened 
their own sales department at Packet Boat Dock, Cowley 
Peachey, Uxbridge, Middlesex. (Telephone: West 
Drayton 3021.) 

Messrs. J. H. FENNER AND COMPANY, LIMITED, Cleck- 
heaton, Yorkshire, announce that, on November 1, they 
will open a branch at 42, Great Howard-street, Liverpool 
(Telephone: Central 3236). Mr. G. Tot will be in 
charge of the branch, which will serve West Lancashire 
and the Wirral, including Chester. Mr. STANLEY PARKER 
has been appointed to reDresent the company in Stafford- 
shire and will work, under Mr. A. H. Royle, from Empire 
House, Great Charles-street, Birmingham, the firm’s main 








branch in the Midlands. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel.—Current outputs from the melting 
shops in no way reflect the uncertainty caused generally 
by devaluation. The rate of production has been main- 
tained at the high level established after the summer 
holiday, and makers are deriving substantial support 
from a satisfactory raw material position. Blast- 
furnaces are amply supplied with iron ore, coke, and other 
ingredients, and iron supplies are adequate. Scrap 
presents no problem, except occasionally in regard to 
stocking, as much progress has been made with the 
laying down of reserves and in some cases space has 
become limited. The heavy plate mills are working at 
top pressure to meet the demand for plates for ship- 
building, power-plant production and locomotive and 
wagon building. Despite maximum outputs, however, 
delivery indications are unaffected. Rails are also in 
strong demand, but large sections have turned easier. 
Rerollers of small bars under 3 in. in diameter are quiet. 
Regular production is outstripping new bookings, and 
delivery dates shorten. The rerollers are hopeful, but 
still somewhat in the dark regarding their ability to utilise 
fully, in the changed currency conditions, their increased 
export allocations for Period IV. The demand for sheets 
shows no sign of slackening, either on home or overseas 
account. 

Scottish Coal.—Following a fortnight of strikes—staged 
by oneost workers in support of an agitation for increased 
wages—-when output losses amounted to 70,000 tons, a 
decided improvement occurred last week, although 
sigas of resistance against resuming were evident in 
parts of Lanarkshire. Production last week was down 
by over 20,000 tons, because of the one-day autumn 
holiday in Lanarkshire, Kilsyth, and Denny districts, 
but this had been taken into account when programmes 
were drawn up. Continuation of mild weather appre- 
clably reduced consumption among certain users. 
Factory space-heating was at a minimum, allowing a 
good margin from deliveries to industrial consumers for 
stock consolidation. Graded sorts still do not cope with 
the needs of industrial firms, but ample dross is available. 
Doubles are scarce, but pearls, singles, and trebles are 
only relatively easier. Washed smalls are more plentiful. 
Coking coal has still some leeway to make up after the 
strikes. Demands for gas are light, and coal is adequate 
for gasworks requirements. Domestic coal benefited 


from the mild weather, sales remaining small. The 
effect of devaluation on exports is not likely to be tested 
at present owing to the slender surplus of coal for ship- 


ment. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—In steel, the rate of production con- 
tinues high and arrears are being gradually reduced. 
A leading steelmaker, Mr. S. C. Goodwin, has expressed 
concern at what he described as “ a distinct recession ” in 
orders for steel, but, at the same time, books are heavily 
loided with orders for files, saws, engineers’ and other 
small tools, etc. The bugbear is the growth of the 
number of import restrictions, imposed in countries which 
were formerly good customers. Evidence of German com- 
petition increases and there are signs that Japan again 
will become a serious competitor. Makers of iron and 
steelworks plant are well booked. The Davy and United 
Engineering Company have just completed a Morgan 
continuous merchant and rod-rolling mill plant for a 
South Wales steelworks. It is designed to roll at speeds 
up to 5,000 ft. a minute, which is 600 ft. a minute more 
than any similar plant known to be in production, and 
will roll two alternative products, namely, rods from 
0-212 in. diameter to } in. diameter, and coiled bars to 
1 in. diameter. Ther? are 23 stands, an 11-stand rough- 
ing mill, a two-stand intermediate mill, a four-stand 
looping mill and a six-stand finishing train. It will give 
a consistantly high output of 26 tons an hour of 0-212 in. 
rod, and 50 tons an hour from } in. upwards. 

South Yorkshire Coal Trade.—Steady improvement in 
coal production is providing sufficient coal for current 
needs in industry, for railway locomotive depots, and for 
public utility undertakings. In some instances, it has 
been possible to add to winter reserves. Demand con- 
tinues very strong in all sections. More best quality 
steams and also gas coal are needed to meet requirements 
for export from the Humber ports. Coking coal is in 
adequte supply and the make of hard coke is maintained 
at a level to satisfy current requirements, but some 
addition to reserves is desirable. There are fairly good 
supplies of gas coke, and a good flow of coke-oven gas 
through the South Yorkshire and other gas grids. Patent 
fuel is active and firm. 








BRITISH ELECTRICAL POWER CONVENTION.—It is an- 
nounced that the second British Electrical Power Con- 
vention will be held at Harrogate under the presidency 
of Sir Vincent de Ferranti during the week beginning 
Monday, June 19, 1950. 
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NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 

The Welsh Coal Trade.—A revival of operations in the 
Italian trade has been the feature on the Welsh steam- 
coal market in the past week. Operations in this section 
have been on a quiet scale for some time past. The 
Italians curtailed purchases in the first instance, intimat- 
ing that their existing stocks were substantial and that 
they would draw upon them for their ordinary needs ; 
then, when the fi cial talks opened in America, they 
held aloof in the hope that they would benefit from any 
devaluation of the £. In the past week, they have 
shown a resumed interest and business has been com- 
pleted for the delivery of a few cargoes in October. It 
was expected on the market that this would be a prelude 
to the beginning of shipments under the heavy contracts 
entered into during the summer, which were for about 
500,000 tons of Welsh coals for shipment before the end 
of June next. The South American market has also been 
showing a burst of activity in the past week, following a 
period of lull caused by the difficulties that shippers were 
experiencing in securing suitable tonnage. With a 
hardening in freight rates, ships have been more freely 
available and some of the arrears in delivery have been 
covered. Demand from this direction has been actively 
maintained. There were hopes that the lull in operations 
so far as the Portuguese Railways were concerned would 
shortly be ended. The railways have shown a steady 
interest, but shippers have been unwilling to send much 
more coal because of outstanding payments. 

The home trade has been busily maintained and, with 
order books still well filled for some time to come, new 
business has not been easy to negotiate. Patent fuel 
and cokes continue in keen request. Devaluation of the 
£ had a disturbing influence so far as new business was 
concerned in the iron and steel trades of South Wales 
and Monmouthshire last week. Following the announce- 
ments that the price of tin and tinplates would be 
advanced, conditions have been unsettled. Steel sheets, 
however, remained in strong demand. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that the devaluation of sterling has had a disturbing 
effect on business in tin-plate. Moreover, last week’s 
announcements of the increases in the price of tin and 
tin-plates left the market in an unsettled state. Steel 
sheets and scrap continue in strong demand. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producers are 
actively engaged on orders in hand and as customers’ 
far from fully covered prospective requirements, are 
large, early substantial buying is not unlikely. Market 
transactions are still held up by changes in rate of 
exchange, and Continental competition is increasing in 
intensity, but manufacturers of most Tees-side products 
have bookings that will keep plants busily employed 
over the last quarter of the year. Raw materials—with 
the exception of Cleveland ironstone—are in satisfactory 
supply and deliveries of iron and steel scrap are main- 
tained at a high level. All available tonnages of the 
latter are, however, largely taken up and consumers, 
indeed, need even larger deliveries of scrap owing to the 
continued shortage of pig iron. Semi-finished and 
finished irdén makers have a good deal of work to complete 
and expect to enter into new contracts. Re-rolling 
plants and section mills are able to handle the bigger 
export quotas expected if devaluation of the pound 
assists materially in stimulating foreign trade. 


Foundry and Basic Iron.—Distributable tonnage of 
ordinary foundry pig iron still falls considerably short 
of users urgent needs. There is next to none obtainable 
except from the Midlands and regular substantial trans- 
port of tonnage from that distant producing area cannot 
be relied upon. Makers of light castings in particular 
are p ing persistently for much bigger parcels of pig 
than they are receiving. The whole of the output of the 
basic blastfurnaces is retained for immediate use at 
producers’ own steelworks. 


Hematite, Low Phosphorus and Refined Iron.—The 
engineering and speciality foundries are much in need 
of considerably bigger parcels of East Coast hematite 
and of iron low in phosphorus than are coming forward. 
Conditions, in the near future, may enable movement 
towards improvement of outputs. Manufacturers of 
refined iron manage to turn out material sufficient to 
deal with actual needs of regular customers. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron makers have a good deal of work to carry 
out and expect new orders, while steel producers’ commit- 
ments are still extensive. Deliveries of home-produced 
and imported semi-finished steel commodities are ade- 
quate for users’ current needs. Home demand for 
finished steel is greatest for shipbuilding material, 
railway requisites and sheets. 








NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, October 10, 6 p.m., Electricity House, 
Colston-avenue, Bristol. Chairman’s Address, by Mr. 
L. Burdes. South Midland Centre: Monday, October 10, 
6 p.m., Grand Hotel, Birmingham. Annual Meeting and 
Conversazione. Chairman’s Address, by Mr. J. W. 
Donovan. North-Eastern Centre: Monday, October 10, 
6.15 p.m., Neville Hall, Newcastle-upon-Tyne, Chair- 
man’s Address, by Mr. T. E. Daniel. Measuremenis 
Section: Tuesday, October 11, 5.30 p.m., Victoria- 
embankment, W.C.2. Chairman’s Address, by Professor 
J. Greig. East Midland Centre: Tuesday, October 11, 
6.30 p.m., Gas Demonstration Theatre, Nottingham. 
“ Selection of Transformers for Distribution Networks,” 
by Mr. E. Tobin. Scottish Centre: Tuesday, October 11, 
7 p.m., 39, Elmbank-crescent, Glasgow, and Wednesday, 
October 12, 7 p.m., Heriot-Watt College, Edinburgh. 
Chairman’s Address, by Professor M. G. Say. Southern 
Centre: Wednesday, October 12, 6.30 p.m., R.A.E. 
College, Farnborough. ‘‘The Motor Uniselector and 
Its Application in Tel ications,”” by Mr. W. H. 
Grinsted. Utilisation Section: Thursday, October 13, 
5.30 p.m., Victoria-embankment, W.C.2. Chairman’s 
Address, by Mr. C. T. Melling. 


INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, October 10, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. Inaugural Address, by Mr. 
M. A. Fiennes. Western Section: Tuesday, October 11, 
7.15 p.m., Grand Hotel, Bristol. ‘‘ How Money Moves in 
Business,”’ by Mr. T. G. Rose. 

JUNIOR INSTITUTION OF ENGINEERS.—North-W estern 
Centre: Monday, October 10, 7.30 p.m., 16, St. Mary’s 
Parsonage, Manchester. Annual Meeting. Presidential 
Address, by Mr. John Grayston. Institution: Friday, 
October 14, 6.30 p.m., 39, Victoria-street, S.W.1. 
« Modern Railway Permanent Way,” by Mr. G. F. Kent. 


INSTITUTION OF MECHANICAL ENGINEERS.—AUTO- 
MOBILE DIVISION: Tuesday, October 11, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. Annual Meeting. 
Chairman’s Address on “‘ Ignition Equipment : Develop- 
ment and Lessons.” 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
October 11, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Preparation of Ammonia 
Synthesis Gas from Wood Fuel, in India,” by Mr. R. W. 
Rutherford and Mr. K. Ruschin. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, October 
11, 5.30 p.m., 85, Minories, E.C.3. Presidential Address, 
by Lord Rotherwick. 

ILLUMINATING ENGINEERING SocleTy.—Tuesday, 
October 11, 6 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Presidential Address, by Dr. J. N. 
Aldington> 

NEWCOMEN SociETY.—Wednesday, October 12, Science 
Museum, South Kensington, 8.W.7. 3.30 p.m., films and 
photographs taken at summer meeting in Holland. 
5.30 p.m., (i) Presidential Address, by Dr. A. P. Thurston. 
(ii) “‘ Sir Cornelius Vermuyden: an Evaluation and 
Appreciation,” by Mr. L. E. Harris. 

INSTITUTE OF PETROLEUM.—Wednesday, October 12, 
5.30 p.m., 26, Portland-place, W.1. ‘‘ Bitumen Hori- 
zons,” by Mr. A. W. Jarman. 

INSTITUTION OF LOCOMOTIVE ENGINEERS and INSTITU- 
TION OF RAILway SIGNAL ENGINEERS.—Wednesday, 
October 12, 6 p.m., Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. “‘The Relationship of 
Signalling and Brake Power in the Handling of Modern 
Traffic,” by Mr. O. S. Nock. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, October 12, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. Autumn Meeting. ‘“ Air Change in Small 
Rooms,” by Dr. T. C. Angus. 

WoMEN’S ENGINEERING SocieTy.—London Branch : 
Wednesday, October 12, 7 p.m., 35, Grosvenor-place, 
S.W.1. Discussion on “‘ Women and Housing.” 

INSTITUTION OF CIVIL ENGINEERS.— Midlands Associa- 
tion: Thursday, October 13, 6 p.m., James Watt Memorial 
Institute, Birmingham. Chairman’s Address, by Mr. 
S. J. Davies. 

CuEeMiIcaL Sociery.—Friday, October 14, 5 p.m., 
Washington-Singer Laboratories, Prince of Wales-road, 
Exeter. ‘“‘ Diffraction of Neutrons by Crystals,” by Dr. 
Kathleen Lonsdale, F.R.8. 


Norru-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 14, 6.15 p.m., Literary 
and Philosophical Society, Newcastle-upon-Tyne. Presi- 
dential Address, by Mr. Mungo Campbell, followed by 
a paper, “ Application of Photo-Elastic Methods to Ship 
Design,” by Mr. J. A. H. Paffett. 
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A POINTER FROM THE 
SHIPYARDS. 


THE announcement, during the past week, that 
about 1,000 ship-repairing tradesmen have been 
paid off from the yard of Palmers Hebburn Company, 
at Hebburn-on-Tyne, and that some hundreds more 
men face the same prospect at the Walker shipyard 
of Vickers-Armstrongs Limited, has received a good 
deal of publicity, but it would be a pity if the 
general public, bemused as they may well be by the 
complications of international finance, were to draw 
wrong conclusions from it. Such fluctuations in 
employment have always characterised shipbuilding 
and shiprepairing, and in themselves, given normal 
conditions, would cause no more than temporary 
concern to those affected, who know as well as do 
the managements that an absolutely steady flow of 
work cannot be guaranteed for an indefinite period. 
To attempt to trace any sort of cause-and-effect 
relationship between such an event and the devalua- 
tion of the £ sterling would be foolish, though no 
one, so far as we are aware, has tried specifically to 
do so. There are sufficient objections to be urged 
legitimately against devaiuation as a book-balancing 
expedient without seeking to fasten upon it the 
responsibility for local fluctuations in employment 
that are inherent in the nature of the work that is 
being done ; but it is vitally necessary, at the same 
time, that the nation as a whole, and especially those 
engaged in prceductive occupations, should have a 
proper appreciation of the industrial situation, to 
which these Tyneside discharges provide a significant 
pointer. Their true seriousness lies not in the fact 
that they are taking place, but in the diminishing 
prospect of new orders to come and the reasons why 
they are not forthcoming. The shipbuilding trades 
cannot say that they have not been warned; 
almost every launch of a big ship during the past 





twelve months has been the occasion for some 





shipowner or shipbuilder to draw attention to the 
increasing cost of new construction and of repairs 
in this country, and the imminent competition in 
prices that threatens from overseas. Difficulty in 
obtaining materials, in satisfying the demands of 
officialdom, in meeting ever-rising costs, and in 
obtaining the output per man to which the industry 
was formerly accustomed—all of these handicaps 
have been stressed again and again; but, for all 
practical purposes, the protests might never have 
been made, for nowhere is there any sign that those 
who could most easily lift some of these burdens are 
taking any positive action to do so. Meanwhile, 
more and more orders that should come to British 
yards are either being cancelled or are being diverted 
abroad—to be carried out, in many cases, with 
British steel] and other materials, exported at a 
fraction of the price that they would fetch if sold as 
finished gocds. 

On page 159, ante, we quoted some remarks by 
Sir George Christopher, chairman and managing 
director of the Hain Steamship Company, made at 
the launch of the motorship Treloske by Messrs. 
William Doxford and Sons at Sunderland. Shortly 
afterwards we received from Sir George a copy of the 
full text of his speech, in ryhich he stressed the urgent 
need for some positive action to bring home to the 
shipbuilding craftsmen themselves the seriousness 
of the position that threatens their future livelihoods. 
The passage is worth reprinting at length. The 
filling of the idle berths, said Sir George, involved 
shipbuilders, sub-contractors and labour in a com- 
bined responsibility, “‘ and sooner or later wisdom 
would seem to lie in the three getting together to 
discuss their common interests.” 

‘** My reason for suggesting bringing labour into 
the picture is this,” he continued. “If all those 
who work in shipyards and in sub-contractors’ 
factories could be brought to see that their future 
employment depends—teally desperately depends— 
upon their turning out the goods in the one case, 
and the ships in the other, much quicker and, as a 
consequence, much cheaper than they have been 
doing, can we allow ourselves to believe that they 
would be so blind as to make but one response ? 
Nobody is talking, so far as I know, about lower 
wages. My picture certainly envisages no necessity 
for any lowering of pay to anyone, because with an 
undertaking that the output per man would be con- 
siderably and consistently increased right through 
the whole gamut, from truck to keel and from 
machinery to propeller—and I would lay stress 
upon the word ‘undertaking ’—shipbuilders and 
their sub-contractors would be able to quote prices 
so much lower as would, I believe, result in more 
orders for ships being made possible, which in turn 
would mean more employment, thus enabling wages 
to be maintained.” 

““T may be told that I am talking nonsense. 
Very well, but has it been tried? Have ship- 
builders and sub-contractors really got seriously 
together, or has the thought of the mass of trades 
involved prevented any concerted attempt, beyond 
sporadic generalisation, to canalise the discussions 
through the foremost trade associations so as to 
see what can, as distinct from what cannot, be done ? 
Have those responsible for counselling and leading 
labour stood up to their responsibility of getting 
such things right into the minds of those whose 
bread and butter is literally at stake? In this 
respect, I am not thinking of speeches by ship- 
owners and shipbuilders, or of newspaper articles, 
which the working man probably never sees or hears. 
I am thinking of the personal application of these 
facts by trade-union leaders, even though it would 
mean reversing teaching about ‘ ca’ canny ’ and not 
working themselves out of employment, which they 
themselves may have put forward in the past. The 
position is so serious as to call for a reversal] of 
teaching which has been proved to be mistaken, and 
I believe that the men would respect it and accept 
it if it were honestly, clearly and convincingly put 
to them as a matter of duty and leadership by those 
who were, and who ought still to be, their leaders in 
act as well as in theory. 

‘* In any case, what is the alternative ? To-day’s 
prices for new ships are already being shown to be 
beyond the capacity of the world’s chartering 
markets to support profitably ... Influence is 
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said to have been brought to bear upon the Govern- 
ment to see that shipyards are not allowed to be 
idle. Does this mean that the Government are to 
be pressed to see that ships are built irrespective of 
these hard economic considerations, and, if so, for 
whom are they to be built and who is going to stand 
the losses which must inevitably flow from running 
insupportably dear ships on weak freight markets ? 
Would it not be infinitely better for the whole mighty 
association of shipbuilding and its ancillary trades 
and the trade unions concerned to come together 
to see what can thus be done between them to put 
this thing right, rather than the one side sitting 
back in helplessness and the other running to the 
Government with demands that would inevitably 
lead to chaos and irretrievable loss ?” 

At the present time, there are various rumours 
that the Government are contemplating new experi- 
ments in the direction of labour, on top of their 
rather half-hearted pleadings that there shall be no 
more demands for increased wages. There is no 
need for any direction of labour, if the mass of 
artificial restrictions on its use could be swept away 
and if every man made it a point of honour to work 
for the full time for which he is paid. Not long ago, 
we were in a British shipyard where the mid-day 
break is from noon to 1 o’clock. At a quarter before 
12, the men began to stream down the gangways 
from the ships on the berths. At ten minutes to 12, 
no man was working in the platers’ shed, though 
the machines were left running. At noon, when the 
whistle blew, someone bestirred himself to pull the 
switch and stop the machines, but in the preceding 
ten minutes hardly a stroke of work had been done 
in the shed or on the berths. It may be a trivial 
matter if one man wastes ten minutes and draws 
his pay for doing it, but when 500 men do it twice a 
day and on five days in every week, it is no longer 
trivial. Thirty years ago, a man who made a 
practice of it would have been suspended or even 
discharged, and his union’s officials, though they 
might have interceded for him, would not have 
questioned the justice of the penalty. Now, the 
practice of working half an hour less, each day, than 
the time charged to the job has almost achieved the 
status of a trade custom. 

Sir George Christopher has put the plain common- 
sense of the matter, and it applies to many more 
occupations than shipbuilding. Now that the 
Government are beginning to campaign openly for 
more output, it acquires a new significance, which 
will be intensified if Mr. Jack Jones, M.P., Parlia- 
mentary Secretary to the Ministry of Labour, does 
obtain Cabinet support (as, he said, he hoped to do) 
for the personal views which he expressed at Brad- 
ford on Wednesday. “‘ Our greatest need,” he then 
declared, “‘ is to get the workers to put in a few hours 
overtime where conditions permit. The urgency for 
overtime working is so great that we must get it 
at all costs.” That is only partly true; if a full 
normal week has been worked, there may be a case 
for paying overtime rates for additional output, but 
the primary need is to obtain greater output without 
increased cost. Trade union spokesmen claimed 
that, during the war, 6,000 admitted restrictions 
affecting the employment of labour, and of labour- 
saving methods and appliances, had been suspended 
by agreement with the Government, who, by the 
same agreement, were under bond to restore them 
at the close of hostilities. Whatever may have 
been the situation in the past, most of them are 
unnecessary and many are actively harmful to-day, 
and the process of enforcing them is itself a 
serious cause of wasted time. Lord Brabazon of 
Tara, speaking on October 6 at the quarterly 
luncheon of the Gauge and Tool Makers’ Association, 
after presenting the first Craftsman’s Certificate of 
the Association to Mr. Ivor Jones, of Coventry, 
spoke of the great advances made in motor trans- 
port (‘‘which now kills 60,000 people a year”’), 
in radio (“‘ largely used to spread lies ’’), in aviation 
(“‘the aeroplane has been very near to destroying 
civilisation ”) and in physics (“‘ which produced the 
atom bomb”). ‘‘ We are very clever,” he com- 
mented, ‘“‘but are we very wise?” It is the 
craftsmen, in every trade, who have it in their 
power to give the most effective answer to that 
question—to save Britain by their exertions, and 
Britain’s future by their example. 








INTERLINGUAL TECHNICAL 
DICTIONARIES. 


A MAJOR contribution to the discussion of the 
problems of the most desirable form and arrange- 
ment of bilingual, or multilingual, technical diction- 
aries, and of the practical steps necessary to secure 
their production, has been made by Dr. J. E. 
Holmstrom, who has prepared a report for the 
United Nations Educational, Scientific and Cultural 
Organisation (Unesco), which reviews the whole 
matter in detail. Technical dictionaries connecting 
two or more languages are expensive articles to 
prepare and sales are likely to be smaller than those 
of corresponding general dictionaries. In view of 
this, it is clearly desirable that any firm or organisa- 
tion contemplating the preparation of such a dic- 
tionary should have an idea of the possible magnitude 
of demand. This will depend on the proportion 
of the world’s literature on any given technical 
subject which is published in each of the more 
important languages and on the proportion of the 
world’s total body of scientists and technologists, 
working in the particular field concerned, who 
normally use a language different from that in 
which the information they require is published. 

It is obvious that no accurate figures are obtain- 
able for either of these factors determining potential 
demand, but rough estimates, as far as they can be 
made, will furnish some guidance. In the early 
part of his report, Dr. Holmstrom makes such 
estimates. He points out that The Engineering 
Index, published jointly by the leading American 
engineering societies, contains abstracts, or annota- 
tions, of articles appearing in 1,400 engineering 
journals published in twenty languages. In the 
year 1944, 74 per cent. of the original articles were 
in English, 11 per cent. in German, 6 per cent. in 
French and 3 per cent. in Spanish. No other 
language had a higher figure than 2 per cent. ; 
Russian was | per cent. The relative magnitudes of 
these proportions were no doubt influenced to 
some extent by the war, but they do not greatly 
differ from the figures for 1931, when publications 
in English accounted for 67 per cent. and in German 
for 14 per cent. This limited investigation, in a 
limited field, may be said merely to indicate what 
was already well-known to interlingual-dictionary 
compilers. The importance of English as one of the 
basic languages of such publications has been 
generally recognised, although the implication that 
three-quarters of the important engineering articles 
are published in English may be suspect; it is 
probable that both some bias, and convenience of 
compilation, will result in preference being given to 
articles in the language of the compilers. 

The second factor determining magnitude of 
demand cannot be evaluated with any approach 
to accuracy. A nation-wide statistical survey of 
the number of scientific workers who consult text- 
books and technical periodicals in each of the prin- 
cipal countries would give an idea of possible poten- 
tial demand for interlingual dictionaries, but such a 
survey is not likely to be made. In default of it, 
Dr. Holmstrom has based his estimate on total 
populations. He suggests that the percentage of 
articles appearing in any particular language, multi- 
plied by the percentage of total population in each 
country, will give a series of figures which may be 
held to represent relative demands for interlingual 
technica] dictionaries. The computation is restricted 
to seven principal languages. It leads to the con- 
clusion that the greatest demand should be for 
English-Russian dictionaries followed by English- 
German and English-Spanish. This conclusion is 
certainly false ; it arises merely from the enormous 
population of Russia. If it were possible to ascer- 
tain the proportion of total population likely to con- 
sult scientific publications, Russia would probably 
occupy a very different position. In spite of this, 
the table presented in the report may be of sugges- 
tive use to dictionary compilers. It indicates, for 
instance, that there should be a larger demand for 
dictionaries connecting English and Portuguese 
than for those connecting English and Italian. 

The report contains a detailed survey of existing 
dictionaries and discusses lay-out and arrangement. 
These latter aspects of the subject need not be 





considered here as they have been dealt with in some 
detail in the article by Mr. P. E. Erikson, which 
appeared on page 4, ante, and in the correspondence 
to which it gave rise. The latter and, most impor. 
tant, part of Dr. Holmstrom’s report is concerned 
with the practical problems of compilation and 
publication and leads up to suggested action by 
Unesco. It is proposed that this body, in conjunc- 
tion with the International Organisation for Stan- 
dardisation should set up an International Termino- 
logical Bureau which would keep in touch with such 
bodies as the International Electrotechnical Commis- 
sion and the Permanent International Association 
of Road Congresses. Associations of this kind are 
in the best position to compile vocabularies connect- 
ing the technical terms of their particular subjects in 
various languages. The proposed Bureau would 
collect and maintain indexes of definitions, termino- 
logical equivalents and agreed translations of terms 
and also maintain a bibliography of translating 
dictionaries. 

Dr. Holmstrom’s most novel suggestion is in 
connection with the use which should be made of 
the material accumulated by the proposed Bureau. 
He proposes that it should make the terminological 
equivalents which it collects available to independent 
publishers who sktuld be free to utilise them in any 
dictionary which they published, the only condition 
attached being that the terms used should be accom- 
panied by a symbol indicating that they are officially 
authenticated. This would distinguish them from 
any other definitions and translations which the 
publishers might care to use. In broad terms, the 
objects of this proposal are that an attempt should 
be made to standardise the transiation of important 
technical terms and that the publication and revision 
of interlingual technical dictionaries should be 
facilitated. 

Finance lies at the basis of this latter aspect of 
the matter and the proposed central Bureau would 
considerably reduce the present heavy cost of 
preparing und publishing comprehensive interlingual 
technical dictionaries. Dr. Holmstrom gives some 
interesting information bearing on this aspect of 
the matter. The cost of printing the edition of 
2,000 copies of Pitman’s Technical Dictionary in 
Seven Languages was 6,355l., and the selling price 
of the eight volumes was eight guineas. Assuming 
the whole edition sold, there would have been a 
surplus of 10,4451., out of which the compiler and his 
collaborators, and retail booksellers’ percentages, 
had to be paid. It is stated that there is no likeli- 
hood of a new edition being published ; the cost of 
production would now be at least double and the 
project would be “hopelessly uneconomic.” As 
another example, the most recent volume of the 
well-known Schlomann six-language dictionaries 
cost half a million gold marks to prepare and its 
production was only made possible by financial 
support from the German Government and various 
German scientific and engineering societies. 

It is probably fair to say that all the important 
interlingual technical dictionaries now require 
revision, especially in connection with electronics 
and some other subjects which have made great 
advances in recent years, but such revision, or the 
preparation of new dictionaries, is apparently not 
now possible on a commercial basis. The assistance 
which would be rendered by the proposed central 
Bureau might enable publishers to undertake such 
work, but Dr. Holmstrom states that further investi- 
gation is necessary before it could be determined 
if this would be possible without subsidies. It 
will be suggested, no doubt, that the International 
Terminological Bureau should itself prepare and 
publish dictionaries, but the handling of a matter 
of this kind by a body representing most of the 
nations of the world would probably lead to inter- 
minable discussion, disagreement and delay. On 
the other hand, the‘operation of what would, in effect, 
be a recording organisation might be carried on 
with little difference of opinion. Specialist bodies 
such as the International Electrotechnical Commis- 
sion could prepare, and have prepared, specialist 
vocabularies of the type on which the records of 
the Bureau could be based. To prepare such vocabu- 
laries of technical terms is a very different thing 
from determining the lay-out and contents of a 
comprehensive translating dictionary. 
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NOTES. 


Tue Avro 707 ResEaRCH AIRCRAFT. 


OnE of the most interesting aircraft on view at 
the recent display of British aircraft at Farnborough 
was the experimental delta-wing Avro 707, built 
by Messrs. A. V. Roe and Company, Limited, 
Greengate, Middleton, Manchester, and briefly 
described on page 288, ante. It is with great regret 
that we record the loss of this aeroplane and the 
death of the pilot, Mr. 8. E. Esler, deputy chief test- 
pilot of Messrs. A. V. Roe, in a crash which occurred 
on Friday, September 30, near Blackbushe Airfield, 
Camberley, Surrey. The cause of the crash is not 
yet known. The aircraft had been flying for less 
than a month, its first flight being made on Septem- 
ber 4. The Avro 707 was designed for investigating 
the behaviour of delta-wing aircraft over a large 
range of speeds; although the loss of the first 
prototype has caused a serious set-back, Messrs. 
A. V. Roe have announced that the research will 
continue. We may mention that our description 
of the Avro 707 stated, incorrectly, that the aircraft 
was fitted with ‘‘elevons,”’ whereas, in fact, there 
were separate ailerons and elevators on the wing 
trailing-edge. The wind span was 33 ft. and the 
overall length was 38 ft., from the tip of the pressure 
head, which protruded from the nose, to the tip of the 
swept-back rudder. The fuselage was 30 ft. long. 


THE OLDEST WorKING BEAM ENGINES. 


What are believed to be the oldest beam engines 
still regularly at work provided the principal item 
in the programme of an excursion by members 
of the Newcomen Society, headed by the President, 
Dr. A. P. Thurston, M.B.E., to the Kennet and 
Avon Canal, in the neighbourhood of Devizes, on 
Friday last, September 30. The two engines are 
situated at Crofton, Wiltshire, and supply water 
to the summit level of the canal, not far from the 
flight of 29 locks situated on the outskirts of 
Devizes. The programme issued for the meeting 
described them as “‘ Watt single-acting ” engines 
and stated that one was ‘“ purchased 1802” and 
the other “installed 1810.” For convenience of 
reference, they may be alluded to (as they were by 
the members present) as the 1802 engine and the 
1810 engine, but, in fact, their dates are not known 
with any certainty, nor are the makers. It is 
possible that one engine may be a product of the 
Soho Foundry, but the suggestion was made, on 
the site, after examination of certain peculiarities 
of detail, that the other may have been constructed 
in Cornwall. The dimensions given were also 
admittedly approximate—for the 1802 engine, 36-in. 
cylinder, stroke 8 ft., pump 26} in. in diameter, 
27 h.p.; and for the 1810 engine, 42-in. cylinder, 
8 ft. stroke, 30-in. pump, 37 h.p. The lift is 
40 ft. in both cases. It is hoped, however, that 
the Docks and Inland Waterways Executive, 
whose interest not only made the visit possible, 
but extended to the provision of facilities and 
material help in carrying out performance tests 
of the engines, may allow the cylinders and pumps 
to be opened up for examination and accurate 
measurement. The suggestion to test the perform- 
ance of the engines originated with Commander 
K. W. Willans, M.I.Mech.E. With the co-operation 
of Dr. N. G. Calvert, of Liverpool University, 
Mr. J.W. Willans (Commander Willans’s son), and a 
team of vacation students “seconded” for the 
purpose by Messrs. W. H. Allen, Sons and Company, 
from their works at Bedford; the Metropolitan 
Water Board, who lent suitable indicating gear ; 
and of Mr. W. J. Nicholas, representing the Docks 
and Inland Waterways Executive, sufficient informa- 
tion was collected to form a record of permanent 
historical interest which, it is hoped, may form 
eventually the subject of a paper in the T'ransactions 
of the Society. Only the 1810 engine was at work 
on the day of the visit, but the older engine had 
been running on the previous day, and indicator 
cards, etc., have been obtained from both engines. 
During the visit, the 1810 engine was making about 
10 strokes a minute, with a working pressure of 
24 Ib. per square inch by the gauge and a vacuum 
of 25 in. Steam is supplied by two Lancashire 
boilers, which are used alternately, one being suffi- 





cient. They were made at the Swindon Works of 
the former Great Western Railway, and have been 
in the pumping station for about 50 years. From 
Crofton, the party proceeded to Devizes for lunch, 
and afterwards inspected the pair of beam pumps, 
driven by a waterwheel, which feed the canal at 
Claverton, near Limpley Stoke. As in the case of 
the steam engines, the maker and date of this 
pumping plant are not known, but it is assumed 
to have been at work since the canal was completed 
in 1810. It is possible that John Rennie, who 
was the engineer of the Kennet and Avon Canal 
and, by training, a millwright, may have been 
respousibile for the design of the pumps, and that 
this and other details of the pumping plants at Crof- 
ton and Claverton are on record among the archives 
of the canal company, now in the possession of the 
Docks and Inland Waterways Executive. 


Tue InstiTuTE OF METALs. 


The forty-first annual autumn meeting of the 
Institute of Metals opened in Paris on Monday, 
October 3, and continues until to-morrow, Saturday, 
October 8, after which members will leave for 
tours to other parts of France, terminating on 
Wednesday or Thursday, October 12 and 13. On 
the first day of the meeting, visits were paid to Ver- 
sailles and to the Laboratoires du Centre National 
de la Recherche Scientifique, Vitry-sur-Seine, and, 
in the evening, at 8.45 for 9 o’clock, the 20th 
Autumn Lecture was delivered by Professor Georges 
Chaudron, at the Maison de la Chimie, 28, Rue Saint 
Dominique, the President, Sir Arthur Smout, J.P., 
occupied the chair. In introducing the lecturer, 
Sir Arthur said that metallurgists rightly associated 
the metal aluminium with France; a French 
engineer had first discovered the mineral bauxite, 
near the village of Baux, in the department of 
Bouches du Rhéne, and another French engineer, 
Héroult, had invented the electrochemical method 
of extraction of the metal. Before Professor 
Chaudron delivered his lecture, Professor P. A. J. 
Chevenard welcomed the Institute on behalf of 
the Société Frangaise de Métallurgie andin thename 
of French metallurgists. The President thanked 
Professor Chevenard for the warmth of his welcome 
and then called upon Professor Chaudron to give his 
lecture. This, which was delivered in French, was 
entitled ‘‘ Recent French Investigations in the 
Field of Light Alloys.” We intend to reprint the 
lecture, in English, but slightly abridged, in a 
future issue, but, meanwhile, it may be stated 
that it consisted of a review of researches carried 
out in France during the past four or five years and 
more particularly, those conducted at the Labora- 
toire du Centre National de la Recherche Scientifique 
de Vitry, of which laboratory Professor Chaudron 
is the director. Among the subjects dealt with 
were the macro-mosaic structure of very pure 
aluminium; the properties of grain boundaries 
and intragranular boundaries ; the preparation of 
large metallic crystals ; anodic oxidation, and special- 
purpose alloys. It is of interest to note that, 
concurrently with the Institute of Metals meeting, 
the Journées Métallurgiques d’Automne of the 
Société Frangaise de Métallurgie were also held at 
the Maison de la Chimie. At the opening session 
of the meeting, at 10 a.m. on Monday, October 3, 
Dr. R. Seligman, a past President of the Institute 
of Metals, delivered a lecture, in French, entitled 
‘International Metallurgical Association.” This 
lecture, too, and also the remainder of the technical 
proceedings, we hope to deal with in future issues of 
ENGINEERING. 


BritisH ELECTRICAL EQUIPMENT AND THE CANADIAN 
MarKET. 


As mentioned on page 313, ante, steps are being 
taken to overcome certain obstacles which render 
the export of British electrical equipment to Canada 
difficult. These obstacles principally arise from 
the fact that, before any such equipment can be 
placed on sale or connected to the public supply 
mains in the Dominion, it must be certified by the 
Approvals Division of the Canadian Standards 
Association as complying with the Electrical Code, 
which is contained in no less than 86 specifications. 
Copies of these specifictions can, however, be 
obtained from the British Standards Institution 


or may be consulted in their library at 24-28, 
Victoria-street, London, S8.W.1. The Institution 
recommend that all intending exporters of electrical 
goods to Canada should compare their equipment 
with the appropriate standards before applying for 
approval and, when satisfied that the necessary 
conditions have been fulfilled, should communicate 
with Mr. W. C. Cole, Approvals Engineer, Canadian 
Standards Association, Approvals Laboratory, 
8, Strachan-avenue, Toronto. Any application for 
approval must be accompanied by the fullest possible 
information regarding the product, such as specifi- 
cations, brochures and drawings. At present, ail 
equipment must be approved in Canada and definite 
instructions regarding the submission of samples 
will be given upon receipt of a detailed application. 
A scale of initial and annual fees is laid down, 
which vary according to the equipment. For the 
purposes of the Canadian Standards Association 
Approvals Service, “electrical equipment ” means 
any equipment, machinery, apparatus, appliances, 
instruments, devices, fittings or materials designed 
for, used in, or intended to be used in, the generation, 
transformation, transmission, distribution, supply, 
or utilisation of electric energy. The Approvals 
service is applicable to all electrical equipment 
operating, or intended to operate, at all potentials 
in electrical installations for buildings, structures 
and premises, except installations employed by an 
electric utility (company) in the exercise of its 
functions and located out of doors or in buildings 
used exclusively for that purpose. Car wiring, 
“car houses,” and passenger and freight stations 
used in the operation of electric railways and sup- 
plied with electric current from the railway power 
circuits are also excepted, as are installations in 
mines, on aircraft and in ships. 


APPOINTMENTS DEPARTMENT OF THE MINISTRY 
oF LABOUR. 


The Advisory Council set up by the Minister of 
Labour and National Service to advise him in the 
work of the Appointments Department of the 
Ministry recently held their fourteenth meeting 
under the chairmanship of the Parliamentary Secre- 
tary to the Ministry, the Rt. Hon. Ness Edwards, 
M.P. The Council had before them a report on the 
use made by employers of the Ministry’s Appoint- 
ments Offices. This showed that, during the 12 
months from July 14, 1948, to July 12, 1949, 
upwards of 12,500 employers, including 900 who 
have on their books 1,000 or more employees, had 
made use of the service and that about half of 
them had used the Service regularly for filling 
administrative, executive, managerial or other 
higher posts. In connection with these figures, some 
stress was laid on the fact that employers are under 
no obligation to seek the help of the Appointments 
Service, as they often recruit their higher staffs by 
training and promoting members of their existing 
staffs, by direct nomination, or by means of an 
advertisement. The Council are reported to have 
under consideration ways and means of encour- 
aging more employers to take advantage of the 
Appointments Service. They are also anxious to 
dispel the misunderstandings, apparently prevalent 
among some employers, that the Appointments 
Offices were established merely to re-settle ex- 
Service men after the war, and that the Appoint- 
ments Register is confined to unemployed persons. 
The Appointments Department also conducts a 
Careers Advice Service, which assists young men 
and women over 18, possessing no business or 
professional experience, to choose careers best suited 
to their abilities and interests. In the report before 
the Council reference was made to the “ P.T.D.” 
system, under which officers of the Department 
assess an applicant according to the aptitude shown 
for dealing with people, things and ideas, the result 
then being collated with vacancies classified on the 
basis of their relationship to the same three headings. 
It was reported that an examination of the occupa- 
tions of a section of young people who had been 
placed by Appointments Offices in 1947 after a 
P.T.D. interview had shown that over 70 per cent. 
were in the positions recommended to them and 
that about the same proportion had declared that 
they found their work congenial ; none of them was 





unemployed. 
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LETTER TO THE EDITOR. 
FUNDAMENTAL UNITS OF LENGTH. 


To THe Eprror oF ENGINEERING. 


Str,—I am obliged to Mr. Gould and Mr. Barrell 
for their letter printed on page 286, ante. They 
reproach me with having made “‘ some diversionary 
statements ...” and I accept their rebuke, ill 
though it comes from them, who had “ diversion- 
arised”’ a single parenthetical sentence of mine 
into hundreds of words.’ I now return to this 
sentence on which they began their attack (vide 
page 135, ante), and which they alleged betokened 
confusion. I wrote: “‘ The metre used technically 
in Germany differs from that used in France by 
0-223 mm.” The value of 0-223 mm. is not of 
my concoction, nor is the term “‘ technical metres,” 
which I used and which they repeat with apparent 
disapproval. These and similar terms are quite 
usual in the German literature of technical metrology. 
Thus, in one paragraph of less than 200 words by 
a first-class writer, the following words occur :— 
technische Messungen, die technischen Lingen, ein 
technischer Meterstab, ein Stahlmeter, das technische 
Metersystem. These are all variations of what I 
have called “technical metres” or ‘“‘ metres used 
technically in Germany” measuring devices in 
ferrous metals corresponding to the metre (German, 
Urmeter) at 20 deg. C., and which, at 0 deg. C., 
would measure from, say, 0-20 to 0-27 mm. short 
of the standard metre at Sévres. 

It is not for me to justify or criticise this 
technisches Metersystem. It has been used by experts 
for more than 25 years because they found the 
original metre to be unpractical. The important 
point to realise, however, is that, since the 1931 
Convention has adopted 20 deg. C. as the standard 
reference temperature, it follows that all the metric- 
using countries have, in fact, adopted das technische 
Metersystem of Germany for industrial purposes 
and, either knowingly or unknowingly, they are 
using “‘ technical metres.” 

Yours faithfully, 
Ware, H. 8S. RowE tt. 
September 28, 1949. 





INSTITUTE OF INDUSTRIAL SUPERVISORS.—The inau- 
gural meeting of the London Central Section of the 
Institute of Industrial Supervisors was held at the 
Polytechnic, London, W.1, on Wednesday, September 
28, when about 160 members and guests were welcomed 
by the Institute’s president, Sir Percy H. Mills, K.B.E. 
An address on education and industrial relations was 
given by Mr. J. C. Jones, director of education of the 
Polytechnic, and president of the newly formed London 
section. The Institute, which was founded in Birmingham 
in 1948 by the Midland Group of Supervisors’ Societies, 
is being planned as a national body to “ promote the 
appreciation of foremanship as a profession through 
education and association.” Membership is on an in- 
dividual basis, the main qualification being the holding 
of a supervisory position. Sections have also been formed 
in West Bromwich, Cardiff, Dudley and Smethwick, 
and steps are being considered to found others in Leeds 
and Manchester. The honorary secretary of the London 
section is Mr. E. A. G. Howitt, 81, Thorndon-gardens, 
Ewell, Surrey (telephone : EWEIll 6168). 





THE VICKERS-ARMSTRONG “ VISCOUNT”? AIR LINER.— 
On September 15, the Viscount air liner, built by Messrs. 
Vickers-Armstrongs Limited, Vickers House, Broadway, 
Westminster, London, S.W.1, was granted a British 
Normal Category Certificate of Airworthiness. The 
Viscount, which is powered by four Rolls-Royce Dart 
engines, is the first propeller-turbine aircraft to be granted 
a certificate of airworthiness, and the first British aircraft 
to acquire a certificate under the Air Registration Board’s 
revised airworthiness requirements, which automatically 
ensures that the Viscount complies with the new Inter- 
national Civil Aviation Organisation standards. The 
production Viscount 700 aircraft are slightly larger 
than the prototype Viscount, which was described on 
page 259 of our 166th volume, and can carry up to 53 
Passengers, although normally 40 passengers will be 
carried. The span has been increased to 94 ft. and the 
gross wing area to 963 sq. ft. The maximum take-off 
weight is now 50,000 Ib. The increased capacity of the 
fuel tanks, now 1,800 gallons, allows a maximum stage 
length, with fuel reserves, of 1,800 miles, carrying a 
payload of 4,000 Ib. With the same fuel reserves, 
40 passengers with 46 lb. of baggage each can be carried 
over a distance of 1,000 miles. 


OBITUARY. 


MR. G. ELLSON, C.B.E. 


WE regret to record the death of Mr. George 
Ellson, M.1.C.E., which occurred at Seaford, Sussex, 
on Thursday, September 29, at the age of 74. He 
was well known for his civil engineering work on 
the Southern Railway, especially in connection with 
the modernisation and electrification of the system. 
These developments were undertaken between the 
wars, under the inspiration of Sir Herbert Walker, 
who was general manager from 1923 to 1937, and 
whose death, by a sad coincidence, occurred on 
the same day as Mr. Ellson’s. 

George Ellison was born at Ripley, Derbyshire, 

on June 2, 1875, and was educated in that town. 
He was apprenticed to the Butterley Company, 
Limited, Derby, and studied at University College, 
Nottingham. In 1896, he obtained the post of 
draughtsman with Messrs. E. C. and J. Keay, 
Limited, Birmingham, but two years later joined 
the Engineering Department of the former South 
Eastern and Chatham Railway. In 1906 he was 
appointed resident engineer and during the seven 
years he occupied that position was associated with 
several important undertakings, including the 
construction of a new roof at Charing Cross station 
and the strengthening of the railway bridges both at 
Charing Cross and Cannon Street. In 1913, he 
became chief assistant to the chief engineer, Mr. 
P. C. Tempest, and seven years later was appointed 
resident engineer in charge of maintenance on the 
South Eastern and Chatham system. When the 
railways were grouped in 1923 he became deputy 
chief engineer of the Southern Railway and was 
promoted to chief engineer in 1927. He retired in 
February, 1944. 
Mr. Ellson’s tenure of the position of chief 
engineer coincided with the development of electric 
traction on the Southern Railway, and with the 
improvement of the permanent way which became 
necessary, Owing to the use of heavier locomotives 
and higher speeds. To effect this improvement 
investigations were undertaken into such matters as 
subsoil, drainage, ballasting, the realignment of 
curves and the adjustment of superelevation. The 
reasons for the increasingly heavy top and side wear 
of rails were also examined and, as a result, econo- 
mies were effected by using high-manganese steel in 
special situations and sorbitically treated rails where 
the traffic was heaviest. Further, considerable 
savings were made by using welding to build up 
the surfaces of worn crossings and by designing a 
rail joint to eliminate pounding. Other develop- 
ments, for which Ellson was responsible included 
the use of mechanical tamping, instead of shovel 
packing, on the Southern, the provision of a weed- 
spraying train and the extensive use of steel sleepers. 
Among his major engineering works were the 
Wimbledon and Sutton and the Motspur Park and 
Chessington railways, as well as the train-ferry docks 
at Dover and the building or reconstruction of over 
200 stations. Reference must also be made to the 
way in which he inspired the prompt repair of the 
damage caused by enemy action during the 1939-45 
war. Mr. Ellison was appointed an O.B.E. in 1920 
and promoted to be Commander of the same Order 
in 1942. He was elected an Associate Member of the 
Institution of Civil Engineers in 1901 and transferred 
to the class of Member in 1912. He was the author 
of several papers read before the Institution, being 
awarded the Telford Gold Medal in 1921 and Telford 
Premiums in 1927, 1938 and 1942. He was a 
Fellow of the Permanent Way Institution and 
President in 1928-29. 





MR. W. J. E. BINNIE, M.A. 


Tue death is also announced of Mr. William James 
Eames Binnie, M.A., who was President of the 
Institution of Civil Engineers in 1938-39. Mr. 
Binnie, who died on October 4, within a few days of 
completing his 83rd year, was senior partner of 
Messrs. Binnie, Deacon and Gourley, consulting 
engineers, Westminster. We hope to publish a 





memoir in next week’s issue. 





THE MOTOR SHOW AT 
EARL’S COURT. 


As briefly recorded on page 341, ante, the Inter- 
national Motor Exhibition opened at Earl’s Court, 
London, on Wednesday, September 28, and will 
remain open until tomorrow evening. This is the 
thirty-fourth exhibition and, with the exception 
of motor boats, there has been an increase in 
the number of exhibitors in each section of the 
show, making, what is believed to be, the largest 
exhibition of this type ever held in this country. 
The total number of stands is approximately 530, 
this number being composed of 71 in the car and 
coach-building section, 386 in the accessory and 
garage-equipment section, 43 in the motor-boat 
section, and 2] in the caravan and trailer section, 
the remainingstands covering miscellaneous aspects 
of road transport. Although there is a fall in 
the number of craft exhibited in the motor-boat 
section, the effect is not so marked as might be 
imagined as the general run of the exhibits is not 
so spectacular and comprise types more within reach 
of the average «‘tizen. The size of the caravan 
section is much the same as at last year’s show. 
The caravans being exhibited can be divided roughly 
into two main classes, namely, those intended 
more as permanent mobile homes and those of 
lighter construction for use on holidays. The 
majority are fitted with four berths, and in every case 
much ingenuity has been shown in the design of 
the interior fittings. One exhibit in this section, 
namely, an amphibious caravan, might well prove 
useful to contractors. It consists, basically, of a 
punt-shaped hull fitted with a caravan body, and 
when used afloat it can be fitted with an outboard 
motor. It is sufficiently light, however, for it to 
be towed behind an average car. 

Nearly 200 motor cars are being shown on the 
71 stands in the car and coach-building sections. 
This year, the Board of Trade has provided facilities 
for importing the products of some of the leading 
Continental and American manufacturers. As a 
result, some 21 stands are showing either American, 
French or Italian cars. Unfortunately, owing to 
currency and import restrictions, it has not proved 
possible to quote the prices of the foreign entries, 
thereby making it difficult to make a fair comparison 
between British and foreign cars. Furthermore, 
several Continental manufacturers are showing 
what can best be described as miniature cars, a 
type largely neglected by British manufacturers. 

The emphasis of the exhibition once again is on 
export. For the majority of the visitors, therefore, 
it can have but passing interest, only a small pro- 
portion of the output of cars being available for the 
home market. This state of affairs is likely to get 
worse as the devaluation of the pound sterling will 
lead to an increase in the export of vehicles. The 
contribution made towards the export drive by 
the British motor industry continues to be excep- 
tional, and during the first six months of the present 
year the industry maintained its lead as the nation’s 
largest exporter. The monthly average value 
for shipments of cars and commercial vehicles has, 
in fact, already exceeded the quotas set by the 
Government for attainment by the end of the year, 
and during the first six months of the current year 
the total exports amounted to 841. millions, nearly 
10 per cent. of the total export trade of the United 
Kingdom. The overall production figures also are 
remarkable, as between January and June last 
the average monthly output of cars was 32,800, 
compared with 31,600 for the same period in 1938. 
At present, the annual production of British motor 
vehicles is at the rate of over 390,000 cars, 210,000 
commercial vehicles and 100,000 tractors. Although 
these figures exceed those for pre-war years, car and 
commercial-vehicle factories are still only working 
at about 75 per cent. of their total capacity which, 
during the war, was considerably increased. 

At this ‘year’s show there are but few new cars, the 
idea of introducing new models at each show 
merely for the sake of change being a thing of the 
past ; this is only to be expected in view of the pre- 
occupation of the manufacturers with production 
and export difficulties. Nearly all the cars on 
view have been shown before, largely in their 





present form, having been modified in detail only 
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since last year’s Show. Nevertheless, it is the 
attention to detail that has led to the steady im- 
provement of British cars and rarely has progress 
been due to some revolutionary design. It is the 
hidden developments, such as improved carburation 
and the design of camshafts, that, over the years, 
has led to the evolution of the modern car. Certain 
trends are, however, apparent; there is, for 
example, a definite move towards larger engines ; 
this can be illustrated by the fact that during the 
first six months of this year, 32 per cent. of the total 
output of cars were fitted with engines having a 
capacity of over 1,600 c.c., whereas the proportion 
for the corresponding period of 1948 was only 
25 per cent. This trend is shown also, perhaps, 
by the fact that whereas at last year’s show slightly 
more cars were fitted with four-cylinder engines, this 
year six-cylinder engines are in the majority. 
Due allowance must be made, of course} for the 
American contingent. The tendency towards larger 
engines has probably been brought about by the 
removal of the horse-power tax, coupled with the 
demand for higher-powered cars in the Dominions’ 
and Colonies. Apart from the slight increase in 
size, however, the general design of engines follows 
established practice. Engines fitted with overhead 
valves are definitely in the majority, and increasing 
use is being made of cylinder liners, largely of the 
dry type, but at least two manufacturers are fitting 
wet liners. 

So far as transmissions are concerned, the position 
remains much as in previous years, the four-speed 
gearbox retaining its preponderance over the three- 
speed type. The centrally-located gear lever 
continues to lose ground in favour of that mounted 
on the steering column, a logical development which 
gives greater freedom in the front seat and permits 
the seating of three passengers abreast. Synchro- 
mesh gearboxes are fitted in nearly every case, 
very few cars being fitted with the self-changing 
type of gearbox. A rigid rear axle used in con- 
junction with an open propeller shaft is almost the 
universal form of final drive with, perhaps, a slight 
trend towards the adoption of the hypoid bevel- 
wheel and pinion. The most notable feature of 
chassis design, however, is the almost universal 
adoption of independent front-wheel suspension, 
the disadvantages originally associated with this 
form of suspension having been entirely eliminated. 
The system used varies, of course, with individual 
manufacturers, but coil springs used in conjunction 
with short radius arms appear to be the favourite 
form. Nevertheless, quite a large proportion of cars 
are fitted with torsion bars or transverse leaf springs. 

The trend towards placing all seats within the 
wheelbase continues, as this is claimed to give the 
Tear passengers a more comfortable ride. Neverthe- 
less, it gives less leg room and as many of the cars 
have only four windows, the field of view is consider- 
ably narrowed. The elimination of the rear side 
windows has the further disadvantage of restricting 
the driver’s view rearwards when joining another 
road at an acute angle. Body styling continues 
to follow the fashion set by the American manufac- 
turers some years ago. The treatment of the front 
end of some American cars on view is nothing short 
of fantastic, functional design having been given 
up entirely to the whims of the so-called ‘“ body 
stylists.” Where this will end it is hard to say, 
as already there are American cars on the road in 
which both ends look alike. Unfortunately, several 
British manufacturers have copied the American 
style, covering the front of their cars with useless 
chromium plate. In several cases, this striving 
for novel lines has led to the engine becoming 
virtually encased, it being quite impossible to get 
at some engine components without removing 
parts of the panelling. Fortunately, some British 
manufacturers have resisted this trend and have 
shown how to produce cars having graceful and 
modern lines without going to extremes. 





OIM-WELL DrILLING.—A general description of oil- 
well drilling, which would be useful to school teachers, 
lecturers and others, is issued free by the Petroleum 
Information Bureau, 29, New Bond-street, London, 
W.1. The Bureau is also willing to lend three films 
(35 mm. and 16 mm. sound) entitled: “Drilling 
for Oil” (in Iran); “10,000 ft. Deep”; and “ An 
English Oilfield.” 


THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 344.) 

Tue third and final technical session of the Copen- 
hagen meeting of the Institution of Naval Archi- 
tects, held in conjunction with the Institution of 
Danish Civil Engineers and the Federation of 
Danish Shipbuilders from August 30 to September 2, 
occupied most of the morning of September 2. It 
was preceded by a visit to the Diesel engine works 
of Messrs. Burmeister and Wain and to their 
museum, admirably displayed in an adjacent build- 
ing. Two papers were presented and discussed at 
the meeting, these dealing with ‘‘ Steering and 
Propulsion of H.M.S. Nelson in a Restricted Chan- 
nel,” by Mr. R. W. L. Gawn, O.B.E., and with 
**Modern Trends in the Development of High- 
powered Diesel Machinery,” by Mr. H. Carstensen, 
M.Sc. In the absence of Lord Cunningham, who 
had been obliged to return to England, the chair was 
taken by Sir Stanley V. Goodall, K.C.B. 


STEERING AND PROPULSION OF H.M.S. NELson. 

Mr. Gawn’s paper described an investigation into 
the grounding of H.M.S. Nelson in 1934, when she 
was proceeding out of Portsmouth harbour under 
her own power. The vessel’s speed over the ground 
was estimated to be about 7 knots (though the order 
had been given for revolutions corresponding to 
153 knots, it was not clear to what extent the 
engines had responded) and, at a narrow part of 
the channel, the order was given for 15 deg. port 
helm and 12 knots. The ship turned to starboard 
against the rudder and grounded on the Hamilton 
Bank at an inclination of about 104 deg. to star- 
board of the course followed before the rudder was 
put over. There was a following current of about 
1 to 14 knots in the channel, and a westward current 
of about 1 knot, clear of the entrance. The wind 
was force 4, from about two points before the star- 
board beam at the time of putting over the rudder. 
An investigation by means of model experiments 
was ordered, the main objects being to ascertain 
the hydrodynamic effects, free of wind, and the 
influence of the wind; and to establish the lowest 
speed at which the ship would steer a straight 
course in the Portsmouth fairway, using 20 deg. of 
lee rudder, in winds of specified force and bearing. 
The preliminary experiments were made with a 
4-ft. model in a model of the Portsmouth channel ; 
and a further series with a 16-ft. model in the large 
tank at Haslar, a false bottom being provided in the 
tank to give the scale depth of water. The false 
bottom was inclined transversely to simulate the 
shelving bottom of the channel. The steering bias 
was found to be remarkably severe, and was not 
to be corrected even by fitting a rudder of 20 per 
cent. greater area. To obtain the desired response 
to the helm, it was necessary for the ship to approach 
the harbour mouth on a course within about 20 
yards of the centre of the fairway on a 10-ft. tide, 
and 12 yards on a 5 ft. 4 in. tide, to avoid grounding, 
and even then the rudder had to be put hard over. 
There was an initial tendency for the stern to be 
drawn towards the shelving beach, and when this 
occurred in the narrow channel, the outward swing 
of the bow could not be countered before the vessel 
grounded. The effect of the wind was found to be 
relatively negligible by comparison with the hydro- 
dynamic effects, though it was known that a large 
lee rudder angle was required to maintain a straight 
course at slow speeds in a high wind. It was noted, 
also, that the rudder action was less effective in a 
uniform depth of shallow water than in deep water, 
there being a loss of about 15 per cent. in the initial 
ship turning moment in water 52 ft. deep, compared 
with the conditions obtaining in deep water. The 
draught of the ship at the time of the grounding 
was 30 ft. 6 in. forward, and 32 ft. 4 in. aft. Ex- 
periments on hull resistance and propulsion showed 
that the wake, per cent., was 19-5 in 135 fathoms 
of water, but 29-0 in water 52 ft. deep. The 
corresponding figures, per cent., for augment of 
resistance were 9-0 and 19-0; for hull efficiency, 
1-1 and 1-08; and for relative rotative efficiency, 
0-98 and 0-92. From the results obtained, it 
was deduced that, with the engines developing 





sponding to 12 knots in deep water, the speed in 
52 ft. of water would be about 104 knots. About 
1 knot of the loss of speed in shallow water was 
attributable to increased resistance and about 4 knot 
to loss of propulsive efficiency. 

The chairman (Sir Stanley V. Goodail, K.C.B.), 
who opened the discussion, recalled that he was at 
the Admiralty in 1934, when H.M.S. Nelson went 
ashore. It was first necessary, of course, to ensure 
that the grounding had not impaired the vessel’s 
seaworthiness—that was a matter of a few days. 
Then they had to investigate the cause of the 
accident, and, in doing so, they discovered that the 
only record that could be found of similar action in 
1934 was in the work of Dr. G. 8. Baker. It was 
not sufficient, however, to enable an estimate to be 
made of the effect of the suction on the ship and 
to convince naval officers that this was the reason 
for the grounding. Incidentally, the accident 
showed the unwisdom of the Admiralty’s policy, 
after the 1914-18 war, of disposing of so many of 
their powerful tugs, built for salvage work ; subse- 
quently, they bought one of them back. The 
experiments described had demonstrated the value 
of small models. Sir Stanley added that the Insti- 
tution of Civil Engineers had established a research 
panel to make experiments of a similar nature, to 
obtain information on currents in estuaries, in 
connection with dredging, etc. 

Commodore R. Hansen, Royal Danish Navy, said 
that, so far as he knew, the work described was the 
first really deep investigation that had been made, 
on a scientific basis, of such an accident in order to 
find out the real cause of a ship grounding in a 
restricted channel. At Nyborg, in Denmark, there 
was a channel of very nearly the same size as at 
Portsmouth harbour, carrying a heavy traffic. 
Ferries passed through it many times daily, and, 
when they were fully loaded, the depth of water 
beneath their keels was about 6 ft., which was much 
the same as the depth beneath the keel of H.M.S. 
Nelson at the time of the accident. He would not 
say that the ferries never grounded at Nyborg ; 
but, bearing in mind the frequency with which 
they passed through the channel, it could be said 
that, for all practical purposes, they did not. While 
appreciating that the two channels were not alike, 
and bearing in mind also the differences in tonnage 
between H.M.S. Nelson and the ferries, he suggested 
that one reason why the ferries did not ground 
might be that they had bow rudders. It would be 
interesting, therefore, if the models of H.M.S. 
Nelson could be tested again to find out how they 
would behave if fitted with a bow rudder. What 
would have happened if the German battleship 
Bismarck had been fitted with a bow rudder? 
Her rudder was jammed by a torpedo, so that she 
could not steer. Bow torpedo tubes were out of 
the question now, and, as a bow rudder might help 
in manoeuvring a big ship in shallow waters, he 
asked whether the British Admiralty had considered 
the re-installation of bow rudders for mancuvring 
in restricted channels and in cases of emergency. 

Mr. V. G. Shepheard said that the experiments 
had established very clearly that critical conditions 
and remarkably narrow limits existed if a large ship 
such as H.M.S. Nelson, under her own power, was 
to avoid grounding in a restricted channel. There 
were some significant differences between the 
behaviour of the ship and of the models ; the details 
of their behaviour, and also the hydrodynamic con- 
ditions at the point at which the ship and the 
model lost control, differed appreciably, and, on 
the whole, they appeared to be more critical for the 
ship than for the model. This suggested that the 
ship had a greater margin of control than had the 
model ; possibly attributable to scale effect, because 
of the small scale of the model used in the experi- 
ments, but perhaps it was due, at least partly, to the 
fact that the model was not self-propelled. Refer- 
ring to the large increase in wake in shallow water, 
he asked whether the author knew of any experi- 
ments or full-scale trials which would indicate that 
such a large increase of wake was possible. If that 
large increase did, in fact, occur, it seemed reasonable 
to assume that, in a ship proceeding parallel to a 
shelving bottom, the wake on the shallow side would 
be greater than that on the deeper side. The main 
effect of that wouid be to increase the thrust on the 
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propeller on the shallow side, due to the increased 
slip, thus tending to turn the ship into deeper water. 
Against that there was the effect of the augmented 
resistance, which would act the other way, and of 
the propeller’s slipstream acting on the rudder; 
but in H.M.S. Nelson, be believed, the increased 
propeller thrust would have the greater effect, and, 
at any rate, the effect on propulsion would not bring 
the ship into the shallower water. Even the naked 
model could not be controlled at the speed and depth 
applicable to the ship ; that, again, rather indicated 
that the ship had a larger margin of control than the 
model. While that would not affect the general 
deductions made from the experiments, he suggested 
that the matter deserved further research. 

Engineer Lieut.-Cmdr- J. H. Ferguson, R.N. (ret.), 
asked whether the author could give any informa- 
tion regarding the actual movements of the engines ; 
presumably, the commander of the ship made some 
effort to avoid the final casualty by going astern. 
He also asked whether the propellers turned inboard 
or outboard. He had taken notes for a number of 
years, of various types of vessels where it was 
possible to make comparisons of those having 
inboard-turning propellers and those with outboard- 
turning propellers, and he had never seen a vessel 
with inboard-turning propellers that could be 
manceuvred satisfactorily. Some twin-screw small 
craft, supplied from America during the recent war, 
had both propellers right-handed, with the result 
that they could approach another vessel or a pier 
only from the port side. 

Professor G. Vedeler suggested that some increase 
of wake was to be expected in shallow water. The 
formation of the pressure curves along a ship 
indicated that a reduction of the detrimental steer- 
ing effects of a shallow sloping bottom in a channel 
should be obtained by increased rise of floor in the 
ship and a larger bilge radius. 

Mr. K. C. Barnaby, in a written contribution, 
observed that ferry captains had been known to 
negotiate a channel in fog by ‘‘ smelling the land ”— 
bumping across the channel from side to side ; but 
there should be no cross set, and the exercise should 
be performed on a rising tide. The navigator of 
the Nelson had had to contend with every possible 
handicap. The paper certainly demonstrated the 
risks of dispensing with tugs. 

Professor C. W. Prohaska, D.Sc., thought that it 
would be of scientific interest to try a model of 
somewhat greater draught in order to see whether 
the tendency to swing to starboard, which had 
been so clearly shown, would be accelerated or 
increased, as he believed it would. He asked 
whether, in the Nelson, the centre of buoyancy was 
aft of the mid-length ; and suggested that the ship 
grounded because the bilge aft of amidships was 
closer to the shelving beach than that forward of 
amidships, thus placing the resultant of the suction 
forces farther aft than the lateral centre of the ship 
and giving a turning moment to starboard. On the 
increase of wake in shallow water, he recalled that 
Professor Troost had made experiments which 
indicated a remarkable increase in that circumstance. 

Mr. Gawn, in a brief reply, said he could not 
speak of what the British Admiralty would do about 
bow rudders, but he recalled a lecture by Sir 
Stanley Goodall a few years before, in which refer- 
ence was made to the Bismarck having been brought 
to bay by damage to her steering gear and steering, 
aft; Sir Stanley had then said that “‘the lessons 
had been taken to heart.’”” On Mr. Shepheard’s 
suggestion that the experiments might have been 
more useful if propellers were fitted to the model 
he said that, on a 4-ft. model, the propellers would 
be about 1 in. in diameter. The use of such 
small propellers would, of course, give rise to scale 
effect and various other factors. Again, the torque 
characteristics of the machinery fitted to the model 
would have to be graded to simulate those of the 
ship. In reply to Engineer Lieut.-Cmdr. Ferguson, 
he said the screws of the ship were outward-turning. 

(To be continued.) 





PHOTOGRAPHS IN COMMERCE AND INDUSTRY.—The 
Institute of British Photographers are holding an exhibi- 
tion of ‘‘ Photographs in Commerce and Industry ” at 
the Alpine Gallery, 74, South Audley-street, London, 
W.1. It remains open daily, except Sundays, from 10 
a.m. to 7 p.m., until October 15. 





THE NATIONAL RADIO EXHIBITION, 
OLYMPIA. 


Tue sixteenth National Radio Exhibition, to which 
we referred on page 341, ante, has been open at Olympia, 
London, all this week and closes to-morrow, Saturday, 
October 8. Though most of the stands display 
domestic radio and television receivers, a number of 
the latest developments in telecommunication, and 
the applications of electronics to the industrial field 
are also being shown. This year, however, television 
is undoubtedly predominant, and there is widespread 
evidence that manufacturers have intensified their 
efforts in this direction in view of the opening of the 
new television station at Sutton Coldfield in December 
next. Colour television is also being demonstrated 
by Messrs. Pye Limited, Cambridge, and projection 
models, in which the picture is seen on a flat screen, are 
being shown by several firm3:. Another advance is a 
relay system which has been developed to supply 
residences directly by cable, with vision and sound 
programmes. An extension television unit is being 
displayed, as well as a receiver for passengers on the 
rear seats of cars. 

An inspection of the stands exhibiting radio receiving 
sets shows a trend towards compactness even in those 
luxury models which combine radiogram, television 
and loud speakers. This trend has been assisted by 
the production of shorter cathode-ray tubes and, 
apparently, by the development of the “ transformer- 
less’ circuit in which the high-tension supplies for 
the tube are produced by a multiplying circuit of 
rectifiers and capacitors supplied from the normal 
mains transformer. There are numerous combined 
table sets, many of which appear from the front to be 
only a little larger than an all-wave radio receiver, 
though they are necessarily deeper to accommodate the 
tube. Some table models incorporate 12-in. diameter 
tubes, but 9 in. and 10 in. diameters are also common. 
Simplicity in external appearance characterises most 
of the television receivers, and many of the table 
models are fitted with only two controls, one for 
sound and the other for vision. 

The 15-in. diameter cathode-ray tube, although 
displayed by several firms, seems less common than 
other sizes, and appears to be used only in cabinets 
arranged for floor mounting. It is too early to predict 
which size of tube is likely to be most popular in the 
near future, but at least one manufacturer now uses 
12-in. diameter tubes for all types of receiver. Alumin- 
ised screens to reduce the effects of ion bombardment 
and to give greater picture brightness are employed 
in many tubes. The trend towards producing pictures 
which can be viewed in a reasonably-lighted room is 
marked, and to give the necessary picture brightness, 
the tube voltage has been increased, in some instances, 
from 5 or 6 kV to about 25 kV. 

The presence of several projection-type television 
receivers suggests that some manufacturers believe 
that the flat type of screen, measuring about 16 in. long 
by 13 in. deep, will be popular, though none of these 
models is yet in normal production. In those in- 
spected, the televised picture is projected on to a 
flat frosted-glass screen at the front of the cabinet 
from a hidden cathode-ray tube 2} in. in diameter. 
The optical system is based on the Schmidt principle, 
the tube actually projecting through a circular hole 
in a plane mirror set at 45 deg. to the tube axis. The 
picture on the tube screen is first directed on to a con- 
cave mirror and then reflected back to the mirror, from 
which it is thrown through a correction lens on to 
another plane mirror, and thence on to the viewing 
screen. Thesmall tube employed produces an intensely 
bright picture on its aluminised screen, so that, after 
projection, a picture of reasonable brightness and 
density appears on the viewing screen. An operating 
voltage of about 25 kV is employed. When demon- 
strated, the viewed picture is not so bright, perhaps, 
as those produced in the ordinary way; on the other 
hand, it is slightly softer in the photographic sense, the 
general effect being similar to that produced after 
enlargement. Moreover, the scanning lines are less 

ronounced, though there may be various reasons 
or this. A relatively large amount of space within 
the cabinet is required for the optical system, but the 
available room inside has been ingeniously utilised 
to keep the overall bulk comparatively small. 

The demonstration of colour television by Messrs. 
Pye Limited, Cambridge, in which great interest has 
naturally been taken, is made over a closed circuit, 
the equipment having been built to assess the value 
of the colour television in practice and not as a com- 
mercial or production prototype. Synchronised ro- 
tating colour filters are used in both camera and 
receiver to give 50 pictures per second in the three 
primary colours successively, persistence of vision 
helping to blend the colours together, though the red 
seems predominant. Car radio sets, and other forms 
of radio receiver, are displayed by the same firm, as 
well as signal generators and other testing apparatus. 
The smallest television receiver at the Exhibition is 





probably that displayed by Messrs. Baird Television, 
Limited, Lancelot-road, Wembley, Middlesex. This 
incorporates a 9-in. diameter tube in a cabinet mea- 
suring only 12} in. high, 12} in. wide and 17} in. deep, 
and is fitted with a top sloping backwards like the roof 
of a car. It is intended for use with an outside aerial 
and is designed for supply from the alternating-current 
mains. Only two controls are provided, both at the 
side. The same firm are also exhibiting a so-called 
aerial-less receiver. This is fitted with a 9-in. tube 
and weighs altogether only about 37 lb. It has a 
range of about 35 miles. Actually, a mains aerial is 
used and is enclosed in a lead running inconspicuously 
alongside the flex providing the power supply. 

An interesting exhibit among the television receivers 
shown by Messrs. A. C. Cossor, Limited, Highbury- 
grove, London, N.5, is a table model extension unit. 
This incorporates a 10-in. tube and can be installed 
remote from the main receiver so that the televised 
programge can be viewed from two places simul- 
taneously. Messrs. Kolster-Brandes, Limited, Foots 
cray, Sidcup, Kent, have standardised on 12-in. tubes 
for all their receivers, and, in some cases, have increased 
the tube voltage to 10 kV so as to help to produce the 
brighter pictures needed for ‘‘ daylight ” viewing. 

The general emphasis on television suggests that its 
development may have slowed down technical advances 
in ordinary radio receivers. These, in fact, show little 
marked change in their general layout, though there is 
a tendency towards reduction in size. Technical 
effort has, apparently, aimed at minor circuit improve- 
ments to secure greater fidelity of reproduction and 
also at better manufacturing techniques. Full use 
has also been made of the smaller values developed 
during the war years. 

The commercial application of small valves and other 
components, developed over the past few years, is seen 
in the large number of lightweight portable radios 
and miniature sets. Some of these weigh only 4 lb. 
complete with battery, and are carried by a shoulder 
strap which conceals the aerial ; in others, the aerial is 
wound inside the case, which is small enough to be 
slipped readily into a handbag or rucksack. These 
miniature models are usually designed for the reception 
of any two wave bands, long and medium, or long and 
short, forexample. There are also many radio receivers 
which are arranged to satisfy listeners interested 
primarily in British broadcasts. In most types, how- 
ever, tuning is carried out by the familiar form of 
knob control, though the controls are sometimes fitted 
at the side. Push-button tuning, though incorporated 
on many of the larger receivers and on some table 
models, seems less common than formerly. Band- 
spread tuning on the short waves is used on most of 
the larger units and on those for listeners wishing to 
explore the full frequency range, a single control 
knob being fitted for selecting the various wave bands 
and giving choice of long and medium waves. Visual 
aids to tuning include illuminated arrows pointing to 
the wave band in use, light beams passing over the 
back of the frequency scale, and coloured indicators. 





RENEWAL OF RAILWAY CROSSINGS.—- The cross- 
ings between the High Level Bridge lines and the main 
lines to the North at Newcastle-on-Tyne, one of the largest 
and most concentrated layouts of diamond crossings in 
the world, incorporating 92 crossings and rails covering 
77 intersections, are being renewed in manganese steel 
on four Sundays, October 2, 9, 16 and 23. 


NUCLEAR EpvucaTion.—In the July issue of the Ameri- 
ean journal Nucleonics, Major-General Kenneth D. 
Nichols has pointed out the need for engineering schools 
to develop courses which would enable graduate engineers 
to tackle nuclear-engineering problems. At present the 
educational approach to atomic-energy development is 
from the research, rather than the engineering, aspect. 
He considers that ter progress would be made in 
the harnessing of atomic energy if, instead of giving a 
few courses in engineering to those who are primarily 
interested in nuclear physics, chemistry or metallurgy, 
the emphasis were placed on giving engineering students 
an insight into physical principles and the problems 
involved in nuclear engineering. 


REGINALD MITCHELL MEMORIAL LECTURE AND GOLD 
MEDAL.—Sir Noel Ashbridge, B.Sc., M.I.C.E., M.1.E.E., 
F.K.C., has been awarded the 1949 Reginald Mitchell 
Memorial Gold Medal of the Stoke-on-Trent Association 
of Engineers. The medal will be presented to him by 
the President of the Association, Mr. W. H. Poynton, 
at a public meeting in the Victoria Hall, Hanley, on 
Tuesday, October 25, commencing at 7 p.m., and, after 
the presentation, Sir Noel will deliver the Memorial 
Lecture, which will be entitled “‘ Practical Problems of a 
Television Service.”” The Lord Mayor of Stoke-on-Trent. 
Alderman A. P. Spark, will preside. The Lecture, an 
annual event, was instituted in 1946 in memory of 
Reginald J. Mitchell, the designer of the Spitfire aero- 
plane and a founder member of the Association. 
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THE “ BRABAZON ” 130-TON 
‘“ BRABAZON ” 130-TON CIVIL AIR LINER. CIVIL AIR LINER. 


(Continued from page 308.) 

THE BRISTOL AEROPLANE COMPANY, LIMITED, FILTON, BRISTOL. THE previous articles on the Brabazon 130-ton 
aircraft have been concerned, mainly, with struc- 
tural details. We give below particulars of the 
engine installation. The Brabazon is powered by eight 
Bristol Centaurus XX 18-cylinder air-cooled sleeve- 
valve radial engines, each of which develops more than 
2,500 h.p. at take-off. The engines are enclosed com- 
pletely in the leading edge of the inner wing and are 
arranged in pairs, each engine driving one element of 
a six-bladed contra-rotating Rotol propeller, 16-ft. in 
diameter. The engines forming a pair are set at an angle 
to each other, their centre lines converging at an included 
angle of 64 deg. ; this arrangement is shown diagram- 
matically in Fig. 23, on this page, which shows a plan 
view of one set of engines. The propellers are fitted to 
the ends of forward-extending concentric shafts and are 
situated some distance ahead of the leading edge of the 
wing ‘The drive from each engine is transmitted to its 
appropriate propeller by bevel reduction gears, the two 
sets of gears being enclosed in a common gearbox, and 
the coaxial shafts, together with the gearbox, are encased 
in a housing known as the propeller “stalk”; these, 
together with the propeller spinners, form small nacelles 
of aerodynamic form. Two of the propeller “ stalks ” 
a6c7A . and the associated engines can be seen in Fig. 21, on this 
page, which shows the port wing of the aircraft with 
Fic. 21. Port Wine with EnGiIne Access Doors OPEN. eid oe ee ond the Congemmy 

The Centaurus XX engine differs from the earlier 
engines of this type in that it is not geared, while 
the method of support is entirely different. Since there 
is no integral reduction gear, it has proved possible to 
fit a driving flange directly to the forward end of the 
crankshaft, the sleeve-valve driving mechanism being 
enclosed by a new type of front cover designed for this 
particular application. Otherwise, however, the engine 
conforms closely to the specification for the Centaurus 
57. 

The two engines of a pair are housed in separate 
fireproof cells formed in the leading edge of the wing. 
The two cells are divided from each other by a box- 
section structure, the sides of which are formed by 
two reinforced-diaphragm type nose ribs and the top 
and bottom by the wing cladding. The engines are 
supported from the sides of the box structure by twin 
tripods of tubular construction, the feet of which are 
secured to the engine crankcase and the apices to points 
near the bottom and top, respectively, of the diaphragm 
ribs forming the sides of the box structure, the tripods 
acting as cantilevers. To give fore and aft stability, 
two tubes connect the top and bottom-of each engine 
assembly to a common point at the front of the rele- 
vant diaphragm rib. This design of engine mounting 
dispenses with the usual ring and gives, therefore, a 
considerable reduction of weight. 

The power from each engine is transmitted to the 
gearbox through a tubular shaft, the rear end of which 
is bolted to the engine crankshaft flange through a 

b flexible coupling. The coupling i igned 
Fic. 22. Duat Repuction-GearR CoMPoNENTS AFTER Typr TEST. es is eaileloatis’ atiblo So es a Pg slight 
deviation from true alignment which may occur. 
At the forward ends, the shafts are joined to the 
input flanges of the reduction gearing by Hooke’s 
| universal joints equipped with non-metallic pre-loaded 
| | bearings of a type which do not require routine lubri- 
\ |cation. The input shaft for the right-hand engine is 
| fitted with a straight-tooth bevel pinion which meshes 
/ with an internal bevel gear. The bevel gear, in turn, 
is fitted to the rear of a tubular shaft of large diameter, 
supported by ball and roller bearings, the front end of 
the shaft driving the rear element of the contra-rotating 
propeller. The input shaft for the left-hand engine is 
also fitted with a straight-tooth bevel pinion which, in 
this case, meshes with an external bevel gear fitted 
to the rear of a shaft arranged coaxially with the drive 
shaft for the rear propeller. The inner shaft runs in a 
series of ball and roller bearings and is arranged to 
| drive the leading propeller. The two bevel wheels and 
ye associated pinions can be seen in Fig. 22, cn this page, 
Ss: which shows the gearbox dismantled after the successful 
i} K} (Auxiliary completion of the 150-hour type test. The bevel gears 
i2 Drive ~ and pinions are lubricated by oil jets arranged to 
| Shaft impinge on the teeth close to the points of contact, the 
oil being cooled before it is recirculated. 
| Two subsidiary gear trains are incorporated in the 
| gearbox ; these transfer the drive from the inner and 
outer propeller shafts to the accessory drive shaft 
| situated at the rear of the gearbox. The drive from 
| each gear train, however, is transferred to the accessory 
: drive shaft through a free-wheel unit arranged so that 
| if either engine is shut down, the relevant section of the 
\ free-wheel comes into operation. Although the speeds 
| of both engines, nominally, are synchronised, minor 
speed fluctuations are bound to occur. In order, 
<< therefore, to avoid shock loading of the free-wheel 
eg. mechanism, the ratios of the two gear trains differ 
‘pieieeeninic™ slightly so that, with synchronous running of the two 
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engines, the accessory-driving load is carried by the 
right-hand engine while that portion of the free-wheel 
unit associated with the left-hand engine operates 
at a low-speed differential. 

The airscrew controller units and the synchronising 
alternators are fitted to the rear cover of the gearbox 
and are driven from the gear trains to the free-wheel 
unit. When one engine is shut down, the associated 
propeller is, of course, feathered. If the leading 
propeller is feathered, the aerodynamic forces acting 
on the blades do not produce a turning moment, but in 
the case of a feathered rear propeller, a turning moment 
is set up which tends to turn the engine in the reverse 
direction. This tendency is counteracted by a series 
of pawls fitted to the front cover of the gearbox casing 
and situated opposite a ratchet wheel integral with the 
nternal bevel gear, that is, the bevel gear for the rear 
propeller. The pawls are brought into engagement 
with the ratchet wheel automatically by the feathering 
oil supply on completion of the feathering operation, 
thereby preventing reverse rotation. Normally, the 
pawls are retracted by springs. In order to prevent 
the mechanism being damaged in the unlikely event 
of a back-fire, a high torque slipping clutch is incor- 
porated in the ratchet wheel. 

As previously mentioned, the engines are air cooled. 
In common with all marks of Centaurus engines, 
the cylinders and heads are carefully baffled to ensure 
optimum cooling under all conditions of flight. The 
cylinders are surrounded by a short cylindrical cowl 
which, in conjunction with a diaphragm, divides the 
engine cell into forward and rear compartments. The 
air enters the front compartment through a forward- 
facing intake in the wing leading edge and, after 
cooling the engine, escapes from the rear compartment 
through adjustable cooling flaps situated in the upper 
and lower surfaces of the wing. During normal flight, 
the upper flap is closed and engine cooling is controlled 
by adjusting the lower flap, thereby reducing drag to 
a minimum. The air entering the forward compart- 
ment also feeds the engine air intakes ; furthermore, a 
duct leads a proportion of the air to the oil coolers 
located at the rear of the front spar. Each engine is 
fitted with twin exhaust manifolds, arranged so that 
the exhaust gases are discharged rearwards below the 
lower surface of the wi The two manifolds are 
fitted with shrouds divided into sections, each of 
which has a separate cool-air intake and multiple 
discharge orifices. The lowest sections of the shrouds 
are contiguous with the outlet-elbow shrouds which, 
in turn, are extended beyond the exhaust elbow. 
This arrangement ensures that the exhaust-gas streams 
are encased in a sleeve of relatively cool air as they leave 
the manifold and reduces, therefore, the heating effect 
on any portion of the wing or undercarriage with 
which the gases may come into contact. 

Three independent oil systems are provided. These 
supply the left. and right-hand engines and the reduc- 
tion gearing, respectively, each system incorporating an 
oil cooler and a service tank. As already intimated, 
air for oil cooling is led from the forward engine com- 
partment to the space behind the front spar through 
ducts, two of which lead directly to twin oil coolers 
for the two engines ; the cooler for the reduction gear, 
however, is supplied by air bled from the two main 
ducts. In each case, the air is discharged from the 
cooler through variable shutters into the main wing 
space, from where it escapes through outlets in the 
rear spar and the upper surface of the wing near the 
trailing edge. The oil consumption of the gearbox and 
propeller system is, of course, low, and the capacity 
of the tank feeding these units is correspondingly small. 
The engine oil tanks also are kept as small as practicable, 
the oil consumed bei made up from a common 
pressurised storage tank in the wing. Comprehensive 
fire-indicating and fire-extinguishing systems are 
incorporated in each power plant. For fire indication, 
a series of flame-detecting switches are fitted at 
critical points on the engines and the fireproof walls 
of each engine cell. These are connected to a fire- 
warning indicator at the engineer’s station. The 
fire-extinguishing system consists of a series of per- 
forated tubular rings which encircle the forward 
and after portions of each engine; in the event of fire, 
methyl bromide is pumped through the rings and is 
sprayed into the compartments. Methyl bromide 
is also led to the exhaust manifolds and the engine 
air intakes, thereby ensuring that combustion ceases 
immediately. The flames are prevented from entering 
the space behind the front spar by shutters fitted 
at the entries to the oil-cooler ducts. 


(To be continued.) 





NUCLEAR RESEARCH CENTRE IN THE UNITED STATES.— 
The completion of the Carnegie Institute of Technology 
Nuclear Research Center, Saxonburg, Pennsylvania, 
U.S.A., is recorded in the September issue of Mechanical 
Engineering. The centre is equ'‘pped with a synchro- 
cyclotron with an output of 400 million electron volts, 
and also houses chemical and metallurgical laboratories. 











LABOUR NOTES. 


AN average increase in wages of 2s. a head weekly 
for nearly 6,250,000 wage-earners, covering both sexes 
and including juveniles, took place during the six 
months ending with the concluding pay-week in April 
last. This is one of many interesting details recorded 
by the Ministry of Labour in the report of an inquiry 
into the average weekly earnings and working hours of 
manual wage-earners in the United Kingdom. The 
inquiry covered most manufacturing industries, and 
a number of the a non-manufacturing ones, 
but did not extend to the agricultural, coal-mining, 
railway, shipping, dock-labour, or entertainment 
industries, the distributive or catering trades, or to 
persons in domestic service. Office staffs, shop assist- 
ants, outworkers, managers, commercial travellers, 
clerks, typists and salaried persons generally were 
excluded from the scope of the survey. As in the case 
of earlier inquiries on similar lines, which have taken 
place at approximately six-monthly intervals for some 
years, the last being in October, 1948, the statistics in 
the Ministry’s report refer to wage-earners who were at 
work during the whole or part of the final week of the 
six-monthly period. 





Average weekly earnings for all employees, including 
payments for piecework, overtime and night work, 
amounted to 5. 19s. 4d. in April last, an increase of 
exactly 2s. on the average weekly earnings in October, 
1948, and 31. 6s. ld. more than those obtaining in 
October, 1938. For adult male employees, the weekly 
average was 6/. 19s. 11d. in April last, compared with 
6l. 17s. 1ld. in October, 1948, and 31. 9s. in October, 
1938. For youths and boys under 21 years old, the 
average weekly earnings of 1/. 6s. 1d. in October, 1938, 
increased to 2/. 18s. 6d. in April, 1948. The weekly 
average for women over 18 years of rose from 
11. 128. 6d. in October, 1938, to 31. 14s. 6d. in October, 
1948, and then, by an additional 2s. 8d., to 31. 178. 2d., 
in April, 1949. Girls, whose weekly average was 
18s. 6d. in October, 1938, earned an average of 21. 10s. 3d. 
weekly, in April, 1949. The report, published in the 
Ministry of Labour Gazette for September, records that 
the average wages of all manual employees in April last 
had increased by 124 per cent. since October, 1938. 





In the mining and quarrying industry, excluding coal 
mining, the average earnings for all employees rose 
from 61. 6s. 8d. a week in October, 1948, to 61. 11s. 1d. 
a week in April last, an increase of 4s. 5d. The increase 
for adult males in this industry, during the six months, 
was 5s. 6d., making their total average weekly earnings 
in April last, 61. 15s. 10d. Another marked increase 
occurred in the case of employees engaged in the 
treatment of non-metalliferous mining products, other 
than coal. The average weekly earnings for all 
employees increased from 6/. 0s. 8d. in October, 1948, 
to 6l. 4s. 1ld. in April last, and, for adult males only, 
from 6. 19s. 2d. to 71. 3s. 8d. In the engineering, 
shipbuilding, and electrical-goods industries (they are 
thus grouped together in the Ministry’s report), the 
average weekly earnings for all employees increased, 
during the same six months, from 61. 88. 2d. to 61. 9s. 2d. 
For adult males only, there was an increase of Id. only, 
making the average weekly earnings 7/. 6s. 1d. in April, 
1949. Employees in the metal-manufacturing industry 
earned a weekly average of 7]. 6s. 4d. in October, 
1948, and that increased during the next six months 
to 71. 8s. 10d. In the same industry, the average 
for adult males increased from 71. 16s. 10d. to 71. 19s. 4d. 
It may be mentioned that the figures in this and 
the preceding paragraphs are all general averages 
and cover all classes of manual employees, including 
general labourers and semi-skilled personnel, as well 
as skilled operatives. 





The average number of hours worked in the conclud- 
ing pay-week in April last, by each of the 6,250,000 
employees with whom the survey by the Ministry of 
Labour deals, was 45-3. The averages for men aged 
21 and over, and for women aged 18 and over, separ- 
ately, were 46-6 hours and 41-8 hours, respectively. 
The average for youths and boys under 21 years old 
was 43-9 hours, compared with an average of 42-4 
hours for girls under 18 years old. The average for 
women only, compared with an average of 41-6 hours 
for the last pay-week in October, 1948, showed an 
increase of 0-2 hour. The average for girls rose by 0-1 
hour to 42-4 hours in April last, but the average for all 
employees was the same, 45-3 hours, at both dates. 
During the concluding pay-week in April last, the 
average number of hours worked by all employees in 
the mining and quarrying industry, excluding coal 
mining, was 46-6. Persons engaged in the treatment 
of non-metalliferous mining products, other than coal, 
worked an average of 46-9 hours. Those employed 
in the engineering, shipbuilding, and electrical-goods 
group of industries worked an average of 45-6 hours. 


The Ministry of labour also reports in its September 
Gazette that changes in wage rates in the United 
Kingdom during August resulted in an aggregate 
increase of approximately 12,0001. in the weekly full. 
time wages of some 64,000 workpeople. Among those 
who benefited from these increases were maintenance 
craftsmen in steel-melting shops and at steel-rolling 
mills, men engaged on productive work in the iron- and 
steel-wire industry and in the wire-rope industry, 
and workpeople employed in hollow-ware manufacture, 
The increases were the result of arbitration awards, 
direct negotiations between employers and workpeople, 
and arrangements made by Joint Industrial Councils, 
During the period between January and August last, 
4,415,500 workpeople received weekly increases to 
their full-time wages, which amounted in the aggregate 
to 765,300/. net. In the corresponding eight months of ° 
1948, there was a net increase of 1,218,8001. in the 
weekly full-time wages of some 4,848,500 employees. 
No changes in weekly hours of work were reported to 
the Ministry as having taken place during August last. 





There was a sharp increase in industrial disputes 
during August. In all, 108 stoppages were in progress 
during the month, against 75 in progress during July. 
In the former month, 104,100 persons lost 273,000 
working days as a result of the disputes, compared 
with 266,000 days lost by 24,100 workpeople during 
July. During August, 1948, 147 disputes were in 
progress, in which 34,400 persons were involved and 
123,000 days lost. As is, unfortunately, often the case, 
the coal-mining industry was responsible for most of 
the disputes occurring during August. In that industry, 
63 stoppages were in progress during the month, in 
which 240,000 working days were lost (out of the 
month’s total of 273,000 days) by 98,400 strikers. 
The textile industry was responsible for three stoppages, 
in which 1,400 workpeople were involved and 20,000 
days were lost. During the first eight months of this 
year, 989 industrial disputes have occurred, in which 
359,400 persons have m involved and 1,463,000 
working days lost, against 1,280 disputes, during the 
corresponding period last year, which involved 357,200 
workpeople and lost 1,729,000 working days to industry. 





The recommendation of the recent railway Board 
of Conciliation that the wage claims of the National 
Union of Railwaymen, on behalf of the railway shop- 
men, should be referred to the Railway Shopmen’s 
National Council for negotiation, was discussed at a 
meeting of the employees’ side of the Council on 
September 28. They felt that several courses of 
action were open to their side of the Council and that 
they might decide to limit tue demands to claims 
for wage increases for the lowest-paid grades alone, 
or for piece-rate employees alone, or for a combination 
of the two. Another course open to them would be to 
pursue no claim at all for the time being, in view 
of devaluation and the current economic situation. 
At the same time, it was realised that the decision of 
the Confederation of Shipbuilding and Engineering 
Unions to ask for a general wage increase of 20s. a 
week would apply to craftsmen in the railway work- 





shops, and that this conflicted with the claim of the 
N.U.R. for 10s. a week increase and additional pay- 
ment for work on Saturday afternoons. 





Both the Confederation and the N.U.R. are repre- 
sented on the employees’ side of the Railway Shopmen’s 
National Council and it is understood that although the 
whole situation was explored at the September meeting, 
no final decisions were made. The discussions will be 
resumed at another meeting of the employees’ side 
on October 17. In the meantime, a meeting of the 
executives of the 37 unions affiliated to the Confedera- 
tion will be held in York on Wednesday next, when 
the claims of the railway shopmen will be considered, 
and the policy decided upon by the Confederation will 
presumably be reported to the meeting of the employees’ 
side of the Council. This should materially assist the 
employees’ side to settle their course of action. 





A special delegate conference of the N.U.R. was held 
in London on Thursday and Friday last week to 
consider the position arising from the reports of the 
recent railway Board of Conciliation. On the first 
day, a full report was presented by Mr. J. B. Figgins, 
the N.U.R. general secretary, and over 30 motions, 
covering many aspects of the situation, were presented 
by delegates. These were eventually combined into 
a small number of composite motions. At the Friday 
session, the conference decided to submit new claims 
asking for a minimum rate of 51. a week for all railway 
employees, and it is expected that negotiations to this 
end will commence with the Executives within another 
week or so. Strong protests were made against the 
recommendations of the Board of Conciliation, which 





however, the conference decided they must accept. 
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SETTLEMENT OF STRUCTURES 
ON CLAY FOUNDATIONS.* 
By Avan CuisHotm, B.Sc. 


In general, the behaviour of soils is governed by the 
character of the finest fraction and its relation to 
water. This fine fraction consists of particles less than 
2 » and is known as the clay fraction. “ Clay is an 
aggregate of microscopic and submicroscopic particles 
derived from the chemical decomposition of rock 
constituents.” The particles, in Nature, are always 
surrounded by water, and they carry a negative 
charge of electricity which depends on the mineralogical 
character of the particle. Water near the surface of 
the clay is therefore composed of positively charged 
ions. The layer of which these ions are part constitutes 
the adsorbed layer. Salts and bases in the water also 
break up into these ions and the positively cha: 
cations are attracted to the surface of the soil rticles 
On the arrangement, t and size of the particles 
and the constitution of the adsorbed layer depends 
the whole nature of clay. 


_ Fig. 1. 
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The chief mineral groups found in clay are mont- 
morillonite, illite and kaolinite. These have a laminated 
crystalline structure and their surface activities are in 
order as named above. Because of these varying 
surface activities, the clay minerals have very different 
physical properties. Also, in each group, the physical 
properties vary, depending on the substances in the 
adsorbed layer. In most clays, particles less than 
0-2 p» consist only of the above minerals and are termed 
“‘clay minerals.” If particles have surface activity 
which influences the properties of the aggregate, the 
substance is said to be in a colloidal state. It is these 
colloids which largely determine the physical properties 
of the clay. Generally, the soil colloids are taken as 
particles smaller than 0-2. The colloids affect the 
property of the soil because of high surface activities 
causing the adsorbed layer. 

It has been suggestedt that water in the absorbed 
layer is oriented and behaves as a solid. It will be 
seen that, as the thickness of the layers increase, they 
will touch each other and bond the particles together, 
thus giving clay its strength. The thickness increases 
with additions of water, but is controlled by the presence 
of other ions. When all the rigid water has developed 
on the available surfaces, any surplus water, that has 
no or poor orientation, acts as a fluid and a lubricant 
between the flakes, thus giving clay its plasticity. 
This hypothesis explains the variation of plasticity 
and strength with moisture content. The plasticity 
and strength also depend on the pre-consolidation 
pressure. For a large consolidation pressure the soil 
is hard and brittle. The mineral montmorillonite, in 
— quantities, will change the plastic properties of 
clay. 
The processes of consolidation and swelling depend 





* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne on Tuesday, September 6, 
1949. Abridged. 

? Terzaghi and Peck, Soil Mechanics in Engineering 
Practice (1948), page 6, et seq. 

¢ Grim, “ Some Fundamental Factors Influencing the 
Properties of Soil Materials,” Proc. 2nd Int. Conf. on Soil 
Mechanics (Rotterdam, 1948); Vol. III, page 8, et seq. 








to a large extent on the adsorbed layer. Swelling takes 
place when pressure is removed from a soil when in 
contact with free water. The cause varies for different 
soil mixtures. For a fine fraction of clay, swelling is 
partly due to elastic restitution of the particles, and 
— to an increase in the thickness of the adsorbed 

yer. With clays composed of a large percentage of 
montmorillonite, the mineral itself swells. Consolida- 
tion takes place when the water content is decreased 
on the application of pressure. The moisture content 
in the voids decreases whereas the water content of 
the adsorbed layer remains unchanged. Thus cohesion 
increases with decreasing water content. 

Settlement of structures on clay foundations depends 
largely on the process of consolidation and partly on 
elastic changes. The theory of consolidation assumes 
that the voids of the clay are completely filled with 
water ; the water and the solids are completely incom- 


| pressible ; the coefficient of permeability is constant ; 


and the time lag of consolidation is due entirely to the 
low permeability of the clay. 
The process can be demonstrated by means of a 


Fig.3. 
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mechanical device, which consists of a cylindrical vessel 
that contains a series of pistons separated by springs. 
The pistons are perforated to give the required permea- 
bility and all the spaces are filled with water. A 
peizometric tube is connected to the space between 
each two pistons. Initially, the device is in a state of 
hydraulic equilibrium. When a uniform load is 
applied to the top piston, the head of water in each tube 
rises to constant height, showing that the load is 
transmitted by the water throughout the system. 
As no movement of the pistons has yet taken place 
the springs carry no load. After a short time interval, 
the excess hydrostatic pressure in the top space 
decreases due to escape of water, and the top piston 
sinks. The load is carried then partly by the first set 
of springs. As water escapes from the lower spaces 
to the upper spaces and finally drains away, more and 
more of the load is carried by the springs. Eventually, 
after a very long time, the excess hydrostatic pressure 
becomes very small and all the load is carried by the 
springs. If this device is now considered as clay, 
the springs then have a similar function to the solids in 
the clay. When load is applied to this clay, it is carried 
first by the pure water, and, after a short time, water 
escapes and part of the load is carried by inter- 
granular pressure. Finally, all the load is carried by 
the solids. 

The above system does not give a complete analogy, 
because after 80 per cent. consolidation of clay a secon- 
dary time effect is evident and this cannot be repre- 
sented by a spring piston system. The secondary time 





effect seems to be due to a gradual adjustment of the 
soil structure to stress, combined with the resistance 
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of the adsorbed layer to slip between the grains. 
The process of consolidation can be represented 
mathematically by the following equation :— 
og fw Ou 
"oe at! Ywmy 
The solution for this equation with specific boundary 
conditions is 


where 





Cy = 


u =f (Tyz). 

and further 
Cyt 
Te 

This last function is shown plotted in Figs. 1 and 2, 
the latter being plotted on a logarithmic scale. Various 
solutions exist* for standard cases of loading and 
drainage and are the basis of most theoretical investi- 
gations of settlements on clay. The above has shown 
briefly the mechanics of settlement and current ideas 
on the structure of clay, and its effect on the physical 
properties. 


U =f (Ty) where Ty= 
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List OF SYMBOLS USED. 
= coefficient of compressibility. 
width. : 
compression index. 
a coefficient depending upon the shape and fliexi- 
bility of the footing or bearing area. 
= coefficient of consolidation. 
half thickness of oedometer specimen. 
modulus of elasticity. 
= thickness of clay layer. 
initial height of compression test specimen. 
coefficient of permeability. 
liquid limit. 
coefficient of volume decrease. 
pressure. 
radius of footing, bearing area or test specimen. 
settlement. 
time factor. 
time (secs.). 
time intercept. 
= degree of consolidation. 
excess hydrostatic pressure. 
depth. 
unit weight of water. 
unit strain. 
= Poisson’s ratio, about 0-40 for many soils and 
clay soils. 
Subscripts: f applies to a footing or a bearing plate ; 
c applies to a laboratory compression test ; 
o applies to the initial state. 
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* Terzaghi and Frohlich, Theorie der Setzung von 
Tonschlichen (1936). 
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It is essential that settlements be controlled, 
especially to-day, with increasing use of continuous 
structural frames. The settlement of a structure is 
generally due to one of the following causes or a com- 
bination of some of them. (a) Moisture changes in ‘the 
soil beneath the structure, due to gain or loss of water 
other than by the consolidation process ; for example, 
trees removing moisture. (5) Subsidence—caused by 
mining or pumping, etc. (c) Compaction and elastic 
compression of the soil. (d) Consolidation of the clay. 
The effect of settlement on the buildings usually 
depends on the magnitudes of differences of settle- 
ments of various parts of the structure. After excessive 
differential settlement, cracks appear in walls and 
ceilings; the framework will distort and induce 
additional stresses in the structure. To control this 
settlement, it is ne to prove existing theories 
by numerous settlement observations and laboratory 
predictions. This section describes some methods in 
use for measurinz settlement. Results of several 
investigations will be found in the Proceedings of the 
Second International Conference on Soil Mechanics, 
Rotterdam, 1948, vol. IT. 

The geological conditions existing at the site can be 
found from an examination of existing records at the 
Geological Survey offices and libraries. This examina- 
tion is a valuable addition to the soil survey and 
should precede all other investigations. It is contained 
in the published maps and memoirs and many unpub- 
lished Soeal records. The information, because of its 
nature, must be general and lead to the narrower field 
of a site investigation. 

To relate the particular settlement observations to 
others in the country, a soil survey is essential. Methods 
of performing the survey are described elsewhere*tt{§ 
and are common to most soil-mechanics investigations. 
Unfortunately, soil surveys are expensive, usually 
involving deep boring, and it is the writer’s opinion 
that this is the main reason for the lack of settlement 
observations of any value. 

The ats | should supply the following information 
and materials. (a) Description of the strata by name 
and classification by index properties. (6) A soil 
profile, showing the distribution of the strata and 
variation of the index properties with depth. (c) A 
series of undisturbed samples from various depths for 
specific tests ; for example, consolidation tests, uncon- 
fined compression tests, shear-box tests, and triaxial 
tests. The information contained in the survey and 
geological data is invaluable in classifying the soil and 
settlement observations for future use by other investi- 
gators. 

Terzaghi, in his report to the Am. Soc. C.E. 
Committee on Earths and Foundations,§ describes 
his difficulties with reference points and bench marks, 
and recommends several rules for arranging them. 
They are difficulties which appear immediately work 
is started on settlement o ations. (a) Bolts 
embedded in masonry, concrete or brickwork tend to 
disap during construction of the building. (5) It 
is difficult to obtain settlement observations of suffi- 
cient accuracy, for — inside the building. (c) A 
sufficient number of points is required to plot curves 
of equal settlement. This is expensive in time, labour 
and materials. 

To overcome difficulty (c), Terzaghi recommends that 
there be one reference point for every 200 sq. ft. of 
building and that at least one-third of all the points 
should be within the building in order that a reliable 
conception of the time/settlement curves can be 
obtained. Difficulties (2) and (5) are only eliminated 
by careful consideration of the type of selnenes point 
and instruments to be used. Obstacles are also 
encountered in siting bench marks. These should be 
established 100 ft. to 200 ft. from the building under 
observation and preferably fitted on some existing 
building. If the settlement behaviour of this building 
is not known, it is better to establish a second bench 
mark on a different side of the building under obser- 
vation. In any case, this is a wise precaution. Due to 
the inevitable subsidence of the loaded area, the short 
distance between the bench marks should rever be 
nearer the building under observation than twice the 
width of the building. If this distance exceeds 100 ft., 
it is advisable to establish intermediate points of 
observation. Each set of levels should be carried back 
to the point where it began, and the settlement record 


* “ Soils, Concrete and Bituminous Materials,” D.S.I.R. 
(1946). 

+t Harding, “ Site Investigations including Boring and 
Other Methods of Sub-Surface Exploration,” J. Inst. C.E., 
vol. 32 (1949), page 111 e¢ seq. 

t Rodin, “‘ Site Exploration,” Assoc. London Students 
I.C.E. (1949). 

§ ‘‘ Soil Survey Procedure and its Application in Road 
Construction,” Road Research Bulletin No. 4, D.S.I.R. 
(1946). 

q¥ Terzaghi, “‘ Settlement of Structures in Europe and 
Methods of Observation,” Trans. Am. Soc. C.E., vol. 103, 
(1938), page 1432 ef seg. Figs 3 to 8 and Figs 13 and 14 
have been reproduced by permission from this paper. 
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should contain the ultimate error. In addition to the 
above rules, which apply to bench marks generally, 
it is necessary to consider the bench marks in relation 
to the reference points, when precise levelling methods 
are used. Backsights and foresights should be made 
equal as far as is possible. For buildings in cities, 
such as Mexico, where the whole city is subsiding, 
special considerations are necessary. These mainly deal 
with the construction of the bench mark. 

A reference point recommended by Terzaghi, which 
he used in his own work, is shown in Figs. 3 and 4. 
Essentially it is a short piece of pipe embedded in the 
wall. Normally, the opening of the pipe is closed 
by a brass plug, the outer surface being flush with the 
wall. In order to make an observation, the plug is 
removed and replaced temporarily by a cylindrical 
piece shown in Fig. 5. This piece is a knife edge to 
support the instrument. These reference points are 
inevitably expensive to make, due to the high degree 
of accuracy required to obtain good fits. In the 
writer’s own work, three chea orms of point are 
used and up to the present time these have proved 
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Fig.11. 
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satisfactory. These are shown in Figs. 9, 10 and 11. 
They are all made of steel and are liable to rusting. 
In order to preserve the measuring surface, a coating 
of Vaseline is applied after readings have been taken, 
and wiped off before the next reading a few weeks later. 

A bench mark for general use is shown in Fig. 12. 
The rod, if possible, should be of brass or other metal 
which will not corrode. The writer, has made use of 
a broken cast-iron railing base with a brass pin set in 
it, for a bench mark. It may happen in this case that 
electrolytic action will cause corrosion. In cities 
undergoing general subsidence, it is necessary to 
establish a bench mark at the bottom of a drill hole 
which: extends through the entire system of unconsoli- 
dated strata. A typical one used by Terzaghi for 
observing underground settlement is shown in Figs. 
13 and 14. He states that the municipal authorities 
in cities requiring these should supply them and 
maintain the settlement observations and records. 

These reference points and bench marks are not the 
only forms. Other types will suggest themselves to 
engineers engaged in this work. 
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Terzaghi’s instrument for measuring settlement is 
shown in Fig. 6. This instrument consists of two glass 
tubes connected by a rubber hose. The entire system 
is filled with water, and in each tube, the position of the 
water level is measured by means of the screw shown in 
Fig. 7. The vertical distances Z, are always the same 
for both tubes, and the distance Z, and Z, are measured 
by means of the micrometer screw. Hence the differ- 
ence between the elevation of the two reference points 
is equal to dZ = Z, minus Z,. It has been shown 
that the error does not exceed 0-05 mm., or 0-002 in. 
An advantage of this instrument over a level, apart 
from accuracy, is that it can be used for reference 
points inside the building. 

For most works, levels are obtained by precise 
levelling methods. The instrument required is a 
standard precise level with parallel-plate micrometer 
attachment. The readings are taken on a precise 
staff or on a specially made measuring bar. By careful 
work, a series of readings, all within 0-001 ft. of a mean, 
can be obtained from one reference point, provided the 
length of sight is less than 100 ft. There are several 
inherent difficulties in this method of observation, but 
most of them are overcome by following precise levelling 
methods. The major difficulty is to obtain equal 
backsights and foresights. In certain cases, this cannot 
be done—for example, because of a load of bricks or 
other materials at the only possible instrument station. 
This method of observation, however, is the most 
suitable when the cost of the work is one consideration, 
and it does yield reasonable results. 

An ingenious method for observing settlement of the 
piers of Waterloo Bridge is here described by an extract 
from a report by L. Cooling.* ‘‘ The actual settlement 
of each pier was measured with reference to a datum 
point consisting of a 1}-in. pipe firmly embedded in 
the clay about 40 ft. below the foundation level. The 
datum pipe is protected by a 2-in. sleeve pipe and the 
two were carried upward through the pier construction 


to an accessible point. The outer sleeve pipe was 
fixed in the foundation slab, and the relative movement 
between the top of the sleeve pipe was measured by 
means of a micrometer dial recording 0-001 in.” 

There are two distinct forms of settlement, that due 
to sands and gravels and that due to clays. In the 
former the settlement is expressed by a single set of 
recorded data or by a contour map. This map shows 
lines of equal settlement representing the subsidence 
of the loaded area after the settlement is complete. 
In the latter, if settlement is due to an increase of the 
load on a bed of clay, it can be recorded only by time- 
settlement curves, or by means of a set of contour maps 
showing the settlement at different times after con- 
struction is completed. Where differential settlement 
is important, it is useful to show the settlement profiles 
for individual walls. This enables an allowable 
settlement for various types of walls to be determined. 

Variation of the strata and of soil properties with 
depth, are shown on a soil profile. The index properties 
are reported according to B.S.S. 1377. In addition 
to the above reports, the observations are shown in 
tabular form with details of the building—for example, 
a table of the following : 

Building settlement in inches. (Maximum, mini- 

mum, average.) 

Number of observation points. 

Soil pressure in tons per square foot. 

T alam covered by building in square feet. 

Load per unit of total area in tons per square foot. 

Allowable loading pressure determined in loading 

tests. 

Width of foundation in inches. Maximum and 

minimum. 

Most of the above is recommended by Terzaghi, to 
be accepted as standard practice for settlement obser- 
vations. Further recommendations for reports are 
given in a paper* commenting on the I.C.E. Code of 
Practice for site investigation. One especially is that 





* Cooling, “‘ Settlement Analysis of Waterloo Bridge,’ 
Proc. 2nd Int. Conf. Soil Mechanics, 2 (Rotterdam, 1948), 
page 130, et seq. 





* Harding, “ Site Investigations Including Boring and 
Other Methods of Sub-Surface Explorations.” J. Inst. 
C.E., vol. 32 (1949), page 111 et seq. 
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all reports, no matter how trivial, should be bound as 

a means of proper preservation for future reference. 

It is essential that the reports, however presented, 

should include all the information outlined above. 

Settlements can be divided into two parts—one part 
occurs simultaneously with the application of the load, 
one representing the gradual increase of the settlement 
after the load has assumed its maximum value. The 
first is due to the elastic compression of the material 
and behaves according to the elastic theory derived 
by Boussinesq, and the second is due to the consolida- 
tion of the clay, and behaves according to the classical 
theory of consolidation. In this section of the paper, 
some of the tests described apply to the one case and 
some to the other. A single test is not sufficient for 
making a complete estimate of settlement. 

In the loading test, a plate on the foundation material 
is loaded and the sinkage measured for each load: in 
American Building Code Regulations, for example, 
a minimum area of 2 ft. by 2 ft. is common and a total 
test load of 150 per cent. to 200 per cent. of design load- 
ing is applied. Fig. 15 shows bulbs of pressure for a 
loading test and a foundation. It will be seen that the 
effect of the loading test cannot be felt by the whole 
depth of strata which will be loaded by the building, 
and therefore a condition is required for loading tests. 
The soil must be homogeneous for a depth of at least 
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twice and possibly four times the width of the founda- 
tion. Extrapolation from the results of loading tests 
is only permissible if this condition is satisfied. Con- 
clusive evidence is therefore necessary to prove this. 
In addition, a satisfactory relation between the 
settlement of a large area and of a small area must be 
established. For an elastic homogeneous solid, the 
relationship for similar shapes is linear. For clean 
sand the relationship is a curve, and extrapolation 
from this curve should be avoided. From the above 
it is seen that loading tests for predicting settlement 
are not satisfactory, and their use is limited to cases 
where most of the settlement is instantaneous, as in 
the initial part of a clay settlement. 

A method evolved by Burmister*, whereby settle- 
ment can be predicted by triaxial and unconfined 
compression tests, is similar to applying loading tests 
to a foundation. It applies to clays and clay-soils 
where the stress conditions and therefore the strength 
properties are approximately constant with depth. 

Using the Boussinesq load-settlement equation, 

A C(i — p?) 


E 
and the laboratory stress-strain equation 


i 


oA Pe 

i 
it has been shown that the relation between applied 
pressure in the loading test and a laboratory compression 
test, for equal strains, is py = R p,, where R is a natural 
restraint coefficient which depends on the shape and 
flexibility of the bearing area and upon the value of 
Poisson’s ratio. Thus, an estimated load-strain curve 
can be found for the footing or load test from laboratory 
compression tests. 

The test is carried out in either the unconfined- 
compression apparatus or the triaxial-compression 
apparatus depending on the strength of the soil. For 
hard clays, the unconfined-compression test is used, 
as the effect of lateral displacements is not large for 
small loads. For medium hard clays (shearing strength 
under 2-0 tons per square foot), the triaxial and oedo- 
meter tests are used. 

For the triaxial test, a value of the initial state of 
stres: or pre-consolidation pressure is determined 
from an oedometer test. The specimen in the triaxial 
testing machine is then consolidated under open-drain- 


, 


age condition with a lateral pressure of p = ree Po: 
where p, is the pre-consolidation pressure. This 
brings the specimen to approximately natural conditions 
of stress, which are essential to the test. After consoli- 
dation, the triaxial compression test is run under closed- 
drainage conditions. A comparison of the results 
obtained with an unconfined compression test indicates 
whether the test is applicable or not. If the ultimate 
stress is only a small function of the lateral pressure the 
results are applicable. The load-settlement diagram 
for the footing can be obtained from the stress-strain 
diagram and by using the equations 

A =4rge Circular bearing area. 

A =4bre Square bearing area. 


Thus a probable safe bearing value for the foundation 
can be obtained for a limiting value of the settlement. 

The requirements for a settlement estimate to be 
made from previous records have been given in a 
previous section on the recording of results. The 
records described must be complete from the beginning 
of construction. Similar records of the site investi- 
gation, dimensions and loads of the building under 
construction are required. It is then necessary to 
adjust the existing time-settlement curves to suit 
these new conditions. Fer example, the settlement of 
footings on clay increases in almost direct proportion 
to the width of the footing. The settlement increases 
with increasing pressure. It is proportional to the 
thickness of the clay layer and the coefficient of volume 
decrease, and time rate of settlement is proportional to 
the coefficient of consolidation. When the clay under- 
going consolidation is the same for the two buildings, 
the new thickness of the clay layer is obtained from the 
site investigation, and the new coefficients of volume 
decrease and consolidation from the previous settle- 
ment data. With these, the time-settlement curves 
for the new building can be completed. A similar 
procedure is employed for determining instantaneous 
settlements. 

The application of this method of analogy should 
yield promising results, especially in large cities, where 
the subsoil does not vary greatly in type or consistency. 
A similar method is most useful for buildings founded 
on sands or silts, and for instantaneous settlements in 
general. If sufficient settlement records are obtainable, 





* Burmister, ‘A Method for Estimating the Load 
Settlement Characteristics and Bearing Values of Clays 
and Clay-Soils from Unconfined Compression and Triaxial 
Compression Tests.”” Proc. 2nd Int. Conf. Soil Mechanics, 
(Rotterdam, 1948) Vol. III page 18, e¢ seq. 





simple identification tests may suffice for a prediction 
of the settlement of structures. 

Successful theoretical computations of settlement 
require the soils to be homogeneous. Several theories 
can be applied; for example, the theory of elasticity 
(an example of this has already been given), the theory 
of plasticity and the theory of consolidation. Usually 
a combination of the theory of elasticity and consolida- 
tion is required to complete the analysis. The former 
determines the immediate settlement and the latter 
the consolidation settlement. In boulder clays the 
former predominates, and in an oedometer test, it 
appears to last approximately 0-4 second, whereas the 
consolidation lasts at least 24 hours. For the theory 
of elasticity, the physical properties of the material, 
such as the modulus of elasticity and Poisson’s ratio 
are determined from unconfined compression tests 
and/or triaxial tests. For the consolidation theory, an 
oedometer test is required. This last test will be 
described in detail. It is important for analysis of 
settlement on clay foundations, this type of settlement 
being the most common and damaging to structures. 

The object of the consolidation test is to obtain 
values of the coefficients of volume decrease, con- 
solidation and permeability. It also enables a pressure- 
voids ratio curve to be drawn and the pre-consolidation 
pressure determined. For the test, a supply of undis- 
turbed samples of clay, obtained from borings during 
the site investigation, are required. Several tests need to 
be performed for samples of clay from various depths. 

The apparatus used is an oedometer, and is shown 
diagrammatically in Fig. 16. This was designed by 
Terzaghi and later modified by Casagrande and others. 
A clay sample is contained in a steel ring which restrains 
it laterally. The whole is fitted inside a metal casing 
with a porous stone at the top and bottom. During 
the test, the casing is filled with water and the specimen 
is then completely saturated. In certain cases the 
specimen is tested at its natural water content and 
evaporation from the top is prevented by a rubber 
membrane. The load is applied through a lever system 
and the sinkage measured with a dial gauge, calibrated 
to 0-0001 in. 

The test* is performed in the following manner : 
The thickness of the specimen is measured, and a small 
load applied. Readings of settlement and time are 
taken. For convenience in plotting, the settlement is 
best obtained at times having an easily obtained 
square root, viz., 15 seconds, 1 minute, 4, 9, 16 minutes, 
etc. The readings are taken at increasing intervals 
of time for a period of 24 hours. Most clays will be 
completely consolidated for each load increment after 
this time. A second load is applied equal to twice 
the previous load, and a similar procedure performed. 
This is repeated until the limit of the machine is 
reached, usnally about 16 tons per square foot. The 
addition of loads twice the preceding load appears to 
be quite arbitrary. Terzaghi recommends that the 
increment of pressure after the overburden pressure is 
reached should equal the pressure from the structure. 
After the conclusion of loading the specimen is unloaded 
and allowed to return to a stable condition. The 
unloading is either by increments equal to those applied 
or instantaneous, depending on the purpose of the test. 
Finally, the specimen thickness is measured and the 
saturated moisture content determined. The only 
additional information required is the specific gravity 
of the sample tested, which is determined according to 
the B.S.S. 1377 procedure. 

Various methodst are used for determining the 
coefficients. These involve plotting the settlement 
against either +/time, log. time or log (1 — degree of 
settlement) against time. The results are shown in 
these forms in Figs. 17, 18 and 19. The coefficient of 
volume decrease can either be calculated or obtained 
from a pressure/voids ratio curve, as in Fig. 20. 

The coefficient of volume decrease is given by 

ay 


“i+ 
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bility = io” 


My where a, is the coefficient of compressi- 





The coefficient of consolidation can be obtained in 
the following manner. This method is one of many 
now in use and is probably the simplest. It has been 
shown{§ that for the first 50 per cent. of consolidation 
the time settlement curve is a parabola which, when 
plotted as a1/ time-settlement curve, gives astraight line 
relationship. By producing this straight line to cut 
the abscissa of 100 per cent. consolidation, a time 





* “Procedures for Testing Soils,” Am. Soc. for Testing 
Materials, (September, 1944). 

t Naylor, “‘ Precise Determination of Primary Con- 
solidation, Proc. 2nd Int. Conf. Soil Mechanics, 1 (Rotter- 
dam, 1948), page 34, et seq. 

+ Terzaghi, Theoretical Soil Mechanics (1943), page 84, 
et seq. 

§ Fox, “The Mathematical Solution for the Early 





Stages of Consolidation,” Proc. 2nd Int. Conf. Soil 
Mechanics, 1 (Rotterdam, 1948), page 41, et seq. 





intercept is obtained. From the theory* this time 1, 
can be substituted in the expression 


nd 
~~? Sr 
and thus C, is obtained. 
From these values, the settlement and the time 


rate of settlement are calculated :— 
S=HApm, 

H equals the thickness of the clay layer when 
drainage is only possible from one face. 

H = }$ thickness when drainage is possible from top 
and bottom of clay layer. 

Ap = mean pressure through bed of clay, obtained 
from stress diagram for soil below foundation. 

The time of consolidation 

H? 
t=T,y a 

Ty is time factor depending on degree of consolidation 
and condition of loading and drainage; ¢, the time 
will be in units corresponding to those of C,. There 
are many more methods of determining these facts. 

For normally loaded clays of medium or low sensi- 
tivity, it is possible to predict the settlement from 
liquid-limit tests on the strata involved. For these 
clays, the void ratio-log. pressure relationship is linear, 
Fig. 20. The equation of the straight line is 


Pot+A 
€ = ty — Ce logy, —* P ” 


where (C;, is dimensionless and is called the compression 
index. Skempton has shownf that a linear relationship 
exists between the compression index of remoulded 
clays and the liquid limit. The equation is 
CL = 0-007 (Ly — 10 per cent.) 

The relationship of C, to Cé, i.e., natural to remoulded 

states, is 
Ce ~ 1-304 
so that 
C, = 0-009 (Ly — 10 per cent.) 

Terzaghi and Peck show that the settlement 


Ce 
S=H- 2 
1+ Po 
so that for these clays it is evident that settlement can 
be predicted from liquid-limit tests only. 

Settlement graphs have been produced§ for standard 
conditions of a load and type of loaded area. To 
use these it is only necessary to obtain an actual value 
of the coefficient of compressibility which, when 
introduced into the standard results, gives a possible 
settlement for the building under consideration. On 
this basis it will be possible to design a building for 
uniform settlement. The graphs indicate for any 
building, as far as soil conditions will allow, whether 
differential settlement will be harmful or not. 

The chief source of error in settlement prediction 
is the fact that soils are not generally homogeneous or 
consistent. This applies to all methods of settlement 
analysis and especially to those based on theory. The 
theories apply to very simple imaginary materials. In 
real soils, the properties ascribed to these ideal ma- 
terials combine with many others, ignored by the 
theory: for example, the property of soils to undergo 
changes of state with vibrations and plastic flow, and 
the secondary time effect in consolidation is another. 

In methods using laboratory tests, the specimens 
are vary rarely under natural conditions. Sampling 
operations produce disturbance of the natural structure. 
This is not so important for clays of low sensitivity. 
Further disturbance is caused by the removal of over- 
burden pressure. In tests, it is difficult to produce 
initial stress conditions and drainage conditions. These 
are important. It has been shown, that the com- 
pression of the clay in a natural state is several times 
smaller than that obtained in an oedometer test, due 
to lateral pressures induced by lateral restraint of the 
specimen. Further, lateral pressures which exist in 
the ground bear no relation to these induced pressures. 
Attempts are being made to eliminate this error by 
using the triaxial testing machine. Further errors are 
included in the determination of natural conditions of 
drainage for calculation p In time, all these 
errors will be gradually eliminated by new techniques 
of sampling and testing, and it may be possible to reduce 
the errors of several hundreds per cent. in theoretical 
computations to workable limits. 





* Terzaghi, Theoretical Soil Mechanics, (1943) page 84. 

t Skempton, “‘ Notes on the Compressibility of Clays,’ 
Quart. J. Geol. Soc. (London, 1944), pages 119-135. 

t Terzaghi and Peck, Soil Mechanics in Engineering 
Practice (1948), page 65, et seq. 

§ Marivoet, “ A Simplified Method for Computing the 
Bearing Capacity of the Soil Supporting Footings or 
Piers,’”’ Proc. 2nd Int. Conf. Soil Mechanics (Rotter- 
dam, 1948) Vol. I, pages 78-86. 

| Hruban, “Sources of Error in Settlement Esti- 
mates,” Proc. 2nd Int. Conf. Soil Mechanics (Rotterdam, 
1948), pages 127 Vol. I, 128. 








_ Oct. 7, 1949. 


ENGINEERING. 


379 








ELIMINATION BY LITHIUM OF 
BISMUTH EMBRITTLEMENT IN 
COPPERS.* 


By W. A. Baxer, B.Sc., F.I.M., and A. P. C. HALLOWEs, 
B.Se., A.I.M. 


CONCURRENTLY with a study of the mechanism of 
the embrittlement of phosphorus-deoxidised copper by 
bismuth and an examination of the working behaviour 
of such coppers under laboratory and manufacturing 
conditions, attention has been given to methods by 
which the embrittlement of deoxidised copper and 
copper alloys by bismuth may be overcome. No 
effective and readily applied means of removing small 
quantities of bismuth from fire-refined copper is avail- | 
able, and the present work deals with the possibility of 
converting the bismuth to a less harmful form by the 
addition of other elements which are themselves 
without detrimental effect on the properties of the 
coppers and alloys. The recommended procedure has 
been made the subject of a British Patent Specification, 
No. 581,903, of May 21, 1943. 

Phosphorus-deoxidised coppers containing up to| 
about 0-05 per cent. phosphorus may be severely | 
embrittled by bismuth in the range of temperature from | 
400 deg. to 700 deg. C., or after heat-treatment in this | 
range. Following suggestions from Mr. W. L. Brown, | 
of Cambridge University, and from Dr. W. Hume- 
Rothery, that cerium and magnesium might be useful 
additions, since they form compounds with bismuth, 
it was found from the literature that, in addition, com- 
pounds are formed between bismuth and the three 
alkali metals. The compositions and melting points 
of the five compounds are: Bi,Mg,, 833 deg. C.; 
Bi,Ce,, 1,630 deg. C.; BiLi,, 1,145 deg. C.; BiNas,, 
775 deg. C.; and BiK,, 671 deg. C. To study the 





and 758 deg. C., respectively, had explosive effects 
when introduced into the molten copper. 

Melts weighing approximately 10 lb. were chill cast 
into square-section bars, 8 in. by 1-75 in. by 1-75 in., 
and rolled in one direction only. Unless otherwise 
stated, the bars were. quenched from 850 deg. C., cold 
rolled to 0-75 in. in four passes, annealed and quenched 
from 750 deg. C., and cold rolled to 0-4 in. in two passes. 
Notched-bar tests were made on the strips, using an 
Izod machine modified with a Charpy-type anvil; 
specimens 6 cm. by 1 cm. by 1 cm. were taken from the 
strips parallel to the direction of rolling, and notched at 
the centre with a British Standard Izod notch. The 
tests were made (i) at a temperature of 550 deg. C. 
(in the middle of the brittle range for phosphorus- 
deoxidised copper containing bismuth) by rapid trans- 
ference of the specimen from a muffle furnace to the 
anvil after holding it at this temperature for at least 
4 hour ; and (ii) at room temperature, following anneal- 
ing at 550 deg. C. for $ hour and quenching. Duplicate 
test values are given in most cases. 

Similar notched-bar tests were made over a wider 


| temperature range (i.e., at 350 deg., 450 deg., 550 deg., 


and 650 deg. C.) on a few selected arsenical and non- 
arsenical coppers. Analyses for lithium presented 
considerable difficulty, and two methods, namely, a 
chemical and a spectrographic, were used. The results 
obtained by the two methods were in reasonably good 
agreement, revealing residual lithium contents of the 
same order. The chemical method was only satis- 
factory for non-arsenical coppers, but the spectrographic 
method was more versatile. 

Notched-bar tests conducted on coppers containing 
residual percentages of 0-01 of magnesium, trace and 
0-032 of cerium, 0-03 of sodium, and 0-02 of potassium, 
showed that these four addition elements had practically 
no effect on the bismuth embrittlement. Lithium 





influence of these elements on the embrittlement of 
phosphorus-deoxidised non-arsenical copper containing 


additions were found completely to eliminate the 
embrittlement of non-arsenical coppers by bismuth, 


TABLE I.—NotTcHED-BaR VALUES OF NON-ARSENICAL COPPERS AT TEMPERATURES FROM 
350 DEG. TO 650 DEG C. 





Composition, per cent. 


Notched-Bar Value, ft.-Ib. 
































Li. 
Residual. | Annealed and Tested at 
} ! 
Bi. a | 
| Added. B By 
Chemica] Spectro- 

| Analysis graphic 

} : Analysis. 350 deg. C. | 450 deg. C. 550 deg. C. | 650 deg. C. 
0-00005* | 0-046) Nil | — - 94 — 83 —-|/oj;n 54 58 
0-0055 0-042 | 0-055 | 0-026 | 0-015 31 31 40 30 64 65 63 62 
0-0100 0-046 0-055 0-023 0-02 17 28 66 81 | 71 68 46 47 
0-0096 0-012 0-055 0-036 | 0-02 105 94 93 —_— | 77 76 66 65 

* No bismuth addition. 


bismuth, a series of melts was prepared, to which 
appropriate additions were made. The paper presents 
the results of notched-bar tests on these coppers 
and, in view of the beneficial effects of lithium on 
bismuth embrittlement which emerged from the work, 
further experiments are described on the addition of 
lithium to an extended range of materials containing 
bismuth ; these include deoxidised arsenical and non- 
arsenical coppers and several copper alloys. 

Most of the coppers and alloys were prepared from 
cathode copper, the others being made up from fire- 
refined bismuth-bearing copper ingots (containing 
0-006 per cent. bismuth). The charges were melted 
under charcoal in salamander pots in a gas injector 
furnace. The melts (with the exception of the brasses 
and aluminium bronzes) were first deoxidised with 
phosphorus, and sufficient time was allowed to elapse 
to ensure thorough deoxidationt before addition of the 
bismuth where required and alloying elements (if 
any) in that order. Crown Special zinc (99-99 per 
cent.), super-purity aluminium (99-99 per cent.), 
*Mellanear” tin (99-85 per cent.), and commercially- 
pure cadmium (99-9 per cent.) were used. The 
addition element, enclosed in copper foil within a 
hollowed salamander rod, was plunged beneath the 
surface of the melt. Lithium, magnesium, sodium, 
and potassium were added in elemental form, and 
cerium was used in the form of “ Mischmetall ” pre- 
sumed to contain about 50 per cent. cerium. Sodium 
and potassium, which boil at temperatures of 878 deg. 





* Communication from the British Non-Ferrous Metals 
Research Association, London, entitled “The Elimina- 
tion by Lithium of Bismuth Embrittlement in Deoxidised 
Copper and Copper Alloys,” presented to the Institute 
of Metals. Written discussion is invited by the Institute. 
Abridged. 

t It has been shown that the degree of bismuth 
embrittlement is dependent upon the efficiency of 
deoxidation of the copper. 


| both at 550 deg. C. and on quenching from this tem- 
| perature. In coppers containing up to 0-01 per cent. 
bismuth with either 0-01 or 0-04 per cent. phosphorus, 
a residual lithium content of 0-01 to 0-02 per cent. was 
necessary to remove embrittlement at 550 deg. C., 
| whereas 0-005 per cent. was sufficient to render such 
coppers, with 0-04 per cent. phosphorus, ductile at 
room temperature. Thus, bearing in mind a tendency 
for cracking to increase with increasing lithium, the 
desirable range of lithium contents may be regarded as 
approximately 0-01 to 0-03 per cent. 

Lithium losses on addition to the copper were variable, 
but were sometimes as high as 70 per cent., and it was 
not possible to introduce more than approximately 0-03 
per cent. residual lithium into the copper. The results 
| Showed that lithium reduced the grain-size of the copper 
slightly, but calculations indicate that this is unlikely 
| to be responsible for the improved properties of the 
lithium-bearing coppers. Assuming that the bismuth 
was not combined with lithium, but concentrated at 
the grain boundaries, the intercrystalline concentration 
in all the coppers is sufficient to cause serious embrittle- 
ment. The mechanism of the lithium effect is discussed 
later. 

The hardness values showed that, under the working 
and annealing conditions employed, lithium had no 
effect in increasing either the hardness of the coppers 
after annealing or the rate of hardening by cold work. 
To examine the effectiveness of lithium in neutralising 
bismuth embrittlement over a wider range of tempera- 
ture, a few additional notched-bar tests were performed 
on three of the non-arsenical coppers at temperatures 
of 350 deg., 450 deg., 550 deg., and 650 deg. C. The 
coppers, rolled hot and cold as before, were annealed 
beforehand at the respective testing temperatures until 
the lowest hardness values obtainable were reached 
necessitating periods of 1,050 hours at 350 deg. C.,, 
100 hours at 450 deg. C., and 30 minutes at 550 deg. 
and 650 deg. C. The notched-bar values, —_ in 
Table I, show some embrittlement at 350 deg. and 











450 deg. C. in the coppers deoxidised with 0-04 per cent. 
phosphorus, although the one containing only 0-01 per 
cent. phosphorus was free from brittleness. Specimens 
of the two higher-phosphorus coppers, annealed for 
4 hour at 550 deg. C., were furnace-cooled to 350 deg. C., 
held at that temperature for a further 4 hour, and then 
tested ; the notched-bar values were 91 ft.-lb. in each 
case, 

The arsenical coppers were worked by the hot- and 
cold-rolling po view ultimately adopted for the non- 
arsenical coppers. The results obtained showed that 
lithium has a marked beneficial effect in deoxidised 
arsenical coppers containing bismuth, although the 
effect of the bismuth is not entirely eliminated ; the 
lithium losses were higher than in the non-arsenical 
coppers, but the results do not suggest that higher 
lithtom contents would be more effective. The presence 
of about 0-02 per cent. lithium in. arsenical copper 
containing 0-003 per cent. bismuth raised the notched- 
bar values at 550 deg. C. to 40 per cent. and, at room 
temperature, to 75 per cent. of those of the ‘‘ bismuth- 
free ’ copper; with a similar lithium content, but with 
0-006 per cent. bismuth, the recovery at 550 deg. C. 
was slightly less. 

The optimum notched-bar values of between about 
25 and 35 ft.-Ib. obtained for the lithium-treated coppers 
tested at 550 deg. C. represent a great improvement on 
values of 3 ft.-lb., and 6 ft.-lb., given by the correspond- 
ing lithium-free coppers containing 0-006 and 0-0035 per 
cent. bismuth, respectively. Thus, although lithium 
does not neutralise bismuth embrittlement in deoxidised 
arsenical coppers to the complete degree experienced 
in non-arsenical coppers, it does, nevertheless, effect a 
major improvement. Notched-bar tests on two of the 
lithium-treated arsenical coppers at temperatures of 
350 deg., 450 deg., 550 deg., and 650 deg. C., after 
annealing at the respective testing temperatures for the 
same periods of time as defined for the non-arsenical 
coppers, indicated rather severe embrittlement of the 
copper of higher bismuth content at 350 deg. C.; this 
copper contained about 0-006 per cent. lithium. The 
same copper, annealed for 4 hour at 550 deg. C., was 
furnace-cooled to 350 deg. C., held for 4 hour at this 
temperature and tested, giving a notched-bar value of 
41 ft.-Ib. 

A series of melts of 1 per cent. cadmium copper was 
prepared from cathode copper, and the results. showed 
that, with about 0-006 per cent. bismuth, lithium 
contents of approximately 0-005 to 0-015 per cent. 
completely restored the room-temperature notched-bar 
values (quenched from 550 deg. C.) and raised the 
value at 550 deg. C. from 4 ft.-Ib. to ai gees 
25 ft.-lb. (compared with nearly 90 ft-lb. for the 
bismuth-free alloy). In the presence of only 0-003 per 
cent. bismuth, 0-015 per cent. lithium increased the 
notched-bar value at 550 deg. C. to approximately 
50 ft.-lb., and again restored the full value at room 
temperature following quenching. Higher lithium 
contents were not more beneficial with either bismuth 
content. The addition of lithium to bismuth-bearing 
cadmium copper and deoxidised arsenical copper is 
thus similar in effect. Although lithium in both these 
alloys does not completely remove bismuth embrittle- 
ment, it reduces its severity, resulting in notable 
increases in the notched-bar values. 

A series of bronzes with 5 per cent. tin was prepared 
from cathode copper and the results showed that the 
addition of approximately 0-006 per cent. bismuth 
reduced the notched-bar value of the bronzes from 25 to 
4 ft.-Ib. at 550 deg. C., although the specimens quenched 
from 550 deg. C. showed undiminished toughness. The 
presence of about 0-01 per cent. lithium, however, 
restored the values at 550 deg. C. substantially to those 
given under the same conditions by the bismuth-free 
alloy. Increasing the lithium content to 0-03 per cent. 
gave less favourable results. Alloys of 70:30 brass 
were prepared from cathode copper and pure zinc, 
and, although specimens quenched from 550 deg. C. 
and tested at room temperature were little affected by 
the presence of approximately 0-007 per cent. bismuth, 
tests at 550 deg. C. showed extreme brittleness at this 
temperature. A lithium content of 0-02 per cent. 
restored the notched-bar value of the alloy to that of the 
control specimens. The results of notched-bar tests 
on 5 per cent.-aluminium bronze alloys, prepared from 
cathode copper and deoxidised with 0-5 per cent. man- 
ganese, indicated that the addition of 0-005 per cent. 
bismuth to the lithium-free alloy produced severe 
embrittlement at 550 deg. C., and, compared with the 
“ bismuth-free”” standard, halved the notched-bar 
value at room temperature after quenching. The 
lithium additions completely counteracted the effect 
of the bismuth, and when about 0-01 per cent. lithium 
was present the test values were superior to those of 
the standard alloy. 

The use of lithium to overcome bismuth embrittle- 
ment in the coppers and alloys described in this paper 
increased their ap mt viscosity to some extent, 
particularly when the larger amounts of lithium were 
used. The ce of lithium in the metal gave rise 
to the formation of an oxidised “scum” on the surface 
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of the molten stream during pouring, and enveloping 
the stream in a coal-gas flame did not prevent formation 
of this film. It is therefore of the greatest importance 
that the lithium additions be kept to a minimum, since 
the presence of this oxidised film may have been partly 
responsible for a localised cracking, found to be most 
prevalent in the cold-rolled non-arsenical coppers, but 
sometimes only detected when the cracks opened up 
at or near the fracture of a notched-bar specimen. 
Although hot rolling in the initial stages of reduction 
appeared to overcome this defect almost entirely, a 
similar tendency to crack was noted under these condi- 
tions in the non-arsenical coppers to which the highest 
lithium additions were made, and, to a much lesser 
degree, in the form of slight raggedness of fracture, 
in a few of the arsenical coppers. A few of the alloy 
imens also revealed the defect. 

It was found that an increase of lithium content over 
that required to overcome the bismuth embrittlement, 
either completely or to the fullest extent possible, 
usually resulted in inferior test values, indicating that 
lithium itself has an embrittling influence when used in 
excess. In the present experiments, phosphorus has 
been added in most cases in order to deoxidise the 
copper or alloy before the lithium addition, otherwise 
unknown amounts of lithium would have been used in 
deoxidation, and it would not have been possible to 
control the effective lithium addition. 

It is possible that the elimination of bismuth 
embrittlement by lithium additions is due to formation 
of the stable compound BiLi,, which has a melting point 
of 1,145 deg. C., notwithstanding the fact that cerium, 
magnesium, potassium, and sodium, which also form 
stable compounds with bismuth, were ineffective. The 
melting points of the various compounds, however, are 
only -a very rough guide to the affinities of the addition 
elements for bismuth, and the extent to which such 
compound formation occurs is also dependent on the 
affinity of the addition element for other elements in 
the coppers, including the copper itself. It may be 
significant that no stable compounds are formed in the 
copper-lithium system, but fairly high-melting point 
compounds occur in the systems copper-cerium and 
copper-magnesium ; no information is available for the 
copper-sodium and copper-potassium systems. Pursuing 
the same rough indication of affinities, the systems 
formed by lithium with arsenic, tin, aluminium, zinc, 
and cadmium, respectively, all contain stable com- 
pounds; no information is available for lithium- 


ca pr It might be expected, therefore, that if 


thium eliminates bismuth embrittlement by convert- 
ing the bismuth to an insoluble stable compound, the 
lithium ‘addition would be less effective in the copper 
alloys with arsenic, tin, aluminium, zinc, and cadmium. 
The experimental results show that in two alloys of 
the five this is the case. 

As a result of metallographic examination, it is 
concluded that lithium does eliminate bismuth em- 
brittlement from copper and its alloys by forming an 
insoluble compound with the bismuth. It has been 
shown, however, that coppers given an unusual anneal- 
ing treatment, i.e., very long times at comparatively 
low temperatures (350 deg. and 450 deg. C.), may 
show slight bismuth embrittlement despite the presence 
of lithium in amount sufficient to eliminate the embrittle- 
ment from specimens annealed at higher temperatures. 
A tentative explanation for these results is that some 
or all of the bismuth was in solid solution in the coppers 
prior to cold rolling and annealing for test. It is then 
supposed that the bismuth is precipitated as harmless 
inclusions of the compound during annealing at 550 deg. 
C., but that at lower temperatures, where the solute 
atoms are less mobile, the bismuth is not all fixed in 
this way, and some of it forms harmful grain-boundary 
films rather than a compound with the lithium. 

The results may be summarised as follows. In 
non-arsenical coppers, the effects of up to 0-01 per cent. 
bismuth were neutralised by the presence of 0-01 to 
0-03 per. cent. lithium, equally good results being 
obtained whether 0-01 or 0-04 per cent. phosphorus 
was used as an initial deoxidant. In arsenical coppers, 
bismuth embrittlement was less completely removed 
than in non-arsenical coppers. The maximum bismuth 
content used was 0-006 to 0-007 per cent. and, following 
initial. deoxidation with phosphorus, a residual lithium 
content of about 0-02 per cent. effected a most useful 
improvement in ductility. In cadmium coppers (1 per 
cent. cadmium), the ductility of material containing 
up to 0-006 per cent. bismuth was notably improved 
by the addition of lithium, although the embrittlement 
was not completely removed; the optimum lithium 
content was about 0-015 per cent. In tin bronzes 
(5 per cent. tin), the embrittling effect of 0-006 per 
cent. bismuth was overcome by the presence of approxi- 
mately 0-01 per cent. lithium. In 70:30 brass, the 
brittleness caused by 0-007 per cent. bismuth was 
neutralised by about 0-02 per cent. lithium. In alumin- 
ium bronzes (5 per cent. aluminium), lithium of the 
order of 0-01 per cent., in alloys containing approxi- 
mately 0-006 per cent. bismuth, gave notched-bar values 
higher than those of the “ bismuth-free ” bronze. 





PITCH-CHECKING INSTRUMENT 
AND MICROMETER SLIP GAUGES. 


Tue Coventry Gauge and Tool Company, Limited, 
Coventry, have recently introduced the “ Matrix ” 
screw-thread pitch-checking instrument, which is 
shown in the accompanying illustration, and a set of 
slip gauges for checking micrometers, known as the 
“* Matrix Mikechex.” The pitch-checking instrument 
is suitable for screws and bolts of Whitworth and B.S.F. 
form, and is also available with a metric-graduated 
scale and an appropriate setting plate. It consists 
essentially of a tubular body carrying two indexing 
points, one fixed and the other free to move in either 
direction parallel to the axis of the body. The movable 
point is connected through a spring-loaded mechanism 
to a needle reading against a centre-zero scale, graduated 
in 0-001-in. divisions. When the points are eng 
in the threads of a screw or bolt, the movable point 
moves if there is any error in the pitch, and a positive 
or negative error is indicated by the pointer. 

The indexing points are normally set 1 in. apart, but 
for checking shorter lengths of thread one point is 
removed and fitted into a centre slot to reduce the 
distance between them to}in. Odd numbers of threads 
per inch, however, can only be checked against the 1-in. 














setting. A plate with three accurately-placed notches 
is provided for setting the instrument. It is held 
firmly engaged with the points, and the needle is 
adjusted to the zero position by rotating the broad 
knurled collar; the setting is then locked by turning 
the narrow knurled collar. The screw to be tested is 
supported against a pad, the position of which can 
be adjusted to suit the diameter of the screw. It is 
locked by means of a knurled knob. The other knob 
is used for locking the pad in the most convenient 
position for the length of the thread being tested. 

The “ Mikechex ”’ set of slip gauges has been designed 
in accordance with the recommendations of B.S. 
870-1939, and is made in inch sizes and metric sizes. 
The inch set consists of seven gauges, graded in size so 
that the accuracy of the anvil faces and micrometer 
screw are checked. The use of slip gauges of such sizes 
that the micrometer was only tested at complete turns 
of the thimble would not reveal uneven wear of the 
anvil faces or local wear of the screw, nor would the 
graduations on the thimble be checked. The inch 
set consists of slip gauges of seven thicknesses : 
0-100 in., 0-105 in., 0-110 in., 0-210 in., 0-500 in., 
1-000 in., and 2-000 in. By using them singly or 
in combination, the following thicknesses, which are 
suitable for testing a l-in. micrometer for progressive 
errors throughout its range and for periodic errors, are 
obtainable: 0-105 in., 0-210 in., 0-315 in., 0-420 in., 
0-500 in., 0-605 in., 0-710 in., 0-815 in., 0-920 in., 
and 1-000 in. 





ENGINEERING EDUCATION IN BRISTOL: ERRATUM.— 
We regret that on page 313, ante, the name of the Principal 
of the College of Technology, Unity-street, Bristol, 1, was 
incorrectly given as Mr. F. W. Rawcliffe. The Principal 
is, in fact, Mr. F. W. Partington. 





NOTES ON NEW BOOKS. 


Technology of Plastics. By Lionet B. Davtgs, M.S C., 
A.R.LC., F.ILR.I. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.(.2. 
[Price 37s. 6d. net.] 


THE steady growth of the plastics industry, followed 
by a corresponding ex ion of the facilities availa\le 
for the specialised study of plastics technology, emp ia- 
sises the increasing difficulty experienced by teachers 
of drawing up courses of instruction adequate for the 
manufacture, structure and design of plastic products, 
Mr. Davies, now technical manager of an important 
plastics undertaking and formerly lecturer in plastics 
and rubber at the Northern Polytechnic, brings to the 
problem the requisite dual points of view, backed by 
a thorough knowledge of his subject. The outcome is 
an authoritative and carefully-written book in which 
scope of material and profundity of treatment «re 
balanced with nice judgment, while basic principles are 
interwoven with considerations of the art and practice 
of manufacture. Assuming some general scientific 
training in his readers, the author has not overburdened 
his text with the elementary chemistry and physics of 
plastics nor with advanced consideration of those 
aspects, beyond what is typical of the major groups of 
plastic substances. He finds space, consequently, to 
deal with the most industrially important thermo. 
plastics and thermosetting resins, and to treat instruc- 
tively of rubber, glass and plastics used in solution as 
paints and adhesives. Manufacturing processes are 
critically discussed with attention to ‘costs, machining 
and testing. The reader is thus afforded a compre- 
hensive view of the whole field of plastics development, 
its achievements and trends, against which to set in 
perspective his own range of experience; so that, 
whether he be student or teacher, or engineer in search 
of a general introduction to the industrial possibilities 
of plastics, he will find sound guidance and well pre- 
sented information in this readable book. 


The Steam Locomotive in Traffic. By E. A. PHILLIPson. 
The Locomotive Publishing Company, 88, Horse- 
ferry-road, Westminster, London, 8.W.1. [Price 
17s. 6d.]} 


Tuts book, which originally appeared as a series of 
articles in The Locomotive, is suitable mainly for loco- 
motive running superintendents, officers on their staffs, 
and other railway engineers, such as those in the chief 
mechanical engineer’s department, who may wish to 
enlarge their knowledge of the steam locomotive in 
traffic. Perhaps the most telling compliment which 
could be paid to the author of such a book would be 
to say that he imparts the “ know-how ” of his subject, 
because this ‘“‘ know-how ”’ (a verbal innovation which 
has no precise dictionary equivalent) is a sine gua non 
for successful locomotive running practice. Mr. 
Phillipson deserves this compliment. The steam 
locomotive being a fickle machine, there is almost no 
limit to the advice and precept which might be offered, 
but the author has covered the essential ground 
adequately. After an opening chapter on the aims of 
steam locomotive running, which can be expressed 
briefly as maximum availability, or, more comprehen- 
sively, as maximum utilisation, he starts “ at the top ” 
with a chapter on the organisation of the running 
department, favouring, as the Railway Executive have, 
the arrangement whereby the department is indepen- 
dent of, but closely related to, the traffic and chief 
mechanical engineer’s departments. The other chap- 
ters deal with the layout and equipment of running 
sheds ; the treatment and supply of water, and boiler- 
washing practice ; storekeeping ; the work and estab- 
lishments of shed grades (i.e., of labour); repair and 
maintenance work, and periodical examinations ; 
engine cleaning and management; engine failures ; 
breakdown work and equipment ; and the rostering of 
enginemen. The book is well illustrated, with a large 
number of folding-plate drawings, which, however, in 
some instances are too fine in detail to be legible. 





SILICONE LAMINATES FOR ELECTRICAL INSULATION.— 
A new material, consisting of glass fabric bonded with 
silicone resin, has been developed by Bakelite Limited, 
18, Grosvenor-gardens, London, 8S.W.1, as an electrical 
insulation. It is flame-resistant, does not support com- 
bustion and can be used continuously at temperatures 
up to 250 deg. C. It will withstand 50 kV per cm. 
along the lamine at 90 deg. C. and after 16 days expo- 
sure to a temperature of 250 deg. C. Its edgewise impact 
strength is between 5 and 7 Ib., which is higher than that 
given by laminates based on organic fillers. It is 
resistant to the action of alcohols, aliphatic hydrocarbons, 
petrol and lubricating oils, although acetone, toluene and 
carbon tetrachloride cause it to swell and the board to 
delaminate. Weak acids and alkaline solutions also have 
little effect upon it. Its specific gravity is 1-8 and its 
colour ranges from white to pale grey. 
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THE P. AND O. TWIN-SCREW 
PASSENGER LINER 
‘*HIMALAYA.”’’ 


THE twin-screw passenger and cargo liner Hima- 
laya, which has been built at Barrow-in-Furness 
for the Peninsular and Oriental Steam Navigation 
Company by Messrs. Vickers-Armstrongs Limited, 
left Tilbury on October 6, on her maiden voyage 
to Australia. The Himalaya is the largest vessel 
yet built for the P. and O. line and is the sixth large 
passenger liner constructed for them by Messrs. 
Vickers-Armstrongs. She is the third P. and O. 
liner to bear the name of Himalaya. The first was 
built in 1853 by C. Mare and Company, Black- 
wall, London. This vessel was purchased by the 
Government and used as a nava) transport for many 
years before becoming a naval coal hulk at Portland, 
where she met her end during an air raid in 1940. 
The second Himalaya was built by Caird and Com- 
pany, of Greenock, and entered the P. and O. service 
in October, 1892. At first she was employed in the 





Australian trade, but later was transferred to the 
India services. In 1914, she was taken over by the 
Government and fitted out as an armed merchant 
cruiser, in which capacity she served throughout the 
1914-18 war. After the warshe resumed duties as a 
troop transport, but was sold to shipbreakers in 1922. 

The third and latest Himalaya is a twin-screw 
turbine vessel having a gross tonnage of 28,000, and 
is intended primarily for the company’s express 
service between the United Kingdom, Bombay and 
Australia. The service speed is 22 knots, which 
will enable the time taken between England and 
Bombay to be reduced from 20 to 15 days and from 
England to Melbourne from 38 to 28 days. The 
Himalaya will share with the Orient liner Orcades, 
therefore, the distinction of being one of the largest 
and fastest vessels on the Australian run. A photo- 
graph of the vessel, taken during her trials is repro- 
duced in Fig. 1, above, and conveys a good impres- 
sion of her graceful appearance. Following the 
modern practice, she has a raked and rounded stem, 
cruiser stern, a large single funnel and only one 
mast. She has an overall length of 710 ft. and a 
moulded breadth of 90 ft. 6 in., while the depth, 
moulded to “‘C” deck, is 50 ft. There are eight 
continuous decks, seven of which are arranged 
for the accommodation of the passengers and 
crew. Two classes of passenger are carried, namely, 
first and tourist, 762 being accommodated in the 








first-class and 401 in the tourist class. The first- 
class passengers occupy the midship portions of 
the accommodation decks and the tourist class 
the after portions. The cargo capacity is 435,000 
cub. ft., of which 200,000 cub. ft. is fitted out 
for the carriage of refrigerated produce. The 
general cargo is carried in Nos. 4, 5 and 6 holds and 
lower ’tween deck spaces, and the refrigerated 
cargo in Nos. 1, 2 and 3 holds and Nos. 1 and 2 
lower ’tween-deck spaces. The cargo is worked by 
18 three-ton winches which are arranged to serve 
20 three-ton derricks and four ten-ton derricks. The 
mooring machinery comprises an electric windlass 
with Ward-Leonard booster-type control, the wind- 
lass having two capstan heads and two warping 
ends ; two after warping capstans also are provided. 

The first-class public rooms are situated on the 
promendade deck and access to them is gained from 
a large foyer at the forward end of the superstruc- 
ture. The lounge is located immediately aft of the 
foyer, the entrance doors being situated between the 





two passenger lifts. The lounge, which is over 80 ft. 
long, 68 ft. wide and 12 ft. high, is decorated with 
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veneers and furnished with comfortable settees and 
armchairs. The boiler casing is situated behind 
the lounge and this is flanked on the port side by a 
smaller lounge, known as the Australia room, and 
on the starboard side by the library and writing 
room. The dancing space is placed amidships 
between the boiler and engine casings, the sides of 
this space being enclosed by sliding-folding screens. 
A raised band platform is situated at the forward end 
and over this is a cinema projection box, arranged 
for showing films on a collapsible screen fitted aft. 
Behind the dancing space is the engine-room casing, 
abreast and aft of which is arranged a verandah 
café ; this serves as the first-class smokeroom. The 
only other public room on the promenade deck is the 
children’s playroom, which is situated in a separate 
island structure forward of the bridge. 

The first-class swimming pool is situated at the 
after end of the deck immediately below the 
promenade deck, namely, ‘‘A’”’ deck. It is an 
open-air pool, flanked at each side by dressing and 
drying rooms, while forward of the poo] is another 
café. This café is totally enclosed but the after end 
is provided with folding glazed screens which open 
on to the pool and its environs. The first-class 
dining saloon is located on “‘ D ” deck, forward and 
abreast of the boiler casing. The saloon is approxi- 
mately 100 ft. long and 90 ft. wide and is arranged 
to seat some 400 passengers. It is air-conditioned 


and for this reason the service doors and entrance 
doors are of the rotating type so as to form air- 
locks, those for service being operated by electric 
motors. The starboard aftermost portion of the 
saloon is separated from the main saloon by divi- 
sional bulkheads and is used as a children’s dining 
room. The foyer to the saloon is larger than those 
on the other decks and serves as the main embarka- 
tion entrance. Accommodation for the first-class 
passengers is provided by single-berth and two-berth 
cabins on “A,” “B” and “C” decks and on 
““D” deck forward of the dining saloon. All the 
first-class cabins have hot and cold fresh water laid 
on to washbasins and are furnished with cot beds, 
wardrobes, dressing tables and writing bureau. 
The lounge and dining saloon for the tourist class 
are situated on “‘D” deck. The dining saloon has 
a seating capacity for 208 passengers and is situated 
aft of the first-class saloon, with the galleys between. 
The lounge is aft of the dining saloon. The entrance 
doors for the saloon are at the after end and a stair- 
way opposite these doors leads up to the tourist smok- 
ing room on ‘“‘C” deck. Above the smoke room on 


“B” deck is the dancing space and cinema, which 
is protected overhead by “‘ A” deck and at the sides 
by folding glazed screens. The tourist swimming 
pool is at the after end of “‘A’’ deck. The tourist- 
class passengers are accommodated in two-berth and 
four-berth cabins situated on “‘D” deck between 
the dining saloon and the lounge, and on “ E ” deck. 
A general hospital, complete with operating theatre 
and maternity ward, is situated on “‘C ” deck for- 
ward, with a further general hospital and an isolation 
hospital on “‘B” deck aft. A well-equipped laundry 
is located at the after end of ““D” deck. It is 
capable of dealing with all ship’s bedding, linen, and 
napery, in addition to passenger’s requirements, 
the equipment including rotary washers, hydro- 
extractors, drying tumblers, ironing machines and 
shirt, collar and garment presses. 

The vessel is propelled by twin screws, each of 
which is driven by a set of Parsons’ triple-expansion 
geared turbines of Pametrada design. The turbines 
and associated reduction gears were constructed by 
the shipbuilders and have been designed to give a 
normal total output of 34,000 shaft horse-power at 
a propeller speed of 130 r.p.m. and an overload 
power of 42,500 shaft horse-power at a propeller 
speed of 140 r.p.m. The high-pressure turbines 
are of the impulse-reaction type, each comprising a 
two-row impulse wheel forged solid with the rotor, 





followed by 29 rows of end-tightened reaction blad- 
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ing, the latter being fitted segmentally with mild- 
steel packing and Lowmoor-iron side-locking strips. 
The intermediate-pressure turbines are of the all- 
reaction type, each having 35 rows of blading, which 
is end-tightened and fitted segmentally to the rotor, 
the latter being of the hollow-forged type. The 
low-pressure turbines are of the double-flow type, 
each half comprising 11 rows of reaction blading. 
The astern turbines are of-the impulse type and are 
capable of developing not less than 65 per cent. of 
the normal ahead power. They comprise a high- 
pressure three-row impulse wheel of separate con- 
struction, shrunk on to each intermediate-pressure 
rotor shaft and incorporated within the turbine 
casings, and a low-pressure three-row impulse wheel 
secured to the forward end of each low-pressure 
ahead rotor. Two photographs of one set of tur- 
bines and associated reduction gearing, which were 
taken in the engine shop of Messrs. Vickers-Arm- 
strongs, are reproduced in Figs. 3 and 4, on Plate 
XII. Figs. 5 and 6, on the same Plate, show, 
respectively, one set of turbines and gearing as 
fitted in the ship, and the starting platform. Ar- 
rangement drawings of the engine and boiler rooms 
are reproduced in Figs. 7, 8 and 9, on Plate XIII. 
Figs. 10 and 11, on Plate XIV, show the boiler room, 
and Figs. 12 and 13, also on Plate XIV, show the gen- 
erator room and the refrigerating plant, respectively. 

The reaction blading is made from Monel metal 
and the impulse blading from Hecla A.T.V. steel. 
Because of the high initial steam temperature, 
namely, 850 deg. F., the casings for the high-pressure 
ahead turbines are manufactured from a molyb- 
denum-alloy cast steel, the intermediate and low- 
pressure turbine casings being of cast-steel and cast 
iron, respectively ; the astern portion of tae low- 
pressure turbine casing, however, is a steel casting. 
The high-pressure ahead nozzle plates are of fabri- 
cated construction, and the high- and low-pressure 
astern nozzle plates are of cast steel, the nozzle vanes 
being made from Hecla A.T.V. steel. Thrust 
dummies are fitted to the high-pressure and inter- 
mediate-pressure turbines and any unbalanced 


thrvst is taken by Michell thrust bearingz. Aspinall W 


cut-out governors are fitted to all turbines and the 
usual arrangements have been made for shutting off 
the steam should the lubricating-oii pressure fall to 
a dangerous tevel. As a further precaution, an 
electrically-operated alarm is fitted to the adjusting 
blocks, which operates when the white metal of the 
blocks has worn a predetermined amount. Steam 
glands of the double pocket type are fitted to each 
end of all turbine casings, the inner pockets being 
connected to suitable receivers and the outer pockets 
to gland-steam condensers. Two gland-steam con- 
densers, supplied by Messrs. G. and J. Weir, Limited, 
are installed, each of which is capable of dealing with 
all the vapour from one set of turbines. 

Each turbine is connected to the gearing by a 
flexible coupling of the claw type. Double-reduction 
gearing is provided for each high-pressure turbine, 
and that for the intermediate and low-pressure 
turbines is of the single-reduction type. The 
primary gears for each high-pressure turbine are 
enclosed in separate cast-iron gearcases, which are 
bolted to the main gearcases, also of cast-iron. 
The pinions sre made from nickel-steel and 
the primary wheels from steel forgings. The 
main gearwheels are of cast iron, with forged- 
steel rims, shrunk on. The high-pressure turbines 
operate at 3,600 r.p.m. and the intermediate and 
low-pressure turbines at 1,931 r.p.m., the gear ratios 
being such that the propeller speed is 140 r.p.m. 
when the turbines are developing a total of 42,500 
shaft horse-power. 

The turbines and gearing are lubricated by three 
electrically-driven pumps, two working and one 
stand-by. The pumps are of Messrs. Drysdale and 
Company’s Vertoil type and each is capable of 
delivering 25,000 gallons an hour against a pressure 
of 55 Ib. per square inch. The pumps deliver the oil 
through Auto-Klean strainers and Serck oil coolers 
to two gravity tanks, the capacity of which is 
sufficient to ensure a seven-minute supply of oil 
should pump failure occur. Two Titan centrifugal 
lubricating-oil purifiers with steam heaters are 
installed, each of which can purify 350 gallons of oil 
an hour; the purifiers were supplied by Messrs. 
Ferguson and Timpson, Limited. 
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Fie. 2. AvuxILiaRyY GENERATOR. 


The two main condensers are of the Weir regenera- 
tive type, the total cooling surface being 35,000 
sq. ft.; this is sufficient to maintain a vacuum of 
28 in. with a sea-water temperature of 86 deg. F. 
The condenggr bodies are constructed from mild 
steel and the tubes, which have an external dia- 
meter of } in., are of cupro-nickel. There are four 
main circulating pumps, each of which is driven by 
an electric motor; they were supplied by Messrs. 
. H. Allen, Sons and Company, Limited, and each 
is capable of delivering 1,200 gallons a minute 
against a head of 26 ft. The main shafting is 
machined from solid mild-steel forgings, the diameter 
of the intermediate shafts being 214 in. The pro- 
peller shafts have a diameter of 23 in. and are 
fitted with continuous gunmetal liners. The pro- 
pellers, which are of manganese bronze and were 
supplied by Messrs. J. Stone and Company, Limited, 
have a diameter of 19 ft. The thrust blocks and 
tunnel-bearing blocks are of the Michell self-lubricat- 
ing pivoted type. 

Steam for the turbines is suppiied by two large 
and two smaller water-tube boilers of Messrs. Foster 
Wheeler’s controlled superheat design. The steam 
pressure at the superheater outlet is 525 lb. per 
square inch and they give a superheat control ranging 
from approximately 600 deg. F. up to a maximum 
of 850 deg. F. The boilers are of similar design to 
those fitted to the Orcades, which were described in 
detail in Encrneertne, vol. 166, page 584 (1948). 
The generating surface for each large boiler is 
12,780 sq. ft. and the superheat heating surface, 
2,515 sq. ft.; the corresponding figures for each 
smaller boiler are 7,805 sq. ft. and 1,960 sq. ft., 
respectively. The drum shells are seamless hollow 
forgings, and the tubes are made from cold-drawn 
seamless steel. The boilers are arranged to burn oil 
fuel under a system of forced and induced draught. 
Each large boiler is provided with an electrically- 
driven forced-draught fan capable of delivering 
54,000 cub. ft. of air per minute against a pressure of 
6-9 in. of water, and an induced draught fan capable 
of delivering 7,500 cub. ft. per minute against a 
pressure drop of 7? in. of water. For the smaller 
boilers, each forced-draught fan can deliver 28,000 
cub. ft. against a pressure of 6-3 in. of water and 
each induced-draught fan, 38,000 cub. ft. per 
minute against a pressure drop of 6-3 in. of water. 
The boilers are fitted with cast-iron gilled econo- 
misers, manufactured by Messrs. E. Green and Sor, 
Limited, designed to maintain a feed-water inlet tem- 
perature of 280 deg. F. and an outlet temperature 
of approximately 400 deg. F. Air heaters are 
fitted in the uptakes ; these are of the vertical-tube 
type and are provided with by-passes for use when 





steaming at slow speeds or in harbour. The air- 
heating surface for each large boiler is 11,850 sq. ft. 
and for each smaller boiler, 6,000 sq. ft. Dust 
collectors, of Messrs. James Howden and Company’s 
Vortex type, also are situated in the uptakes. The 
relative positions of the economisers, airheaters and 
dust collectors are indicated in Fig. 8, on Plate XIII. 

The oil-fuel installation comprises two electrically- 
driven Wallsend duplex pumping and _ heating 
plants, each of which is capable of delivering 
14,000 Ib. of oil per hour against pressures up to 
300 Ib. per square inch. In addition to the usual 
low-level alarm, the boilers are fitted with Messrs. 
A. Stephen and Sons’ oil-fuel safety gear, which shuts 
off the oil burners if the water in the boilers falls 
to a dangerously low level. 

The Weir closed-feed system is employed, there 
being four turbine-driven feed pumps and one 
electrically-driven feed pump; one of the turbine 
pumps, which is smaller than the others, and the 
electrically-driven pump, however, are for use in 
harbour. The three main pumps are each capable 
of delivering a maximum of 400,000 Ib. of water 
an hour against a pressure of 725 Ib. per square inch, 
while the turbine-driven and electrically-driven 
harbour pumps have deliveries of 65,000 Ib. and 
52,000 Ib. per hour, respectively. The Weir closed- 
feed system also incorporates four electrically-driven 
extraction pumps, two three-stage steam-jet air 
injectors, and two directly-operated closed-feed 
control valves. To reduce the amount of fresh 
water carried on board, sea water will be evaporated 
continuously while at sea for boiler-feed make-up 
and for domestic purposes. Three evaporators are 
fitted, the combined output of which is 300 tons a 
day. One of the main feed heaters is employed as 
the distiller, so that most of the heat expended in 
evaporation is recovered in the boiler feed-water, 
thereby making the system exceptionally economi- 
cal. For boiler-feed make-up, however, the water is 
distilled a second time. Drinking water is carried in 
the double bottom, storage capacity for 272 tons 
being provided. 

With the exception of the feed pumps, the whole 
of the auxiliary machinery is electrically driven, 
current for this service, together with the ship’s 
hotel services, being provided by four direct-current 
turbo-generators constructed by the British Thom- 
son-Houston Company, Limited, Rugby. The four 
sets, together with the main switchboard, are in- 
stalled in a flat above the engine room at 4 ft. below 
““G” deck level. The generator room is illustrated 
in Fig. 12, on Plate XIV, and a photograph of one of 
the sets, taken in the shops of the manufacturers, 
is reproduced in Fig. 2, on this page. Each set is 
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capable of a normal full-load output of 850 kW at 
220 volts, with an overload capacity of 25 per 
cent. for two hours. The turbines are designed for 
a steam pressure of 500 Ib. per square inch and a 
steam temperature of 850 deg. F., the steam con- 
sumption at full load being 11-5 lb. per kW per 
hour. They drive the compound-wound generators 
through single-reduction double-helical gearing, the 
ratio being 8 to 1. Each turbine is mounted on its 
own self-contained surface condenser, designed to 
give a vacuum of 28} in. of mercury at full load 
when supplied with cooling water at 73 deg. F. 
The turbines are of the five-stage impulse type, the 
first-stage nozzles and rotor blading being made 
from Hecla ATV steel and the remaining four 
stages from Monel metal. At the high-pressure end, 
the turbine casings are made of molybdenum 
steel, iron castings being employed at the low- 
pressure end. In addition to the main speed 
governors, an emergency trip is fitted to each set, 
which closes the stop valve should the machine 
overspeed ; the trip also operates a relay switch, 
so as to prevent the machine from motoring. 
Provision is also made for closing the stop valve 
and epening the circuit breaker automatically 
should the oil pressure fail. 

An interesting feature of the sets is the method 
by which the generators are cooled, a closed air 
circuit being employed for this purpose. A cooler 
is installed between the generator and the gearbox, 
and a fan, fitted to the turbine end of the armature, 
draws air through the cooler, and discharges it into 
the windings. After going through the machine, 
the air passes down to the space between the 
magnet frame and the baseplate and back to the 
cooler. One of the coolers and associated fan can 
be seen in Fig. 14, herewith, which shows one 
of the generators partly dismantled. The cooler 
is fitted with cupro-nickel tubes and is cooled 
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with sea water in the usual way. Cooling by this 
method enables a saving to be made in the engine- 
room ventilating ducts, while the total enclosure 
of the windings ensures that carbon dust and other 
foreign matter cannot enter the windings. As will 
be seen from Fig. 14, the cooler is placed in an 
accessible position and since the closed air circuit 
does not include the commutator or brush gear, 
these also are readily accessible for maintenance 
and adjustment. The system employed for circu- 
lating the condensers of the turbo-generators also 
is interesting. Sea water for this purpose is provided 
by two pumps situated in the engine room, both of 
which normally run at half-load. Special speed- 
control equipment is provided, however, which 
embodies pressure switches arranged so that, in 
the event of one pump failing, the other pump 
automatically accelerates and takes the full load, 
thereby preventing the possibility of the generators 
shutting down due to pump failure. The pressure 
switches were supplied by Messrs. Watford Elec- 
tricity Manufacturing Company, Limited, Watford, 
Hertfordshire. / 

As mentioned above, Nos. 1, 2 and 3 holds 
and Nos. 1 and 2 lower ’tween-deck spaces are 
fitted out for the carriage of refrigerated cargo. 
The machinery for cooling these spaces was supplied 
by Messrs. J. and E. Hall, Limited, Dartford, Kent, 
and comprises four CO, compressors, each of which 
is driven by a 150-h.p. electric motor manufactured 
by Messrs. W. H. Allen, Sons and Company, Limited. 
A photograph showing part of the refrigerating 
machinery, which is situated at engine-room level 
forward of the boiler room, is reproduced in Fig. 13, 
on Plate XIV. The brine is circulated through the 
holds, etc., by nine main and auxiliary pumps, each 
of the main pumps being capable of delivering 
18,000 gallons of brine per hour against a pressure 
of 25 lb. per square inch. The pumps are driven 





through shaft extensions, thereby enabling the 
motors to be located in the machinery space. 

Two Allen Diesel-driven emergency generators 
are installed on “B” deck forward. Each set 
comprises a four-cylinder four-stroke engine coupled 
directly to a 100-kW 220-volt direct-current gener- 
ator, each set being completely self-contained. They 
can be run in parallel and are capable of meeting the 
sea-emergency load. The steering gear is of Messrs. 
Brown Brothers’ electro-hydraulic type, operated by 
two 60-h.p. motors, and which can be started from 
the main switchboard’; should either motor fail to 
start, visual and audible warning is given at the 
switchboard and starting platform. The steering 
gear is designed so that it can be operated from the 
gyro-compass. Other auxiliary machinery installed 
in the engine room and elsewhere includes eight 
units for air-conditioning the first-class dining saloon, 
the hair-dressing saloon, the suites and some of the 
state-rooms. The units are capable of maintaining 
set conditions of temperature and humidity in the 
spaces controlled, the cooling medium being chilled 
brine supplied by the refrigerating plant. The air 
coolers, however, can also be used as heaters, in 
which capacity they are capable of maintaining a 
temperature of 70 deg. F. in the relevant spaces 
with an outside temperature of 30 deg. F. The 
ship’s fresh-water and drinking-water systems are 
controlled by the Drysdale Pneupress system, the 
electric motors driving the pumps being controlled 
by pressure switches fitted to the tanks. The 
sanitary-pump motors are controlled by Watford 
pressure regulators, which vary the speed according 
to the demand. 

The navigating equipment is exceptionally com- 
prehensive and includes a Marconi radio-locator 
radar installation, a Hughes echo sounder, a Cherni- 
keef under-water log and a Walker Trident log. 
The transmitter for the radar set is fitted on the 
compass platform and the display console in the 
chart room. The power for the radar set is pro- 
vided by two motor alternators which, together 
with the control panel, are fitted in a sound-proof 
compartment on the boat deck. Sperry gyro- 
compass equipment is installed which controls a 
steering repeater in the wheelhouse, two bearing 
repeaters encased in the port and starboard wings 
of the bridge, respectively, and a course recorder 
in the chartroom. In addition, a two-unit gyro- 
pilot with synchronous gear is provided for operat- 
ing the electro-hydraulic steering gear. Electric- 
ally-operated telegraphs of Messrs. Siemens design 
are fitted for communication between the bridge and 
the engine room, boiler room, docking bridge aft 
and the steering position. 

As previously mentioned, the Himalaya will be 
employed on the Australian service and is expected 
to reduce the time taken between England and 
Melbourne from 38 to 28 days. During the speed 
trials which were carried out over the Admiralty 
measured ‘‘ mile ” off Arran, a mean speed of 25-13 
knots was obtained, so no difficulty should be 
experienced in maintaining the new schedule. 





. 


Sonic RESEARCH IN THE UNITED STaTES.—The Tech- 
nical Data Digest of the Central Air Documents Office 
for June 15 gives an account of transonic-flight research 
which is in progress in the United States of America, at 
Muroc Air Force Base, California, which has a 7-mile 
runway. Four approaches to supersonic flight are being 
made—the use of thin wings, swept-back wings, low 
aspect ratio, and bigh-speed wing sections. The National 
Advisory Committee for Aeronautics are particularly 
concerned with the effects of a special high-speed wing 
profile, while investigations on sweep-back and thin 
wings are being carried out by the United States Air 
Force and on sweep-back and low aspect ratio by the 
Navy. Four experimental aircraft are flying already— 
the Bell X-1, which has an extremely thin wing, and is 
powered by a Reaction Motors rocket engine; the 
Douglas D-558-1, a low aspect-ratio jet-propelled aircraft, 
and the Douglas D-558-2, which combines low aspect 
ratio with sweep-back ; and the Northrop X-4, a tailless 
swept-back twin jet aeroplane designed to fly at a Mach 
number of 1-0. Three other research aircraft are still 
to be delivered to the United States Air Force, including 
the Bell X-2, a stainless-steel rocket-propelled aircraft 
with a swept-back wing, which will be even faster than the 
Bell X-1, which, it has been stated officially, can fly 
several hundred miles an hour faster than the speed of 
sound. 
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Cybernetics. By PROFESSOR NORBERT WIENER. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 3 dols.]; Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 18s. net.] 

THE sub-title of this book—Control and Communica- 
tion in the Animal and the Machine—gives an inkling 
rather than an adequate description of a branch of 
science which, while evidently destined to contribute 
to the future progress of natural philosophy, is 
as yet too restrictively recognised for its name 
to have found its way into the dictionaries. The 
term “cybernetics”? was coined by Dr. Wiener 
and his associates, as recently as 1947, from the 
Greek word for a steersman; and when the 
engineer recalls that the familiar speed-controlling 
govenor derives its name from the same root, 
he has a firm standpoint from which to embark 
on a fascinating exploration under the guidance 
of this very original book. The author, who is 
professor of mathematics at the Massachusetts 
Institutue of Technology, collaborated for some 
years with Dr. Arturo Rosenblueth, of the Harvard 
Medical School, in work which ted them to the 
conviction that the most fruitful regions for the 
growth of science were the neglected no-man’s lands 
between the various well-cultivated fields. More 
especially, they felt that richly rewarding research 
was possible by teams of scientists, each of whom 
was a specialist in one of the several established 
territories merging into an unknown area, while at 
the same time having enough knowledge of his 
neighbours’ subjects to be able to appreciate their 
problems and contribute to their solution. 

The outbreak of war, with its urgent demand for 
gunnery prediction equipment and many other 
applications of servo-control apparatus, was the 
deciding factor in directing Professor Wiener’s atten- 
tion to the essential characteristics of control in 
the most general sense of the term. As regards 
the obviously mechanical aspects of the matter, it 
is understandable that communication engineering 
by means of electronic apparatus, combined with 
statistical mathematics and the calculus of varia- 
tions, satisfactorily solved the specific problem of 
optimum prediction and enabled it to be realised 
physically by instrumental means. Professor Wiener 
and his collaborators saw also, however, that the 
principle they had established was likely to apply 
widely, not only throughout engineering and physics, 
but also to many unsolved or partly understood 
problems of biology, human physiology and psycho- 
logy, and possibly in sociology and economics. 

Professor Wiener’s book is concerned to present 
and discuss these ideas and some of their outstand- 
ing implications, illustrating and justifying them by 
examples or references drawn from an astonishing 
range of facts and theories in the many sciences 
where statistical processes operate. In the author’s 
view, the dominance of statistical mechanics in 
modern physics has a vital significance for the 
interpretation of the nature of time. He emphasises, 
in an erudite survey contrasting Newtonian and 
Bergsonian time, the transition towards a concep- 
tion of time as irreversible towards which modern 
scientific thought is now being compelled, with its 
implications, first, of the predominance of controlling 
automata for a technical age in which atomic fission 
is an accomplished fact; and, secondly, of the 
remarkable similarity between the functions and 
performances of communication systems on the one 
hand and physiological nervous systems on the 
other. The basic theories which demonstrate the 
common features are covered by discussions of 
statistical mechanics, time series, the feed-back 
principle with its potentialities and limitations, and 
the analogy between memory and the electrical 
storage of information. Against the background 
so prepared, Professor Wiener outlines the corre- 
spondence between computing machines of the Eniac 
and Edvac types, and the brain with its associated 
neural and psychological agencies. Thence he 
passes to the consideration of the’ physiological 
mechanism underlying advanced mental activities, 
which, in turn, leads to the practical problems of 
prosthesis as exemplified by photo-electric reading 





aids for the blind. Brief reviews of the potential ap- 
plications of cybernetic principles to psychopatho- 
logy and the problems of social organisation and 
behaviour bring the book to an end on a note of 
caution in which the author expresses his doubts 
about the effects, in sociological and anthropological 
researches, of the inevitable influence of the investi- 
gation itself upon the objects undergoing study. 

To the possible criticism that Professor Wiener 
has not even attempted to give rigorous proofs of 
many of his more striking propositions, it is legiti- 
mate to retort that his primary object has been to 
introduce a system of ideas of which no equally 
orderly presentation has hitherto been available to 
scientists. He is therefore justified in writing some- 
what discursively to attract wide attention to a new 
conception of science in general and its exemplifica- 
tion in the special field of control mechanics. Not- 
withstanding a measure of deliberate simplification, 
and the restriction of mathematical exposition to 
explanations that would be cumbersome by any 
other notation, the author’s excursions into philo- 
sophy and his fluency in the terminologies of physio- 
logy and psychology provide quite enough mental 
difficult to satisfy the average engineer or physicist, 
who has most to gain from this book. The need 
for some effort to follow Professor Wiener should, 
however, be a stimulant rather than a deterrent, 
and the reader who goes as far as this study of 
cybernetics clearly guides him will be indebted to 
its author for an enlarged view of the significance 
of science, even if he does not shrink from a different 
interpretation of much that he sees. 


The Theory and Use of the Complex Variable. Second 
edition. By S. L. GREEN, M.Sc. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 12s. 6d. net.] 

As students of hydrodynamics are aware, there are 
only a limited number of cases in which it is possible 
exactly to determine by means of direct analysis 
the irrotational motion of a fluid subject to given 
boundary conditions. When, however, the boun- 
daries consist of fixed straight lines, the complex 
variable may be introduced, and thus a transforma- 
tion may be used, devised by Schwarz and Christof- 
fel, which involves a theorem that enables a recti- 
linear polygon to be taken in one plane and trans- 
formed into the real axis of another plane. Many of 
the solutions obtained in this manner have important 
applications in heat-conduction, hydrodynamics, 
aerodynamics, electrostatics and magnetism, whence 
it appears that the matter is of practical value to 
advanced students of the mechanical sciences. As 
an understanding of the standard treatises on the 
complex variable implies considerable training in 
mathematics, Mr. Green has prepared this intro- 
ductory account of the theory for use as a text-book 
in courses leading to the degree examination in 
engineering and other subjects. 

Following chapters on complex numbers and their 
representation, De Moivre’s theorem, and infinite 
series, the author expounds the functions of a 
complex variable, with which are associated the 
theorems due to Stokes and Cauchy, and contour 
integrals. This branch of mathematics is one of 
great fascination for an engineer with inclinations 
in this direction, as is perhaps best realised in 
Chapter V, where the essentials of conformal trans- 
formation are concisely explained. The exercises 
appended to each chapter form an integral part of 
the study, in that the working of them gives meaning 
to the abstractions of the formal theory. Indeed, 
the conformal mapping of a spherical surface on 
@ plane presents an instructive exercise in the art 
and science of map construction. These chapters 
more than cover the requirements of most engi- 
neering readers, with the exception of electrical 
engineers, for whom a chapter on applications to 
the theory of alternating current has been included. 
Ten pages are devoted in turn to the Schwarz- 
Christoffel transformation and to applications in the 
theory of potential, though some points arising out 
of the latter might well have been discussed at 
greater length. It is to be regretted that the book 
has been described as a second edition without any 
indication of the new matter ; the number of pages in 
both editions is the same, and comparison of the sub- 
ject-matter has disclosed no difference in the texts. 





THE ROYAL OBSERVATORY. 


THE recently-published annual report of the 
Astronomer Royal, covering the period of twelve 
months up to the end of April, 1949, announces the 
settlement of an interesting, if minor, question 
which must have been the subject of world-wide 
speculation ever since the decision was made, a 
few years ago, to transfer the seat of the Royal 
Observatory from Greenwich to Herstmonceux in 
Sussex. There was, of course, never any thought 
of altering the position of the zero meridian of 
longitude from Greenwich, where, by international 
agreement, it has long been the base of time zones 
in world-wide use. For this reason, and on account 
of the association of the Royal Observatory with 
Greenwich since the year 1675, it was considered 
very desirable to retain that connection in the 
new title. The designation, The Royal Greenwich 
Observatory, Herstmonceux, has therefore been 
decided upon and has received His Majesty’s 
approval. 

The physical removal of the observatory equip- 
ment and staff from Greenwich and elsewhere is 
proceeding, albeit slowly and hampered by restric- 
tions on new building. The Astronomer Royal’s 
official residence and the main observatory office 
at Herstmonceux were completed and occupied 
towards the end of last summer, together with some 
living quarters in the Castle, while the new Solar 
Building, with the Newbegin dome mounted on it, 
and offices for the Solar Department, were com- 
pleted last April. Little better than temporary 
accommodation, however, is yet available for the 
Chronometer Depot, which in its entirety, including 
some 20 tons of chronometers, watches, and equip- 
ment, was removed to Herstmonceux by road 
last September and is now functioning normally 
after no more than a commendably brief interruption 
of its services. The most acute difficulty is arising 
from housing shortage for staff, a result of the 
isolated situation deliberately chosen to ensure 
quietness and atmospheric purity at the new Obser- 
vatory. It has so far delayed the removal to 
Herstmonceux of the Nautical Almanac Office 
and the Magnetic and Meteorological Department, 
and is proving a serious deterrent to the recruitment 
of much needed senior staff. On the whole, the 
progress in transferring the Observatory is regarded 
as being disappointingly slow ; it would be likely to 
occupy some 15 years at the present rate. However, 
a marked acceleration of new construction is ex- 
pected henceforward, following an Admiralty an- 
nouncement that the end of 1953 has now been set 
as a target date for the completion of removal. 

Meanwhile, extensive repairs to the bomb- 
damaged buildings at Greenwich have permitted 
routine observations to be carried out, as well as 
a good deal of adjustment work on existing instru- 
ments, and design and development in connection 
with new ones. Among the latter is the successful 
conclusion of elaborate tests on the pivots of the 
reversible transit circle. Unfortunately, when that 
instrument was subsequently taken into use, the 
micrometer readings were found to be affected by 
variations of the circle setting. The inaccuracies 
are attributed to mechanical imperfections in the 
mountings of the micrometers, which it is hoped 
will be eliminated by redesigning the mountings 
according to kinematic principles and, in the case 
of one of them, counterpoising its frame. A further 
refinement of the transit circle has been achieved 
by modifying the main drawtube, i.e., the focusing 
tube, of the telescope so that it touches the outer 
tube only at two pairs of points, one pair at each 
end, and is there forced into firm contact by powerful 
spring plungers. The merits of kinematic mount- 
ings for giving precise movements in astronomical 
instruments are further exemplified by one of the 
Observatory’s small transits, which, after having its 
micrometer fitted with pressure rollers and its 
bearing area reduced to a narrow ring, is now in use 
after modification, though eventually it is to be 
additionally fitted with a hanging level. 

Among new instruments still under design and 
development, the proposed photographic zenith 
tube is the most important and has had correspond- 
ing attention ; so that the main features have all 
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been decided, detailed-design is in progress, some 
parts have already been constructed, and a suitable 
type of housing agreed. The form of drive to be 
adopted has been experimentally determined and 
embodies a differential roller with reduced magnifi- 
cation preceded by ascrew. All carriage constraints 
are to be elastic. The optical design of the chrono- 
graph, and, incidentally, the procedure of taking 
measurements, have been simplified by arranging 
that the four chronographic records pertaining to 
a single star will be superposed ; thus the chrono- 
graphic plate will need to be moved only between 
successive observations, and fiducial marks on the 
plates will not be necessary. A micrometric device 
has been provided to determine the absolute value 
of distance between the photographic plate and the 
mercury surface, while an improved means has 
been devised for levelling the stellar plate and squar- 
ing on the objective. 

The Isaac Newton telescope, while rather a new 
project than a new instrument, is nevertheless 
making some material progress in the form of a 
most generous gift, by the Trustees of the McGregor 
Fund in the United States of America, of a 98-in. 
glass disc with its central plug, and a 26}-in. disc 
for a secondary mirror. The large disc, of Pyrex 
glass, was cast in 1936 by the Corning Glass 
Company and was purchased by the McGregor 
Trustees for use in a large telescope for the Michigan 
Observatory, a project which was subsequently 
abandoned. Consideration of the general design 
of the Isaac Newton telescope is held up pending a 
decision on the optical design, in which connection 
careful studies are being made of the relative merits 
of the Ross-Schmidt and Schmidt-Cassegrain 
systems. In the course of visits to the United States 
by the Astronomer Royal and others, a good deal 
of information intended for use in the design of the 
Newton telescope has been obtained from American 
observatories, relating to such matters as mechanical 
design, optical details, telescope control and photo- 
electric guiding. The last of these, which appears 
to be a most attractive new idea, promising improved 
accuracy and rapidity in following the apparent 
position of a star, has been the subject of experi- 
ments conducted by members of the Telecommuni- 
cations Research Establishment on the Observatory’s 
astrographic telescope. The apparatus was designed 
to do the entire work normally done by the hour 
angle clockwork drive, as well as to correct for 
short-period atmospheric tremors. Somewhat dis- 
appointingly, it was found that the rapidity and 
sensitivity of response were not quite all that is 
desired for the Isaac Newton telescope. 

In preparation for its installation at Herstmon- 
ceux, the Newhegin telescope has been entirely 
overhauled, painted and lacquered, and by this 
time has been mounted and adjusted. As soon as 
possible, a spectrohelioscope, which is also part of 
the Newbegin bequest, will be installed at Herst- 
monceux. It is being modified in certain minor 
respects to make it identical in layout with the 
Greenwich spectrohelioscope, the intention being 
to have the two instruments ultimately side by side, 
working in the closest collaboration during solar 
flares and on other occasions when one would be 
insufficient. The vacuum distillation equipment 
recently acquired by the Observatory has been used 
to gild the original and duplicate coelostat mirrors 
of the spectrohelioscope, and is now in routine use 
for coating small mirrors. Before long, by means 
of supports in course of construction, it will be 
possible to aluminise any of the coelostat mirrors 
in Great Britain. Meanwhile, a series of test 
deposits, on glass plates, of aluminium, chrom- 
ium, silver, gold, palladium, and of alloys and 
multiple layers of these metals, are being exposed 
face up and face down, at Greenwich and at 
Herstmonceux, in order to appraise the bebaviour 
of such deposits in industrial and littoral atmos- 
pheres. It is noteworthy that commercial aluminis- 
ing has been fovnd unable to withstand the 
Greenwich atmosphere, and, in the particular case 
of the Yapp 36-in. reflector, the pre-war régime of 
six-monthly silvering has been resumed, with the 
result that surface blemishes, previously troublesome, 
are no longer visible even at grazing incidence. 

The year under review has been remarkable for 
the variety and importance of solar observations, 





additional to routine photographs of the sun, which 
were possible on 276 days. The provisional mean 
daily sunspot number, based on Wolf’s system of 
counting, is 147 for the 12 months, which is slightly 
less than for the previous epoch despite a peak 
value of 183 last February. Two large sunspots, 
each exceeding in area 2,000 millionths of the sun’s 
hemisphere, appeared in January and February, 
respectively, the first being associated with a great 
geomagnetic storm and auroral displays on January 
24 to 26. Some 40 hours before the onset of this 
storm, an intense flare took place over the big group 
of spots. The second sunspot had no associated 
geomagnetic disturbance of storm intensity, but 
was the site of intense solar flares when its longitude 
was, respectively, 51 deg. east and 80 deg. west of 
the central meridian. An incidental use of enduring 
sunspots is to determine the time taken for the sun 
to rotate on its own axis. This rotational period 
is now being investigated for the ten-year cycle 
1934-44, as has already been done for earlier cycles 
covered by Greenwich observations since 1875. 

Out of more than 50 solar flares observed during 
the year, only two were of major importance, that 
of May 21, 1948, being recorded practically from 
its onset. On five oecasions, line of sight velocities 
of absorption markings were observed to exceed 
100 km. per second, the greatest being 180 km. per 
second outwards from the chromosphere. It is 
remarkable that no geomagnetic crochet was 
recorded during the peak intensity of the great 
flare of May 21, whereas, on several other occasions, 
well-defined crochets indicating bursts of ultra- 
violet radiation from solar flares were recorded on 

tograms. As far as present data will allow, 
the contribution of flare-active sunspots to the 
general statistical relationships between sunspots 
of various area groupings and geomagnetic storms 
has now been completely investigated and the 
results published. The past year’s observations 
have shown considerable diversity of chromo- 
spheric activity among individuals and groups of 
sunspots, and it is interesting that the average level 
of chromospheric activity due to the big sunspots 
of last January and February was not unusuaJ. On 
the other hand, results recently published by the 
Radio Group of the Cavendish Laboratory at 
Cambridge have disclosed a remarkable correlation 
between solar flares and sudden phase anomalies 
recorded on very long-wave reception. It has 
therefore been decided to install, in the Solar 
Department at Herstmonceux, equipment that will 
provide throughout daylight hours a continuous 
record of the occurrence and approximate intensity 
of solar flares, independent of direct observations 
with the spectrohelioscope. 

The soiar eclipse of November 1, 1948, was 
studied by two members of the Observatory staff, 
who went to Mombasa for the especial purpose of 
obtaining a timed cinema record of the rapid swing- 
round in position angle of the narrow visible crescent 
of the sun when almost totally eclipsed. They 
employed two 35-mm. cinema cameras modified by 
the substitution of small 40-in. focal length tele- 
scopic lenses in place of their ordinary lenses, 
whereby a surprising amount of detail was obtained 
at a taking speed of 24 frames per second. The 
apparent motion of the sun during the eclipse was 
nearly vertical, whereas the long direction of the 
frame aperture was horizontal; and since the 
cameras were not suitable for operation on their 
sides, they were mounted on iron benches fixed to 
stone piers so as to point downwards at about 
45 deg. at closely the required azimuth. By the 
use of unsilvered glass mirrors of low reflecting 
power, and with one or two green filters immediately 
in front of the cameras, well-exposed trial photo- 
graphs of the uneclipsed sun were obtained with 
the lenses stopped down to about f/24 and 1/1,000 
second exposure. The cameras were additionally 
modified to provide identifying timing marks simul- 
taneously with a chronograph record giving a clear 
trace at 24 contacts per second. 

To reduce the risk of the eclipse being obscured 
by cloud, the two cameras, each with its chrono- 
graph, were sited at different stations several miles 
apart. One of them was supplied directly with 
radio time signals, received by 50-ft. collapsible 
radio masts and equipment powered by petrol- 





driven generators. At the second station, where 
Greenwich, time-signals could not be received, a 
contact chronometer was used, which was compared 
with another at the main station. In the event, 
weather was fine at both stations and one film of 
excellent quality was obtained, including 3,000 
crescent images. A micrometer has been specially 
adapted for measuring the position angles, and, while 
the analysis of the films is not yet complete, it is 
considered that the data will be more than sufficient 
to appraise the usefulness of the method, which, if 
it prove to be as accurate as is hoped, will probably 
be used again at a series of stations along the eclipse 
tracks of 1951 and 1952. 

The astronomical observations which form the 
basis of the Observatory time service are made 
independently by means of transit instruments 
situated at Greenwich and Abinger, two groups of 
readings being taken at each station on the same 
evening whenever possible. The results, separately 
reduced, are used to operate the time service in 
conjunction with quartz-crystal oscillator “‘ clocks,” 
of which there are sets under continuous comparison 
at Greenwich, at the Observatory time-service 
station at Abinger, and at the Post Office Labora- 
tory at Dollis Hill. Up to the installation, in 1947, 
of phase-integrating rotary beat counters at Green- 
wich and Abinger, the only clocks for which satis- 
factory results could be obtained were those con- 
trolling phonic motors through divider chains. 
Intercomparisons of the remaining clocks were 
achieved by impulse beat counters, which were 
subject to frequent mechanical failure. The new 
counters have made it possible for continuous long- 
term, intercomparison to be carried out for a total 
of 24 clocks. The time service is improved by the 
greater number of crystal clocks, which perform 
accurately enough, but the increased volume of 
usable data entails a corresponding increase in 
computing work. It has consequently been deemed 
worth while to make various experiments in layout 
and presentation to ensure that as much information 
as possible shall be displayed with the minimum 
delay. Meantime, it is apparent that the clocks at 
Abinger are inferior in quality to those at Greenwich 
and Dollis Hill. 

Attention has also been given to the prediction 
of clock corrections for controlling time signals. 
A problem arises from the fact that, while observa- 
tions for time determination have steadily become 
more numerous and possibly more accurate since 
the war ended, the performances of the best clocks 
have shown slight but definite deteriorations. It is 
therefore evident that the limit of accuracy of the 
time service is still set not only by the scatter of 
time observations, but also by the quality of the 
clocks available. In the latter connection, it was 
expected at one time that the long-term stability 
of the quartz clocks would be so good as to require 
the effect of polar variation to be removed from the 
time observations in order to assess the clock 
performance adequately. Actually, however, the 
correction does not appreciably affect prediction ; 
and, while it is applied as a matter of principle, 
thereby materially improving the comparison of 
finally adopted time between Washington and 
Greenwich, none of the quartz clocks available to 
the time service is capable of showing clearly the 
effect of polar variation as an apparent deviation 
from the uniformity of its rate. Consequently, 
instead of predicting clock corrections from long 
runs, it has been found better to take a short-term 
view of clock corrections and to give additional 
weight to recent observations. 

A new feature of the time service for the benefit 
of establishments which maintain accurate frequency 
standards takes the form of a circular, issued weekly 
since June, 1948, giving systematic estimates of 
absolute frequency. The definitive reception times 
of the radio time signals are necessarily published 
three to four months in arrear, which is too late to 
be of much use to people wishing to know the 
current performance of their frequency standards. 
For three months after its inception, the frequency 
estimates were issued monthly, the results being 
within +1 part in 200 million for 70 per cent. of the 
period. For the subsequent weekly estimates, the 
frequencies have been within +1 part in 10* for 
53 per cent. of the week and within +1 part in 
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2 x 10° for 23 per cent. of the period. Onno occasion 
has the error risen to as much as 2 parts in 10°, 
but it may be remarked that the procedure adopted 
in defining absolute frequency assumes that the 
period of the earth’s rotation remains constant 
throughout several months for which adjusted 
curves are plotted ; an assumption which may not 
be strictly correct. In other respects, the time 
service has continued throughout the year, apart 
from an unavoidable mishap due to a complete 
mains failure at Greenwich on New Year’s Day. 
‘Time signals, controlled from the Observatory and 
transmitted from Rugby on GBR, were radiated 
from GBZ from May 24 to 29, 1948, while GBR 
was out of action for servicing. A proposal is under 
consideration for the radiation from Rugby of 
mean-time signals in addition to the present rhyth- 
mic signals. Standard transmissions, of 2-megacycle 
frequency, have been sent out regularly from 
Abinger as usual. 

Problems arise in the time service from the time 
occupied by the transmission of signals by land 
line prior to radiation, and the differences of lag 
between long-wave and short-wave transmissions 
have been studied by the Observatory staff. In a 
similar connection, following a suggestion emanating 
from the Cavendish Laboratory, a programme has 
been arranged in co-operation with the United 
States Naval Observatory, for the determination of 
the velocity of propagation of very long radio waves 
across the Atlantic Ocean. Previous work on this 
problem has been of only limited accuracy and has 
yielded conflicting results. It is now hoped, by more 
precise methods, to determine the relative times of 
arrival of the radio signals at each station to within 
a few tenths of a millisecond. According to the plan 
proposed, the U.S. naval station NSS at Annapolis 
will transmit time signals on a frequency of 18 kc./s. 
within 5 minutes of the norma! times of transmission 
of the British radio time signals from GBR, at 
16 ke./s. The signals will be received on a rotatable 
frame aerial, slightly modified for the purpose, at 
Abinger, and recorded by photographing a cathode- 
ray oscillograph trace with a film camera. The 
equipment used on both sides of the Atlantic will 
be identical in all significant respects, and additional 
records are to be taken at the Pennsylvania State 
College. Measurements over a period of six weeks 
should provide an accurate determination of the 
velocity of radiation, but it is planned to continue 
them for a year to ascertain any effects of varying 
ionospheric conditions. The results will not only be 
valuable in time service and longitude work, but 
should also make it possible to discriminate between 
various theoretical assumptions relating to the 
mechanism of radio-wave propagation. 

The Observatory’s regular measurements of 
terrestrial magnetism, carried out at Abinger, include 
photographic records of the variations of declination 
and of vertical and horizontal intensity carried out 
with slow-run and quick-run instruments. The 
mean annual values of the magnetic elements at 
Abinger, estimated for 1949 and compared with the 
accepted figures for the four previous years 1945- 
1948, are tabulated below :—- 
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| 
¥ Declination Vertical 
Year. | “ (West). Intensity. | Intensity. beneen 
l 

Deg. n. } | Deg. Min. 
1945 | 9 59-5 0-18573, | 0-43207 | 66 44-3 
1946 | 9 51-1 0-18569 0-43235 | 66 45-4 
197 | 9 43-1 0-18577 | 0-43246 | 66 45-2 
1948 | 9 35-4 | 0-18593 | 0-43255 | 66 44-4 
1949 | 9 27-6 0-18596 | 0-48285 | 66 45-0 





Of these elements, only vertical intensity exhibits a 
slightly greater change than usual. Declination 
and horizontal intensity continue the trends of 
previous years, while the 1949 value of inclination 
is about average, not significantly different from 
the mean since 1944. 

As a consequence of interference with magnetic 
observations caused by electrified railway tracks 
in the neighbourhood of Abinger, a project is under 
consideration for the removal of the magnetic 
station to a remote and undisturbed site. For this 
purpose, three sites in the Hartland area of North 
Devonshire have been surveyed by means of highly 
accurate portable instruments. All three sites 
were adjudged fairly satisfactory from the stand- 





point of magnetic measurements, but two of them 
were unsatisfactory in other respects. Further 
search is being made for alternative sites, which will 
have to be similarly tested magnetically before 
the final decision to move the Magnetic Observatory 
is made. 

The Royal Observatory’s meteorological records 
of atmospheric pressure and temperature, wind 
pressure and velocity, evaporation, rainfall, sun- 
shine, night cloudiness and air pollution, include 
some interesting, though few exceptional, values. 
The mean temperature for the year was 50-9 deg. F., 
which is 1-2 deg. F. higher than the average for 
100 years 1841 to 1940. All months except March, 
June, July and August had temperatures above 
average, that of April being 4-9 deg. F. higher. 
The highest shade temperature, 91-4 deg. F., was 
recorded on July 28, 1948. The temperature rose 
above 90 deg. F. on three days, and above 80 deg. F. 
on nine days. The temperature of 84 deg. F. on 
April 16, 1949, was the highest April temperature 
ever recorded at Greenwich. The lowest tempera- 
ture, recorded on December 26, 1948, was 22-1 deg. 
F., and the generally mild winter produced only 
39 fairly evenly distributed days on which tempera- 
ture fell to freezing point or lower. The recorded 
duration of bright sunshine, 1,416-9 hours, amounted 
to 31-6 per cent. of that theoretically possible. 
There were 59 entirely sunless days and the three 
summer months, June, July and August, had notice- 
ably small amounts of sunshine. The night sky 
camera gave a completely unbroken trace of 
8 Ursae Minoris on only 49 occasions, and on 56 nights 
this star was completely obscured. At 20-27 in., 
the annual rainfall was some 4 in. less than the 
average for the 100 years up to 1940. The wettest 
month was August, with a total of 4-061 in.; the 
driest, March, with 0-757 in. The mean daily 
horizontal movement of air was 251 miles, slightly 
below the 50 years’ average but much below the 
maximum for the year, 710 miles, which occurred 
on April 4. The maximum wind pressure, 34 Ib. per 
sq. ft., was recorded on October 18. 

Despite the interruption of its work caused by the 
removal to Herstmonceux, the Chronometer Depot 
has turned out a great deal of work, the number 
of chronometers and watches dealt with being well 
over 5,000. Among them are a number of instru- 
ments belonging to the Governments of India and 
Pakistan, while some 2,000 chronometers and 
watches have bedn repaired and adjusted. The 
work of the Depot is expected to increase in the 
near future in several directions; for example, 
Air Ministry navigational wrist watches are to be 
tested, maintained and distributed in future. 
These new watches, of Swiss manufacture, are of 
“‘with mention” quality, and besides being in 
special watertight cases, have anti-magnetic screen- 
ing, enabling them to remain unaffected by field 
strengths up to 150 oersteds. The chronometer de- 
partment also makes and repairs some of the clock- 
work apparatus used by other sections of the Obser- 
vatory. During the year, for instance, the clockwork 
drive of a slow-run La Cour magnetograph has been 
reconstructed for use at the Abinger station, and 
a Similar instrument has been thoroughly overhauled 
on behalf of the Air Ministry. These clock move- 
ments, normally made entirely of non-magnetic 
material, are unfortunately subject to such rapid 
wear that asmall amount of steel has been introduced 
in the form of bushes and pivots, in the hope that 
this will substantially reduce maintenance without 
unduly affecting the magnetograph records. Finally, 
it is intended as soon as possible to start some 
research, particularly in connection with the lubri- 
cation of watch movements for service under 
extreme temperatures—a subject on which more 
information is needed. 

To conclude this brief account of the Royal Obser- 
vatory’s work, mention may be made of the Nautical 
Almanac Office, in which a new activity is a special 
star almanac for the use of land surveyors. A 
description, with specimen pages, has already 
been circulated for the criticism and comments of 
prospective users, while the general content and lay- 
out have been agreed. Final details are now under 
discussion and it has been decided to introduce the 
new almanac in 1951. Another new feature of the 
past year arose from the dearth, in the Almanac 





Office, of information about practical navigation: | 
techniques and of first-hand knowledge of the 
dependence of accurate observations upon conditions, 
instruments, experience and other factors. \ 
member of the Office staff accordingly took part in a 
three-months’ cruise on the surveying ship, H.M.S. 
Dalrymple, the outcome of which has been to 
emphasise very strongly the influence of experience 
on accuracy of observation. As regards air naviga- 
tion, the Office has been primarily concerned 
throughout the year with the design of methods and 
tables for astronomical navigation in polar region:. 
In conjunction with the Air Ministry, present 
methods are kept under constant review in the 
light of requirements and of the numerous ideas, 
developments, almanacs and navigational tables 
which are being introduced throughout the world. 
Lastly, it is interesting to report that the Almanac 
Office, which is responsible for the computations 
needed for the latticing of Admiralty charts for use 
with the Decca system of navigation, has completed 
during the past year the few remaining charts 
required for the English chain. Some computation 
has also been done for the Danish chain, in co- 
operation with the Danish Hydrographic Depart- 
ment. Twonew chains—the South Western and the 
North Western—are being set up in Great Britain 
and the present plan is that they shall become 
operational early next year. To assist in the 
enormous volume of computational work carried 
out by the Almanac Office, a complete punched-card 
equipment is to be installed at Herstmonceux. 
These machines will be particularly useful for 
altitude-azimuth tables and work on the Decca 
lattices, but the intention is to extend their use 
gradually to less routine work, including calculations 
and analyses required by other departments of the 
Observatory. 





DEVELOPMENTS IN ELECTRIC 
CABLE AND DIELECTRIC RESEARCH. 


An “ open day” was held at the Research Labora- 
tories of British Insulated Callender’s Cables, Limited, 
in Wood-lane, London, W.12, on Tuesday, October 4, 
to give members of the firm’s technical, clerical and 
works staffs an opportunity of inspecting work on 
high-voltage power cables, welding, metallurgy 
and chemistry that is being carried on. They also 
saw something of the investigations that are being 
conducted on rubber, thermoplastics and other di- 
electrics, as well as in the development of high-dis- 
crimination cartridge fuses and small switchgear. 
The laboratories cover an area of 85,000 sq. ft., and 
a staff of over 100, under the direction of Dr. L. G. 
Brazier, is employed. 

There are three high-voltage laboratories, two of 
which are employed for testing cables and auxiliary 
apparatus. The equipment for this purpose includes 
two 500-kVA 500-kV transformers, which can be 
cascaded to give 1,000 kV. One of these transfermers 
can be seen in Fig. 1, opposite, which is a general view 
of the laboratory. At present, there is also a 500-kV 
surge generator with a discharge capacitance of 0-029 
micro-farad, while a 2,000-kV set with four times that 
capacitance is being installed. All this apparatus is 
controlled from a room overlooking both laboratories, 
which houses the low-voltage components of a Schering 
bridge, a Kelvin double bridge for measuring con- 
ductor temperature, and an automatic thermo-exchange 
for recording sheath temperatures. Experimental 
overhead lines outside the laboratory can be energised 
from the transformer and the corona loss measured 
on a modified form of Schering bridge enclosed in a 
portable Faraday cage, as illustrated in Fig. 2. Buried 
cables can also be tested by the same apparatus. 

In the third high-voltage laboratory, equipment is 
installed for carrying out stability tests at twice the 
working voltage and for conducting superimposed heat 
cycles on 66-kV and 132-kV cables. These tests may 
last as long as 30,000 hours. To meet the demand for 
a 275-kV overhead line conductor with minimum 
corona loss, the conventional steel-cored aluminium 
conductor has been provided with a stress-reducing 
shroud in the form of a copper-wire helix, 2 in. to 
3 in. in diameter and of 1 in. pitch. Tests on this 
combination show that from the point of view of 
corona loss the results compare favourably with those 
obtained with the hollow segmental I-beam and 
** Bundeleitungen ’’ conductors used in the United 
States and on the Continent. 

The work in the power-cable laboratories at Wood- 
lane is concerned with the development of cables 
and accessories for use at 33 kV or more. Investiga- 
tions are being conducted at present on a 220-kV 
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Fig. 1. 


GENERAL VIEW OF HiaH-VOLTAGE LABORATORY. 





impregnated pressure cable similar to that which is| very thin coverings are being obtained by using an 


being supplied to Electricité de France for long-term 
testing.* 
will be subjected to 20 1,080-kV impulses. Subse- 
quently, higher voltages will be applied until the cable 
breaks down. Tests are also being made on a 220-kV 
sealing end with insulators covered with a semi- 
conducting glaze. This glaze gives a nearly uniform 
voltage distribution over the length of the insulator 
and consequently almost uniform stress on all parts 
of the porcelain. The electric field in the neighbour- 
hood of the porcelain can therefore be controlled so 
that stresses which would cause breakdown are avoided. 
As, moreover, the temperature of the insulator surface 
is raised by the passage of the current, voltage irregu- 
larities caused by dew and fog condensation are mini- 
mised. Other tests now in progress include those on 
the mechanical and pneumatic properties of joints ; 
on cables,installed in a 198-ft. chimney so that drainage 
problems can be eliminated and joints suitable for use 
on steep gradients developed; and on cables in beds 
containing soil with acidic, alkaline and organic con- 
tents so that the efficacy of cable protective coverings 
can be investigated. ° 

The rubber and thermoplastics laboratory is equipped 
with plant for investigating newcomers in these classes 
of materials. Considerable work, for instance, is being 
done on silicone-rubber flexible cables and varnishes, 
while a special study is being made of a process for 
vulcanising natural and synthetic rubber, at room 
temperature. It is hoped that, as a result, it may be 
possible to use vulcanised, instead of unvulcanised, 
rubber in cable servings, thus overcoming the difficul- 
ties of steam curing. As the materials employed 
in the colour coding of cable insulated with polyvinyl 
chloride do not readily adhere to polythene, new inks 
have been devised to overcome this difficulty. Work 
has also been carried out on a new plastic insulating 
material—polytetrafluorethylene (P.T.F.E.)—which is 
able to withstand temperatures of about 200 deg. C. 
and is suitable as a radio-frequency dielectric. As, 
however, the solid material is difficult to process, 





* See ENGINEERING, vol. 167, page 288 (1949). 


During these investigations, a test length | 





aqueous dispersion of it to coat the wire. 

In the dielectrics laboratory investigations are being 
made on various new types of cable dielectrics. To 
enable this to be done, a processing plant for the 
production of miniature cables and condensers has 
been installed, so that experiments can be carried out 
speedily and cheaply on oil and paper dielectrics. 
Among the recent developments in the instrument sec- 
tion of this laboratory mention maybe made of a surge 
counter, which enables a continuous record of surges 
to be obtained. This record is made in the form of 
readings on counters, each of which refers to a particular 
surge-voltage level. These counters are automatically 
photographed, together with the time at which the 
surge-occurs, 

The welding laboratory is responsible for a number 
of developments, among which mention may be made 
of a timer which ensures reliable and accurate control 
of the current duration in spot and projection welders, 
This timer consists of a synchronous motor-driven 
timing unit, a magnetic contactor, specially designed for 
welding duty, and a cut-out switch. When the control 
switch of the welder is closed for operation, the timer, 
which has been pre-set, comes into operation and the 
welding current is switched on. At the end of the 
desired period the current is automatically switched off 
and the timer is re-set for the next weld. A multi-head 
tube-forming machine, which has been designed and 
manufactured in the laboratory, is capable of producing 
tubes up to 2 in. in diameter, such as may be used as 
cable sheaths. The tube material is formed into a 
U-section in the first four heads. The cable core is 


‘then fed in, and the sheath is completed in the next 


four heads. During a demonstration, the formation 
of a sheath with radial fins was shown. The fins were 
then seam-welded by the steel-sandwich method and 
turned over on to the cable. 


The fuse laboratory is equipped with a short-circuit 
testing station for the investigation of fuse circuit 
interruption phenomena. The work that is being done 
includes the development of high-discrimination fuse 
links. This has involved the design of special fuse 
elements with a relatively high cut-off value under 
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short-circuit conditions. In view of the high pressures 
involved, investigations have also been made into the 
use of reinforced-concrete ceramic barrels with multiple 
bores in which the separate fuse elements are inserted. 
Furthermore, the use of a bi-metal construction for 
fuse elements has enabled accurate fusing charac- 
teristics to be obtained on overload. The small switch- 
gear under test in this laboratory includes a differential- 
current earth-leakage circuit breaker. 





RENEWAL OF WROUGHT-IRON BRIDGE.—Work is now 
in hand on the renewal of a bridge at Stamford Brook 
on the westbound District and Piccadilly lines of London 
Transport. The existing spans are of wrought iron 
and have been in service since 1869, when the railway 
was extended from Ravenscourt Park to Richmond. 
The bridge carries the tracks over the London Midland 
Region coal sidings at the west end of Stamford Brook 
station. 





THE JUNIOR INSTITUTION OF ENGINEERS.—Several 
awards have been made by the Council of the Junior 
Institution of Engineers in respect of papers and lectures 
delivered before the Institution during the session 1948- 
49. These awards include the Institution Premier 
Award to Mr. B. T. Turner, for his paper “‘ Some Practical 
Examples of Control Systems, with Special Reference to 
Fluid-Operated Applications ’’; the Institution Prize to 
Mr. J. M. Tebby, for his paper “‘ The Properties and Uses 
of Circular-Section Force Fits in Machine Construction ”’ ; 
the Vickers Prize to Mr. L. P. Corté, for his paper 
‘Sound and Vibration Measurements”; the Tookey 
Award to Mr. C. Hunnikin, for his paper “‘ Vacua—a 
Brief Review of Scientific and Technological Develop- 
ments Since the Seventeenth Century”; the Past- 
Secretary Dunn Award to Mr. S. L. Lyons, for his lecture 
“The Influence of Lighting on Industrial and Domestic 
Accidents ”’ ; and the Midland Section Prize to Mr. H. A. 
Wainwright, for his paper ‘‘A Survey of Commercial 
Wrought Light Alloys and Some Engineering Applica- 
tions.” The Durham Bursary has been awarded to Mr. 
R. J. Herbert for his thesis entitled “‘ The Design and 
Construction of a Very Small Fractional Horse-Power 
Induction Motor.” 











SBGLRSE RING 


4-6-0 METRE-GAUGE LOCOMOTIVE FOR MEWAR 


MESSRS. W. G. BAGNALL, 





LIMITED, STAFFORD. 









OcT. 14, 1949. 


RAILWAY. 












STATE 





~ 













? 








It --------- 11/3". 





r 
} | 


| ~ 





: ta 
es: a ; 
\ \A\ 
ys 


mr a yak ona So 


we 


oe 


a’ 


a 


ea 


Sa 


Fie. 1. 





GENERAL VIEW OF LOCOMOTIVE. 
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4-6-0 METRE-GAUGE LOCOMOTIVE | 
FOR MEWAR STATE RAILWAY. | 


Messrs. W. G. Bacnaxt, Limitep, Castle Engine | 
Works, Stafford, have recently built three 4-6-0 metre- 
gauge locomotives for the Mewar State Railway of | 
India. The coupling-rod driving crankpins, the con- | 
necting-rod big ends and the eccentric rods are fitted | 
with Sekfko self-aligning roller bearings. This feature | 
is shown in Fig. 3; Fig. 1 is a general view of one of | 
the locomotives and tenders, and Fig. 2 gives the| 
principal dimensions and weights. At 85 per cent. | 
boiler pressure the tractive effort is 19,674 lb., the ratio 
of adhesion is 3-4: 1, and, on a level road, a load of | 
1,156 tons can be hauled. The boiler pressure is | 
180 Ib. per square inch. Other particulars not given in | 
Fig. 2 are: overall width, 8 ft. 2 in.; weight of engine 
empty, 39-5 tons; weight of tender empty, 11-0 tons ; | 
total weight of engine and tender in working order, 
70-7 tons. 

There are two outside cylinders, 163 in. in diameter, 
with a piston stroke of 22 in. The locomotive is fitted 
with piston valves, having a travel of 4% in. and a 
steam lap of 14 in. The areas of heating surfaces are 
888 sq. ft. for the tubes, 100 sq. ft. for the firebox, 
and 176 sq. ft. for the superheater—total 1,164 sq. ft. 
The outer boiler plates are of Siemens Martin open- 
hearth basic steel, and the boiler is lagged with asbestos 
mattresses encased by steel sheets and pressed-steel 
mouldings. The firebox is of the Belpaire pattern, and 
the grate area is 25-5 sq.ft. The boiler is fitted with 
solid forged-steel longitudinal stays; the crown of 
the firebox is supported by sling and direct stays ; 
and the inner and outer fireboxes are stayed by 1-in. 
copper stays. The smoke tubes, 113 in number, are 
of solid-drawn steel, 1? in. in outside diameter and 
enlarged 4 in. in diameter at the smokebox end. The 
rocking grate is fitted with cast-iron firebars, and the 
mild-steel ashpan is provided with bottom hopper 
doors. The deme contains a double-valve cast-iron 
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regulator, and the firebox crown is fitted with two 2}-in. 
diameter Ross “ pop” safety-valves. The boiler is 
fed by two 7-mm. injectors with Simplex cones, suitable 
for water at a maximum temperature of 125 deg. F. 
The boiler is equipped with a superheater header and 
15 superheater elements. 

The main frames are of }-in. mild-steel plates, braced 
by strong cross stays with }-in. rivets. The engine 
buffer beams are of cast iron, 44 in. thick, and a steel 
cow-catcher is fitted at the front of the engine. The 





connecting rods and coupling rods are forged from the 
solid, and, as already noted, the connecting rods are 
fitted with Skefko roller bearings in the big ends, and 
the leading coupling rods are fitted with Skefko roller 
bearings at the driving ends. Cast-iron brake blocks 
are provided on all coupled wheels and all tender 
wheels, the engine brakes being applied by steam, 
and the tender and train brakes by vacuum. The 
steam-brake valve is combined with the vacuum ejector 
and they can be operated independently or together, 
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THE FIRE RESEARCH BOARD. 


Tue formation in 1946 of the Fire Research Board, 
which is a joint organisation of the Department of 
Scientific and Industrial Research and the Fire Offices’ 
Committee, was reported on page 494 of our 167th 
volume (1949). An account of the gradual development 
of a comprehensive peace-time programme of research 
into the causes and control of fires is given in the 
second annual report* recently published. Much of 
the work is undertaken at the request of other official 
organisations, and a wide range of inquiries from indus- 
try and commerce are investigated. 

One of the main investigations carried out by the 
Board comprises studies of outbreaks of fire, includ- 
ing the analysis of all reports of fires attended by 
the National Fire Service during 1947. The National 
Fire Service was disbanded on April 1, 1948, but the 
new Fire Authorities, which are under local adminis- 
tration, are continuing to send reports for satistical 
analysis. Ten per cent. of the fires, in all types of 
buildings, were attributed to electrical causes. Short 
circuits in electric wiring were considered responsible 
for 41 per cent. of these fires, the remainder being caused 
by the failure of electrical appliances such as radio sets, 
electric cookers, etc. 

Fires in ships in dock and in shipbuilding yards 
were caused mainly by welding and cutting apparatus, 
smoking material and matches, and short circuits in 
electric wire and cable, 52 per cent. of the fires in 1946 
and 57 per cent. in 1947 being assigned to these causes. 
In about 20 per cent. of these cases, the fire started in 
structural woodwork. Approximately one fire in 
three was attributed to welding and cutting apparatus ; 
in 32 per cent. of these fires in 1946 and 22 per cent. in 
1947, oil was the first material to be ignited. 

Another broad category of work which is being 
carried out comprises studies of the initiation, growth 
and suppression of fire, and the behaviour of materials 
in fires. For studying the development of fires in 
which radiation plays a considerable part, a quick- 
response radiation meter is under development. This 
instrument will also form a useful means for carrying 
out standard tests. Various electronic circuits, incor- 
porating resistors with large negative temperature- 
coefficients, have been devised, but up to the present 
the desired response-time has not been achieved, and 
the work continues. 

In order to draw up codes of practice relating to 
the spacing of heaters, exhausts, etc., in the vicinity 
of woodwork, the behaviour of wood after prolonged 
periods of heating below the normal ignition tempera- 
ture is being studied, but the work has not yet reached 
the stage where definite conclusions can be drawn. 
So far, it has been found that heating small wood 
blocks at a temperature of 180 deg. C. for 750 hours 
caused a slight decrease in the ignition temperature, in 
oxygen, from 270 deg. to 250 deg. C., whereas longer 
heating produced an increase in ignition temperature. 
A comprehensive series of tests on the hazards pre- 
sented by flue pipes and other hot surfaces is in pro- 
gress, in collaboration with the Building Research 
Station, which is studying the durability of flue-pipes 
and flue-joints, and the Fuel Research Station, which is 
investigating the surface temperatures of flue-pipes con- 
nected to openable stoves, both under normal burning 
conditions and when the stoves are being over-run. 
The Fire Research Station will study the temperature 
effect on wooden panels placed at various distances 
of an electrically-heated 6-in. diameter flue-pipe, the 
temperature of which can be varied. The results of 
these investigations are expected to produce informa- 
tion with a wide range of application. 

One of the most interesting investigations under- 
taken by the Fire Research Board is concerned with 
the possibility of protecting liquid-fuel storage instal- 
lations by the addition of a volatile inhibitor. It has 
been suggested that it might be possible to add a 
suitable inhibitor in such a proportion that while the 
vapour above the liquid would be rendered non- 
her sel to a momentary source of ignition when 
the liquid was completely vaporised, combustion would 
still be possible. As a result of tests made on aviation 
spirit. and aviation kerosene with various inhibiting 
agents—methyl bromide, methyl iodide, Freon 12, 
Freon 13, and sulphur hexafiuoride—it has unfortun- 
ately been found that the concentration of inhibitor 
required to produce an inert vapour was quite im- 
practicable with aviation spirit, and of doubtful prac- 
ticability with aviation kerosene. 

Some progress has been made in developing a 
technique for examining water sprays, and an appa- 
ratus has been designed for producing sprays of approxi- 
mately uniform droplets, the size and rate of delivery 
of which can be varied. This apparatus will be used 
in the extinction of a standard oil fire. 





* Department of Scientific and Industrial Research, 
Report of the Fire Research Board, with the Report of the 
Director of Fire Research for the Year 1948. H.M. Sta- 
tionery Office, Kingsway, London, W.C.2. |Price 1s. net.] 





The value of wetting agents for increasing the fire- 
extinguishing capacity of water in fighting heath and 
forest fires has been examined. Preliminary investi- 
gations suggest that where a fire is already in progress, 
the addition of a wetting agent is unlikely to help much 
in extinguishing the fire, since this is largely achieved 
by the cooling effect of the water. Wetting agents 
may, however, be valuable in preventing the further 
spread of fire to unburnt areas, by ensuring an even 
distribution of the extinguishing liquid. 

The third main item on the fire research pro- 
gramme concerns the structural aspects of fires in 
buildings. The fire-resistance of pre-stressed concrete 
structures is being examined from two as’ : the 
development of adequate thermal insulation for the 
concrete, and the investigation of the type of failure 
which fires cause in pre-stressed concrete, for furnishing 
data on which the most economical form of con- 
struction with adequate fire resistance can be designed. 
At the request of the British Standards Institution, 
a l-hour fire-check door has been constructed. This 
is similar to the standard 30-minute fire-check flush 
door,* except that it has a layer of asbestos wall- 
board between the plywood faces and the frame. 
Except for the lintel, which showed some signs of 
distress, the door withstood a 1-hour fire test satis- 
factorily. Improved frame designs are to be tested. 

Petrol fires in large aircraft hangars present particular 
problems, since full structural fire protection is not 
possible. Experiments with specially-designed spray- 
nozzles and sprinklers on steel specimens, to determine 
the most effective way to use water to protect the steel- 
work, led to an interesting result. For a given rate of 
application of water, the lowest safe height of the steel 
specimen above the fire was linearly related to the 
diameter of the fire. By extrapolation, it has been 
found possible to make a rough estimate of the size of 
fire against which a given spray would be able to 
protect the building. The most efficient way to use 
water, it was concluded, was to direct it specifically to 
cool the steelwork rather than distribute it generally. 
In the case of a building 75 ft. by 100 ft., and 60 ft. 
in height, in which a petrol fire of 1,500 sq. ft. was 
raging, the recommended method would save one-third 
of the amount of water required to extinguish the fire 
by a general distribution. 

Other experiments in hand are concerned with 
assessing the dangers of fire to combustible roofs from 
a small source of ignition. The use of transparent 
methyl-methacrylate sheets for roof lights presents 
some fire risk, and comparisons were made with 
plywood sheet. While the plastic sheets were found 
to be less affected than the ruses by the application 
of intense radiant heat, subjected to a persistent small 
source of ignition the methy methacrylate was found to 
be far more inflammable than plywood; a burning 
hardwood brand weighing 18 grammes would not set 
fire to the plywood, whereas the plastic sheet caught 
fire from a brand weighing only 0-5 grammes. 

The other chief subjects for research include inves- 
tigations of special fire hazards, such as the evalua- 
tion of the inflammability of mineral oil used in the 
woollen industry, and the investigation of combustible 
dusts; and experiments on fire-fighting equipment 
and technique. Investigation of the problem of 
smoke in fire-fighting come under this heading, and a 
new smoke chamber and measuring room have been 
built at the Building Research Station to deal with 
this subject. For comparing the efficiency of various 
foam compounds in extinguishing petrol fires, a new 
‘* figure-of-merit ” test has been devised for laboratory 
use; a test for field use had already been developed 
by the Chemical Research Laboratory, but this was 
on too large a scale for routine laboratory work and 
required a large quantity of petrol. 

Among the special investigations carried out, tests on 
new types of delivery and suction hose were of special 
interest. The delivery hose, in which the lining 
consisted of a thin rubber-impregnated fabric, showed a 
frictional resistance equal to that of unlined hose, was 
impermeable to water, easily rolled, and stowed more 
easily than rubber-lined hose, though not as neatly as 
unlined hose. The adhesion between lining and jacket 
was very good. A smooth-bore suction hose was found 
to have a remarkably low flow-resistance ; the use of 
such hose on the suction side of the pump practically 
halved the losses, and allowed appreciably greater 
lifts than are possible at present. 





THE PERMANENT Way INSTITUTION.—A 16-mm. 
colour film has been made to illustrate the history and 
activities of the Permanent Way Institution. It illus- 
trates the manufacture and relaying of railway track, 
and other subjects of interest, and is available on loan 
to interested engineering bodies. Application should be 
made to the secretary at 19, Weald View-road, Tonbridge, 
Kent. 





* Fire-Check Flushdoors. 
Part 3. (1946). 
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CONSTRUCTION OF FOUNDATIONS 
FOR THE saa”: BANK CONCERT 
ALL. 


Tx Concert Hall which is being built on the South 
Bank of the River Thames, at London, in preparation 
for the Festival of Britain in 1951, will be the only 
major permanent building on the site. The foundation 
stone was laid by the Prime Minister, the Rt. Hon. 
C. R. Attlee, M.P., last Wednesday, October 12. The 
area of ground available lies on both sides of the 
Hungerford railway-bridge approach, bounded on the 
west by County Hall and on the~east by the new 
Waterloo bridge, and on it will be built, in addition to 
the Concert Hall, other buildings and structures for 
the Exhibition which will constitute the main part of 
the 1951 Festival. When the temporary structures 
have been removed after the Festival, it is intended 
to erect Government offices, commercial premises, and 
the long-awaited National Theatre. Thus, the Festival 
has provided the London County Council with a 
welcome opportunity to implement the plan—initiated 
before the war—for developing the South Bank so 
that it is transformed from an uninteresting area to a 
district which will compare favourably with the busy 
area on the north bank of the Thames. Permanent work 
which is also being undertaken at present includes the 
extension of the river wall from County Hall to a 
point just downstream of Waterloo Bridge—a distance 
of 1,700 ft. The wall will follow the general curve of 
the river, but will be from 60 ft. to 140 ft. forward of 
the existing river frontage, so that about 4} acres of 
land will be reclaim Part of this land will be laid 
out as a public open space. 

The Concert Hall is being constructed on that part 
of the site which lies between Hungerford Bridge and 
Waterloo Bridge. Fig. 1, on 390, shows the 
partly-constructed foundations, viewed from the north- 
east corner of the area, with the Hungerford-bridge 
approach in the right background ; the river is to the 
right, but is not shown in the illustration. Fig. 2 is 
a view from the diagonally-opposite corner of the site ; 
it also shows Waterloo Bridge, the buildings on 
the North Bank, and the lower part of the old shot 
tower. This tower, and the tree nearby, are to be 
preserved. In Fig. 2, the Thames is hidden behind 
the line of steel-sheet piling. The main hall will have 
seating accommodation for 2,900, standing room in 
side galleries for 300, and a platform for an orchestra 
of 100 and a choir of 250. The Concert Hall will also 
incorporate a small hall with seats for 750; a main 
foyer ; a restaurant, overlooking the river, with accom- 
modation on two floors for 700 people ; a suite of rooms 
for exhibition purposes; two meeting rooms; and 
ancillary accommodation. It is being constructed in 
reinforced concrete (faced with Portland stone), due to 
difficulties in the supply of steel, but this means that 
it will not be soatiie to complete the whole building 
by May, 1951. It was therefore decided to build the 
hall in two stages, the first stage representing about 
five-sixths of the total cubic capacity, and including 
the main hall, the restaurant, foyer, etc. This is to be 
completed by the target date. The second stage of 
construction will be completed after the close of the 
Exhibition towards the end of 1951. The acoustics of 
the building and the prevention of the transmission of 
external noises are receiving careful attention, especially 
in view of the fact that the adjacent Hungerford Bridge 
carries dense railway traffic. The main auditorium will 
be in the form of an inner core, with the main foyer 
underneath. Messrs. Blaw Knox, Limited, Clifton 
House, Euston-road, London, N.W.1, installed and 
operated the site dewatering plant, which is described 
in detail below. The consulting engineers to the 
London County Council are Messrs. Scott and Wilson ; 
the main contractors are Messrs. Holland & Hannen 
and Cubitts, Limited ; and the sub-contractors for the 
excavating work are Messrs. Willment Brothers, 
Limited. 

The area to be excavated was, very roughly, a 
square of 250-ft. sides. A typical bore-hole showed 
first about 11-5 ft. of made ground, followed by 4 ft. 
of brown silty clay, 1-25 ft. of blue silty clay, 1 ft. of 
peat, 6 ft. of blue silty clay, 10-75 ft. of ballast, and 
11-65 ft. of London blue clay. The ground level was 
+14-23 ft. (Newlyn datum), and the required invert 
level was —11 ft. The original ground-water level 
was +1-42 ft., but by means of the Blaw Knox well- 
point dewatering system the water has been lowered 
to approximately —15 ft., enabling the site to be 
excavated under perfectly dry conditions. 

The dewatering is carried out in one stage. A series 
of wellpoints were placed around the perimeter of the 
site to a depth of — 18 ft., with the header mains to 
which the wellpoints are coupled at + 3 ft. As soon 
as the wellpoints were placed, the dewatering pumps 
were started and remained in operation continuously 
until the whole of the sub-structure concreting was 
finished, when the ground water was allowed to return 
to its natural level. The high-tide flood level of the 
Thames, on the north side of the site, is + 17 ft., and 
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although steel-sheet piling was driven on the north 
side, as shown in Fig. 2, and in Fig. 6, on page 394, this 
was to retain the ground rather than to impose a barrier 
between the river and the site. 

Preliminary excavation, prior to dewatering, was 
carried out to + 3 ft. to form a cut around the 
perimeter, leaving a central island, as shown in Fig. 5, 
on page 394. The wellpoints were then jetted in a line 
along each of the four sides, with the wellpoints spaced 
at about 3 ft. intervals. The wellpoints were coupled 
to four 6-in. header mains, one along each side, by 
1}-in. “swinger” arms, as shown in Fig. 5. Two 
pumps were placed at one corner, and two at the 
diagonally-opposite corner, each being connected to a 
header main and discharging at + 18 ft. into the river. 
A fifth, stand-by pump was provided at one of the other 
corners, so that, if any pump failed, normal pumping 
from the four header mains could be restored by 

ing the connections. The centrifugal pumps 
were driven by Dorman four-cylinder 36-b.h.p. Diesel 
engines, each pump having a maximum capacity of 
60,000 gallons per hour at a total head of 60ft. On the 
site, the maximum rate of dewatering for the four 
pumps was estimated at 150,000 gallons per hour, the 
rate fluctuating to some extent according to the river 
level, and decreasing to about 80,000 gallons per hour 
as the ground water was lowered. A certain amount of 
air was inevitably drawn off with the water, but the 
efficiency of each centrifugal pump was maintained by 
the incorporation of a vacuum pump which could 
exhaust 62 cub. ft. of free air per-minute. Thus, a 
25-in. vacuum was maintained in the header pipes and 
wellpoints, while the amount of air drawn off was 
reduced to a minimum by adjusting the cocks on the 
swinger arms. A hammering effect could be detec 
if too much air was being admitted. a: 

The lower part of a wellpoint is shown in Figs. 3 
and 4, on this page. It is designed to remove clean 
filtered water, without fine particles, which, if removed, 
would be liable to clog the plant and cause ground sub- 
sidences. In the latter connection, as a precaution, 
the top of the shot tower was kept under observation 
through sights, and “ tell-tales”’ were applied to the 
Hungerford-bridge approach viaduct. The tower 
moved almost imperceptibly, but this may have been 
due to the long warm dry spell of weather, and the 
viaduct was not affected. Each wellpoint incor- 
porates three layers of wire mesh, the middle layer 
being a fine mesh of 60 squares per inch, and the outer 
layers being coarse. The total screened area is 
300 sq. in. The wellpoint is placed by “ jetting,” i.e., 
water under pressure is forced down the riser pipe, so 
as to deepen the shallow hole in the ground which is 
first dug. Karth and water are thrown up around the 
pipe, whick is allowed to fall gradually. While jetting, 
the ring valve lifts, as shown in Fig. 4, and blanks off 
the screen, while the ball valve drops on a support. 
Subsequently, when dewatering is in progress, the ring 
valve falls to allow the water to be drawn through the 
mesh, and the ball valve lifts on to its seat to prevent 
the ingress of solid matter. When jetting through hard 
gravel, a maximum pressure of about 150 Ib. per square 
inch is used, but lower pressures of, perhaps, 60 Ib. per 
sq. in. may suffice for soft ground. If a hard layer of 
ground is encountered, a hole-punching apparatus is 
employed, and a chain is fixed round the head of the 
wellpoint for piercing clay. The cylindrical space 
formed round the riser pipe subsequently fills with 
coarser particles which were held in suspension during 
jetting, and when dewatering these particles act as a 
filter. If strata which are impervious to water are 
passed, the space is immediately filled with sand, so 
that the water will drain through when pumping. — 

At the South Bank site a maximum of 50 wellpomts 
were jetted in one day by six men. Under favourable 
conditions on trench work, 100 ft. of dewatering plant 
can be installed in a day. The first wellpoints were 
placed on May 18, and pumping was started on June 19. 
Mechanical excavation had been started on May 7, and 
was finished on July 17, after 64,000 cub. yds of 
earth had been removed. Fig. 6, on page 394, shows 
part of the site on July 21. With the header mains 
arranged in a rough square, the lowered ground water 
was not, of course, on a horizontal plane throughout, 
but was higher in the middle. As, however, the well- 
points were about 7 ft. below the invert level, the site 
was always perfectly dry, and, in fact, due to the 
exceptionally dry summer, excavation was often 
carried out under dusty conditions. The wellpoint 
system is applicable to deeper jobs than that at South 
Bank ; when the depth is more than 30 ft. it is usual 
to use a multi-stage installation, with each stage 
reducing the ground-water level about 15 ft. 

The placing of concrete was commenced on June 
25. the concrete-mixing and handling plant was 
also supplied by Messrs. Blaw Knox Limited. Fig. 7, 
on page 394, shows two “ Junior” Weighbatchers, 
situated near the shot tower. Each has a storage 
capacity of 7 cub. yds. of stone and 6 cub. yds. of sand. 
The weighing-hopper capacity is 26 cub. ft. Four 
“ Rex ” 128 concrete mixers were used to maintain a 
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continuous supply of concrete directly to two Blaw 
Knox concrete pumps. Fig. 8, on page 394, shows the 
concrete pipe-lines from the two pumps, their position 
being adjusted as the work proceeded. The concrete 
was placed in layers about 2 ft. thick, each pump 
delivering up to about 140 cub. yds. during a 10-hour 
working day. From the particulars given in this article, 
it will be seen that the time available for the construc- 
tion of the Concert Hall is strictly limited. The various 
stages of the work have been carefully planned and 
timed, and the main civil engineering work is to be 
finished by December, 1950. The remaining months 
will be required for certain finishing jobs, including the 
solution of the acoustic problems involved. 

At the ceremonial laying of the foundation stone, 
on Wednesday, October 12, to which reference is 
made above, the Prime Minister congratulated the 
London County Council in entering upon what was 
entirely a municipal project. The great achievements 
of 100 years would be celebrated in 1951 and we 
should show the world not only what we were doing in 
many fields of activity, but that our spirit and deter- 
mination were still strong and vigorous. The stone 
itself is of polished black Delabole slate bearing the 
Council’s coat of arms set in bronze mercurial gilt with 
an incised inscription recording its laying. Under it 
have been placed a number of present-day coins, a 
copy of The Times for October 12, 1949, and documents 
relating to the concert hall itself and to the Exhibition 
of 1951. In the completed building it will be built 
into a low wall. The Prime Minister performed the 
laying ceremony with a silver trowel and mallet, which 
were designed by Messrs. A. R. Emerson and J. H. 
Brandt, and was assisted by Mr. R. H. Matthew, 
architect to the London County Council. 
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APPLEBY-FRODINGHAM 
‘* CASTELLATED ’? BEAMS. 


Tue Appleby-Frodingham Steel Company (branch 
of the United Steel Companies Limited), Scunthorpe, 
Lincolnshire, have recently taken over the British 

tent rights of a simple method of increasing the bend- 
ing strength of steel beams, which was originated by 
Mr. G. M. Boyd. Fig. 1, on this page, shows a group of 
beams and stanchions which have been fabricated by 
this Appleby-Frodingham “ Castellated ” method, as it 
is called. It consists simply in making a continuous cut, 
rather like a profile of a truncated thread, down the 
length of the web of a standard joist, using an oxy- 
acetylene torch ; turning one of the pieces so formed end 
for end, so that the crests on both pieces line up; and, 
finally, welding the crests together. Thus, while the 
weight is not increased and no steel is wasted, the depth 
and consequently the strength are increased. 

The profile of the cut is determined mathematically. 
It usually also depends on the desirability of avoiding 
waste at the ends: if, for example, one of the pieces 
were not turned end for end, it would have to be 






































staggered half a pitch to bring the crests in line, and 
one end of each part would then have to be cut off. The 
cut is made in an oxy-acetylene cutting machine, using 
a template, with the flanges clamped to two stiffening 
joists to avoid distortion. These stiffening joists are 
left in place while the crests are welded together, as 
shown in Fig. 2. 

A simple calculation, using the empirical rule that 
a joist is suitable for spanning a distance equal to 
at least 20 times its depth, shows that whereas a 12 in. 
by 5 in. joist, weighing 30 lb. per foot, is suitable for 
a 20-ft. span, the same joist, converted into a castel- 
lated beam, would be 18 in. deep and would span a 
distance of 30 ft. The method may be applied to 
joists as much as 18 in., 20 in. and 24 in. deep, instead 
of using built-up girders. In general, when the depth 
is increased by 50 per cent., the modulus is increased 
by 56 per cent., and the moment of inertia by 135 per 
cent. Thus, the load-carrying capacity of large spans 
is considerably increased. The shear stress is, of 
course, reduced, but this only affects short spans. 
Fig. 3 is a graph showing the comparative strengths 
of a castellated beam and a British Standard 22 in. 
by 7 in. joist from which it is made. The weight in 
both cases is 75 lb. per foot. The modulus is increased 
from 152-4 in? to 237-9 in.3, and the moment of 
inertia from 1,677 in.‘ to 3,924 in.4. The graph shows 
clearly that this method of construction is particularly 
suitable for long spans carrying light loads, i.e., where 
the stiffness, and not the extreme fibre stress or the 
shear, is the determining factor. 

The horizontal line a (Fig. 3) is the maximum load, 
determined by web buckling, when the end castellation 
spaces are filled by additional plates, as shown in the 
second beam from the left in Fig. 1. The line } is the 
maximum load, determined by web buckling, when the 
end castellation spaces are left open. Above the points 
A A, on both curves, the maximum load is determined 
by the maximum permissible tension in the extreme 
fibres, which is 10 tons per square inch (B.S. 449-1948) ; 
and below the points AA it is determined by the 
maximum permissible deflection, which is ,3,th of the 
span (B.S. 449-1948). To quote an instance of the 
savings that can be effected by the castellated construc- 
tion: the 75 Ib. per foot castellated beam would 
carry a uniformly-distributed load of 23 tons on a span 
of 59 ft., but a compound section weighing 145 Ib. per 
foot would be required if a conventional construction 
were used. The cost, as well as the weight, is thereby 
reduced. 

One of the secondary benefits of the method is that, 
in a structural job which would normally require a large 

















number of different sections, the whole requirements 
may be met by a small number of different sections, 
some of which would be increased in depth by castella- 
tion. This is particularly advantageous at the present 
time, since the orders to the rolling mills can be simpli- 
fied. The openings in castellated beams are often useful 
for providing a passage for pipes, conduits, ducts, etc. 
Plate diaphragms for ship construction, such as deep 
floors, double-bottom longitudinals, buttress plates, 
hatch webs and wash bulkheads, can be made lighter, 
without scrap and without punching. Stanchions for 
light structures such as sheds are considerably im- 
proved, both structurally and economically. The 
castellated method may also be applied to channels 
and other sections, and to plates. The Appleby- 
Frodingham Steel Company undertake castellated 
fabrication to suit customers’ requirements, and also 
issue licences which entitle the licensee to manufacture 
to his own or customers’ designs. In such cases the 
company give the benefit of their experience, which, 
naturally, covers more points than can be mentioned 
in a short article. 


GROUP OF ‘‘CASTELLATED”’ BEAMS AND STANCHIONS. 
| - Fig. 3 
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33-KV SUBMARINE POWER CABLE 


TO THE ISLE OF WIGHT. 

An interesting link in the electricity supply system 
of the country was completed on Friday, August 19, 
when a 33-kV cable was laid across the Solent from 
Gurnard in the Isle of Wight to Lepe on the Hampshire 
mainland by Messrs. Siemens Brothers and Company, 
Limited, Woolwich. This cable connects the generating 
station at Cowes with the substation at Lepe, whence 
an overhead line runs to the switching station at 
Nursling, near Romsey. The cable from Cowes to 
Gurnard, a distance of about 2? miles, also includes a 
short submarine section across the River Medina. 
The new cable, the second laid by Messrs. Siemens 
across this stretch of water, is claimed to be the longest 
33-kV three-core cable to be installed in this country. 
It is about 6 in. in diameter and weighs 132 lb. per 
yard, the total length being 2-9 miles. The cable, 
the cores of which are contained in separate lead 
sheaths, was processed in long sections, special joints 
being incorporated to enable it to be coiled down and 
armoured in one continuous length. The launching 
wheels and sheaves round which ay myer? to 

during this operation were 9 ft. in diameter in 
Sean that the wales radius should not be less than 
4 ft. 6 in. On completion, the cable was coiled in the 
open and was then loaded into the hold of the laying 
ship. Continuous tests were made during manufac- 
ture, shipping and laying to obtain information for 
use in future developments. These included the taking 
of y-ray photographs by members of the staff of the 
National Physical Laboratory. 

Laying was carried out from the motor coaster 
David M, which was converted into a cable ship by 
erecting quadrants of rollers above the hatches to 
provide a large bending radius for the cable leaving 
the hold. Brake gear, a measuring wheel and stern 
sheaves were also bolted and welded to the structure. 
Laying began from the Gurnard shore, the ship being 
anchored about 200 yards from the beach, with two 
tugs in attendance to prevent her swinging with the 
strong tide. The cable was pulled by a 20-ton self- 
anchoring power unit on the cliff, the end being floated 
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ashore by attaching 176 barrel buoys. When sufficient 
cable had been drawn over the cliffs to the terminating 
kiosk, the ship moved along a line of marker buoys 
across to Lepe on high tide, with one tug ahead and the 
other on the starboard quarter. The cable paid out 
smoothly and the mainland position was reached in 
about 14 hours. The ship was then beached on the 
foreshore overnight. The cable was taken ashore next 
morning and a | h of about 300 yards, for con- 
nection to the land line from substation, was 
pulled from the ship by another power unit. The cable 
was then cut and sealed. The final tests were carried 
out on September 19, and the cable is shortly to be 
put into service. 





CONTRACTS. 


The British Electricity Authority, Great Portland- 
street, London, W.1, inform us that they have placed 
contracts during the past month for generating-station, 
switching-station, transforming-station, and transmission 
equipment, amounting in all to 2,819,8721. The principal 

tracts included: feeder transformers for Bankside 
station, placed with Messrs. FERRANTI, LIMITED; two 
reinforced-concrete chimneys for Brunswick Wharf sta- 
tion, with Messrs. TILEMAN AND COMPANY, LIMITED ; 
auxiliary cables and earthing system for Brunswick 
Wharf station, with the LONDON ELECTRICITY BOARD ; 
steam and feed pires for Battersea “ B”’ station, and 
piping equipment for Littlebrook ‘“‘C” station, with 
Messrs. AITON AND COMPANY, LIMITED; generator 
step-up transformers for Littlebrook “ C ” station, with 
Messrs. FULLER ELECTRICAL AND MANUFACTURING 
CoMPANY, LimiTreD; civil works in connection with 
the installation of two boilers and ancillary plant at 
Rotherham station, with Messrs. MITCHELL CONSTRUC- 
TION COMPANY; cables and miscellaneous equipment 
for Brighton station, with Messrs. TROUGHTON AND 
Youne, Liwirep; superstructure at Keadby station, 
with Sm ROBERT MCALPINE AND Sons (MIDLANDS), 
LimiTeD; 30-MVA 132/33-kV transformers for East 
Yolland substation, and 45-MVA 132/33-kV trans- 
formers for Taunton substation, with Messrs. C. A. 
PARSONS AND COMPANY, LIMITED; 132-kV, 2,500-MVA 
switchgear for Langham (Oakham) substation, with 
Messrs. GENERAL ELECTRIC COMPANY, LIMITED; 
30-MVA 132/33-kV transformers for Altrincham sub- 
station, and 60-MVA 132/33-kV transformers for 
Castleton substation, with Messrs. FERRANTI, LIMITED ; 
and 60-MVA 132/33-kV transformers for Sale, Govan, 
and Hagg’s-road, Glasgow, substations, with Messrs. 
METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED. 

The London Midland Region of British Railways, 
Euston House, Eversholt-street, London, N.W.1, an- 
nounce that they have placed a number of contracts, 
which include: scaffolding and safety sheets for the 
renewal of roof coverings at the Central Station, Liver- 
pool, with Messrs. Mitts ScaFFoLD ComPANy, LIMITED ; 
erection and supply of steelwork at the Central Station, 
Liverpool, and the Exchange Station, Bradford, with 
MEssRS. JOHNSON BROTHERS (STEEL ERECTORS), 
LiMiTED ; structural work and repairs at Apperley 
Bridge and at the bridge over Fleet-lane, Methley, with 
MeEssRS. WELLERMAN BROTHERS, LIMITED ; and demoli- 
tion and temporary works at the Exchange Station, Brad- 
ford, with Messrs. DEMOLITION AND CONSTRUCTION 
CoMPANY, LIMITED. 

THE CHANTIERS ET ATELIERS AUGUSTIN NORMAND, 
31, Rue Guillemard, Le Havre, France, have received 
an order from the French Ministry of the Merchant Navy 
for two coastwise vessels each of 850 tons deadweight 
carrying cayacity. The ships will be managed by Worms 
et Compagnie, Le Havre. Messrs. Augustin Normand 
have now six ships of this type in hand, some for the 
Ministry of the Merchant Navy, and some for the Ministry 
of Overseas France, and the first vessel will be launched 
towards the end of November. 








NEw TYPE OF SPRING.—A new spring device, developed 
by the Hunter Spring Company, Lansdale, Pennsylvania, 
U.S.A., is described in the American journal Steel for 
September 12. Known as the Neg’ator, this spring 
consists of prestressed flat spring stock, the prestressing 
not necessarily being uniform along the length, formed 
to a tight coil in which each turn presses in on the others. 
In use, it is progressively unwound by drawing it out; the 
resisting force, brought into action by the straightening 
of the metal strip, varies inversely as the radius to which 
the strip had been prestressed at that point. If the 
Neg’ator is prestressed more heavily at its free end than 
farther along its length, the resisting force will be 
greater at the beginning of its range of action than at 
the end. It is from this negative force/defiection 


characteristic that its pame is derived. The device has 
@ range of expandibility up to 50 times its original 
diameter, is claimed to store and deliver approximately 
twice as much energy as other types of spring occupying 
the same space ; and can act around corners and through 
small holes. 


BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1., 
at the price quoted at the end of each paragraph. 


Thermostats for Electrically-Heated Water Supply.— 
Thermostats of the airbreak type, for use with electric 
immersion heaters and storage-water heaters for 
domestic hot-water supply are covered by the newly- 
issued specification B.S. No. 1555. Its objects are, 
firstly, to specify the requirements for a range of 
thermostats suited to thermostatic immersion heaters 
as specified in the new publication for electric immer- 
sion heaters, B.S. No. 1556, and storage water heaters 
as specified in B.S. No. 843. The second object of the 
specification is to ensure the greatest practicable 
measure of interchangeability between thermostats of 
different manufacture. The specification is divided into 
three , the first covering requirements indepen- 
dent of dimensions, such as thermal data and electrical 
rating; the second covering dimensional and other 
specific requirements for thermostats having a ¥,-in. 
diameter stem and a small head, and the third, those 
having a }-in. diameter stem and a larger head. [Price 
2s., postage included.] 

Wood Door Frames.—The range of specifications for 
joinery has now been increased by the addition of 
B.S. No. 1567, covering wood door frames and linings. 
The specification concerns frames suitable for inward 
or outward-opening external and internal doors, and 
includes requirements for the construction of the 
frames and the priming of external door frames, unless 
the latter are specifically ordered to be unpainted or 
“in the white.” [Price 3s., postage included.] 

Mower Parts.—A further specification in the series 
covering agricultural machinery and implements has 
now heen issued. This, B.S. No. 1562, contains details 
of the construction, materials and dimensions of knife 
sections, knife backs, fingers and rivets for mowing 
machines. The specification has been prepared with 
the long-term object of reducing the number of t 
of knife sections and the compilers hope that manufac- 
turers will make use of the standardised sections as soon 
as possible. [Price 2s., postage included.] 





BOOKS RECEIVED. 


Oil Hydraulic Power and Iis Industrial Applications. 
By WALTER ERNST. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 6 dols.] McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 51s.] 

Strength of Materials. By PRoressor J. P. DEN HarToG. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 
4 dols.] McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, Londoao, W.C.2. [Price 
348.) 

United States National Bureau of Standards. Supplement 
to Screw-Thread Standards for Federal Services. 1944. 
Prepared by Direction of the Interdepartmental Screw- 
Thread Committee. The Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 
25, D.C., U.S.A. [Price 25 cents.] 

Scavenging of Two-Stroke Cycle Diesel Engines. By 

Pau H. ScHwEITzER. The Macmillan Company, 60, 

Fifth-avenue, New York, 11, U.S.A. [Price 7-25 dols.] 

Macmillan and Company, Limited, St. Martin’s-street, 

London, W.C.2. [Price 55s.] 

Numerical Methods of Analysis in Engineering. A 
Publication Resulting from a Symposium Held at 
Illinois Institute of Technology, Chicago, Illinois. 
Arranged and edited by L. E. GrINTER. The Mac- 
millan Company, 60, Fifth-avenue, New York 11, U.S.A. 
[Price 5-80 dols.] Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 45s. net.] 

Highway Research Board. Research Report No. 7-B. 
Symposium. Investigations of the Design and Control of 
Asphalt Paving Mixtures and Their Role in the Structural 
Design of Flexible Pavemenis. Presented at the 
Twenty-Eighth Annual Meeting, 1948. The Publica- 
tion Offices, Highway Research Board, Division of 
Engineering and Industrial Research, National Re- 
search Council, 2101, Constitution-avenue, Washington 
25, D.C., U.S.A. [Price 1-80 dols.] 

Oberflichenbehandlung unverkleideter Beton- und Stahl- 
betonbauten. By EUGEN Ernst. Third edition. Wilhelm 
Ernst und Sohn, Hohenzollerndamm 169, Berlin- 
Wilmersdorf, Germany. [Price 2-80 D.M.] 

The Factory. Fundamental Problems of Materials, 
Labour, Overhead, Plant, Manufacture, Management, 
and Economic Control. By Dr.-Inc. G. SCHLESINGER, 
Sir Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 70s. 
net.) 








PERSONAL. 


Dr. Percy DUNSHEATH, C.B.E., M.A., has been 
installed Chairman of Convocation of the University of 
London, consisting of some 28,000 graduates of the 
University. Dr. Dunsheath is the ninth chairman of 
Convocation and the second engi to be elected. 


Mr. O. V. S. BULLEID, C.B.E., M.I.Mech.E., past- 
President of the Institution of Mechanical Engineers, 
who, as stated on page 34, ante, retired on September 3:/) 
from the post of Chief Mechanical Engineer, Souther 
Region, British Railways, has been elected an honorary 
member of the American Society of Mechanical Engi- 
neers. 


Mr. K. R. Hopriek«, M.A., chief mechanical enginecr 
of the British Thomson-Houston Company, Limited, 
Rugby, has been elected a director of the company. 

Mr. THomas Dyke retired, on September 30, from thy 
position of secretary of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.?. 
after 45 years of service with the company. Mr. T. B. 0. 
Kerr, who was appointed assistant secretary in 1947, 
succeeded Mr. Dyke, as secretary of the company, as 
from October 1. Mr. E. J. Curts, A.C.1.8., who joined 
the staff of the company in 1920, has been appointed 
assistant secretary. The General Electric Company, 
Limited, also announce that Mr. R. O. ACKERLEY, M.C., 
M.1.E.E., F.1I.E.S., manager of their illuminating engin- 
eering department, since 1931, has retired. Mr. §. 
ANDERSON, B.Sc. (Eng.)(Lond.), has been appointed 
chief illuminating engineer to the company. 

* SIR ARTHUR SMovuT has succeeded Str HUGH CHANCE 
as chairman of the Regional Academic Board of the 
West Midlands Advisory Council for Technical, Com- 
mercial and Art Education, 141, Great Charles-street, 
Birmingham, 3. Sir Hugh has been appointed chairman 
of the Council. 

Dr. S. WHITEHEAD, the director of the British Elec- 
trical and Allied Industries Research Association, 5, 
Wadsworth-road, Greenford, Middlesex, has been elected 
a vice-president of the Institute of Physics. 

Dr. J. N. ALDINGTON, B.Sc., F.R.I.C., F.Inst.P., 
F.1.E.S., took office as President of the Illuminating 
Engineering Society, 32, Victoria-street, London, 8.W.1, 
for the 1949-50 session, on October 11. 

Mr. N. A. W. LE GRAND assumes the position of 
secretary of the British Welding Research Association, 
29, Park-crescent, London, W.1, on October 17. He 
succeeds Mr. A. BARKER, who has resigned to take up 
other work. 

Mr. R. WEATHERALL, A.M.I.Mech.E., formerly technical 
sales manager of Wilton Row Extensions Limited, 
20-21, Essex-street, Strand, London, W.C.2, has been 
appointed general manager of the company. 

Mr. E. C. McKinnon, M.I1.E.E., who has been chief 
engineer of the Chloride Electrical Storage Company, 
Limited, for 45 years, relinquished this post on October 1 
and was succeeded by Mr. C. P. LockTon, M.Sc. Tech., 
A.M.LE.E.. who was Mr. McKinnon’s assistant and 
deputy for the last 25 years. Mr. McKinnon’s services 
will continue to be available to the company in a consul- 
tative capacity. 

Dr. R. M. Brown, M.1.Mech.E., lecturer in Engineering 
at the University of Glasgow, has retired after being a 
member of the teaching staff for 41 years. 

Mr. GARNET JONES has been appointed works 
manager of the cold-reduction tin-plate plant of the 
Steel Company of Wales, Limited, at Trostre, near 
Lianelly. 

Mr. G. F. PEtmrson, M.I.E.E., chief engineer, Midlands 
Electricity Board, and Mr. T. R. WARREN, M.I.E.E., 
chief engineer, South East Scotland Electricity Board, 
have accepted invitations to serve on the recently- 
established Electricity Supply Research Advisory 
Council, as the representatives of the Area Electricity 
Boards. 

Mr. A. T. RosBerson, chief planner of the Fort 
Dunlop group of factories of the Dunlop Rubber Com- 
pany, Limited, and factory manager of St. Mary’s Mills, 
Leicester, has been appointed works director of Dunlop 
South Africa, Limited, in succession to Mr. E. E. 
QUINTON, the new general works manager of the firm’s 
Speke factory. 

Messrs. Voss INSTRUMENTS LIMITED, have moved to 
Faraday Court, High-street, Maldon, Essex. (Telephone: 
Maldon 517.) 

Messrs. H. B. Perry, LIMITED, have moved to 12, 
Berkley-street, Birmingham, 1. (Telephone: MIDland 
0677.) 

Jointly sponsored by the directors of J. SAGAR AND 
ComMPpaANy, LIMITED and BURROWS GREEN LIMITED, & 
new associate company, for the manufacture of wood- 
working machinery, has been formed, to be known as 
HOUGHTON ENGINEERS LIMITED. The firm’s new fac- 
tory, of which’ Mr. F. W. Burrows has been made 
resident managing director, is now in production at 








Houghton-le-Spring, County Durham. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—The production of pig iron and steel] 
is on a capacity basis in Scotland at present, and hopes 
are high that the traditional good performance in October 
will be forthcoming again this year. The raw-material 
position continues to give considerable satisfaction, the 
principal concern being in regard to the probable effect 
of devaluation on prices of iron ore from Newfoundland. 
The actual level of steel production is meeting all demands 
comfortably, with a little margin in hand. The home 
demand for steel is strongest in plates and sheets, and it 
is not uncommon for makers to refuse orders for delivery 
in Period 4, while blank spaces in order books for Period 1, 
1950, are being filled in. The general position is a little 
uneven, however, as current orders for large sec- 
tions and small bars are on a reduced scale, compared 
with those for plates and sheets. Re-rollers continue to 
be anxious about dwindling business in both small bars 
and light sections. This position they largely ascribe to 
the recent increase in imports from Belgium, but they 
now expect some improvement, if, as they believe has 
been arranged, these imports will be suspended entirely. 
Specifications for rails are being completed rather more 
quickly than appeared likely at one stage, and more 
orders would be welcome for delivery in Period 4. Large 
sections meet a relatively quiet demand. 

Scottish Coal.— After September’s subdued coal-output 
standards—the result of strikes and the statutory Autumn 
Holiday—marketing agencies are looking forward hope- 
fully to improved production. Fortunately, mild weather 
largely offset last months’ losses, and the reserve position 
has been consolidated rather than weakened, but fears 
are expressed lest a severe winter should supervene. 
There are two paramount needs ; the first for maximum 
exports to take advantage of devaluation, and the 
second to provide the necessary fuel to enable industry to 
fulfil its parallel obligation in the export drive. The 
mines in the division are technically prepared for larger 
outputs, and all that is required is for the miners to 
attend regularly and to raise productivity. In the mean- 
time the home market is fairly comfortably supplied. 
Trade in the house-coal section is awakening from the 
summer and autumn lethargy, but current deliveries 
remain at the basic level and are proving adequate for 
the present. Industrial activity continues at a high 
level, but there has been relatively little space heating, 
and the needs of boiler houses are readily met. Washed 
smalis remain fairly plentiful, but larger sizes incline to 
be difficult, gas-producer doubles being particularly so, 
Gum is a problem to dispose of quickly in some areas, 
but a clearance is generally effected. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Steel production continues to expand 
and will continue to do so until the extensive back-log 
of eld orders is worked off, but new business materialises 
on quiet lines. During the first 38 weeks of the year, 
Steel, Peech and Tozer Limited, produced 581,019 tons 
of steel ingots, this total being 25,403 tons above the 
target. All makers of alloy steels are concerned regard- 
ing the effects of deyaluation upon the price of alloys 
extensively used in the manufacture of fine steels. 
Notification has been received of an advance of 22 per 
cent. in the price of cobalt which, with other advances 
in alloy prices, will make magnet steels dearer and raise 
the prices of permanent magnets supplied extensively by 
Sheffield firms to various industries. How far it will be 
necessary to revise other steel prices has not been decided 
in all cases. The High Speed Steelmakers’ Association 
have decided to defer consideration until next month, 
when the full effects of devaluation upon alloy prices 
will have been demonstrated. Until then, prices are 
unchanged. The prospective additions to costs of 
production have come at a time when every effort was 
being made, by modernisation of works and equipment, 
to bring down production costs. This is very necessary 
now that foreign competition in steel, and the products 
of steel, is becoming keener. Tool factories continue 
to be very well employed and heavily booked ; they are 
making good use of modernisation schemes. 

South Yorkshire Coal Trade.—Some improvement in 
coal production is apparent, but coal-trade officials 
state it is not big enough if the year’s target output is 
to be achieved. Absenteeism, they say, is more preva- 
lent than it should be. There is a fuller call for best 
steams and gas coal to make up cargoes for shipment 
abroad. Home demands for locomotive hards and 
industrial steam are active. Gas coal is purchased in an 
endeavour to build up winter reserves, while coking coal 
is actively sought and all coke works are fully occupied 
in an effort to increase reserve supplies of hard coke. 
Gas coke is still fairly plentiful. The mild weather has 
made it possible to place more coal to winter reserves 
for the household section. Patent fuel continues to 
be active and firm. 


NOTES FROM THE SOUTH-WEST. NOTICES OF MEETINGS. 


CaRDIFF, Wednesday. 
The Welsh Coal Trade.—Following the resumption of| IT is requested that particulars for insertion in this 
shipments to Italy and South America, exports of coal | ©°!wmn shall reach the Editor not later than Tuesday 
from South Wales during October should be on a very | ™0rning in the week preceding the date of the meeting. 
much larger scale than for some months past. This, 
however, will not represent any big expansion in exports.| INSTITUTE OF TRANSPORT.—Monday, October 17, 
It will be accounted for chiefly by the shipment of | 5.30 p.m., 66, Portland-place,W.1. Presidential Address, 
arrears of deliveries which have mounted up in recent} by Brig.-Gen. Sir H. Osborne Mance. 
months in these two sections, owing to various causes. INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
Some uncertainty has been felt on the market, following | North Wales Centre: Monday, October 17, 6.30 p.m., 
the announcement that the Argentine was to suspend | Royal Institution, Colquitt-street, Liverpool. ‘“ Testing, 
imports, but, so far, there has been no interference with | Reconditioning and Servicing of Domestic Appliances,” 
the heavy programme of shipments arranged for this| by Mr. H. Hobbins. London Students’ Section: Monday, 
country, which seems to bear out later reports that coal | October 17, 7 p.m., Victoria-embankment, W.C.2. Chair- 
is among the items exempted from the ban. In the| man’s Address on “ Testing of Power System Protective 
past couple of weeks local shippers have chartered | Gear,” by Mr. P. W. Castle. Radio Section: Wednes- 
vessels to carry about 100,000 tons of coal to South| day, October 19, 5.30 p.m., Victoria-embankment, W.C.2. 
American ports. In the case of Italy, gements | Chairman’s Address, by Mr. R. T. B. Wynn. Southern 
have been made for the shipment of about 50,000 tons| Centre: Wednesday, October 19, 6.30 p.m., Grand 
during October. France will receive extra coal during | Hotel, Bournemouth. ‘“‘ Lead-Acid Battery-Charging 
the last quarter of the year, it was reported in the week. | Equipment,” by Mr. R. A. Harvey. 
Trade with this market has been very steadily maintained, 
while shipments to Portugal have proceeded along quietly 
steady lines although the railways, the largest consumers 
in that country, are still out of the market. The home 
market continues to show good activity, with the public- 
utility undertakings and the iron and steel industry 
displaying keen interest. The continued spell of mild 
weather has kept the domestic market quiet, while 
it has also affected to some extent the demands of some 
smaller industrial users. Outputs of all classes except 
some of the very poorest small grades, however, are well 
engaged. Bunkers, patent fuel and cokes come in for 
a good demand. . 
Swansea Steel-Sheet Indusiry.—The market report INSTITUTION OF CIVIL Evoieens.—Tussday, Octo- 
issued by the Incorporated Swansea Exchange states ber 18, 5.30 p.m., Great George-street, S.W.1. Equip- 
t of the Ilford Tube,” by Mr. E. W. Cuthbert. 
that while business in tin-plate was affected by the new mse 
exchange rates, a fair volume of business was transacted INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
last week, but mainly with home consumers. In the | SCOTLAND.—Tuesday, October 18, 6.30 p.m.,39, Elmbank- 
export market, the demand is good but the devaluation | crescent, Glasgow. “Solving Foundation Problems by 
of sterling is holding up business. Steel sheets and iron | Seil Mechanics,” by Mr. T. K. Huizinga. 
and steel scrap continue in strong demand. ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, October 18, 6.30 p.m., 2, Savoy-hill, W.C.2. 
Presidential Address, by Mr. A. G. Ramsey. 
NOTES FROM CLEVELAND AND INSTITUTION OF WORKS MANAGERS.—London Branch : 
THE NORTHERN COUNTIES. Tuesday, October 18, 6.45 p.m., Royal Society of Arts, 
MIDDLESBROUGH, Wednesday. John Adam-street, W.C.2. “Problems of British 
General Situation.—Conditions continue to confine | dustry To-day,” by Mr. L. C. Ord. 
market transactions within narrow limits. Difficulties) INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
arising out of the altered rates of exchange have not| day, October 19, 5.30 p.m., Institution of Mechanical 
eased, and Continental competition is extremely keen.| Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
Most Nortb-East Coast iron and steel firms have bookings | Presidential Address, by Mr. W. Cyril Williams. 
that will keep plants very actively engaged until the end| [nsTITUTION OF MECHANICAL ENGINEERS.—Sotithern 
of the year but the outlook for the early months of 1950 | Branch: Wednesday, October 19, 6.30 p.m., University 
is regarded as a good deal less satisfactory than was/ (College, Southampton. “The Avon (Hants.) Water 
promised until quite recently. The supply of native raw | Supply Scheme,” by Mr. W. S. Stredwick. Institution : 
materials is maintained on a scale that covers most needs | Friday, October 21, 5.30 p.m., Storey’s-gate, St. James’s 
of users. Stocks of foreign iron ore are substantial, while | Park, S.W.1. Presidential Address, on “ Engineering 
deliveries of iron and steel scrap remain at a very high | Steels Under Combined Cyclic and Static Stresses,” by 
level. There is, however, still a deficiency in pig-iron| Dr. H. J. Gough, F.R.S. AUTOMOBILE Drtvision.— 
production, which necessitates drawing supplies from | Coventry Centre: Tuesday, October 18, 7 p.m., Geisha 
other home and overseas iron centres. The heavy im-| Café, Hertford-street, Coventry. Chairman’s Address, 
ports of scrap—largely from Germany—have been of| by Mr. L. H. Dawtrey. Luton Centre: Tuesday, Octo- 
much assistance in raising the output of steel to record| ber 18, 7.15 p.m., Town Hall, Luton. “Internal 
levels. Steelmakers are handling their still extensive | Expanding Shoe Brakes,” by Mr. I. M. Waller. 
commitments better than for some time, and producers} j.,opporaTED PLANT ENGINEERS.—London Branch : 


of certain commodities are in a position to deal with Wednesday, October 19, 7 p.m., Royal Society of Arts, 
SS eee eee John Adam-street, W.C.2. “Maintenance of Men and 
Foundry and Basic Iron.—The shortage of foundry pig | Machines,” by Dr. T. P. Howkins. 
iron still occasions inconvenience but consumers are INSTITUTION OF MINING  ENGINEERS.—Thursday, 
fortunate in being able to obtain ample supplies of good | o¢tober 20, 2.15 p.m., Connaught Rooms, Great Queen- 
cast iron scrap. The basic blast furnaces are pouring | .treet, W.C.2. ‘The Power Problem in the Coal Indus- 
their whole output for direct use at adjacent steel plants. try,” by Mr. B. L. Metcalf. 
= > enn Gee See Sere ae DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
further improvement in the distributable tonnage of October 20, 2.90 p.m., Caxton Hall, Victoria-street 
seen Sree Seater: oo ee Seas Soe mt awa. * Cylinder-Liner Wear Under Base Load and 
tomers complain that they are not yet receiving quantities |“ "** 51 -Output 0 tine Conditions.” by Bs, Robert 
sufficient to cover all their requirements. The outputs of | V@riable-Output Operating » by Mr. 
low- and medium-phosphorus grades of iron continue to | P- K4y- 
pass promptly into use and refined-iron manufacturers ce ae gyre pene grnamme Se: a 
have a ready sale for their products. r 2, -™., > > 
Manufactured Iron and Steel.—Semi-finished and same Fate rd (i) pha jeg ape ie 
finished iron manufacturers are in a position to undertake th t El ane ytic Cobalt pi b Mr A L. Talbot 
new contracts for certain commodities but have a good | @uction o a. ithe paced ace 
deal of work to carry out. Steel producers’ commit- a Mr. H. N. posi PE hae Ta PO 
ments are still large. Home-produced steel semies are NSTITUTE OF — ¥ 
insufficient for the needs of the re-rolling mills but imports | day, October 20, 6.30 p.m., Royal Society of Arts, John 
from the Continent continue in good supply and the total | Adam-street, W.C.2. ‘‘ Developments in Automobile 
distributable tonnage is adequate for current require- | Lubrication,” by Mr. O. T. Jones. 
ments. While a quieter time has been cast over various INSTITUTE OF MARINE ENGINEERS.—Thursday, Octo- 
branches of the finished-steel industry, producers’ com- | ber 20, 7 p.m., 85, Minories, E.C.3. Film Display. 
mitments keep plants very busily occupied. Large) jyxior INSTITUTION OF ENGINEERS.—Friday, Octo- | 
quantities of material are still needed for home purposes ber 21, 6.30 p.m., 39, Victoria-street, S.W.1. “‘ The 
and producers are able to deal with bigger export quotas Cathode-Ray Oscillograph,” by Mr. G. B. Newbery. 
that may be justified if the devaluation of the pound Max : paroweacon Ewa _Friday 
stimulates trade with overseas customers. Deliverable | | ‘MANCHESTER ASSOCIAT a wors’ Club, Manchester, 
parcels of sheets, shipbuilding material, railway requisites | October 21, 6.45 p.m., Engineers’ Club, ' re 








INSTITUTION OF PRODUCTION ENGINEERS.—Halifax 
Section: Monday, October 17, 7.15 p.m., White Swan 
Hotel, Halifax. ‘‘ Practical Aspects of Gas Turbines,”’ 
by Mr. T. L. Gardner. Birmingham Section : Wednesday, 
October 19, 7 p.m., James Watt Memorial Institute, Bir- 
mingham. ‘“ Production Management Preblems,” by 
Mr. M. Seaman. London Section: Thursday, October 20, 
7 p.m., Royal Empire Society, Northumberland-avenue, 
W.C.2. Presidential Address, by Mr. W. Core. Glasgow 
Section: Thursday, October 20, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘‘ Material Handling,” by Mr. F. T. 
Dean. 
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UNIVERSITIES AND THE 
FUTURE OF ENGINEERS. 


A coop deal of anxiety is being expressed, both 
within and without academic circles, regarding the 
future of British universities. This anxiety is well 
summed up by Sir Walter Moberly in his recent book 
on The Crisis in the University, and, from a some- 
what different point of view, was also eloquently 
expressed by Professor E. B. Moullin in his inaugural 
address, as President of the Institution of Electrical 
Engineers, on Thursday, October 6. This state of 
mind arises from the fear that professors and 
lecturers are being distracted from their primary 
duty of teaching students to continue to learn for 
themselves. This task, it is felt, must be performed 
by concentrating on broad principles and generalisa- 
tions, while at the same time avoiding factual in- 
struction and technological details of passing interest. 
It is only by realising this that young men and 
women can be educated who will be capable of 
dealing with the problems that are insistently 
pressing upon us at what it is now customary to call 
the highest levels. 

The first, and probably the most easily solved, of 
the difficulties which now face those who control 
our universities is how to organise and encourage 
that communal life which is so important a feature 
of the curriculum at Oxford and Cambridge ; and 
thus to provide that play of ideas which is so 
valuable to the undergraduate not only at the time, 
but in after life. That ‘“‘the proper study of 
mankind is man” is still true; and a university 
education which does not provide for that study, 
both directly and indirectly, cannot be said to be 
complete. 

A further difficulty is that, since about 1920, 
certain organisations financed by the Treasury have 





descended upon the universities, bringing with them 
immigrants who expect accommodation in those 
institutions without really being part of them. 
The result is that the universities have had thrust 
upon them a variety of duties and responsibilities, 
other than the care of the young and the preservation 
of sound learning. It is easy to appreciate that 
harm may result from these incursions and, in spite 
of the obvious obstacles that will have to be over- 


388 | come, it is equally clear that they should be arrested 
9 | without delay. 


A third check on genuine university activities 
arises from the fact that one of their major respon- 
sibilities at the present time is the training of 
research students. In fact, the fortunate possessor 
of a good degree in applied science can now be almost 
certain of obtaining financial support which will 
enable him to embark upon a three-years post- 
graduate course. The result is that some hundreds 
of young men are undergoing training as research 
students at the universities; and we agree with 
Professor Moullin that, if it is intended that their 
future should be academic, this number is excessive. 
If, on the other hand, it is intended that they 
should enter the research departments of industrial 
firms, it is questionable whether they are receiv- 
ing the appropriate training. To carry out a 
piece of work until every detail has been tested 
and until no further information can be extracted 
from it is a necessary feature of academic research. 


2|Such perseverance is, however, unnecessary in 
2 | industrial research, the object of which is to learn 


to make something which will be sufficiently good 


3\ for a specific practical purpose. Three years of 


university research may, therefore, render a student 
unemployable as a research worker in industry. 
The remedy seems to be to distribute the present 
pool of university research workers over industry, 
preserving the necessary contact between the two 
organisations by returning some of the graduates 
for further training. At the same time, the condi- 
tions under which grants are made should be 
rendered more severe. Either of these courses 
would do much to check the recruitment of “ per- 
manent remittance men ever seeking new grants 
until they drift into teaching about which they know 
little and possibly care less.” 

Yet another danger which may sap the virtue 
of the universities arises from the school of thought 
which urges that full-time academic courses in 
engineering should not be the prerogative of those 
bodies, but should also be the concern of special 
‘“‘monotechnic ” colleges in which this subject 
alone should be taught. The danger of this proposal, 
to which it is interesting to learn the Institution of 
Electrical Engineers is strongly opposed, is that it 
would be impossible to keep the instruction suffici- 
ently wide and basic in such colleges. There 
would be an inevitable descent into technology and 
“instruction for to-morrow,” rather than for the 
future, a descent which, in the universities, is 
prevented by criticisms from those both teaching 
and studying in other faculties. The call for these 
“‘monotechnic ” colleges is based on the fallacy 
that industry requires more graduates than the 
universities can supply. Actually, as Professor 
Moullin showed in an interesting passage in his 
address, the deficiency is not more than 10 per 
cent. 

The Institution of Electrical Engineers, and, 
indeed, all the leading engineering institutions, 
have a part to play in dealing with these matters, 
since one of their principal functions is to lay down 
standards of professional competence and practice. 
In fact, there is, or should be, a two-way traffic 
between the two, the universities providing facilities 
for the young man or woman to learn engineering 
theory in an atmosphere of academic discipline 
designed primarily for a wider purpose ; and the 
institutions laying down, as they already have done, 
a broad educational policy, among the objects of 
which should be to ensure that the graduate enters 
industry in a state fitted for professional work. 
They can go farther by organising, again as they 
have already done, schemes of post-graduate 
courses in which the instruction is given by leading 
industrialists. Such courses, incidentally, shouid 
not only be helpful to the student, but should have 
the important indirect effect of assisting professional 
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men to weave their own learning into their daily 
life. Thus, in fact, a service will be provided similar 
to that which is now available in hospitals for 

the instruction of medical practitioners; and its 

organisation will be much facilitated by the presence 
of technical schools in most of the industrial 
areas, 

That steps should be taken to free our universities 
from present encumbrances, so that they can concen- 
trate on the functions which they were intended to 
perform in the light of modern experience, is a 
policy with which there will be general agreement. 
It is also necessary, in Professor Moullin’s opinion, 
for another important reason, about which we could 
have wished he had been a little more explicit. 
In an early part of his address he drew attention 
to the methods by which the Institution of Elec- 
trical Engineers is governed and advised all members, 
especially the younger ones, to study its Royal 
Charter and by-laws. Such a study, he thinks, 
would show that the affairs of that body are 
regulated by constitutional government, the great 
advantages of which are that it is predictable and 
that it enables the load of responsibility to be 
limited to a bearable amount without hampering 
individual initiative. If such constitutional govern- 
ment disappeared, in fact, the elements of even an 
inherently strong structure would begin to snap 
one after the other, until collapse occurred. 

In practice, the Council of the Institution act on 
broad principles in considering the proposals of their 
committees, which are themselves made up of their 
own members. This system is therefore quite 
different from that of administrative bodies where 
one committee prepares work for another higher 
committee consisting of different persons. The 
result of this procedure is an overburdened agenda 
with many long and explanatory papers, which are 
scarcely intelligible throughout to all the members. 
Under such conditions, therefore, committees and 
councils become forcibly degraded into bodies for 
legalising the work of a permanent secretariat. 
Now professional bodies, like the universities and 
engineering institutions, which are founded upon 
the possession of definite qualifications by their 
members, are devices for providing a rational com- 
promise between unrestricted liberty and unre- 
stricted compulsion. At present, these bodies are, 
to outward seeming, in a very strong position, but 
it appears that a revulsion against them is arising ; 
and that this revulsion is not towards individualism, 
which would seem to be the natural antithesis, but 
towards, what Professor Moullin calls, ‘‘ adminis- 
tratism.”’ 

The institutions can play their part in counter- 
acting this tendency by demanding from the univer- 
sities a constant supply of engineers to operate the 
profession and industry. They must also reject 
the idea of replacing the universities by special 
whole-time engineering colleges, the products of 
which would only be capable of acting as advisers to, 
what Professor Moullin irreverently calls, boards of 
“hardware merchants.” In fact, in his view, the 
whole future development of the engineering indus- 
try and the development, even the survival, of the 
profession turn on the choice that is made between 
professional engineers and technical specialists. 

To ensure that nothing of this sort occurs, the 
connection between the universities and industry 
must be strengthened. One of the most important 
ways in which this can be done is the negative one 
of assisting them, as Mr. D. M. Emmet says, in 
The Foundations of a Free University, “to defend 
their autonomy in the performance of what they 
themselves believe to be their function.” At the 
same time, the institutions, in future, as they have 
done in the past, must maintain and, if necessary, 
raise those standards of behaviour, which distin- 
guish a profession from a trade. To do this they 
must resist any tendency to split them into separate 
parts. Indeed, there is every reason to suppose that 
it would be wise for them to take steps towards 
achieving a greater unity, so as to be better able to 
counteract the operations of those whose policies 
would, consciously or unconsciously, undermine 
their stability. We agree that this danger exists. 
It is surely being over pessimistic, however, to think 
that it cannot be met. At any rate we have been 

warned. 


THE WORK OF THE BUILDING 
RESEARCH BOARD. 


Ir is stated at the outset of the report of the 
Building Research Board for the year 1947, that 
“ the Station’s efforts have been largely concentrated 
on the more pressing short-range problems at the 
expense of the longer-range and more fundamental 
work” and that “the present balance of effort 
cannot be allowed to continue indefinitely without 
serious effect on the Station’s work in future years.” 
When the Department of Scientific and Industrial 
Research was founded, in 1916, it was decided that 
certain broad fields of interest were of concern to 
such a wide variety of industries that they formed 
proper spheres of activity for State-operated bodies, 
the more specialised problems of particular indus- 
tries being dealt with by State-aided Research 
Associations. Building, in addition to fuel, roads 
and some other subjects, was adjudged to constitute 
one of the broad spheres of interest suitable for in- 
vestigation by a Government body financed by public 
funds, and in due course the Building Research 
Station was set up at Garston, near Watford. 

In every scientific sphere, the boundary between 
fundamental and applied research is becoming 
increasingly blurred, and contact between such 
bodies as Research Associations, controlled by 
industry, and State-operated research organisations 
is becoming increasingly close. This is, incidentally, 
illustrated by the fact that this latest building- 
research report* mentions many non-Government 
bodies with which collaboration, in some form, has 
taken place. From a study of the report, it is not 
altogether easy to determine what are the “‘ pressing 
short-range problems ” to which reference is made. 
Possibly, the large amount of staff time which must 
have been occupied in connection with the prepara- 
tion of the series of Post-War Building Studies, and 
at meetings of the Heating and Ventilation (Recon- 
struction) Committee and similar bodies, is referred 
to. There is also a section of the report entitled 
‘* Enquiries ’’ which records that 3,656 requests for 
information or assistance were received during the 
year. Presumably a considerable proportion of 
these could be answered by the information depart- 
ment or library staff and formed part of their 
routine activities. 

In view of the present housing situation, study of 
the problems involved in cheapening the cost, and 
improving the amenities, of small houses may be 
looked upon as a “ pressing short-range problem,” 
but in view of the large amount of public money 
being spent, and the uneconomic return which is 
being obtained from it, the study may be dignified 
as ‘“‘ fundamental work.” Public opinion is gradu- 
ally being educated to the point of realising that the 
“inexhaustible ” funds out of which services which 
are not being paid for are being rendered, are coming 
to an end, and if the Building Research Station can 
work out designs and methods by which the cost 
of Council houses can be made to bear an economic 
relation to the rents they bring in, they will make an 
important contribution towards national solvency. 

The considerable section of the report which deals 
with house building, and particularly with the experi- 
mental houses at Abbots Langley and Bucknalls 
Close, which is alongside the Station, is largely con- 
cerned with such matters as heating, ventilation 
and sound insulation ; the economic factor is men- 
tioned occasionally and it is stated, for instance, 
that the “‘ economy of fuel resulting from insulating 
the houses justifies considerable capital expenditure 
on insulation.” The report does not deal with the 
question of district heating, beyond mention of a 
committee dealing with the matter, but as various 
district-heating schemes are being carried out in 
this country it is important to recall that the mission, 
representing the Ministry of Fuel and Power, the 
Building Research Station and the Fuel Research 
Station, which visited the United States in the winter 
of 1944-45, reported that district-heating schemes 
could have no economic justification unless they 
served properly heat-insulated houses. In view of 
this, the development of heat-insulating methods 





* Report of the Building Research Board, with the 





Report of the Director of Building Research for the Year 
1947. 
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which can be applied at a low cost is important. 
A section of the report describes an investigation 
carried out to determine the advantages, or dis- 
advantages, of house building with concrete block: 

in place of bricks. Various sizes of blocks wer 

experimented with, ranging from those which could 
be lifted by one hand, through those requiring two 
hands, to blocks so heavy that they had to be 
handled by two men, From one aspect, the results 
were encouraging. They showed a continuou: 

decrease in the “‘ work consumption ” in building 
the walls of a house, as the size of the blocks was 
increased from that of a common brick to overall 
dimensions of 18 in. by 9 in. by 9in. Blocks larger 
than this were uneconomic, as they necessitated the 
employment of a second man to lift them into place. 
The satisfactory conclusion that a wall constructed 
of the larger concrete blocks could be built in a 
quarter of the time necessary when bricks were used 
was vitiated by the fact that the high cost of the 
concrete blocks more than offset the saving in 
labour. It is suggested that this disability might 
be removed if concrete blocks were manufactured 
in quantities comparable with those in which bricks 
are produced. It is not stated where the blocks 
were obtained ; if they were made on site in small 
quantities, and in various sizes, the cost may well 
have been high. The conclusion of the whole matter 
directs attention to a condition which unfortunately 
applies to much other work than building walls. 
‘**The labour utilisation on the site was low, although 
comparable with much of the present-day output, 
the non-productive time being considerably in 
excess of productive time. Moreover, the greater 
part of the non-productive time was avoidable.” 

Among matters dealt with in the report which 
are presumably regarded as ‘‘ fundamental research” 
the work on soil mechanics occupies an important 
position. A long-term laboratory investigation is 
being carried out on the load-bearing capacity of 
soils, in connection with problems arising in the 
design of foundations for large structures, the work 
being related to field studies of the settlements of 
existing buildings. Analysis of the laboratory 
results suggests that while current theory is applic- 
able to footings on the surface, the increase of bearing 
capacity with depth is substantially greater than 
theories indicate. The field work has included 
measurements of the settlements of the piers and 
abutments of Waterloo Bridge ; the results obtained 
agree closely with those predicted by analysis. 
Observations made on four grain silos in different 
parts of the country have furnished interesting 
information about the elastic properties of the 
ground, a definite upward movement of the foun- 
dation raft being observed when the grain was 
removed. Accordingly, a more systematic study 
of the factors influencing elastic movement, and a 
laboratory investigation of the compression modulus 
of clay, have been put in hand. 

A wide series of investigations has concerned 
both the constitution and application of concrete. 
Asurvey of high-level gravel deposits in the London 
Basin and of Scottish sands and gravels has been 
made to determine their suitability for concrete 
aggregates ; a special inquiry in this field has been 
concerned with the use of crushed limestone as an 
aggregate for concrete railway sleepers. Examina- 
tion has also been made of the properties of light- 
weight concrete in which vermiculite, a mica-like 
mineral from South Africa, has been used as an 
aggregate. This material expands on heating and 
forms a voluminous product. Work on another 
light-weight aggregate has been concerned with 
the possibility of cleaning clinker, and removing 
undesirable constituents, with a view to its utilisa- 
tion as an aggregate. Other work in this field has 
been directed to the manufacture and properties of 
aerated concrete. The aluminium-powder and the 
foam method have been investigated, both of which 
are in commercial use abroad. With aluminium 
powder, a reaction is set up between the powder and 
the constituents of the cement with the production of 
hydrogen. In the second method, a stable foam is 
produced mechanically, with the aid of suitable 
agents, and is then mixed with the cement, , fine 
aggregate and water. In both cases, a concrete is 
produced with a cellular structure, which has good 





thermal-insulating properties. 
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NOTES. 


Tue First Jet AERO ENGINE. 


IT is announced by Messrs. Power Jets (Research 
and Development), Limited, that one of the two 
original Whittle gas-turbine engines built for the 
Gloster E28/39—the first aircraft in the world to 
be successfully jet-propelled—is to be presented to 
the Smithsonian Institution at Washington, D.C., 
on November 8, as a gift to the American nation. 
This engine, the ‘‘ W1X,”’ was the first to be air- 
borne, in an unofficial flight in the early part of 
1941. In October of the same year, at the request 
of the United States Government, it was sent to 
America for study purposes, and from it, therefore, 
has developed the production of jet-propelled air- 
craft in that country. The presentation will be 
made by the British Ambassador, His Excellency 
Sir Oliver Franks, K.C.B., and will be attended by 
Air Commodore Sir Frank Whittle and by Mr. 
Patrick Johnson, the managing director of Messrs. 
Power Jets (Research and Development), Limited, 
whose firm proposed that the gift should be made 
as a symbol of the complete technical collaboration 
between the two countries during the war years. 
The second engine, which is credited with the first 
official flight, is to be presented to the Science 
Museum at South Kensington, London. 


THE OsMOND CENTENARY. 


As already stated in our columns, the “‘ Journées 
Métallurgiques d’ Automne ” of the Société Fran- 
gaise de Métallurgie coincided with the Autumn 
Meeting of the Institute of Metals in Paris. On 
Friday afternoon, October 7, the members of the 
British Institute were invited to attend a special 
meeting held at the Sorbonne to commemorate the 
centenary of the birth of Floris Osmond (1849-1912), 
* Créateur de la Métallographie.”” The meeting was 
organised by the Société Francaise de Métallurgie 
and was under the patronage of the President of the 
French Republic. The chair was occupied by Mr. 
Louis de Broglie, permanent secretary of the 
Académie des Sciences. After a brief introductory 
speech by General Pierre Nicolau, President of the 
Société Frangaise de Métallurgie, Professor Albert 
Portevin delivered a lecture on ‘ Floris Osmond ; 
the Man and His Work.” In this he traced 
briefly Osmond’s career and quoted a note, written 
in collaboration with his friend Werth and pub- 
lished in the Annales des Mines in 1885, which 
dealt with the cellular structure of steels and con- 
stituted the origin of the science of metallography. 
Osmond, however, had had a predecessor, the 
English scientist Sorby, to whom he had done 
justice by calling one of the newly-discovered steel 
constituents, sorbite ; to recall, as he put it, “‘ the 
name of the founder of microscopic metallography.” 
Sorby’s work on metals, however, had been forgotten 
and Ormond had had to rediscover it and go farther 
into details and technique. He had also demon- 
strated its theoretical and practical importance. 
A second lecture on the “* Continuation of the Work 
of Osmond” was delivered by Professor Carl 
Benedicks, the Swedish metallurgist, who traced 
the evolution of modern theories of quenching and of 
allotropic transformations in metallic iron. He also 
referred at some length to the f-iron controversy 
which had greatly exercised the minds of metal- 
lurgists of a previous generation. At the end of 
Professor Benedicks’s lecture, General Nicolau 
announced that, to perpetuate the name of Osmond, 
a Grande Médaille Osmond had been created by 
his society, and that it was proposed to award this 
Medal every two years to a scientist who had 
accomplished a great service to metallurgy and had 
added to knowledge in that science. The first 
recipient was Professor Benedicks, to whom he 
handed the Medal. After a brief final speech by 
Mr. de Broglie, the meeting terminated. 


Tue STATE AND THE CEMENT INDUSTRY. 


The cement manufacturers in this country have 
declared their unanimous opposition to the proposed 
nationalisation of their industry. The reasons why 
this course is being taken are set out in a booklet 
entitled ‘‘ Facts About the Cement Industry,” with 
which we dealt on page 231, ante, and were further 





elaborated by the Earl of Selborne, chairman of the 
Cement Makers’ Federation, at a press conference 
held on Tuesday, October 11. He said that there 
were nine competing companies in the industry, 
which between them owned 45 factories. Their 
operations were highly competitive, with the 
result that the manufacture and quality of cement 
had been continuously improved. Last year 
1,628,000 tons of cement had been exported and 
this amount would be increased this year. The 
industry had been charged with regulating prices, 
but no price had ever been fixed without the con- 
currence of an authority appointed by the Govern- 
ment. The charge of monopoly was therefore 
non-proven. If, on the other hand, the industry 
were nationalised, a monopoly would be created and 
the customer would be obliged to take what quan- 
tity and what quality he could get when it suited 
the monopoly to send it tohim. The position of the 
employees would also become worse. He emphasised 
that no reason had ever been given for the nationali- 
sation of cement, for the simple reason that there 
was no argument for it that would stand examina- 
tion. The manufacturers therefore challenged the 
Socialist Party to justify the plans economically 
and the major groups were already making prepara- 
tions to safeguard their shareholders’ interests over- 
seas by the formation of new companies. 


RESEARCH ON RapIo INTERFERENCE. 

During the past 15 years, the British Electrical 
and Allied Industries Research Association have 
devoted considerable attention to the problem of 
radio interference. This work has included a study 
of the methods of measuring and assessing interfer- 
ence, and the design of a measuring set for the 
Admiralty, which has now been released for civilian 
use. Methods of abating the interference from 
various types of electrical appliances have also 
received close attention. The factors in the design 
of machines which influence the generation of inter- 
ference have been examined and suggestions regard- 
ing suppression components have been made. 
Radiation from medical and industrial high-fre- 
quency equipment and the means of its abatement 
have also been studied. Other researches have been 
concerned with radio interference from motor 
vehicles and internal-combustion engines, and, 
since television is particularly affected by radiation 
from these sources, a measuring equipment working 
at 49 megacycles per second has been designed and is 
now available to motor manufacturers and large- 
scale users of motor vehicles. Special attention 
has been paid to reducing interference from the 
ignition system, both in the design stage and 
by the development of satisfactory suppressors. 
Tests made on a large number of vehicles have 
shown that the insertion of a single resistor of 
5,000 te 10,000 ohms in the lead from the ignition 
coil to the distributor will give satisfactory suppres- 
sion in the great majority of cases. Where addi- 
tional suppression is required, this can usually be 
achieved by employing similar resistors at the 
sparking plugs, although on military vehicles, and 
aircraft carrying very sensitive radio equipment, 
screening of the ignition system may be necessary. 
The Association’s work on radio interference has 
been incorporated in a number of British Standard 
Specifications and codes of practice. 


Royat AERONAUTICAL Society. 


A paper of considerable interest to those engaged 
on projects for new aircraft was presented to the 
Royal Aeronautical Society on Thursday, October 6, 
by Mr. Ivan Driggs, Director of the Research 
Division of the Bureau of Aeronautics Department 
of the United States Navy. The subject was 
“ Aircraft Design Analysis Methods as Employed 
by the Research Division of the Bureau of Aero- 
nautics, U.S. Navy Department.” The methods 
described were developed primarily as a quick and 
reasonably accurate means for comparing a series 
of aircraft designs, in connection with the prepara- 
tion of specifications for military aircraft. For the 
calculation of aircraft performance, Mr. Driggs 
described a logarithmic means of plotting the curves 
of power required and speed for any aircraft, with 
the aid of labour-saving transparent overlays, 
which he referred to as a ‘‘ double infinite slide-rule.” 
The method is particularly useful for assessing 





quickly the effects of changes in weight, parasitic 
drag, or span, on the complete level-speed and 
climb performance at all altitudes. In considering 
the “‘ power available ”’ characteristics of a turbine- 
propulsion unit, Mr. Driggs found it convenient 
to discuss separately the power generator, com- 
prising the inlet duct, compressor, combustion 
units, and compressor-turbine, and the propulsive 
system, consisting of the exhaust pipe and propel- 
ling nozzle and, in the case of a propeller-turbine 
engine, the shaft-turbine and the propeller. The 
final part of the paper presented, in convenient 
graphical form, the results of weight analyses of a 
large number of United States military and civil 
aircraft, together with an empirical formula for 
deriving the wing weight. In conclusion, Mr. 
Driggs referred to development work, now in pro- 
gress in the United States, on propeller efficiencies. 
The discussion, though lively, hardly did justice to 
the scope and quality of the paper; for instance, the 
power-unit aspects, to which considerable space 
and thought were devoted, were barely touched 
upon. This can, perhaps, be attributed partly to 
the title of the paper, from which it was not obvious 
that the thermodynamics of the gas turbine would 
be under consideration ; nevertheless, it is regret- 
table that the engine-performance specialists should 
have shown so little interest in a paper closely 
allied with their own subject. 


ELECTRICAL DEVELOPMENTS IN SYDNEY, NEW 
Soutn WALEs. 


An exhibition, which is intended to show the 
steps that are being taken to reduce the shortage 
of generating capacity in Sydney, New South Wales, 
was opened at Australia House, Strand, London, 
W.C.2, by the Minister of Supply (the Rt. Hon. 
G. R. Strauss, M.P.), on Monday, October 10, and 
will remain open until Friday, October 28. The 
exhibition consists mainly of models and drawings 
of the Pyrmont B station, now being constructed 
in the outskirts of Sydney. The station will have 
an ultimate capacity of 200 MW and the plant 
will include four boilers, each capable of supplying 
430,000 Ib. of steam per hour at a pressure of 
1,250 Ib. per square inch and a temperature of 
950 deg. F. They will thus be the largest high- 
pressure boilers in the British Empire. They will 
be fired by pulverised fuel through corner-firing 
burners, arranged for tilting operation to assist in 
controlling furnace slagging and the gas tempera- 
ture. The makers are International Combustion, 
Limited. Each boiler will supply a three-cylinder 
turbine driving an alternator generating three-phase 
current at 33 kV and 50 cycles per second. These 
machines are being manufactured by Messrs. Metro- 
politan-Vickers Electrical Company, Limited, Traf- 
ford Park, Manchester, and will be fitted with 
“‘ Turbovisory ” instruments for recording the vibra- 
tion and differential expansions of the turbine during 
starting and changes of load. The fact is empha- 
sised in the exhibition that it will be necessary for 
New South Wales to increase the present total 
generating capacity of 750 MW to about 2,000 MW 
by 1960, in order to deal with the estimated elec- 
trical demands. The exhibition should be of 
interest to British manufacturers who are contem- 
plating extending their activities in Australia. 





THE NaTIoNaL FounprRyY CoLLEGE.—In common 
with other national colleges established by the Minister 
of Education, the National Foundry College, which is 
housed in the Wolverhampton and Staffordshire Tech- 
nical College, Wulfruna-street, Wolverhampton, is 
responsible for the highest education in the technology 
of the industry which it serves. The prospectus for 
1949-50 gives particulars of the diploma course, which is of 
post-graduate type, leading to the award of the National 
Foundry College Diploma. The course is divided into 
two parts: Part 1, which opened on September 19, will 
continue until March 31 and will be followed by an interval 
of six months for renewed industrial experience ; and Part 
2, which also opened on September 19, will occupy the 
full academic year until July 14, 1950. Hostel accom- 
modation for 20 students is available in a country house, 
“Tor Lodge,” some three miles from the College, and 
information regarding this is given in the prospectus, 
Other matters dealt with include entry qualifications, 
fees, scholarships and a report on the diploma course of 
1948-49. Copies of the prospectus may be obtained from 
Mr. J. Bamford, B.Sc., Head of the College. 
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LETTER TO THE EDITOR. 


THE REV. C. M. RAMUS, 1821-95. 


To THE Eprror oF ENGINEERING. 


Smr,—A request, last April, from Mr. A. E. 
Wright, of Parkville, Victoria, Australia, for informa- 
tion about the Rev. C. M. Ramus, whose “‘ Poly- 
sphenic ” ship was the forerunner of the hydroplane, 
has led to inquiries which have brought to light some 
particulars which may be of general interest. For 
some of these particulars, I am indebted to Com- 
mander Clement Meade Ramus, R.D., R.N.R. 
(retired), a grandson of the inventor. 

The Rev. Charles Meade Ramus, who was born 
on April 6, 1821, and died on October 12, 1895, 
during the ’seventies of last century made experi- 
ments with model boats with stepped-inclined flat 
bottoms, adopting the term “ Polysphenic [i.e., 
many-wedged] ship.” Some of these models were 
propelled by rockets, leading to his plans for‘ rocket 
floats ’’ and “‘ rocket rams.” Ramus early brought 
his inventions to the notice of the Admiralty and, 
through the then Director of Naval Construction, 
(Sir) Nathaniel Barnaby, Ramus’s ‘‘ Polysphenic ” 
models were tested by William Froude in the newly- 
established experimental tank at Torquay. A short 
account of these tests was given by Mr. R. W. L. 
Gawn, R.C.N.C., in his paper entitled ‘The 
Admiralty Experiment Works, Torquay,” read to 
the Institution of Naval Architects in 1941 (see 
ENGINEERING, September 5, 1941, page 198). 
Though the work of Ramus had little influence on 
the design of boats at that time, in a letter to the 
inventor’s daughter, the late Miss Helen G. Ramus, 
dated December 24, 1923, the Admiralty said that 
“‘it may perhaps be a source of satisfaction to Mr. 
Ramus’ family to be informed that, in their Lord- 
ships’ judgment, it was only the fact that no light 
powerful machinery had been invented or developed 
until quite recent years that prevented your father’s 
remarkable invention from being made use of over 
50 years ago and that there is no doubt that to his 
investigations is due the credit of the stepped con- 
struction of coastal motor boats which played a 
notable part in the naval operations of the Euro- 
pean War ” (see The Times, July 8, 1926). 

The literature relating to the work of Ramus 
includes four pamphlets by him: ‘‘ The Polysphenic 
Ship, or the possibility of a greatly increased speed 
at sea proved by new experiments ” (1874); ‘‘ On 
Rocket Floats and Rocket Rams” (1875); ‘‘ The 
Polysphenic Ship and speed at sea” (1878); and 
“* Speed at Sea and the Polysphenic Ship ” (1888). 
Three reports were also published by order of the 
House of Commons, two dated 1874 and one, 1883. 
In The Engineer, vol. 38, page 80 (1874), is a letter 
from T. B. Daft, claiming anticipation of Ramus’s 
invention and, on page 116, a reply from the 
inventor. It is perhaps worth recalling that the 
work of Ramus was not only contemporary with 
the fundamental ‘nvestigations of Froude at Tor- 
quay, but contemporary also with a universal 
demand for increased speed at sea, the introduction 
of the Whitehead torpedo and with discussions 
on the possibility of deciding sea fights by ramming. 
Ramus envisaged rocket floats, loaded with explo- 
sives, skimming along the surface of the water at 
250 miles an hour, while his rams could ‘“‘ be made 
to acquire such velocity and striking force as to be 
actually capable of passing through and through 
the strongest ironclad that has ever been built.” 

Mr. Ramus was descended from a family of French 
Hugeunots who, after the revocation of the Edict 
of Nantes in 1685, fled to Switzerland. It is said 
that the family was connected with the famous 
Peter Ramus, the Paris philosopher, who was 
brutally murdered during the Massacre of St. 
Bartholomew. However this may be, it is known 
that David Ramus came to England from Switzer- 
land about 1720 and that some of his descendants 
held minor offices in the courts of George II and 
George III. The father of the Rev. C. M. Ramus, 
Charles Louis Ramus, was an Army officer who 
served in the Peninsula War and in later life resided 
at Cheltenham, where, according to one account, 
the inventor, the eldest of his three children, was 
born. Mr. H. M. Adams, the librarian -of Trinity 


College, Cambridge, however, kindly sent the follow- 
ing entry from the. College Admission Book: 
“Ramus, Charles Meade, Son of Charles Louis 
Ramus. Born at Ilfracombe, Devon. Pupil of 
Mr. Moore, Gloucestershire. Age 22. Pensioner 
Oct. 20, 1843. Tutor Mr. Blakesley. [Matriculated, 
1843, B.A. 1847; M.A. 1850].” Not much appears 
to be known of Ramus’s early career, but in 1867, 
at the age of 46, he became rector of East Guldeford 
and Playden, near Rye, Sussex, retaining the living 
till his death in 1895. He was buried in Rye 
Cemetery. There is a photograph of him in the 
Woodcroft Collection in the Patent Office Library. 
Yours faithfully, 
Epear C. SMITH, 
Engr.-Capt., R.N., (ret.) 
Horley, Surrey. 
October 8, 1949. 


OBITUARY. 


MR. W. J. E. BINNIE, M.A. 


As briefly recorded on page 370, ante, the death 
of Mr. W. J. E. Binnie occurred at Tilehurst, 
Berkshire, on Tuesday, October 4, within a few 
days of the completion of his 83rd year. He was 
well known in civil engineering circles for the work 
he carried out on railways, waterworks, docks and 
drainage schemes. 

William James Eames Binnie was born on 
October 10, 1867, being the son of Sir Alexander 





Richardson Binnie, the well-known engineer, who | 
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Tue Late Mr. W. J. E. Binnie. 


was formerly chief engineer to the London County 
Council and was President of the Institution of Civil 
Engineers in 1905-06. W. J. E. Binnie was educated 
at Rugby and Trinity College, Cambridge, where 
he obtained 2nd class honours in the Natural 
Science Tripos in 1888, and was engaged in the 
university workshops under Professor James Stuart. 
He also studied for a time at the Polytechnicum, 
Karlsruhe, Germany. After a short period in his 
father’s office, he was employed successively under 
Mr. W. Fox on surveys in connection with the 
waterworks at Douglas, Isle of Man; under Mr. 
R. E. Middleton on an arbitration in connection 
with the construction of the Manchester Ship Canal ; 
and under Mr. W. R. Galbraith on Parliamentary 
negotiations connected with the Baker-street and 
Waterloo Railway. Subsequently hé held appoint- 
ments with S. Pearson and Company, who were 
constructing the Lancashire, Derbyshire and East 
Coast Railway, and with Mr. (afterwards Sir James) 
Mansergh on the Birmingham Water Works. 

In 1896, Binnie joined the staff of Sir Benjamin 
Baker as resident engineer on the construction of 





the western portion of the Central London Railway, 





where the driving of the tunnels presented many 
difficult problems. Upon the completion of this 
railway he was appointed resident engineer in charge 
of the construction of the Khedivial graving dock at 
Alexandria, Egypt, but returned home two years 
later to join in practice with his father and the late 
Mr. William Deacon. This firm, which subsequent|y 
practised under the title of Binnie, Deacon and 
Gourley, were responsible for the investigation of t he 
River Ouse drainage system, and Mr. Binnie hims:'f 
on a number of occasions acted as technical adviser 
on many Government and technica] commissions. 

Mr. Binnie was elected an associate member of t!,.: 
Institution of Civil Engineers in 1892 and was 
transferred to the class of member in 1900. Aficr 
serving on the Council and as vice-president, he 
was elected President in 1938. In the address | 
delivered in assuming office, he departed from the 
tradition of reviewing progress in one particular 
field of engineering and dealt with what was known 
by those who lived in ancient times regarding 
science and engineering. In particular, he deait 
with the tools that were used in Egypt for the 
construction of the Pyramids, and with the work of 
such pioneers as Lucretius, Archimedes, Hero of 
Alexandria and Frontinus. Mr. Binnie was also 
past-president of the Institution of Water Engineers 
and of the Institution of Sanitary Engineers, and 
was the author of a number of papers on technical! 
subjects. 


MR. W. A. WOODESON. 


TYNESIDE engineering circles have lost one of 
their best-known technical and industrial person- 
alities by the death, on September 30, at the age of 
80, of Mr. W. A. Woodeson, chairman of Clarke, 
Chapman and Company, Limited, of Gateshead, 
with whom he had spent nearly 60 years. 

William Armstrong Woodeson was born on 
March 9, 1869, and received his general education 
at the Esplanade House Academy, Southsea. In 
1885, he was apprenticed to Messrs. A. Grant and 
Company, general engineers, of Portsmouth, with 
whom he served for five years, concurrently attend- 
ing evening classes in Portsmouth. He remained 
with Messrs. Grant for only a couple of months after 
the completion of his apprenticeship and in May, 
1890, entered the Victoria Works of Messrs. Clarke, 
Chapman. Before the end of the year he had become 
assistant foreman, and in another six or seven 
months was head foreman of the pump department. 
He was always a fertile inventor and showed this 
aptitude quite early in his association with Messrs. 
Clarke, Chapman by designing the slow-speed 
feed pumps which soon became one of the firm’s 
standard products. From pumps he turned to 
boilers, being appointed assistant manager of the 
boiler department in 1897. In the following year, 
the company fitted a Petersen water-tube boiler in 
the steamer Buteshire, in which Mr. Woodeson 
made a round voyage to New Zealand and back as 
guarantee engineer. This established in him an 
interest in water-tube boilers which was maintained 
throughout his life and resulted in the introduction, 
in 1901, of the first Woodeson boiler, in which all 
the tubes were straight and of equal length. On 
his return from the Buteshire’s voyage, he was 
appointed manager of both the boiler and pump 
departments and, in 1903, of the whole of the 
general engineering work of the firm. In 1904, he 
was made manager also of the electrical department 
and, in 1910, was made general manager of the 
company, with a seat on the board. During the 
1914-18 war, Mr. Woodeson held a commission as 
captain in the Volunteer Engineers. At the end of 
the war, became managing director and chairman 
of bis firm. 

Still keenly interested in water-tube boilers, Mr. 
Woodeson devoted close personal attention to 
building up this side of the business and the re- 
designed ‘‘ Woodeson” boiler was fitted in a number 
of industrial plants and power stations, including 
that of the London County Council at Greenwich. 
He also designed burners for pulverised coal, and 
had the satisfaction of fitting his system of pulverised- 
coal burning in the steamer Berwindlea, the first 
vessel to use this form of firing. Although a member 
of the Institution of Civil Engineers, Mechanical 
Engineers, and Naval Architects, and of the Institute 
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of Marine Engineers, Mr. Woodeson was not often 
seven at the meetings of the London institutions, 
but he was a steady and active supporter of the 
North-East Coast Institution of Engineers and 
Shipbuilders, of which he was President in 1940-42. 
His two presidential addresses were reprinted in 
ENGINEERING, on page 345 of vol. 150 (1940) and 
page 396 of vol. 152 (1941). Mr. Woodeson was 
also a member of the Society of Naval Architects 
and Marine Engineers, New York, and a liveryman 
of the Worshipful Company of Shipwrights. 





DR. G. SCHLESINGER. 

Or the many Continental engineers and scientists 
who, as the Hitler regime gathered strength, found 
refuge in the British Isles, few established themselves 
and gained the friendship of their new associates more 
rapidly than did Dr. Georg Schlesinger, whose sudden 
death, on October 6, we regret to record. To the 
specialists in British machine-tool design, his name 
was already known when he came to England in 
January, 1939, for he was then 65 years of age and 
had spent practically the whole of his working life in 
the study and teaching of production engineering ; 
but he was not widely known outside the ranks of 
the specialists, for the majority of mechanical engin- 
eers in this country—at that time, at least—were 
not notably familiar with the academic side of Ger- 
man industry, and Schlesinger’s principal occupation 
for 30 years had been his professorship in production 
engineering and scientific management at Char- 
lottenburg and the charge of the associated research 
laboratory. 

Georg Schlesinger was born in Berlin on January 
17, 1874, and, on leaving school, entered the Tech- 
nical University at Charlottenburg, where he gradu- 
ated in 1897 as Dip]. Ing. He had acquired some 
works experience in the intervals of studying and, 
after receiving his diploma, was engaged by Ludwig 
Loewe and Company, Berlin, as a machine-tool 
designer. His progress was rapid, to assistant 
works manager in 1899 and chief designer in 1902. 
He held the latter position until July, 1904, relin- 
quishing it on appointment to the chair at Char- 
lottenburg which he occupied until September, 1933. 
It was concerned with factory layout, equipment 
and administration as well as with machine tools 
and production research, and was the first of its 
kind in the world. He had already made a close 
study of the subject of “‘ Fits and Tolerances,” and 
his thesis, with that title, published in 1904, at- 
tracted wide attention, forming eventually the basis 
of the subsequent international action to promote 
interchangeability of components. When the Ger- 
man Standards Institute was founded in 1916, fits 
and tolerances were the first concern of the new 
organisation and its work also was based on 
that of Schlesinger. Screw threads, speeds and 

.- feeds of machine tools and acceptance tests for 
machine tools all occupied his attention, and in 
all of these fields he acquired an international 
reputation. In October, 1934, he left Berlin for 
Brussels, where he remained for four years at the 
University as associate professor of production 
engineering. 

In the latter year, when Lord Nuffield gave 
25,0001. to the Institution of Production Engineers 
to establish a research department, Schlesinger was 
offered, and accepted, the post of Director. Though 
no longer young, he faced with remarkable energy 
and success the task of building up from nothing an 
organisation which quickly became known for the 
thoroughness of its researches. When, eventually it 
became the Production Engineering Research 
Association, his services were retained as consultant. 
His report on surface finish, published in 1942, 
may be regarded as the culmination of his work of 
applying scientific methods to workshop measure- 
ment; but he continued to write and lecture 
almost up to the time of his death, and the full 
list of his published works covers practically 
every aspect of machine-tool design and production 
engineering. Dr. Schlesinger was a member of the 
Institution of Mechanical Engineers and of the 
Société Royale des Ingenieurs Belges, and, in 
acknowledgment of his services, was made, in 
1942, an honorary member of the Institution of 
Production Engineers. 





THE INSTITUTE OF 
METALS. 


As stated on page 369, ante, the forty-first annual 
autumn meeting of the Institute of Metals was 
opened in Paris, at the Maison de la Chimie, Rue 
Saint Dominique, on the evening of Monday, 
October 3, when Professor Georges Chaudron 
delivered the 27th Autumn Lecture, which will be 
found on page 403 of the present issue. On Tuesday 
morning, October 4, the meeting was continued in 
the Maison de la Chimie, when an official welcome 
was extended to the Institute by General P. Nicolau, 
President of the Société Francaise de Métallurgie 
and chairman of the Institute’s Paris-Meeting 
Reception Committee. Speaking in French, General 
Nicolau recalled, in the course of his speech, that 
the Société Frangaise de Métallurgie had been 
conceived in the early stages of the late war at the 
suggestion of the British Metallurgical institutes 
and industrialists. Eventually founded in 1943, 
the Société had been obliged to meet in clandestine 
fashion but, since the Liberation, it had held sessions 
at regular intervals and was steadily gaining in 
strength and influence. In returning thanks, the 
President of the Institute of Metals, Sir Arthur 
Smout, mentioned that 300 members and ladies 
were attending the meeting and that 22 countries 
were represented. 

After the conclusion of Sir Arthur’s speech, the 
secretary announced that, as required by the 
Articles of Association, the following officers would 
retire from the Council at the annual general meeting 
in March, 1950: as President, Sir Arthur Smout ; 
as past-president, Lieut.-Colonel Sir John Greenly, 
K.C.M.G., C.B.E., M.A.; as vice-president, Mr. J. 
Cartland, M.C.; and as members of the Council, 
Dr. N. P. Allen, Dr. J. W. Jenkin, Professor H. 
O’Neill and Professor F.C. Thompson. In addition, 
Dr. G. V. Raynor, who had been appointed during 
the present year to fill a casual vacancy, retired 
and was eligible for re-election. To fill these vacan- 
cies the Council had nominated Mr. H. S. Tasker as 
President, Professors H. O’Neill and F. C. Thompson 
as vice-presidents, and Mr. G. L. Bailey, Mr. Harry 
Davies, Mr. E. H. Jones, Dr. L. B. Pfeil and Dr. 
G. V. Raynor as members of Council. The Council 
had also elected Mr. A. J. Murphy as senior vice- 
president for the year 1950-51, in the event of the 
election of Mr. Tasker as President for that year. 
It was the intention of the Council that Mr. Murphy 
should be their nominee for the Presidency in the 
year 1951-52. 

The President then announced that the Council 
were awarding the 1950, and twelfth, Institute of 
Metals Medal, in platinum, to Professor Albert 
Portevin, in recognition of his outstanding contri- 
butions to the science of non-ferrous metallurgy. 
It was hoped that Professor Portevin would be able 
to come to London for the presentation of the 
Medal during the annual general meeting, on 
Wednesday, March 29, 1950. The business portion 
of the meeting closed with a number of announce- 
ments made by the secretary. These were to the 
effect that on Wednesday, November 16, an all-day 
Symposium on “ Metallurgical Applications of the 
Electron Microscope ’ would be held at the Royal 
Institution, London, that the annual general meeting 
of the Institute would be held in London on Wednes- 
day, Thursday and Friday, March 29, 30 and 31, 
1950, the meeting on March 30 taking the form of 
an all-day symposium on the “ Metallurgical 
Aspects of the Hot Working of Non-Ferrous Metals 
and Alloys,” and that the May Lecture would be 
delivered in London on Wednesday, May 10, 1950, 
by Dr. H. Roxbee Cox, who would speak on the 
subject of ‘‘Gas Turbines.” The secretary’s final 
announcement was that the 1950 autumn meeting 
would be held at Bournemouth in September, and 
that the dates would be announced in due course. 


THe WorkrinG or Ligut ALLOoys. 


The first two papers on the agenda were taken 
together for the purpose of discussion. They were 
entitled, respectively, “The New Factory of the 
Société Centrale des Alliages Légers, at Issoire 
(Puy-de-Déme), for the Working of Light Alloys,” 
by Mr. J. Matter and Mr. M. Lamourdedieu, 





and “‘ Some Technical Problems Influencing Produc- 
tion Economy in the Rolling of Aluminium,” by 
Mr. W. J. Thomas and Mr. W. A. Fowler, of the 
British Aluminium Company, Limited. In the first 
paper, which was taken as read, the authors stated 
that, in 1938, French light-alloy manufacturers 
had begun to study the desirability of setting up a 
large works for the rolling of sheet for the production 
of motor-vehicle bodies. The outbreak of the war 
in 1939 had made the need more acute and it had 
been decided to erect a plant at Issoire. In June, 
1940, however, the Armistice had abruptly cut 
France off from the outside world. A four-high 
sheet mill, the first to arrive in France, had been 
sent back to Halifax, while the remainder of the 
plant ordered in the United States had been left in 
store at the New York docks. 

This equipment was subsequently disposed of, 
and erected in the United States. Work had been 
continued at Issoire during the Occupation and the 
factory had been completed and fully equipped after 
the conclusion of hostilities. It consisted of three 
main buildings, namely, the foundry, adjoining 
which was a blooming mill for the hot rolling of the 
rod stock ; the rod and sections department, which 
housed a 6,000-ton extrusion press and rod-rolling 
mills ; and the sheet and strip-rolling department 
which contained all the plant necessary for the pro- 
duction of sheet and strip from the pre-heating 
stage to the inspection and dispatch of the finished 
product. 

In their paper on the rolling of aluminium, 
Messrs. Thomas and Fowler stated that the world 
production of rolled aluminium and aluminium 
alloys had increased from four to five times during 
the last decade. The major portion of this addi- 
tional production had been manufactured in large 
strip mills calling for heavy slabs and rolling at high 
speeds. There were, however, many production 
problems still facing the industry, and in nearly 
every instance they would require, for their solution, 
the closest collaboration between the production 
engineer, the research laboratory staff and, in many 
cases, the manufacturers of plant. The very general 
adoption of semi-continuous casting had represented 
a considerable advance in technique, but it seemed 
probable that there was still much to be gained by 
further developments in the process. Casting 
speeds, for instance, were at present limited to a 
few inches a minute. If these speeds could be 
materially increased it would not only lead to 
increased outputs but to many other incidental 
advantages. The formation of blister on the surface 
of aluminium sheet had been a constant source of 
trouble to the industry in the past, and further 
scientific work in this direction, by the physicist in 
close co-operation with the production staff, was still 
required. The problems in the field of roll cooling 
and lubrication required, for their solution, the 
joint efforts of the oil chemist, the engineer, and the 
metallurgist, since the properties which were desir- 
able from the point of view of mill operation were 
often detrimental from the standpoint of metal 
quality in the finished product. 

The control of grain size and “‘ directionality ” in 
finished sheet, which were to be used for deep- 
drawing and pressing operations, were very closely 
related to the work done in hot and cold rolling 
combined with appropriate annealing conditions. 
The most efficient operation of the mill did not 
always lend itself to the introduction of anneals at 
the most suitable times. Here again, team work 
between the scientist and the production staff was 
essential. It was probably, however, in the field of 
heat treatment and annealing that co-operation 
between the plant designer, the production staff, and 
the metallurgist was most urgently required at the 
present time. The application of statistical analysis 
to production data seemed to offer some hope in 
connection with the solution of production problems, 
but experience over many years had shown that this 
method, by itself, was likely to be disappointing. 

The discussion was opened by Mr. D. F. Campbell, 
who stated that the two papers showed that the 
production of aluminium at the present time was 
on a vast scale. Of the non-ferrous metals, the 
production of aluminium was the greatest by volume 
in the world, and it was going ahead very speedily. 
The industry was only 60 years old and it was 
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interesting to witness how much of the technique 
of steel manufacture was being applied to aluminium. 
The difference between aluminium and steel was 
fully appreciated, but now that the veil of secrecy 
which had impeded progress in the aluminium 
industry for so long had been thrown aside, engi- 
neers were working together for the development 
of very heavy machinery for the rolling of aluminium. 
The paper by Messrs. Thomas and Fowler was a 
provocative one which put fairly and squarely 
before engineers and furnace builders the outstand- 
ing problems which awaited solution. An answer 
to the question of what was the best furnace for the 
different operation of remelting was required and 
he would like to ask Messrs. Matter and Lamour- 
dedieu whether they could supply information as 
to what were the relative merits of high- and low- 
frequency induction furnaces, furnaces of the 
Gautschi type and of the Ajax-Tama type recently 
developed in America, and to what extent duplex 
processes such as were used in Germany were 
necessary or advisable. With regard to the heat- 
treatment of aluminium he believed that, before 
long, the heat-treatment of strip would be done by 
induction in a very small space. Only a few inches 
of metal, at a time, need be heated for the heat- 
treatment of certain qualities of aluminium. There 
was a great future in that direction and experiments 
with induction heating were being carried out in 
England. 

Dr. F. W. Haywood said that furnace manufac- 
turers were alive to the problems involved and, given 
the necessary close collaboration with the producers 
of aluminium strip, the difficulties connected with 
continuous flash annealing would be solved. Pre- 
liminary work, from both the theoretical and 
practical standpoints, had been carried out on the 
application of low-frequency induction heating to 
aluminium strip. The difficulties associated with 
this method were concerned rather with the manipu- 
lation of the continuous strip than with the induc- 
tion heating. It seemed that a considerable amount 
of research work into the high-speed coiling of strip, 
together with the permissible tension at annealing 
temperature, would be necessary before a large-scale 
plant could be produced. 

Mr. C. E. Davies said that the installation of 
wide-strip rolling mills for the production of sheet 
at Issoire was, of course, based on modern practice, 
largely developed in the United States, and was also 
generally in accordance with the latest develop- 
ments in Great Britain. The main difference was 
that the roll-face width was greater than had been, 
as yet, called for in Great Britain, namely, 2,840 mm. 
against 2,200 mm. It was interesting to note that 
vertical edging rolls were provided on the hot 
reversing mill. He did not think that edge rolling 
had been tried in Great Britain, although it was 
now common practice with steel and was used in 
one case at least for copper alloys. If edge rolling 
would eliminate, or at least reduce, edge cracking 
considerable economy in manufacturing costs should 
be obtained. An interesting feature, on the elec- 
trical side of the installation, was the use of mercury- 
are rectifiers instead of the more usual Ward- 
Leonard equipment. 

Mr. W. C. F. Hessenberg said that Messrs. Thomas 
and Fowler, when referring to cracking, had tended 
to throw the blame on the metal. In fairness to 
the alloys involved, however, it should be empha- 
sised that the rolling process itself was quite con- 
ducive to cracking, even in the best circumstances. 
The reason for this was that tensile stresses were 
developed along the surface and along the edges of 
the ingot during rolling. Experiments conducted 
in the B.I.S.R.A. metal-research laboratories had 
shown that it was important to get the edges of 
the strip straight and square before rolling. The 
results claimed in America when using edge rolls 
were based as much on the mechanics of the rolling 
operation as on the metallurgy of the ingot. The 
next speaker, Mr. W. H. Bowman, said that the 
handling of process scrap was one of the problems 
brought in by modern aluminium strip-mill practice 
and one way of solving it was by having a massive 
baling press capable of dealing with sheet and 
strip up to } in. thick and compressing it into blocks. 
In this form, the material was more conveniently 
stacked and subsequently handled in the remelting 





furnace. There was still, however, the problem of 
the large scrap coil, but perhaps the solution lay 
in shearing this up and baling it with other process 
scrap. The question of annealing and heat treat- 
ment in continuous-strip form should be considered 
by the furnace designers as one problem, and one 
matter of concern was the floor space taken up by 
the equipment needed. 


Professor A. von Zeerleder said that the Swiss 
Aluminium Company had used practically every 
type of melting furnace in the past 60 years, namely, 
coke-, oil- and gas-fired, and arc, resistance and 
low- and high-frequency electric furnaces. The 
most interesting, however, were the induction 
furnaces, but the problem of melting aluminium 
was complex and there was more than one answer 
to it. Moreover, it was obvious that one furnace 
could not be the correct one for every purpose. 
They had commenced using induction furnaces in 
1937, and, with Mr. Tama, he had constructed 
the first aluminium induction furnace used outside 
Germany. Metal melted in an induction furnace 
did not contain more gas than metal melted in 
other types of furnace: on the contrary, the 
degassing effect was more efficient. Moreover, the 
cold atmosphere on the top of the metal, which 
obtained in induction heating, possessed several 
advantages, and loss by oxidation was definitely 
at a minimum in the induction furnace. Thus, 
induction furnaces of 5 tons to 10 tons capacity 
would, no doubt, be the best furnaces for the melting 
of large quantities of aluminium. 

Mr. B. N. H. Thornley said that the paper by 
Thomas and Fowler was a most interesting and use- 
ful analysis of the problems which were common 
to all concerns turning over from old methods of 
production to new high-speed rolling. Taking 
first the question of scrap melting, the fundamental 
objects to keep in mind were low melting losses ; 
high-speed melting, so as to reduce labour costs, and 
low handling costs of the scrap from the time it 
was made to the time it was melted. The funda- 
mental drawback to a reverberatory furnace was 
that all the heat passed into the metal through the 
surface, which was highly reflective. The advan- 
tages of using the induction furnace for this opera- 
tion appeared considerable because, as had been 
said, the heat was generated underneath the bath 
and the surface itself was at a minimum temperature. 
The whole charge could be melted into a semi- 
liquid state so that the temperature was not raised 
unnecessarily at any stage and the heat was 
generated in a very small space, thus facilitating 
the charging of scrap. The furnaces, too, were of a 
type which could be placed outside the melting 
shop and they could be located at the source of the 
scrap, a8 was evidently done at Issoire, where the 
induction furnace was in the metal store. He 
confirmed that edge cracking and “ crocodiling ” 
could be due to the influence of small percentages 
of impurities and to contamination from the furnace 
lining. The most serious cause of edge cracking, 
however, was probably due to inefficient or inade- 
quate pre-heating. The period of 18-24 hours 
mentioned by Messrs. Matter and Lamourdedieu 
was more suitable than the 12 hours mentioned 
in the second paper. 

Mr. Christopher Smith said that the difficulty 
arising from “‘ bleb ” formation (surface exudations 
of segregate) had always been present when casting 
the strong alloys. A process had been devised in 
Germany during the war in which the mould was 
vibrated by an out-of-balance motor during casting. 
This resulted in a more even distribution of the 
exudation rather than in a reduction in its amount. 
There was one method of casting which appeared 
almost completely to prevent the development of 
blebs, and this was that in which a very thin-walled 
mould, shaped rather like a bucket, namely, having 
its walls tapering upwards, was filled with liquid 
metal and lowered slowly into cold water in order to 
induce directional solidification. The amount of 
the taper, of course, was critical. With regard to 
blister formation, a long experience of the Hanson- 
Slater process had convinced him that, when 
properly applied, it was entirely efficient. The 
difficulty lay in fulfilling all the requirements for 
efficient degassing and the way in which most 





metallurgists failed was that they did not provide 














a completely moisture-free atmosphere over the 
melt. Turning to the relative merits of the various 
degassing agents, his own impression was that 
nitrogen or chlorine, or both gases together, gay- 
the most satisfactory results. Messrs. Thomas an 
Fowler had said that fluxes should not be used wit! 
the strong alloys. He (Mr. Smith) was not sw 
that they were good things to use with any alumi: 
ium alloys ; they almost inevitably contained sodium 
and alkaline-earth elements, some of which we: 
probably very harmful, especially in the presence «' 
magnesium, although more information on this 
point was needed. Fluxes were also excelle: 
purveyors of moisture. 

Mr. N. P. Taylor, who closed the discussion, sai: 
that the paper by Messrs. Thomas and Fowle 
was most timely, because, with the return to more 
easy supply of some of the other, competitive, 
materials, the aluminium producers would have 
to resort to every device known to them to hold 
their gains and to make fresh advances. He 
complimented Messrs. Matter and Lamourdedieu 
on the tenacity of purpose which had made it 
possible to bring the great plan they had described 
to completion in spite of the difficulties which had 
had to be faced. 

In a brief reply to the discussion, Mr. J. Matter 
said that it should be borne in mind that the works 
at Issoire had been conceived and designed ten 
years ago. If it were being designed at the present 
time certain changes would be made. It was hoped, 
however, to make various alterations in the course 
of the next few years. Mr. Campbell had referred 
to the electric remelting furnace. It must be borne 
in mind that comparisons between different coun- 
tries were becoming more and more difficult because 
of the varying conditions for the supply of electrical 
energy. In France, conditions in this respect had 
undergone considerable change and it would not 
be surprising to find oil being used in place of 
electricity. That did not mean that oil was found 
to be better, but that, on account of the cost of 
current, the electric furnace might have to be 
abandoned. Mr. M. Lamourdedieu, who also 
replied, emphasised that the economic factor was 
very important in connection with the type of fur- 
nace used. The price of electricity was very high 
in France at the present time. 

Mr. W. A. Fowler, replying to the discussion on 
the paper by Mr. Thomas and himself, said that they 
were aware that induction furnaces had been 
under consideration for a long time for the annealing 
of aluminium strip, but the results of experimental 
work were still being awaited. Mr. Davies had 
raised the question of the width of roll face in 
relation to the width of the sheet being rolled. It 
was commonly accepted that, on two-high strip 
mills, a strip width of about 60 to 66 per cent. of 
the roll-face width was about the optimum for 
successful results. In four-high mills, on the other 
hand, it was common to have a relationship o 
75 to 80 per cent. without any difficulty whatever 
arising. Mr. Hessenberg had said that the cracking 
of a block was not necessarily. associated with the 
metal itself or the casting of it, but could be asso- 
ciated with the types and methods of rolling. Very 
large blocks were being dealt with in modern mills. 
From a block size of about 120 Ib. in weight, 20 years 
ago, and 140 lb. ten years ago, blocks of the order of 
2 tons were now being used and the questions of 
controlling the cracking and the fabrication of these 
blocks had to keep pace with the development in 
the size of the blocks. It did seem from studies 
made of the economics of the question, that there 
was a size of block for which it was not profitable 
to change from an ordinary permanent chill-cast 
mould to the continuous system. It was difficult 
to give a figure but it appeared to be in the region of 
400 Ib. The reasons why the semi-continuous 
method had been introduced was that it was the 
only method of getting the large blocks to suit the 
modern mill. A question had been asked regarding 
the best type of de-gassing agent to use. In this 
connection, the conditions in which they were to 
be employed were of importance. Degassing 
agents which had proved satisfactory in other 
factories had given hopeless results when used in 
their own works. 

(To be continued.) 
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type with steerable nosewheel and comprises two main 
Dowty liquid-sprung units, each fitted with twin Dunlop 
pneumatic wheels, and a nosewheel unit of similar de- 
sign, also fitted with twin pneumatic wheels. The three 
units are retracted hydraulically, the nosewheel 
assembly folding rearwards into the fuselage and the 
main wheel forwards into the wing. The wheels are 
fitted with Dunlop electro-pneumatic brakes. 

In this and the preceding articles, it has only been 
possible to describe the major features of the aircraft, 
but it is thought that enough has been written to 
show the magnitude of the undertaking. The complete 
project, as previously pointed out, involved the con- 
struction of an assembly hall and a special runway, and 
as these formed an integral part of the programme, it 
might be appropriate to conclude this series of articles 
by describing them briefly. An aerial view of the 
runway is given in Fig. 24, on this page. It was 
constructed by Messrs. John Laing and Son, Limited, 
London, N.W.7, has a length of 2,725 yards and a 
width of 100 yards, with the addition of safety margins 
50 yards wide at each side. During the preparation 
of the site, over a million cubic yards of material was 
excavated, while some of the places which required 
filling were over 15 ft. deep. Stone filling was used 
throughout, much of which was obtained from the 
bomb-damaged parts of Bristol. The base course was 
compacted in 9 in. layers, first by sheepsfoot rollers, 
then by 10-ton rubber-tyred “‘ wobble-wheel ”’ rollers, 
and finally by 8- to 10-ton power rollers. This was 
followed by an 8-in. course of mass concrete which was 
laid very dry, and, after having been levelled by 
machine, was rolled immediately by 10-ton rollers. 
The top course consists of a 12-in. layer of high-grade 
concrete for which granite aggregate, brought by sea 
from North Wales, was used. No reinforcement was 
incorporated, the quality of the concrete having been 
controlled carefully throughout, for which purpose a 
temporary laboratory was erected. A notable feature 
involved in the construction of the runway was the 
removal of the village of Charlton and the subsequent 
rehousing of the inhabitants in a new estate. 
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THE “ BRABAZON ”’ 130-TON 
CIVIL AIR LINER. 


(Concluded from page 374.) 


In the previous article on the Brabazon aircraft, which 
dealt with the installation of the engines, it was pointed 
out that a power take-off is fitted to the back of each 
bevel-gear reduction unit. These are used to drive the 
accessory gearboxes which are located between the 
front and rear spars of the inner wing and arranged to 
drive the alternators for the electrical system of the 
aircraft and the hydraulic pumps for operating the 
control surfaces. Although the rudder, ailerons and 
elevators are power operated, the main hydraulic valves 
for each unit are controlled by a series of torque tubes 
and levers actuated manually from the pilot’s and 
co-pilot’s positions. The linear movements of the con- 
trol columns and rudder pedals are converted into 
rotary motion by three bevel gearboxes situated on the 
flight deck. Each box consists of a toothed quadrant, 








AERIAL VIEW OF ASSEMBLY HALL. 


operated from the controls, which meshes with a bevel 
pinion connected to the relevant torque tube. The 
torque tubes lead aft from the flight deck to the forward 
face of the rear spar at frame “ O,” at which point the 
tubes for the ailerons are directed into the wing by a 
mitre gearbox. The elevator and rudder controls con- 
tinue aft into the rear body, the rudder control ter- 
minating at a bevel gearbox installed on the forward 
face of the tailplane front spar. This gearbox directs 
the control tube vertically into the dorsal fin where it 
enters a reduction gearbox fitted to the tailplane front 
spar and the rear spar of the fin. The power-operated 
control unit is conneeted to the reduction gearbox by 


a rod parallel with the aircraft datum line. The elevator 


control rod is connected to an operating lever fitted to 
the relevant power-operated control unit. Universal 
joints and bearings are fitted to the torque tubes where 
required and suitable glands are installed at the rear 
pressure bulkhead and the body-line ribs. 

The undercarriage is the only major assembly remain- 


An aerial view of the assembly hall is shown in Fig. 25, 
| on this page, from which it will be seen that it consists 
| of three bays, the central bay being somewhat longer 
than the two wing bays. The overall width of the 
| whole building is 1,052 ft. and the maximum available 
| width of each bay, 331 ft., while the overall lengths 
of the centre bay and two wing bays are 420 ft. and 
270 ft., respectively. The magnitude of the building 
has resulted in several novel features being adopted in 
its design and construction. The bays are spanned by 
arches spaced at 50 ft. centres and arranged to give 
the width of 331 ft. referred to previously. The 
seating pins for the arches are 10 in. in diameter and 
are located 2 ft. 6 in. below the floor level in open 
inspection pits. The vertical members of the arch rise 
to a height of 82 ft., after which they swing over to 
the apex of the arch, 116 ft. above floor level. 
The vertical members, however, vary in width, 
those for the outer bays having a width of 8 ft., whereas 
those for the centre bay have a width of 6 ft. By 
adopting these dimensions, it proved possible to fit the 
vertical members for the centre bay inside those for 
the outside bay, thereby saving considerable space, 
but at the same time giving complete structural inde- 
pendence and freedom of movement for each bay. 
The vertical legs of each arch are joined to each other 
by ties, the height of the ties above the floor being 75 ft. 
The framing between the arches is of orthodox design, 
intermediate lattice girders spanning the bays between 
the arches. 

The three bays are arranged to open on to the apron 
through continuous sliding-folding aluminium doors, 
the overall opening being 1,045 ft. long by 65 ft. 9 in. 
high. The doors are electrically operated and are 
arranged so that they can open in either direction. 
The ends of the bays remote from the doors are closed 
by a double-glazed wall having an overall length of 
over 1,000 ft. and a height of 50 ft. In order to render 
cleaning easier and, at the same time, form an insulating 
space, the two glass walls are spaced 5 ft. apart. The 
remaining walls are constructed from prefabricated 
asbestos-cement panels and the roof is of steel, both 
the walls and roof cladding being lined with heat- 
insulating material. The interior is heated by the 
circulation of hot air, provision being made for extra 
heating when the doors are opened. 

In order to keep the whole of the floor area free from 
obstructions, the lavatories, cloak rooms and offices, 
together with the stores for lighter parts, are arranged 
in tiers between the vertical members of the arches. 
The tiers are served by staircases and lifts, some of the 
lift shafts being extended to the roof structure so as to 
give access to the catwalks for the lighting system and 
cranes. Originally, it was intended to use the centre 
bay for fabrication and sub-assembly work, the left- 
hand bay as viewed from the apron, for final assembly, 
and the right-hand bay as a flight shed. At present, 
however, the left-hand bay is being used by the British 





ing to be described. This is of the retracting-tricycle 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ British FREEDOM.”—Single-screw oil tanker 
built and engined by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for the British 
Tanker Company, Limited, London, E.C.2. Thirty- 
fourth tanker built for these owners. Main dimensions : 
547 ft. (overall) by 69 ft. 6 in. by 37 ft. 6in.; deadweight 
capacity, 16,170 tons on a draught of 30 ft.; gross 
tonnage, 11,207. Six-cylinder opposed-piston combined- 
stroke Swan Hunter-Doxford oil engine, to develop 
6,400 b.h.p. at 115 r.p.m. and a service speed of 13} knots. 
Trial trip, September 9. 

M.S. “ BORRE.”—Single-screw cargo vessel, to carry 
five passengers, built by Messrs. Hall, Russell and 
Company, Limited, Aberdeen, for A/S Ganger Rolf 
(Messrs. Fred. Olsen & Co.), Oslo, Norway. Main 
dimensions: 258 ft. (overall) by 38 ft. by 25 ft. 3 in. to 
shelter deck ; deadweight capacity, about 1,530 tons on a 
draught of 16 ft.5,in.summerfreeboard. LEight-cylinder 
oil engine, to develop 1,310 b.b.p. at 250 r.p.m., con- 
structed by Messrs. British Polar Engines, Limited, Govan, 
Glasgow. ‘Trial trip, September 22. 

M.S. “ BririsH RELIANCE.”—Single-screw oil tanker, 
built by Sir William Laing and Sons, Limited, Sunderland, 
for the British Tanker Company, Limited, London, 
E.C.2. Two other tankers on order for these owners. 
Main dimensions: 547 ft. (overall) by 69 ft. 6 in. by 
37 ft. 6 in.; deadweight capacity, 16,000 tons on a 
draught of about 30 ft. Six-cylinder opposed-piston oil 
engine, to develop a service speed of about 13? knots, 
constructed by Messrs. William Doxford and Sons, 
Limited, Sunderland. Launch, September 23. 


M.S. “ VESTFOLD.”—Single-screw oil tanker, built 
by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for Hvalfanger A/S Vestfold 
(Messrs. Johan Rasmussen & Co.), Sandefjord, Norway. 
Main dimensions: 465 ft. (between perpendiculars) by 
63 ft. 6 in. by 36 ft. 3 in.; deadweight capacity, about 
13,620 tons on a draught of 28 ft. 14in. Four-cylinder 
two-stroke opposed -piston Wallsend-Doxford Diesel engine 
to develop 3,750 b.h.p. at 100 r.p.m. and a speed of 
12} knots in service, constructed by the Wallsend Slipway 
and Engineering Company, Limited, Wallsend-on-Tyne. 
Launch, September 23. 

M.S. “ TRELISSICK.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. Hain Steamship 
Company, Limited, London, E.C.3. Third vessel of an 
order for five. Main dimensions: 443 ft. (overall) by 
56 ft. 6 in. by 29 ft.; deadweight capacity, 9,260 tons 
on a draught of 25 ft. 10} in. Four-cylinder opposed- 
piston Doxford marine oil engine of 3,300 b.h.p., to give 
a service speed of 13 knots. Trial trip, September 26. 

S.S. “Crry oF COovENTRY.’’—Single-screw cargo 
vessel, carrying twelve passengers, built by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for the Ellerman Lines, Limited, 
London, E.C.3. Main dimensions: 450 ft. (between 
perpendiculars) by 61 ft. 6 in. by 33 ft. 3 in. to upper 
deck ; deadweight capacity, 10,810 tons on a draught of 
28 ft. 92 in.; gross tonnage, 7,568. Parsons impulse- 
reaction type turbines with single-reduction gearing, to 
develop 7,200 s.h.p. at 115 r.p.m., constructed by The 
Wallsend Slipway and Engineering Company, Limited, 
Wallsend-on-Tyne, and two Babcock and Wilcox oil- 
burning water-tube boilers, Service speed, about 15 
knots. Trial trip, September 30. 


M.S. “ MocaMBIQUE.”—Twin-screw vessel, carrying 


88 first-class, 150 tourist, 98 third-class and 394 emigrant gi 


passengers, together with refrigerated and general cargoes. 
Built and engined by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-upon-Tyne, for the 
Companhia Nacional de Navegacéo, Lisbon. Main 
dimensions: 520 ft. 11 in. (between perpendiculars) by 
67 ft. by 36 ft. 3 in. to bulkhead deck; deadweight 
capacity, 9,423 tons on a mean draught of 27 ft. Two 
six-cylinder opposed-piston Swan Hunter-Doxford oil 
engines developing a total of 13,000 b.h.p. at 115 r.p.m. in 
service. Speed on trial, 19-35 knots. Trial trip, 
September 30. 

M.S. “Dame CAROLINE Has tetr.”—Single-screw 
collier, built by Messrs. Hall, Russell and Company, 
Limited, Aberdeen, for the London Division of the 
British Electricity Authority, London, W.1. Main 
dimensions: 260 ft. (between perpendiculars) by 
39 ft. 6 in. by 18 ft. 6 in.; deadweight capacity, about 
2,700 tons. Eight-cylinder British Polar marine Diesel 
engine of 1,180 b.h.p. at 225 r.p.m., constructed by Messrs. 
British Polar Engines, Limited, Glasgow, and installed by 
the shipbuilders. Launch, October 7. 

S.S. “‘ NEwBY WYKE.”—Single-screw trawler, built by 
Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the West Dock Steam Fishing Company, Limited, 
Hull. Main dimensions: 175 ft. (between perpendicu- 
lars) by 30 ft. 6in. by 16 ft.; gross tonnage, 675. Triple- 
expansion engine of 1,000 ih.p. and one oil-burning 
boiler, constructed and installed by Messrs. Amos and 
Smith, Limited, Hull. Launch, October 8. 
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LABOUR NOTES. 


Ir is claimed in the current issue of the Railway 
Review, the journal of the National Union of Railway- 
men, that conditions on the railways were not suffi- 
ciently appreciated by the railway Board of Concilia- 
tion and that their recommendation to the Railway 
Executive to reject the claims of the N.U.R. for a 
general wage increase on the railways was unfair. 
Mr. J. B. Figgins, the general secretary of the N.U.R., 
writes that the delegates who attended the Union's 
special meeting on September 29 and 30 were firmly 
convinced that the recommendations were not only 
indisputably unjust, but that they are inimical to the 
efficiency of the railways in the future. “ It is clear,” 
Mr. Figgins states, in his editorial, “that those who 
made these recommendations did not understand 
railway work, and that, if efficiency is to be attained, 
it is incumbent upon the Railway Executive to give 
most serious consideration to the aggravation of the 
problems, which we, as a union, were endeavouring to 
solve.” 


Mr. Figgins continues by saying that he is perfectly 
certain that the representatives of the Railway Execu- 
tive could not but have a sense of embarrassment when 
they examined the recommendations of the Board of 
Conciliation. He feels that the Railway Executive 
will be compelled by the facts of the situation ultimately 
to appreciate the need and urgency of handling it in a 
more practical manner “than could possibly be 
expected from people not conversant with railway 
operations.” In this connection, it may be recalled 
that Sir John Forster, who served as chairman of the 
railway Board of Conciliation, has also had experience 
as chairman of the Railway Staff National Tribunal. 


Mr. Figgins also states, in his Union’s journal, that 
the decision to ask for a standard minimum wage of 
51. a week for all railway employees is now the official 
policy of the N.U.R. and that it is, therefore, essential 
that the meaning of this wage claim should be clearly 
understood of all members of the Union. ‘ It means,”’ 
he concludes, “that the executive committee must 
bend all their energies in a supreme effort in the 
negotiations with the four Executives to raise the 
rate of 41. 12s. 6d. a week to that of 5/. a week for the 
lowest-paid grades.” 


The problem presented by the demands of the 
Lancashire and Cumberland miners for concessionary 
coal, which has hitherto seemed so difficult, appears 
now to be nearing a solution. Mr. Edwin Hall, general 
secretary of the Lancashire area of the National Union 
of Mineworkers, announced the terms offered by the 
National Coal Board when addressing a meeting of 
miners at St. Helens, Lancashire, last Sunday. Accord- 
ing to Mr. Hall’s statement, the Board’s offer, which 
will be placed before the districts immediately for their 
consideration, will give the miners six tons a year of 
the best screened coal at a cost of 248. a ton, in addition 
to a payment of ls. 6d. a week from the men. The 
coal will be delivered, in bags, from the nearest depot. 
Mr. Hall stated that he had little doubt that the 
Board’s offer would be accepted. 


Mr. Hall asked in his address for a more human 


approach to the miners’ problems. That was what 
the miners wanted, possibly more than anything else, 
and if they obtained it, they, in their turn, would 
ive of their best and output would soar. He asked 
that there should be as little interference as possible 
with miners’ allowances. Nothing exasperated the 
men more than to discover at the end of their week’s 
work that their pay packets contained something less 
than they had worked and budgeted for. Now that 
the mines had been nationalised, it was the desire of 
the miners to give the country not only more coal, but 
coal at a reasonable price, and thereby enable British 
industries to make a full contribution to the nation’s 
efforts. 


Opposition to proposals for a national minimum 
wage is disclosed in the October issue of the Transport 
and General Workers’ Record, the monthly journal of 
the Transport and General Workers’ Union. Writing 
under the title “Currency, Wages and Full Employ- 
ment,” Mr. Arthur Deakin, the general secretary of 
the Union, warns members of his Union that the 
setting up of a national minimum wage would destroy 
differentials, create chaos in industry and be resented 
by workpeople generally. He begins his editorial by 
discussing the reasons which led the Government to 
devalue the pound and the significance of their doing so. 


Suggestions that Britain could obtain a measure of 


prosperity by trading with the East, rather than the 
West, Mr. Deakin dismisses as ‘“‘ completely fallacious.” 
His view is that it is vitally necessary for this country 
that we should maintain the fullest possible trade with 
the West and that any decline in this trade would bring 
about a sharp setback in the nation’s standard of life. 





Critics were emphasising the immediate effects of devalua- 
tion, which have fallen heavily on those in the low- 
income groups, owing to the increase in price of bread 
and flour. Mr. Deakin points out that this is unlikely 
to be the limit of the increases and that, if other prices 
rise to any extent, the living standards of the nation 
generally will be worsened. 


Commenting on the suggestion of Sir Stafford Cripps 
that the effect of devaluation would be an increase of 
something less than one point in the index of retail 
prices, Mr. Deakin states that anyone who suggested 
that this would be the limit of the increases would be a 
bold person indeed. In point of fact, there were 
already indications that other prices would fise, in 
addition to those of bread and flour. Sir Stafford’s 
warning that, even if some wage increases were granted 
to the lower-paid grades, the wages of more highly-paid 
employees could not be increased also in order to main- 
tain differentials, presented very grave difficulties from 
the point of view of the country’s wage structure. He 
makes the point that these differentials are worked out 
on the basis of skill and experience, and that the 
effects of physical considerations have been narrowed 
considerably since 1920. Sir Stafford’s warning also 
raised problems concerning the need for incentives 
between the various grades in industry. 


Mr. Deakin states that proposals for a national 
minimum wage have been discussed and that it is 
uncertain whether workpeople receiving higher rates of 
pay would accept such a measure, even on a temporary 
basis. It would be a major disaster to interfere with 
the existing methods of negotiation in industry, and 
any action which tended to destroy differentials which 
had been arranged after much consideration over a long 
period could not be undertaken lightly. Mr. Deakin 
is of the opinion that, while it is too soon to assess 
positively the effects of devaluation, it is clear that the 
trade-union movement must continue to accept a 
measure of restraint, even greater than that to which 
they committed themselves at the recent Bridlington 
congress. He asks the members of his Union to go all 
out to obtain the fullest efficiency in industry and, with 
this, an increase in production, so that the costs and 
prices of goods for export can be reduced. If exports 
were increased, the nation’s economic position would 
be improved and living standards maintained. Mr. 
Deakin concludes by saying: “The greatest need is 
to maintain conditions which will enable us to carry 
out our policy of preserving full employment and 
avoiding under-employment.” 


A team of experts representative of both employers 
and employees in the British internal-combustion 
engine industry left for New York on Friday last. 
They will tour the United States to investigate pro- 
ductivity conditions in American workshops, and are 
expected to be away for about six weeks. The visit 
is one of the series which has been arranged under the 
auspices of the Anglo-American Council on Produc- 
tivity. The importance of the internal-combustion 
engine industry in Britain is emphasised by the fact 
that direct exports from Britain, in 1948, totalled 
16,761,0001., exclusive of the cost of engines exported 
with other plant of which they formed part. 


It was reported earlier in the week that arrangements 
had been made for Mr. Hugh Gaitskell, Minister of 
Fuel, to meet leading officials of the National Union of 
Mineworkers at an early date, and that this meeting 
would be followed promptly by a call to all areas to 
make the fullest possible efforts to step up production. 
The Ministry desire that every effort shall be made 
to narrow the gap between the target for the coal- 
mining industry, and production. The indications at 
present are that this gap is likely to amount to as 
much as 7,000,000 tons. The greatest needs are for 
the working of more voluntary shifts on Saturdays, as, 
unfortunately, production on a five-day week basis is 
proving to be insufficient to meet the target figure, 
and, therefore, the requirements of the home and 
exports markets are not being fully satisfied, as the 
country’s economic position demands. 


During the first 39 weeks of the current year, ending 
on October 1, deep-mined coal production amounted 
to some 149,000,000 tons, which, although almost 
4,000,000 above the production figure for the corre- 
sponding period in 1948, was still substantially below 
the production which must be attained, if the target 
of 210,000,000 tons of deep-mined coal to be produced 
in 1949, is to be reached. To catch up with target 
hopes, an average weekly output of 4,600,000 tons of 
coal are required during the final 13 weeks of the 
current year. There is, however, little likelihood of 
the production of deep-mined coal reaching so high a 
total, although a substantial seasonal increase in pro- 
duction normally occurs during the fourth quarter of 
each year, with a peak production just before Christmas. 
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RECENT FRENCH INVESTIGATIONS 
IN THE FIELD OF LIGHT ALLOYS.* 


By Proressor Grorcres CHaupron, Dr.és.Sci. 


Ir is well known that-the only important ore of 
aluminium is bauxite, which is an impure aluminium 
hydrate. It was discovered by a Testa engineer 
named Berthier, who described the mineral in Annales 
des Mines in 1821. His account begins as follows: 
“‘ There exists near Arles, in the department of Bouches 
du Rhéne, on a hill which bears the name of the nearby 
village of Les Baux, a considerable deposit of iron 
ore, resembling in its appearance and its mode of 
occurrence, the iron ore called alluvion. I have 
examined it and I have found that in fact it is com- 
posed of aluminium hydrate mixed with red oxide of 
iron. Aluminium hydrate not having been found pre- 
viously in Europe, so far as I know, I feel I should 
report the evidence which has led me to recognise its 
existence in the ores of Les Baux.” Berthier had just 
discovered one of the richest deposits of bauxite in the 
world. The use of bauxite for the production of 
aluminium was first thought of by Henri Sainte Claire 
Deville in 1859, when he was a professor at the Sor- 
bonne. Indeed, if the discovery of aluminium was due 
to the German Wohler, it is to Sainte Claire Deville 
that we owe the production of the metal in the molten 
state and the first fabrication on an industrial scale. 
It was a French engineer, Héroult, who conceived 
and perfected the present electrochemical method of 
extraction. 

It cannot be denied, however, that at the beginning 
of the Century, French industry did not perhaps appre- 
ciate the potentialities of the new me Researches 
on aluminium and its alloys were also neglected in 
French laboratories. It was not until about 1925 that 
a revival of research into light metals took place. It 
is a pleasure to me to recall the beautiful dilatometric 
experiments of Chevenard and Portevin on the age- 
hardening of light alloys, and the work on the cast- 
ability of aluminium and its alloys carried out at the 
Ecole Centrale under the direction of Albert Portevin. 
It was at this time that the great engineer Caquot, 
then director of technical research at the Ministére de 
l’Aéronautique, had the idea of fostering numerous 
researches in the laboratories of the universities and 
technical schools. Specialists who subsequently had 
brilliant careers in industry were trained in these 
laboratories. 





* Twentieth Autumn Lecture to the Institute of 
Metals, delivered in Paris, on Monday, October 3, 1949. 
Abridged. 








Fig. 2. Ports or Anopic ATTACK aT Boun- 
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Since the liberation of France in 1944, it appears that 
research in this field has attracted an increasing number 
of outstanding physicists, chemists, and crystallo- 
graphers. In spite of our modest resources, as com- 
pared with those of American industry and labora- 
tories, French work in recent years has certainly won 
the regard of our foreign colleagues, and it may be said 
that our industry has begun to reap the benefit of this 
new scientific effort. Numerous research centres have 
been fully occupied for several years. It would be 
difficult, in a review which must necessarily be very 
brief, to give you a picture of all the work carried out in 
France since the end of the war. For this reason I shall 
limit myself to some work recently carried out or 
originating in the Laboratoire de Vitry-sur-Seine du 
Centre National de la Recherche Scientifique. These 
researches relate to the following three main problems : 
(a) Impurities in a metal have been found to play a 
part which depends on their location in the structure, 
and this has given rise to researches on the structure of 
metals. (6) The surface conditions of aluminium pro- 
duced by electrolytic polishing, and the new techniques 
of micrographic attack of aluminium and its alloys. 
(c) New researches on aluminium alloys prepared from 
high-purity materials. 

Lacombe and Beaujard showed in the Journal of 
this Institute in 1947 the great importance of etch 
figures in the study of the structure of aluminium, and 
the quality of the microphotographs presented in that 

per has attracted your attention. The authors had 
for the first time used a combination of very “pure 
aluminium (99-99 per cent.), electrolytic polishing, and 
etching reagents particularly suitable for the purpose, 
and, as a result, brought to light a new phenomenon 
having numerous consequences, namely, the macro- 
mosaic structure of certain crystals. 

At first sight, the etch figures on the surface of a 
single crystal produced by a critical amount of cold 
work appear to lie entirely at random. But it is 
possible to observe the formation of lines that reveal a 
network, the size of which varies in different parts of a 
single crystal. It might at first be thought that these 
lines were due to surface faults, but Lacombe and 
Beaujard have shown that the opposite face of the 
metal sheet presents exactly the same appearance, 
though slightly displaced. They have therefore con- 
cluded that these lines represent the traces, on the 
surface of the single crystal, of discontinuities which 
extend through the whole thickness of the metal sheet, 
the displacement observed between the outlines 
obtained on the two opposite faces being due solely to 
the inclination of the boundaries of the various blocks 
relative to the surface. 


























Fig. 3. Structure oF Semi-ContTrnvousLy CasT * 


Incot. x 50. 

This arrangement of intracrystalline blocks, which 
Lacombe and Beaujard have called a “‘ macro-mosaic 
structure ” does not appear on all recrystallised crystals, 
but it is visible on metals other than aluminium, and also 
on solid solutions. Lacombe and Berghézan have 
revealed the phenomenon in the course of their study 
of the ageing of solid sclutions of aluminium with 8, 
10, and 12 per cent. zinc. Large grains are produced in 
these alloys by prolonged heating at 550 deg. C., after 
a critical reduction of 2 per cent. After cooling the 
specimens in air, electrolytic polishing shows up only 
the boundaries of the crystals, but r ageing for a 
certain time, say, for 1 hour at 20 deg. C., fresh electro- 
lytic polishing reveals, within the grains, a network of 
very fine lines which appear in depression. It is 
important to point out that the true crystal boundaries 
do not present the same appearance as the intracrystal- 
line lines which indicate the discontinuities ; both are 
seen in Fig. 1, on this page, which shows a specimen of 
aluminium-zine solid solution after electrolytic polish- 
ing. Electrolytic polishing can also reveal the intra- 
crystalline discontinuities in pure aluminium. X-ray 
examination by the Laue method shows in every case 
of macro-mosaic structure a very diffuse Laue spot, 
which indicates that the crystal consists of a collection 
of small disorientated blocks. 

The macro-mosaic structure does not appear on 
all crystals, but depends in particular on the amount of 
cold work before annealing, being observed only in the 
case of a small amount of work. Orowan has described 
a mechanism of recrystallisation of crystals of zinc and 
cadmium deformed by bending, and he has shown that, 
after annealing, the crystals consist of little blocks very 
slightly disorientated, a phenomenon for which he 
suggests the name “ polygonisation.” It is clear 
that research must be actively pursued in this field, 
for it would be very im t to be able to explain 
the mechanism of formation of the intracrystalline 
blocks and to determine the relations between the 
recovery of the crystal and polygonisation. This is a 
subject that will be discussed further by Lacombe at 
a meeting of the Société Frangaise de Métallurgie. 

Ever since the earliest days of metallography, 
problem of the grain boundary has attracted 
attention of research workers. In corrosion, the grain 
boundary is often the weak point of a metal, even 
of a high-purity metal. Certain authors have postu- 
lated a narrow transition zone in which the arrangement 
of the atoms represents a compromise between the 
arrangements of atoms in the two adjacent grains. 
But on the other hand, we believe that the surface 
region of a crystal can be enriched in impurities even 
in the case of a metal of overall high purity. 


the 
the 








ENGINEERING... 








RECENT FRENCH RESEARCH ON 


LIGHT 


ALLOYS. 





























Fic. 4. Two IsotaTep CrysTALs AFTER ATTACK TO REVEAL ErcH 


Fieures. x 250. 


In work published in 1944, Lacombe and Beaujard 
studied the relative orientation of crystals of very pure 
aluminium by means of etch figures, using a reagent 
containing hydrochloric, nitric, and hydrofluoric acids. 
In the course of this work they were able to observe 
the very great differences in the rate of attack at the 
grain boundaries, depending on the relative orientation 
of the two adjacent crystals. These observations led 
Lacombe and Yannaquis, in 1947, to carry out a system- 
atic study of the phenomenon, using 10 per cent. hydro- 
chloric acid as the etching reagent. The specimens 
were of high-purity aluminium, rolled and recrystallised 
to give very large grains, and then electrolytically 
polished in the Jacquet bath before the acid attack in 
order to avoid any interference due to a thin film of 
oxide. Very deep and narrow attack was observed 
at the grain boundaries except where the neighbouring 
crystals bore the relation of twins; in that case there 
was no attack. Chalmers and his co-workers had 
already shown, in 1946, that in homogeneous copper- 
beryllium and aluminium-magnesium alloys precipita- 
tion occurred in a very unequal way on the different 
faces of the crystals but did not take place on the 
contact face between twins. It must be remembered, 
however, that this work was concerned with super- 
saturated solid solutions. 

We have also observed that the grain boundaries 
between crystals of different orientation in aluminium 
of 99-99 and 99-998 per cent. purity have a melting 
point below that of the main body of the crystals and 
can be molten while the boundaries of the twins remain 
solid. This preliminary fusion at the boundaries 
would support the theory of the concentration of 
impurities, in accordance with Benedicks’s well-known 
views. 

The intragranular boundaries are those between the 
blocks which form the macro-mosaic structure. 
Lacombe and Berghézan have shown repeatedly that 
the intragranular boundaries have properties entirely 
different from those of true grain boundaries. The 
blocks forming the macro-mosaic structure are slightly 
disorientated with respect to one another, and their 
boundaries undergo attack by 10 per cent. hydrochloric 
acid in the same way as adjacent grains of sharply 
different orientation. The intragranular boundaries 
can be distinguished from the grain boundaries by 
other methods of attack. 

Burgers, in 1947, and subsequently Shockley and 
Read, in 1949, interpreted these intragranular boun- 
daries as a consequence of dislocations, the average size 
of which can be calculated as a function of the dis- 
orientation of neighbouring blocks. Lacombe and 
Berghézan have shown that in the decomposition of an 
aluminium-zinc solid solution there was a concentration 
of precipitated atoms in the intragranular boundaries. 
They have observed similar phenomena in the alumin- 
ium-4 per cent. copper solid solution, in which, after 
quenching and then ageing at 180 to 220 deg. C., the 
intermediate 6’ phase is precipitated. 

It is interesting to observe that structural defects, of 
whatever kind, a to play an essential part in the 
age-hardening of solid solutions. Hérenguel and I 

















Fic. 6. DistrRisuTion OF IMPURITIES WITHIN 
StrRucTuRE OF INGoT. x 120. 


showed in 1943 that aluminium-zinc solid solutions, 
cooled in air, can undergo very appreciable age- 
hardening. By the micro-hardness method it is possible 
to demonstrate that, in a pol talline specimen, 
hardening does not take place in the same way in all 
the crystals. It is likely that the polygonised 
of the aluminium-zine solid solution harden slightly. 
If it is assumed that the structural defects are concen- 
trated in the intracrystalline boundaries, it follows 
that there will be a concentration of precipitate in 
certain zones of the crystal, while other parts will under- 
go no structural change. On the other hand, a metal 
recrystallised after very heavy reduction does not give 
rise to a ie OY structure, and its hardening is a 
maximum. In this case the faults are distributed at 
random throughout the structure and are close to one 
another. 

It is well known that the recrystallisation temperature 
of a metal depends on the impurity content; but 
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there is another factor, namely, the degree of cold work 
to which the metal has been subjected before heat- 
treatment. For the smallest amounts of cold work, a 

rogressive change in hardness takes place from the 
owest annealing temperature. It may perhaps be 
concluded from this that the process of recrystallisation 
can vary widely, according as the metal has been 
lightly or heavily cold worked. In the researches 
carried out at Vitry, recrystallisation phenomena have 
been studied by micro-mechanical tests using Chevenard 
machines, which enable measurements to be carried out 
on very small specimens, and also by micro-examina- 
tion. Recrystallisation is said to take place in a cold- 
worked metal when it is possible to observe the forma- 
tion of nuclei and the development from them of new 
crystals having an orientation different from that of 
the original metal. 

The isothermal study of the return of the initial 
mechanical properties in cold-worked aluminium has 
revealed the existence of a phase of recovery of the 
lattice which precedes primary recrystallisation. These 
experiments provide evidence in support of the existence 
of this intermediate stage, which is still the subject of 
controversy. The question arises whether this stage 
of recovery is not identical with the polygonised state. 
However, up till the present the polygonised state 
has been o ed only after annealing even very 
pure aluminium at an elevated temperature, whereas 
the recovery and even the recrystallisation can be 
effected very little above room temperature. 

The production of large metallic crystals is of great 
importance in ent-day metallurgical research. 
In the method of production by recrystallisation after 
a critical amount of cold work, one very often comes 
across small isolated crystals that resist absorption by 
the large crystal surrounding them, even after very 
prolonged heating. These crystals are sometimes 
described as “‘ inclusions,” but as this name is liable to 
cause confusion it has been thought better in France 
to call them “ isolated “3 

Lacombe and Berghézan have demonstrated the 
existence of several kinds of isolated crystals, namely, 
(a) those that bear strictly the relation of a twin to 
the surrounding large crystal; (b) those having an 
orientation close to that of the surrounding crystal and 
having generally a circular form which it is difficult to 
reveal ; and(c) those which, having random orientation, 
exhibit a very marked macro-mosaic or polygonised 
structure. The last-mentioned are the remains of a 
former crystallisation which the large crystals have not 
been able to absorb during growth. In Fig. 4, on 
this page, an isolated polygonised crystal and one 
bearing the relation of a twin can be seen in the same 
photograph. Considerable concentrations of etch 
figures occur in the polygonised crystal. TT’ is the 
twinning plane. 

It is well known that the mechanical ag are of a 
metal depend on the size of the crystals in the test- 
piece. A test-piece com of very large crystals may 
often easily be deformed by hand. Up to the present 
there have been no precise data for the fundamental 
mechanical properties (ultimate tensile stress, elastic 





OcT. 14, 1949. 


ENGINEERING. 


405 








limit, and elongation) of high-purity aluminium 
(99:99 per cent.). Chossat has e a study of these 
properties in relation to grain-size, using a Chevenard 
micro-machine. He has also studied at the same time 
the conditions of recrystallisation of this pure aluminium 
in relation to temperature and to certain additions. 
In the case of 99-99 per cent. aluminium reduced 
95 per cent., the recrystallised | sage varies from 
900 grains per square millimetre for a 30-minute anneal 
at 320 deg. C., to 17 grains per square millimetre for an 
anneal at 500 deg. C. In this temperature interval 
the mean grain-size is related to the temperature by an 
exponential law. Above 500 deg. C. this law is not 
valid, probably as a result of the phenomenon of 
secondary recrystallisation, The exponential law has 
also been found to apply to impure metals, though 
within somewhat narrower temperature limits, e.g., 
320 to 410 deg. C. for aluminium containing 0-1 
cent. zinc and 320 to 500 deg. C. for aluminium with 
0-12 per cent. magnesium. 

Curves showing the mechanical properties of pure 
aluminium as a function of grain-size indicate that the 
elongation passes through a maximum of 300 grains per 
square millimetre. The elastic limit and tensile stress 
are substantially constant above 100 grains per square 
millimetre. 

Metallic surfaces are now prepared in the laboratory 
either by mechanical polishing, or by electrclytic polish- 
ing by the method devised by Jacquet. Ever since the 
work of Osmond and Beilby, it has been known that 
metals polished matchanically by means of abrasives 
suffer marked surface distortion which forms a sort of 
skin on the metal. The skin consists of very heavily 
cold-worked metal, that is, metal which has been 
broken down into very small crystallites. We have 
had occasion to study this phenomenon by the X-ray 
back-reflection method. Using this technique it is 
possible to explore the metal at various depths by 
carrying out a succession of anodic attacks unleashing 
an X-ray examination of the new surface ex each 
time. Mechanical polishing produces, in addition to a 
very heavily cold-worked surface layer, a more or less 
deep distortion of the crystal structure. Moreover, 
mechanically polished metal is covered with an oxide 


= 


film. In short, it may be said that two skins are| fi 


formed: the one structural, which is more or less 
deep, and the other chemical, consisting of an oxide 
film. These two skins often mask the real surface 
properties and even the properties of the metal in 
massive form. 

On the other hand, electrolytic polishing, carried out 
in a bath of acetic anhydride and perchloric acid, con- 
sists of a simple anodic solution of the surface of the 
metal. There is therefore no formation of a structural 
skin, though the chemical skin persists to a greater or 
lesser extent, that is, the aluminium is covered with 
an oxide film. The formation of this chemical skin 
depends on the nature of the bath, the method of wash- 
ing the surface to rid it of electrolyte, and on the time 
it is ex to the air. We have found that the thick- 
ness of the film is very closely related to the electrode 
potential of the metal surface in a 3 per cent. sodium 
chloride solution. Under these conditions the sheet of 
aluminium studied behaved, from the point of view of 
reproducibility of the measurements, like a reversible 
electrode. In addition, this method has proved much 
more sensitive than electron diffraction in revealing 
the presence of very thin oxide films. 

The potential of aluminium polished electrolytically 
is — 1-20 volts, while that of the metal mechanically 
polished is — 0-74 volt. Morize obtained the value 
— 1-20 volts by taking special precautions. The 
viscous layer due to polishing was eliminated by the use 
of a strictly anhydrous solvent. On exposure to the air, 
such a surface becomes covered with an increasingly 
thick film of oxide and its potential tends towards the 
value — 0-74 volt. The surface corresponding to a 
potential of — 1-20 volts exhibits new properties of the 
metal, in particular the formation, in contact with the 
sodium-chloride solution, of a brown oxide film quite 
different from the oxide film of stoichiometric com- 
position. The sodium-chloride attack reveals weak 
spots which occur particularly at the boundaries of the 
mosaic blocks (Fig. 2, on page 403). 

The value — 1-20 volts, however, was still far from 
reaching the theoretical value of — 1-95 volts calcu- 
lated from the thermodynamic data. It was reasonable 
to suppose, therefore, that this surface state represented 
a very slightly oxidised condition, and that it would be 
interesting to carry out all the polishing operations and 
the measurement of potential in a tube swept by a 
current of nitrogen. Under these conditions a much 
more negative potential was determined, — 1-60 volt, 
a value which is also obtained when the potential is 
measured with a trace of mercuric chloride present in 
the electrolyte. In the presence of a mercury salt, 
the aluminium oxide film is destroyed, and it is natural 
to assume therefore that under these conditions the 
potential measured is that of the bare metal. Clearly, 
it would be interesting to pursue the researches on the 
new surface state obtained in an inert atmosphere. 





_ The semi-continuous casting process is widely used 
in France. In this technique the ingot mould is re- 
duced to a kind of water-cooled ring, from which the 
ingot emerges progressively to enter a pit full of 
water, a pusmdaes which enables very long ingots 
to be cast. The drastic quenching of the metal permits 
certain classical defects in cast ingots to be avoided, 
though new ones make their appearance. 

The process has been systematically studied by 
Hérenguel and his co-workers ; in particular they have 
observed a new type of structure. If the vertical 
section of an ingot is examined after an attack by the 
reagent used to produce etch figures, two structures 
are observed: an outer zone consisting of the classical 
columnar crystals, and an inner zone characterised by a 
new structure which takes the form of fibres substanti- 
ally parallel to the axis of the ingot, as shown by the 
vertical black lines in Fig. 3, on page 403. These fibres 
are in reality sections or very thin lamine. 
Microphotographs, by means of etch figures, and Laue 
reflection diagrams have shown that these laminz, 
which have an average thickness of 0-1-0-2 mm., are 
formed by the contact of two flat —_ bearing the 
relation of twins to one another. The principal im- 
purities in the metal (iron and silicon) separate on 
solidification in a well defined way: in part they are 
concentrated at the boundary of two adjacent laminz, 
and in part they are deposited within the laminz in 
the form of flat scales or flakes el to the 100 planes 
of the crystal. Finally, the traces of the twinning 
planes, the white horizontal lines in Fig. 6, on page 404, 
are entirely free from precipitate. It is interesting in 
this connection to otal Northcott’s work on columnar 
structures. 

Turning now to preferred orientation after rolling. 
As you know, to obtain good results in pressing, the 
sheet used must consist of fine equi-axed crystals 
orientated at random. On the other hand, it is 
— after rolling and annealing to obtain a more or 
ess preferred orientation in the sheet which gives rise 
to well-known troubles. X-rays can be used for the 
analysis of these preferred structures, but it appears 
that in practice micrographic methods can give much 
more complete information. Hérenguel uses etch 
. Fig. 5, on page 404, shows a structure having 
large-scale features, some being formed by a structure 
made up of cubes having (100) faces parallel to one 
another. Hérenguel thus reveals very easily the exist- 
ence of phic features and then analyses grain 
by grain the orientation of an ate. 

A fundamental fact has emerged ome a study of the 
anodic oxidation of aluminium and its alloys, namely, 
that the whole of the previous metallurgical history of 
the metal or alloy may be clearly revealed in the appear- 
ance and structure of the oxide film. Anodic oxidation 
is a very sensitive means of detecting the precipitation 
of a new phase in an aluminium alloy. On the basis 
of these researches it may be said that the production 
of a perfect anodic film appears to demand a series of 
very careful metallurgical operations, using high-purity 
material. The French aluminium industry now makes 
a special high-purity aluminium- esium alloy to 
ensure perfect anodic oxidation. This has resulted in 
the use of the metal not only for decorative purposes, 
but also for particular applications, such as electrical 
insulation, where a perfectly continuous anodic film is 
necessary. 

The very high mechanical properties of aluminium- 

magnesium-zine alloys are well known. Researches 
are being carried out with the object of realising the 
highest possible strength, perhaps in excess of 60 kg. 
per square millimetre (42 tons per square inch), while 
maintaining complete stability of — This has 
led in particular to researches on aluminium-zince alloys. 
Hérenguel has shown that alloys can be produced 
which are very ductile, and hence easy to work, and 
which, after quenching from about 400 deg. C., age- 
harden to give relatively high mechanical properties. 
Thus an alloy containing 3-5 per cent. zinc and 1-75 
per cent. magnesium has the following advantages : 
(a) its hot workability is extremely good, (5) it is 
quenched from between 350 deg. and 450 deg. C., and 
(c) age-hardening is not rapid, which enables it to be 
worked. Immediately after quenching, the ultimate 
tensile stress is 20 kg. per square millimetre (14 tons 
per square inch); on age-hardening it increases to 
35 kg. per square millimetre (24-5 tons per square inch), 
the corresponding elastic limit being 25 kg. per square 
millimetre (17-5 tons per square inch.) is alloy 
pears to fill a gap in the medium-strength light 
loys. 
We are celebrating this week the centenary of the 
birth of the famous metallographer, Floris Osmond. 
In his day he developed very greatly the possibilities 
of the metallographic technique. The scientific work 
carried out in France in recent years on the properties 
of very pure aluminium, its surface condition, cold 
working, alloys, etc., has led the light-alloy industry in 
the direction of real precision metallurgy in which 
metals and alloys are produced that are specially suited 
to their particular applications. 


a 
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ANNUALS AND REFERENCE BOOKS. 


Mechanical Engineers’ Pocketbook.—This is the third 
edition, revised and enlarged, of a pocket-book first 
published in 1911, and intended for engineering stu- 
dents, designers, draughtsmen, etc. The book has been 
compiled from material selected from the engineering 
text-books of the International Correspondence Schools. 
The wide range of subjects covered comprises the usual 
mathematical tables and other mathematical data, 
tables of weights and measures, chemistry and heat, 
mechanics, hydromechanics and pumping machinery, 
drawing-office work, the materials of engineering con- 
struction, structural elements, covering briefly the 
elementary theory of beams, columns and rotating 
shafts, transmission and hoisting, machine details, 
such as screw threads, ball and roller bearings, pipes 
and flanges, etc., machine-shop work, steam boilers, 
reciprocating steam engines, steam turbines, con- 
densers, combustion and fuels, the properties of steam, 
and internal-combustion engines. In particular, the 
latter section and those sections dealing with steam 
turbines and the properties of steam have been com- 
pletely revised. Although, naturally, some sections 
are less well adapted to a condensed treatment than 
others, the compilers have been po egend successful in 
compressing the fundamentals of the various subjects 
into a 478-page pocket-book which should be useful, 
for revision purposes, to students studying for examina- 
tions, say, of second-year engineering-d standard. 
Although the print is small, the layout is good and the 
book is not difficult to read. It is a pity that a 
volume designed as a pocket-book was not provided 
with a more durable binding; nevertheless, the 
book is good value for 10s. The pocket-book is 
published by the International Correspondence Schools, 
Limited, International Buildings, Kingsway, London, 
W.C.2. > eke owe 

Universal Directory of Railway Officials and Railway 
Year Book, 1949-1950.—The nationalisation of railways 
in many parts of the world, with the principal exception 
of the United States, is again apparent in the latest 
issue of the Universal Directory of Railway Officials and 
Railway Year Book—that for 1949-1950—which has 
recently been published. A useful and interesting 
addition to the text is a chronological list of major 
developments in locomotive design, which is based on a 
paper presented to the Institution of Locomotive 
Engineers by Lieut.-Colonel H. Rudgard, O.B.E., 
chief officer (motive power), to the Railway Executive. 
It may come as a surprise to many readers to learn that 
the first Diesel main-line freight engine was placed in 
service in the United States as recently as 1941; the 
operative words are, of course, “ main-line freight.” 
The final note in the list is ‘“‘ 1947, Gas-turbine electric 
locomotive, G.W.R., F. W. Hawksworth.” This is 
misleading and should be altered in subsequent 
editions. Two -turbine electric locomotives were 
ordered by the former Great Western Railway: one, 
in 1947, from the Metropolitan-Vickers Electrical 
Company, Limited, Manchester, and the other, in 1946, 
from Messrs. Brown, Boveri and Company, Limited, 
Baden, Switzerland. Although some particulars of 
these locomotives have been released (and published 
in ENGINEERING), there is as yet no report of either 
being placed in service. Some important foreign 
developments are included in the list, and it would 
therefore seem consistent to include a note on the 
first gas-turbine locomotive in the world (the Brown, 
Boveri engine ordered in 1939, and completed in 1941/ 
1942), and give, in due course, the dates of completion 
of the two locomotives for this country, with, perhaps, 
due credit to pre-nationalisation initiative. The 
book is published, price 30s., by the Directory 
Publishing Company, Limited, 33, Tothill-street, 
London, S.W.1. 





Two-TIER Motor Coacu.—A new two-tier single-deck 
road motor coach for public service made a demonstration 
run near London on Friday, September 23. This coach, 
built under Crellin patents by the Lincs. Trailer Company, 
Limited, Scunthorpe, Lincolnshire, for the owners, the 
Falgar Motor Company, Limited, Preston, Lancashire, 
is little higher than a single-deck coach of the usual type, 
but will seat 46 passengers instead of 34; it is stated 
to be the first of its kind to be built in this country. The 
increase in accommodation has been made possible by 
arranging the seats in two tiers on either side of a raised 
central gangway; they are reached by intermediate 
steps, up or down, and are placed in groups of four 
so that passengers sit facing one another as in a railway 
carriage. The coach weighs 6 tons 14 cwt. and is 
27 ft. 6 in. long and 11 ft. 6 in. in overall height ; it is 
mounted on a standard “ Arab” chassis manufactured 
by Guy Motors, Limited. Later models will have an 
overall height of 10 ft. 6 in., the reduction being made in 
the headroom over the upper seats, this being at present 
unnecessarily great. The makers intend to build 150 
to 250 “‘ Crellin Duplex ’’ coaches a year. 
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ELECTRICAL METHODS OF 
INDUCING AND DETECTING 
VIBRATION.* 


By G. Snowsatt, B.Sc., Grad.I.E.E. 


THe member investigated was a steam condenser 
tube, held in supports approximating to those used in 
the actual condenser. In the t, resonant fre- 
quencies have caused leaks and loose tubes in the main 
condensers of turbo-alternator sets, and investigations 
were made to determine the connection between the 
method of supporting the tube, and the resulting range 
of resonant frequencies. Standard tubes with Coote 
10 ft. to 19 ft. were used, and makers’ figures for 
mechanical quantities such as Young’s Modulus and 
density were accepted. The tube under test was placed 
between two reinforced tube-plates and supported at 
intermediate positions by sagging plates, } in. in thick- 
ness. A clearance of 0-01 in. on the tube diameter was 
provided in the supporting plates, to agree with latest 

ice, and normal ferrules and packing were used 
to fix both ends of the tube into the tube-plates. The 
assembly, together with a dynamic transducer and 
— pick-up, is shown in Fig. 1, herewith. 

e tube, thus supported, had been considered pre- 
vio as a beam encastré at the ends and simply sup- 
ported at the sagging plates. One of the results of the 
investigation was to show the inaccuracy of this assump- 
tion, and design procedure was modified to allow for 
some of elastic clamping. 

A single transducer was used to obtain the resonant 
modes of vibration in 2 and 3, and the alternating 
supply to its moving coil was obtained from a 60-watt 

, fed by an oscillator, giving a good waveform 
on a frequency range of 5 to 200 cycles per second. 
The coil supply current was fixed at 2 amperes to 
allow comparative amplitude measurements at the 
various resonant frequencies. This value, however, 
proved insufficient to give measurable amplitudes with 
all positions of the intermediate supports selected for 
investigation, and had to be increased in some cases. 

The best position for the ~ eng of application of the 
alternating force generated by the transducer was 
found by trial, the criterion being the largest vibration 
amplitude, over the widest frequency range. With the 
working point a fixed distance along the tube, its 
position, regarded as a function of the wavelength, will 
vary with frequency. Fig. 4 shows the result of a 
test with a fixed resonant frequency of 17 cycles per 
second, and one central intermediate support. The 
amplitude of vibration in millimetres is plotted against 
the point of application, expressed as a percentage of 
quarter wavelength. ,In general, large movements of 
the transducer along hg tube produced but little 
variation in resonant frequency and amplitude, and 
the chosen position was approximately 4 of the wave- 
length, at 17 cycles per second, from the central support. 
Slight amplitude asymmetry is introduced, due to 
unequal attenuation of energy each side of the drive 
position, but this proved of negligible importance. 

Modes of vibration were plotted with the double 
channel detector described later, with the capacitance 
element of one channel acting as phase reference to 
that of the second channel, which was moved along 
the tube. Calibration for amplitude measurement was 
given by a screw gauge of known pitch, and for the 
smallest deflections recorded, the gauge was used alone. 

In the simplest form of electro-dynamic transducer, 
@ permanent magnet is employed to produce magnetic 
flux through a steel core and casing, the path through 
which is completely closed with the exception of a 
small annular-air gap. Alternating current is 
through a coil placed in this gap, and the magnetic 
reaction produces an alternating force in the direction 
of the coil axis. If a suitable linkage to the tube is 
provided, this force may be harnessed to induce vibra- 
tions of frequency dependent upon the alternating-cur- 
rent supply. Unless special precautions are taken, if 
the moving coil is fed directly, the life of the transducer 
will be short, due to failure of the coil in fatigue, and 
cracking of the necessarily thin former. The present 
coil used by the author is wound on to a fabricated 

per base, and, after thorough impregnation in 

lite varnish with the recommended polymerising 
treatment, shows no sign of fatigue after long service. 

An alternate method to increase the life of the 
moving-coil unit is due to Fessenden. The alternating- 
current coil is bonded on to the fixed central core of the 
casing, and induces currents into a short-circuit nay 
ring to whieh is attached the mechanical 
the tube. The reaction between the induced a 
and the polarising field will impart an alternating force 
to the copper ring. Greatly increased strength and 
rigidity can be attained in this way, vided the 
decrease in gap flux density, due to the larger Pp, is 
permissible. This lengthening of the gap is due to 

* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne on Tuesday, September 6, 1949. 
Abridged. 
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the inclusion of the short-circuit turn, together with 
the larger winding required to offset the great reduction 
in primary inductance. 

For maximum energy transmission, the moving coil 
should be impedance-matched with the amplifier for 
the desired frequency range. This can be accomplished 
by suitable tappings on the output transformer, or by 
winding the moving coil in two or three layers. Various 
series or parallel combinations could then be obtained 
by a switch. Any arrangement which increases the 
motion of the coil will increase the power converted, 
and it is thus necessary to keep the inertia of the drive 
unit to a minimum. The mechanical linkage, how- 
ever, must be as rigid as possible, and a satisfactory 
— ean be reached with Duralumin rod or 
tu 

In the electrostatic transducer the alternating force 
available for the induction of vibrations is obtained as 
the result of a repulsion between a fixed polarising 
charge and an applied variable charge. As Pith the 
dynamic transducer, a low ratio of force to charge (in 
this case) is a disadvantage, which is balanced by the 
large mechanical compliance possible. 

Magneto-striction and crystal transducers, although 
of relatively high transductive efficiency, suffer from 
small associated compliances. For this reason, the 
rod in the magneto-striction type is usually driven at 
multiples of mechanical resonance, and in the crystal 

ucer two cemented similar crystals, with relative 

response 180 deg. out of phase, are used. Maximum 

compliance is attained with overall dimensions equal 

to half the wavelength and, with the drive, 

Bo eae of the 

amplifier is matched to the input impedance of the 
ment. 

Modes of vibration and resonant frequencies were 
determined at first by means of a crystal pick-up, used 
with a pre-amplifier and filter unit. The signal, which 
was proportional to acceleration, was in ted twice 
and compared for phase and magnitude with a standard 
tuning fork, on a double beam oscillograph. The trans- 
verse fundamental frequency of such an arrangement 
as that described above is, however, of the order of 
10 cycles per second, with a correspondingly large 
vibration amplitude. Under these conditions, the 
harmonic content of the pick-up signal is high, while 
the damping due to the mass of the pick-up is con- 
siderable. Pie i is obviously greatest when the pick-up 
is placed at a displacement anti-node, and greatly 
limits the maximum amplitude. A decrease of 35 per 
cent. was observed in the laboratory. 

One method of reducing the damping effect of the 
detector is to make use of the varying air condenser 
formed when a stationary reference plate, curved to 
pane tle age Basal pope” ge ximity to the 
vibrating tube, which is fixed at earth potential. The 
impedance of the condenser pick-up may be thought of 
as a fixed capacitance, C,, in parallel with the series 
combination of a second fixed capacitance, C,, and a 
variable capacitance, the variation of which may be 
assumed to be harmonic in the absence of damping. 





The equivalent circuit is then as in Fig. 5, where (, 
is due to lead and stray capacitance, C, is the equili- 
brium gap capacitance, and the harmonic variation is 
dune to motion. 

If the effective plate area of this condenser is 
20 sq. cm., and the reference plate is $ cm. distant from 
the tube, the equilibrium capacitance is approximately 
four pico-farads, and the allowable variable capacitance 
due to vibration is very much less. It is therefore neces- 
sary to select a high carrier frequency for a detector 
worked on this principle, to ensure the greatest —_— 
percentage change in circuit capacitance, and 
greatest sensitivity, when the air condenser is connected 
into an oscillating circuit. Fig. 6 shows a block dia- 
gram of a double-channel detector with a high degree of 
sensitivity, which can be further increased by balancing 
out the equilibrium capacitance of the air condenser, 
and that due to the connecting leads. A single oscilla- 
tor is used to drive both y tenn and the chosen 
carrier frequency is 8 megacycles per second. 

The impedance of the air condenser is arranged to be 
high compared to that of the tuned circuit, and the 
high-frequency supply from the oscillator is essentially 
proportional to the variable capacitance. This capaci- 
tance varies inversely as the air gap, and linearity of 
capacity variation is only obtained if the motion of 
the tube is small compared to the air-gap length. This 
condition is also necessary to obtain a pure sinusoidal 
voltage with harmonic variation of capacitance. On 
the other hand, a large equilibrium gap adversely 
affects the sensitivity and the resultant compromise 
usually entails some loss of sensitivity. The working 
point of the tuned circuit should be chosen on the 
almost straight shoulder of its characteristic, to aid in 
the quest for linearity. 

During vibration the tube and the fixed plate will 
no longer be parallel, but even at the lower frequencies, 
where the effect will be most pronounced, the departure 
from estimated performance based on elism will 
be minute. Mica, or a similar dielectric, in the gap 
would give an increase in sensitivity, but could not be 
used with the very small spacing necessary above 
100 cycles per second. 

If, in the electrodynamic transducer, the current in 
the moving coil is i = I sin w t, the instantaneous force 
ie aged = HliIsin wt. The symbols used are listed 

We 


List of Symbols. 
A = Effective area in sq. cms. 
B = Flux density in gauss. 
c¢ = Velocity of propagation of light, 3 x 10° om 
per sec. 
Cy = Mechanical compliance in cm. per gm. 
E = Generated voltage in abvolts. 
E, = Polarising voltage. 
Em = Maximum applied alternating voltage. 
Ey = Young’s Modulus. 
F = Force in dynes. 
H = Field strength in oersteds. 
I = Second moment of inertia. 
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l = Length of moving coil in cms. 
L = Inductance of moving coil. 
M = Mass in gm. 
m = Mass per unit span. 
Mg = Bending Moment. 
R = Resistance of moving coil. 
v = Velocity of moving coil, cm. per sec. 
w = Weight in Mg. 
x,y = Displacement on z and y axes. 
Zy = Mechanical impedance in mechanical ohms. 
Zz = Electrical impedance. 
Zyx = Electrical impedance due to motion. 
w = Angular velocity. 


Let X be the maximum amplitude. If we assume 
negligible damping, the acceleration of the coil will be 


proportional to this force, thus 
nd H lI sin wt 
a ae = 8 . 
Then 
HlIsin wt 
w? M 
= X sin wt (1) 


Thus, if the force is harmonic, the resultant motion 
will be harmonic in the absence of damping. 
The voltage generated by the coil movement is 
(HI)? I cos wt 
wM d 


E=Hlv= 


Voltage relationships when the coil is in motion are 
such that, if e is the applied voltage, 





(Hl I cos wt 
e+ —— - = wLIcos wt + Risin wt. 
wM 
Ata fi — ee i i 
ta requency f = 7, JL he cosine terms vanish 


and ¢ is a maximum for a given supply voltage. 

From equation (1) it follows that the current will be 
a maximum at the extremities of coil movement and 
zero in the equilibrium position. Voltage and current 
distribution are then as in Fig. 7. The ratio of force 
to current is low in this transducer, but it can be used 
with advantage in systems with large compliances and 
low masses. The analogy which associates force with 
current, and e.m.f. with velocity, may be used to show 
the ~— of reciprocity in the system when driving a 
load of mass M and compliance Cy. 

The mechanical impedance 


es 1 jwCy 
wens 1—- wMCy 





Zy 
jom —— 7. 
M 


If we use the C.G.S. electromagnetic units 


E =jw(L.10*)Isinwt+HIlv 
and 





¥ = — —Hilete of 
Zy 





INDUCING AND DETECTING VIBRATIONS. 


Fig.3. MODES WITH CENTRAL SAGGING PLATE ONLY 
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If the system is in motion 


vo = ZyH Il sin w!. 
Then 


E =jw (L10*) I sin wt + Zy (HD) Isin owt, 
and 
Zz =j w(L 10°) + Zy (HY 

(H 1? 5 w Cy 
1 — w*MCy 

It follows that Zz = Zy,, the motional electrical 
impedance, if the self inductance of the coil is ignored 
in equation (2). The quantity H 1 is the direct relation- 
ship between the electrical and mechanical circuits, 
and may be considered as representing an ideal trans- 
former, the impedance ratio of which is inversely pro- 
portional to (H1)*. An equivalent circuit based on 
equation (2) would have an electrical input impedance 
j » L 10° coupled to a mechanical impedance composed 
of a parallel mass-compliance system. Perfect recipro- 
cal relationships such that 


z=n =n 
= Fz @ 
2.07 # ei z 2) 

between electric forces and currents in an electrical 
system and impressed forces and velocities in a mechani- 
cal system are only attained provided that the inter- 

connections are linear and reversible. 

The general expression for force is 


= j w(L 10°) + (2) 


1 1 
F = - ¢B) — y_ H Grad p per unit volume. 
7 


Since the coil is copper we may write 


i F 4H 
es. ee (3) 
ce J c 
For a reversible process 
H H 
a<c: meee oo (4) 
c c 


Thus, with perfect reversibility, transductance is sym- 
metrical. In general, a system containing ferro- 
magnetic materials falls short of the ideal because of 
hysteresis and non-linearity of the B-H curve. 

In an electrostatic transducer the resultant force is 


p — L (voltage) A 
zi 8a 2 


If E, is the polarising voltage and e, the applied voltage, 
is sinusoidal (see Fig. 8), 








then 
A 2 
F = 7a lBs + Emsin w t} 
A | ey 
2 oso t 2 ae oa a4 
Saw 2 E, Emsin wt +E; + 7 7 cos F wt | 
If E, > En, the force may be written 
E,eA 
F = 
4nx 


and induces a velocity in the moving plate proportional 
to the impressed voltage. 





To this last expression must be added the force com- 
ponent due to the product of the velocity and imped- 
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ance Zy of the mechanical system. Thus, 


E,eA dx 
F =—! —, 
4nr2 1 M at 





Consider only the component due to the alternating 


voltage. Then, by analogy, 


E so 
Reet | 
4n2 
The motional electrical impedance, 
4r2F dx 


. ( E,A ) wee 
16 7? x4 Zu 
Ef a? 
The input impedance of the transducer will be that o 


Current generated = 


4nrx 


e 
Z = - 
ME i 


a capacitive reactance, coupled through an ideal 
to the impedance of the 


transformer of ratio cd ~ A* 
e¢ 472 





mechanical system. 
The condition E, > E, 
for harmonic response and good efficiency. 
The tests 


resonant frequencies for a given arrangement. 


suggested by laboratory tests, and a “dead” ra 


nge 
covering this frequency resulted. After considerable 


running time on site, no further trouble was ob 
served. 


It was ultimately desired to be able to predict 
from the tests any resonant frequencies with a known 
span ratio, and particular attention was paid therefore 
to the effects of varying the position of the intermediate 
plates. An investigation was thus performed with a 
plate so that comparisons could 
Read- 
ings of vibration amplitude were taken at all resonant 
frequencies from the fundamental up to 160 cycles per 
second, and in Fig. 3 some of the lower frequency modes 
are drawn. The drive current was maintained constant 


single centre. 
be made with tests using different span ratios. 


at 2 amperes. 


As an initial hypothesis, it seemed feasible that, if 
the position of the intermediate sagging plates coincided 
with free nodes for the single central support case at any 
frequency, that frequency would be relatively un- 


damped, giving substantially the same amplitude. 


With the sagging plates moved progressively farther 
from the nodal positions, increased damping should 
occur, with consequent reduction in vibration ampli- 
tude, while the forced change in wavelength would alter 
the resonant frequency. Ultimately, when the sagging 
~_ were placed in a position corresponding to a 

damping and large frequency 


antinode, maximum 
change should be brought about. 
Accordingly, from the modes drawn in Fig. 3, 


a 
number of plate positions were selected for further 
investigation, and new resonant frequencies and 
amplitudes were recorded with these span ratios. The 


theory of the previous paragraph was — only in 
part by the results obtained. Negligible change in 
frequency and amplitude were observed when the 
intermediate sagging plates were coincident with 
natural nodes, and the amount of variation in these 
quantities appeared, in general, to be a function of 
support position. Difficulty was introduced, however, 
with the occurrence of new frequencies and modes, 
and effective comparison over the whole resonant 
range was not possible. 





ISOMETRIC AND PERSPECTIVE DRAWING GUIDES.— 
To assist engineers, architects, and draughtsmen to 
make rapid perspective, isometric and orthographic 
sketches, the Ozalid Company, Limited, 62, London 
Wall, London, E.C.2, have introduced a series of five 
ruled cards, known as “ Magic Carpets,” which were 
devised by Mr. E. H. Hassler, M.I.Mech.E. The appro- 
priate card is placed under a sheet of tracing paper and 
used as a guide in setting out the lines of the drawing. 
The isometric guide consists of sets of parallel lines at 
120 deg., which make it a fairly simple matter to con- 
struct an isometric view. The pitch of the lines can 
be used as ascale. There are three guides for perspective 
views: one with a “looking down an aisle” effect, 
in which imaginary sides, ceiling and floor converge on 
a vanishing point near the middle of the card; another 
for “ internal corner ” views ; and a third for “‘ external 
corner ” views. The fifth card is similar to large squared 
paper, and is used for orthographic drawing. In all 
cases, the lines are alternatively thick and thin, with 
every tenth line extra thick, to assist the user. 





is obviously necessary 


rformed on the tube were many and 
varied, to obtain information on factors deciding 
Typical 
modes of vibration are shownin Fig. 2. It should be noted 
that a particularly violent resonant frequency occurred 
at 52 cycles per second with the span ratio quoted, 
and it appeared probable that reports of loose tubes 
and ferrules were due to this resonance. The inter- 
mediate sagging plates were then altered to positions 


NOTES ON NEW BOOKS. 


Narrow-Gauge Rails to Portmadoc. By J. I. C. Boyn. 
The Oakwood Press, Tanglewood, South Godstone, 
Surrey. [Price 17s. 6d. net.] 


To the question, Why do people climb mountains ? 
Mr. Punch once replied that it was to get away from 
people who ask silly questions. Mr. Boyd might well 
reply in like manner to those—there must be many— 
who ask why he scrambles about in the damp wilds 
of Snowdonia, searching for derelict narrow-gauge 
railways. The short answer to both questions, of 
course, is that these mountaineers enjoy it. In Mr. 
Boyd’s case, he has searched and studied so thoroughly 
that he has amasséd enough material for a book of 150 
pages. The book is well produced, with many illus- 
trations, and the author has not allowed the cata- 
loguing of facts to cramp his style; but it is unfortu- 
nate, for readers who are not familiar with North 
Wales, that the sketch maps of the systems do not 
include one showing part of the coast-line and other 
generally familiar to a features, As the 
author notes in a preface, much has been written on 
the 2-ft. gauge railways of North Wales, but a number 
of inaccuracies have been handed down and are in 
danger of being accepted as factual. Since the Festiniog 
Railway was closed in August, 1946, bringing to an 
end an era lasting over a hundred , the time 
seemed ripe for an up-to-date synthesis of first-hand 
information and earlier scattered references. This the 
author has compiled, covering the Festiniog Railway, 
the Croesor Tramway, the Gorseddau Tramway, the 
Festiniog and Blaenau Railway, the North Wales 
Narrow Gauge Railway, and the Welsh Highland 
Railway, which centred around the slate quarries of 
the district. 


f 





Hydro-Electric Engineering. By GrorrrEY GERARD, 
F.R.S.E., A.M.I.E.E. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 20s. net.] 

Ir is stated in the preface to this book that it covers 
the syllabus of the lectures in hydro-electric engineering 
which the author gave in the University of London. 
It is not stated to what class of audience the lectures 
were addressed, nor is it altogether clear for what type 
of reader the book is intended. Any intelligent 
engineering student, especially if his studies are in 
any way connected with hydro-electric work, would 
read the book with interest, but it is too purely descrip- 
tive and covers too much ‘ground to be recommended 
as a text-book. A survey contained within 180 pages, 
and extending from a consideration of the world’s 
water-power resources to a description of the action 
of the Tirill automatic voltage regulator, cannot be 
expected to deal with any aspect of its extensive subject 
other than in a somewhat superficial way. The earlier 
chapters describe the civil engineering features of 
hydro-electric works; dams, sluice gates, penstocks 
and the other main items are dealt with. The descrip- 
tions are clear and the illustrations are well chosen 
and admirably reproduced; they relate in the main 
to the undertaking of the Galloway Power Company. 
The necessarily brief treatment results in rock-fill 
dams being disposed of in 100 words and timber-crib 
dams in 47. Later chapters deal with power stations 
and their equipment. Rather more attention is given 
to the various types of water turbine than to the elec- 
trical equipment and there is, for instance, a brief note 
on the design of Pelton wheel buckets. In the chapters 
dealing with the electrical side of power stations, the 
subject of switchgear is given a little more space than 
generators and transformers together. The book as 
a whole, constitutes an interesting over-all survey of a 
vast subject and, as stated in the preface, it may be of 
value to “members of the staffs of hydro-electric 
undertakings.” Somewhat junior members must, 
however, be in mind, and it is doubtful if even these 
require to be told that “‘ continuous current, or direct 
current (d.c.)... always flows in one direction 
round the circuit.” 





ASLIB WINTER MEETINGS.—The first winter meeting 
of ASLIB, which was held on Wednesday, October 5, at 
the Institution of Electrical Engineers, was concerned 
with two special-library problems—‘ Putting the special 
library over to its users,” by Mr. W. G. Watts and Mr. 
B. H. Chibnall, and “ The best use of library statistics,” 
by Mr. C. W. Hanson and Mr. D. C. Henrik Jones. The 
subject of the second winter meeting is scientific informa- 
tion. Dr. Alexander King will speak on the work of the 
Technical Information Services Sub-Committee of 
Research and Productivity of the Advisory Council on 
Scientific Policy, of which he is the chairman; and the 
work of the Information Services Committee of the 
Royal Society will be described by Dr. D. C. Martin, the 
assistant secretary of the Royal Society. This meeting 
will be held at 5.30 p.m. on Wednesday, November 2, at 
the Institution of Electrical Engineers, Savoy-place, 








CATALOGUES. 


Copper-Tube Fittings Price List.—Messra. C. Ry: 
Company, 2, St. Pancras-street, London, W.C.1. 
sent us their latest price list relating to discoun: 
* plusages ”’ relating to copper tube fittings. 


Portable Electric Jointing Kit.—Messrs. C. Rya 
Company, 2, St. Pancras-street, London, W.1, hay 
us particulars of a portable electric kit for joining « 
tubes and solder fittings. This incorporates a 


and 
have 
and 


und 
ent 
pper 


1ang- 

former, so that the pressure at the tool is only 6 vol'-. 
Centre Lathe.—A folder describing the ‘‘ Cadet ” g. 1, era] 
purpose centre lathe has been sent to us by Messrs, 
Murad Developments, Limited, Stocklake, Aylestury, 
Buckinghamshire. The lathe accommodates a 1\()-in, 


face plate and the distance between head and tailstock 
centres is 18 in. 


Electrical Manufacture.—The General Electric Com- 
pany, Limited, Magnet House, Kingsway, London, 
W.C.2, have sent us an illustrated brochure outlining 
their electrical as well as their mechanical activities, and 
describing briefly the subsidiaries or factories concerned 
with manufacture or research in particular fields. 


Adhesive Rubber Sealing Strip.—We have received a 
leaflet from Messrs. Howard Clayton-Wright, Limited, 
Wellesbourne, Warwickshire, illustrating some applica- 
tions of their adhesive sponge-rubber sealing strip in the 
home, and its use for preventing draughts or rattles in the 
car. The material is marketed under the name 
* Stikastrip.”’ 


Aluminium Tread Plate.—An illustrated description 
and some applications of their aluminium-alloy, “ Posi- 
tive-Grip Pattern,” tread plate are given in a catalogue 
issued by the British Aluminium Company, Limited, 
Salisbury House, Londen Wall, E.C.2. The tread 
plate has been developed for marine and industrial 
applications. 


Pressure Switches.—Details of switches for the control 
of fractional horse-power direct-current and single-phase 
motors are given in a leaflet received from Messrs. 
Dewhurst and Partner, Limited, Inverness Works, 
Hounslow. These switches consist of a rubber or fabric 
diaphragm which opens a contact when a pre-set pressure 
on it is exceeded. 


Bending, Cropping and Shearing Machines.—Messrs. 
Major, Robinson and Company, Limited, Scots Works, 
9, Eastnor Street, Manchester, 15, have sent us a booklet 
which describes a wide range of tube and bar bending 
machines, bar cropping and shearing machines, cements 
and pipe-jointing compounds. Full specifications of the 
machines are given. 


Industrial Switchgear.— Details of the industrial switch- 
gear manufactured by them for pressures up to 650 volts 
alternating current, and current-carrying capacities up to 
200 amperes and 150 amperes when circuit-breakers or 
contactors, respectively, are incorporated, are given in a 
pamphlet issued by the Belmos Company, Limited, 
Bellshill, Lanarkshire. 


Hand-Operated Guillotine.—The Allied National Cor- 
poration, Limited, Anco House, Buckingham Gate, 
S.W.1, have sent us a leaflet describing their hand- 
operated sheet metal-shearing machine. Called the 
“ Alligator ” guillotine, this machine will cut 16 S.W.G. 
mild-steel sheets up to 48 in. in width and can be supplied 
for bench or floor mounting. 


Dust Extraction.—A new leaflet issued by the Airscrew 
Company, Limited, Weybridge, Surrey, gives details of 
a dust collector. This is a self-contained and portable 
unit, incorporating a primary centrifugal separator and 
a secondary panel-type filter. It is suitable for handling 
a wide variety of dusts and has a capacity of 400 to 
1,200 cub. ft. of air per minute. 


Chain Drives.—We have received from the Morse 
Chain Company, Limited, Letchworth, Hertfordshire, a 
series of new data books which give very complete 
information on their inverted-tooth chain drives and 
roller chain drives. Sufficient information is provided to 
inable the engineer to choose the most appropriate type 
of drive and to install and maintain it. 


Electric Vehicles.—Leaflets recently issued by Messrs. 
Austin Crompton Parkinson Electric Vehicles, Limited, 
describe three new Morrison-Electricar electric vehicles. 
These are a 12 cwt. to 18 cwt. capacity delivery van, an 
8-cub. yard refuse collector, and a flat-deck lorry with a 
carrying capacity of 3 tons. The vehicles have traction- 
type electric motors and lead-acid accumulators. 


Centrifugal Oil Purifier.—A centrifugal purifier for all 
types of oil and similar liquids is the subject of a booklet 
sent to us by Messrs. Sharples Centrifuges, Limited, 
Tower House, Woodchester, Stroud, Gloucestershire. It 
is made in several sizes and contains a vertical cylindrical 
rotor which rotates at such a speed as to produce a 
radial acceleration equal to 13,200 times that due to 
quartz. The capacities of the several models range from 





Victoria-embankment, London, W.C.2. 


100 to 700 gallons per hour. 
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PRESSURE DROP IN 
CYCLONE SEPARATORS. 


By C. J. Srarrmanp, B.Sc., A.M.I.Chem.E., 
A.Inst.P. 

In designing cyclone separators it is important 
to know the pressure loss which will be experienced 
under various conditions of working. The following 
article has been prepared from work carried out in 
1938-1940 and provides a method of calculating this 
pressure loss from a consideration of the flow in a 
cyclone. The calculated values have been com- 

with observed pressure losses for a number of 
small-scale and large-scale installations. While it 
is not possible to predict the pressure loss accurately, 
due to the difficulty of assessing such factors as 
surface friction, it is considered that the agreement 
is close enough to enable the formule to be put 
forward as a satisfactory practical method of 
predicting the resistance of a cyclone. While this 
is the primary object of the analysis, the knowledge 
of the flow in the cyclone so obtained is of value 
in assessing its performance as a de-duster. 









Velocity Ratio v" ¢ 


(ose 
The following is a list of the symbols used in the 
investigation :— 


LIST OF SYMBOLS. 


= Surface area of cyclone exposed to the spinning 
fluid. 

Cross-sectional area of inlet duct perpendicular to 
the gas flow at actual inlet to cyclone body. 

Inside diameter of cyclone shell. 

Inside diameter of exit pipe. 

Friction factor. 

= Gravitational constant. 

Factor giving shock loss at exit in velocity heads. 

= Fraction of energy of spinning exit gases 
recoverable. 

Constant, so that UL R = K. 

Length of tnlet slot. 

Length of cylindrical portion of cyclone body. 

= Difference of centrifugal heads at R, and R, in 
cyclone vortex. 

Small increment of pressure. 

Volume of fluid through the cyclone per unit 
time. 

Radius. 

Mean inlet radius of the vortex. 


D 


oud 
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wood 


L 
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R, 


Effective exit radius of vortex = = 


Ra 





, | given to the conditions of flow in the cyclone. 


R, = Radius of circle to which centre line of inlet is 
tangential. 

Rg = Radius of exit pipe. 
8R = Small increment in radius. 

U = Spinning speed. 
U, = Spinning speed at mean inlet radius R,. 
U, = Spinning speed at effective exit radius Ry,. 
Uy, = Spinning speed at radius Rg. 
Uy, = Spinning speed at radius Ry. 

2 

V = Linear speed. . 

V, = Linear speed in inlet duct. 
Vz = Linear speed in exit duct. 

W = Width of inlet slot. 

¢ = Velocity ratio, i.e., ¥ 

I 
p = Density of spinning fluid. 


Note.—The units are in any self-consistent system, 
except when stated otherwise in the text. 


The total loss is made up of the separate losses 
in the inlet pipe, in the vortex and in the cyclone 
exit duct. In predicting the total pressure drop 
through the cyclone each of these losses is con- 
sidered separately, and consideration must first be 
In 





R 
Radius Ratio 7’ 
E 


earlier work it has been assumed that the spinning 
speed of the vortex, at the inlet radius, is rather 
less than the linear velocity of the gas in the inlet 
duct, i.e., that U,<V,, but it has since been shown 
that the value of U, can be greater than, equal to, 
or less than V, according to the proportions of the 
cyclone, depending on the balance between the rate 
of supply of angular momentum to the vortex and 
the frictiona] losses due to the roughness of the 
cyclone walls. By equating the loss of moment of 
momentum to the frictional torque it is therefore 
possible to determine the flow conditions in the 
cyclone, as set out below. 

It can be shown from theoretical considerations 
that, in a free vortex, the angular velocity varies as 
the inverse square of the radius and the linear 
velocity varies inversely as the radius (the law of 
conservation of angular momentum). However, in 
the case of a cyclone vortex, in which a viscous gas 
is involved, the internal forces tend towards constant 
angular velocity. Thus the increase of spinning 
speed is less rapid with diminishing radius than is 
the case in a free vortex. A theoretical analysis, 
confirmed by experimental measurements, has 
shown that in this case the value of U;.R is constant, 
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so that at any radii R and R, 
R,* 
Uz =U, a. (1) 


If this relation held right down to zero radius, the 
spinning speed at the axis of the cyclone would be 
infinite. In practice, however, the spinning speed 
increases up to a radius of approximately = and a 
core of gas spinning at constant angular velocity 
remains at the centre of the cyclone. The gases 
leaving the cyclone are therefore made up of a 
core spinning with constant angular velocity, and 


occupying the zone R=0 to R = “3, and an 


outer zone from R = = to R = R, where the 


spinning speed obeys relation (1) above. Now if 
R, be chosen so that the moment of momentum of 
the gas leaving the cyclone is equal to QpU,R,, 


then it can be shown that R, = = approximately. 
Thus the moment of momentum at the exit can be 


Fig. 3, =2Yz 
a> ~« 
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expressed as 
QpUsR; = QpU,+/R, R, . (2) from (1) above. 
It is now possible to equate the moments of 
momentum at various points in the system as 
follows: the momentum supplied at the cyclone 
inlet per second 


= QpV; = Viap, 
and its moment is 


since Q is equal to V, a, 


(3) 
unit 


V? R,; ap. . . 
If the frictional drag be defined as GpU® per 
area, the total rate of loss of energy becomes 


[ooupraa. 


In this expression, G is Stanton & Panell’s non- 
dimensional friction loss constant. This constant 
has a value of approximately 4, for conditions which 
normally apply to flow in cyclones. 

The total reduction of the moment of momentum 
per second in the vortex is equal to 


opu,e | a (since Uj, R = constant) 


. (4) 


= GpU}R, At 





* Similar results have been quoted by C. B. Shepherd 
and C. E. Lapple (Ind. Eng. Chem. Aug. 39, Vol. 31, No. 8). 

t+ By considering the analogy with friction loss in 
pipes, a similar value can be derived as follows: The 
pressure drop in pipes of normal roughness at Reynolds 
numbers corresponding to those obtaining for flow at the 
cyclone walls, is approximately one velocity head in 
50 pipe diameters. If the shear force is taken as GpU? 
per unit area, this implies a force of G p U? x 50 Da D, 
which is equal to one velocity head, i.e., to 


aD? 
U? a 
pUrx = 


2 
50 Gp U? 2 D® PR tne 


G = abo: 

t In this case, A is the total surface exposed to the 
spinning fluid and includes the cyclone walls, the ends of 
the cyclone, and those portions of the gas-exit duct which 
project into the cyclone. 
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PRESSURE DROP IN CYCLONE SEPARATORS. 


Prangparent Fig. 6. Kk -3* > Fig. 7. ] 














> 


_Metal 
L4i Dise 














-~------12 


Locator 























F Tangential’ 
+ Inlet 


Inlet 


























ms. 
R, by > Siving :-— 


“af aes Re AGA 
en 2R, 2 R, 


V; 2GA a “ENGINEERING” 


a A is the total area exposed to the spinning gases, a 


Th t of t ining”in ¢ ‘ . GA. ont is the cross-section of the inlet pipe at the entrance 
“ poh preg en uum, remaining'in the fluid} In making use of thecurves, = 8 first determined to the cyclone, and G is the friction factor, experi- 


= QpU,VR,R, 





(9576.c) 





U R A 

TABLE I.—Vatves or ¢ = = FOR VARIOUS VALUES oF — AND = 

es I E a 

= V,;apU, VR, Ry .; - (5) a j ait isa i 

* i Rr _ 10. Ri 

— 5-0 | Re 10-0 Re 
| 








|e 


R 
The total loss of momentum is equal to the ie = 


R 
momentum supplied, so that . 


| iB 





= 


(3) = (4) + (5) 


Nw 


i.e., 


— 





ViRiap = GpU?R,A + ViapU, VR, Ry. 


Therefore, dividing through by R,’a p we have, 
since R, = R,, 


Big OOSSOS 
S8SSS8SRS 
eooconnnn 
S23S88 
SoCo mms 
1 
SOCOM Mm ICLOm 


SR2R35 





GA, _ R, preci 
Wr ——s - U,V; R, =. TABLE II.—Vatves or VEeLocrry HEAD Factor (C), CONVERTED TO PRACTICAL UNITS. 








Again dividing through by V; and transposing, Units, Value of C for Pressure Drop in 


2 > 7 
GA U, + R U, at ae, (6) Velocity. 
a \V; R, \Vr 








Density. | Inches, W.G. Lb. per sq. in. Milliatmospheres. 





me _ 
334 
p 


Re, Ry 4GA 5,360 
U; R, R, a ; = 


Vi 2GA TABLE III.—PReEssvuRE DROP IN 8-IN. - MODEL CYCLONES. 


ft. per sec, Ib. per cub. ft. 


(neglecting the negative solution) is :— 


—— sehierennemneanaieenes ft. per sec. kg. per cub. metre 


J p 
This is a quadratic in ©? the solution of which|  “™s- Per see. | gm. per cub. ft. | 5,000 
I | 
| 
| 











] ; 
: Air Rate Inlet Exit | | | Pressure Loss in 
i i —~ ‘i “ iatmospheres. 

Thus, from (7) we can determine the ratio N cub, metres| Velocity, | Velocity, | Ri | | | P' 


between the vortex spinning speed and the velocity per hr. | ft. persec. | ft. persec. | Bu jy 
in the inlet pipe, in terms of the physica] proportions 
of the cyclone. Actually it is generally more i tie 
ae -0 
1: 
O 
4: 
0- 
1- 


Calculated. | Observed. 





wwe 


convenient to express a, denoted by ¢, in terms 
1 


of =, instead of J This has been done in 


Table I, and in Fig. 1, page 409; the resuits have 
been calculated from (7) by replacing R, by R, and 





esS . SeNe 
DBeOwoUrwmowwnw 
me bobo bo 
One VINI 
lel el el ol 
eurnoce 


*OONNR er 
ee ee 
ooocooceoco 
mMacawwasd 





bobo 


ees 







































































OcT. 21, 1949. ENGINEERING. 4II 
TABLE IV. PRESSURE LOSS IN PLANT CYCLONES. 
| | | | | 
j Pressure Drop 
| Exit Duct. Inlet Duct. Gas Rate, | Gas | , 
" Cylindrical Conical } cuh, metres| IletGas | | Gas Density, | milliatmospheres. 
Diagram. Diameter, ‘Height Height —|- per hr P penn eae Kg. per | 
° . ‘ . per sec, eg. C. . | 
| Diameter. | Length. | Height. | Width. ‘ital vm cub. mee Observed. | Calculated. 
! 
a l | | l | l | ] 
|. ee 4 ft. | 4%. | 20} Sti |) ee) emp. 4 ae | 100. «||, 0-9 | 14 11 
| | | 
| oft, aft. | 4ft. 1 ft. 3ft. | 12im | 6im | 1870 | 87 | 25 1-06 3-78 3-6 
| 6 ft 10 ft. 10 ft. 2 ft. 6 in. | 7 ft. 6 in. | 36 in. | 15in. © | 16,400 43 | 110 | 0-82 | 7-4 4:7 
|B ft. 1oft. | 10f. |2ft.6im.| 7f.6in,) 30im. | 15in. 11,400 | 36 4 | 0-87 | art | 80 
| | | 
sr. | of. | 6f. | 1. 6in. | 18 in. oin, | 4,880 ee ee ke: 6-5 
bea et. | sft. 2 ft. 36 in. 12in. | 14,950 49 | 26 1-2 | 11-0f 10 
15 ft | 17%. | 12 ft. 6 in. 5 ft. 6 ft. 10 ft. 2ft. | 58800 | 29 600 | 0-41 | 1-8f 2-2 
ae cemcematones | | 
| 1 | } : | | 
[ | Oft.tollft.| 9ft.6in, | 12ft.6in. | 30in, | 7ft.4in.) 44 in. 14 in. 32,300 74 93 1-063 25 31 
| | | i 
\ | Oft.to1lft.| Oft.6in, | 12ft.6in,  30im. | 7ft.4in.! 44in. | 14in. | 24,600 56 98 | 1-082 18-5 18-2 
| 9ft.tollft.| 9ft.6in. | 12ft.6in. | 30in. | 7ft.4in,| 44 in. 14 in, 19,700 45 93 | 1-005 16-0 11-9 
| 
| } | | 
iia Sis 
=— _— = - Se oie | | } | 
| | | 
| | Dia. | | | | | 
; 6ft.8in. | 15 ft.4in. | — | $ft.9in. | 3 ft. 6in.| 2 ft. 9} in. | 77,000 | 122 | 535 0-435 10 | 10 
| 7ft.2in. 19 ft. 3in. — | 4ft.6in. | 4 ft. 3in. | 2 ft. 9in. | 93,500 | 154 | 500 | 0-455 16 | 47 
7 | 10 ft. 9in, | 24 ft. 6 in. — 5 ft. 6in. |14 ft. 8in. | 3 ft. 5in. | 155,000 166 =| «486 |S (0-464 15 | 20 
f V | 2ft.4in. | 3ft.9in. | — 1ft.4in./ 1ft.2in.| 12in. | 6,400 80 | 20 1-2 16 | 15 
2ft.4in. | 3 ft. 9in, — 1ft.4in.| 1ft.2in.| 12in. 8,000 | 100 2 | 1-2 26 a 
2ft.4in. | 3 ft. 9in. — 1ft.4in.| 1ft.2in.| 12in. | | 10,000 | 125 | 20 1-2 36 | 36 
4 r a | 
} ] } | 
| | | 
34 in. S4in, — 12 in 6 in. 42in. | Sin. 3,000 cy 1-2 12 | 11-4 
| | 
34 in. 54 in. — 12 in 6 in. 42in. | Sin, 5,000 | 56 | 20 1-2 33 | 80-4 
34 in. 54 in, - 12in 6 in. 42 in Sin. a0, | Ww] «@ | #2 51 | 47-1 
| 4in. S4in. | — | 12in Gin. | 42in 3 in. 7,000 78 20 1-2 65 | 59-7 
| 
| | | | 
7 can * Includes rain cap and long stack. t+ Includes rain cap. 
mentally found to have a value of approximately Kf, | Since the total pressure drop experienced by the 
3,. The abscissn of th , p Br} ie A Rr bR | fluid flowing through the cyclone between inlet and 
pail wr vcpesdenihe Hmeied JR, exit is given by centrifugal head + kinetic head 
which may be obtained simply from the dimensions pK 178, at inlet + loss at exit — exit head recoverable, 
of the cyclones as follows :— g RJR, the summation of (10), (11), (12), less (13), gives the 
R,; = Mean inlet radius = 7 _ Sere. = _“ figure. 
9 LRe Ry, Thus pressure drop 
R, D-W D—-W (8) Now K U? R UR p 
Si Renee eek = NowA = U, hy = YU, Ms y2 72 2 2 _ 7172 
Ry 2Rp da 1 2 = 29! (U2 — U?) + V? + HV}, -— JU3). (14) 


Thus it is possible, by using the curves of Fig. 1, to| ... 


determine ¢, the velocity ratio, and hence the 
spinning speed at inlet radius, since V, is known. 

The various pressure losses can then be worked 
out as follows: in predicting the total energy 
dissipated by the flow of fluid through the cyclone 
it is necessary to balance the kinetic heads on the 
ordinary Bernoulli principle. Static heads due to 
differences of level between inlet and exit should 
rightly be included, but are neglected in this 
analysis since the corrections are usually small in 
gas cyclones and in other cases are easily applied. 

Thus total loss of head = centrifugal head in 
cyclone vortex + kinetic head at inlet + loss at 
exit — kinetic head recoverable at exit. 

The various losses are deduced as follows : 

(I) To determine the centrifugal head, consider the 
spin of an elementary ring of fluid of radius R and 
width 6 R, and of unit depth. Jf U,, = speed of spin, 


Uk Now the weight 


of fluid involved = 2 7 R p&R (approximately) so 
that the difference of pressure due to the rotation 
of the elementary ring is given by 


centrifugal acceleration — 





2 
sp — Un ,, 27 RpdR 
R 27R 
Uke 
= — 8R 

Rg 

K 
P Rig bR. (9) 
since U?R = K. 


p= F(t; — Uv}. (10) 
feUs _ eur) 
lao ~ 205 
= 2 (difference of velocity , 
| heads at R, and R,). 
| (II) The kinetic head at inlet is simply 
evi 
29° 
(III) The loss at exit is determined as follows : the 
spinning fluid at the centre of the cyclone has little 
or no velocity component along the axis of the exit 
pipe. Energy must be supplied to accelerate it in 
this direction. The total loss so incurred will be 
H (velocity head of fluid along the axis of the exit 
pipe), where H is a factor depending on the con- 
ditions in the exit pipe, the value of which can be 
determined by experiment. Thus loss at exit 
_Hp vi, 
es 


i.e., centrifugal head = 2 








(11) 


(12) 


Theoretically, it might be possible to recover some 
of the energy of the spinning gases leaving the 
cyclone. The amount of energy recoverable is 
given by 

J (p U3) 

Te 
where J, the fraction of the energy recoverable, 
depends on the geometry of the exit pipe, and can 
be determined by experiment. 


(13) 





It has been shown experimentally that the shock 
loss at the exit is two velocity heads, i.e., the constant 
H has a value 2. Further, no arrangement of the 
exit pipe has given appreciable recovery of pressure ; 


ie., for all practical purposes J=0. Applying 
these values in (14) and substituting 
U, = $V; 
and oF | fess 
- RB, 3B, 
Us= bin /B = 6%; Re’ 
we have, 


pressure loss 


2k 2 
= E[e(eue ~ #vi) + V} +avz| 


oe ie 2/2 Br _ 2 :| 1 
effi see(t—1)} «aug]- an 


The pressure Joss can be obtained in practical 
units from the relation : 


pressure loss 


=C [ve{2 a op (F _ 1)} - 2v3 | (16) 


where C has the values given in Table II, opposite. 
In the following paragraphs a worked example is 
given to clarify the method. 
The pressure drop for model 1 cyclone (Fig. 2, 
page 409), when taking 150 cubic metres per hour of 
air, is worked out below, as an example. 
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From o pressure loss 


3188 [et +g (Se - 1) + avg 


milliatmospheres 


Step I.—Calculate V, for Q = 150 cubic metres 
per hour 


Vy; = 44-5 ft. per sec. 


Step II.—Calculate V, 
Va 


G = 1,980. 


= 43-3 ft. per sec. Vi, = 1,875. 


Step III.— Calculate - and =. 


In calculating A it is generally sufficiently accu- 
rate to take the cylindrical portion + two discs of 
diameter equal to the body diameter + the exit 
pipe surface, i.e., 

A=(4x 8 x19) +2(F x #) 


+ (9m x 2-5 x 4)sq.in. = 460 sq. in- 
a = 1 in. x 4in. = 4-75 sq. in. 
_ A 460 
“" a 4°75 
and 
GA 97 
— = 200 - 0-485. 
Step IV.—Determine the radius ratio 
R, D-W 8-1 
Rg d 2% == 


Step V.—Determine the velocity ratio, ¢. 
From Fig. 1 


= 97. 


= 2-73. 





G 
Ga = 0-485 
a 
and 


R, 
— = 2°73 
Rz * 


¢ = 1-06 
and 
¢ = 1-12. 


Applying these values in (17) we have, for air, 
when = 1-2 kg. per cubic metre, pressure drop 


2 {1,980 (1 + 2-25 (5-5 —11))} + 3,750} 
milliatmospheres 


- sass 182 


“a 2 {21, 780 + 3,750} 


= 14-0 milliatmospheres. 


Test Results with Model Cyclones.—Table III, 
page 410, gives particulars of a series of 
tests carried out on 10th-scale model cyclones. 
The general arrangement of the models is 
shown in Figs. 2 and 3, page 409, but wide 


variations in the value of mes and . were made. 
E a 
For model 1 (Fig. 2) == 2-73, ~ = 97 and 
¢ = 1-06. Model 2 was similar to Model 1 except 
for the exit pipe, which was 4 in. diameter, so that 


Br _. 1-70, ~ = 100 and ¢ = 0-97. The arrange- 
ment of model 3 is shown in Fig. 3 and in this case 
=a = 2-4, * = 22-3 and $= 1-58. Model 4 
was similar to model 3 except for the exit pipe 


which was 4 in. diameter, so that a = 1-5, 
E 


~ = 23-5 and ¢ = 1-36. 


The accuracy of the prediction of spinning speeds 
depends, of course, on the degree of certainty with 
which G, the friction factor, is known. A value of 
gt> has been assumed in these calculations, and in 
the majority of cases this is probably near enough 
to the true value for general predictions. 

Table IV, page 411, gives calculated and observed 
pressure drops for a number of full-scale plant 
cyclones. It should be noted that with cyclones 
working under plant conditions the roughness of the 
walls and the value of the friction factor is known 
with even less certainty than in the model cyclones. 
Apart from the greater liability to error to which 
all plant results are subject, these observations 


them with formula (16) on page 411, as indicated 
below. (a) The formula assumes that the gas at 
inlet is accelerated from rest. In certain of the 
observed figures the inlet velocity head is not 
included in the pressure drop and a correction is 
necessary. (5) Discrepancies are introduced unless 
special precautions are taken to avoid errors in 
measurement due to the spin of the gases in the 
exit duct. It has not been possible to correct the 


results on these lines ; in spite of this it is thought |. 


that the general agreement is reasonable. 
The spinning gases at the exit from a cyclone 


can be determined as follows. 


At rR - Re 


2 


R 
Uj, Re = UE ri 


retain considerable kinetic energy and various | .-, 


attempts to recover some or all of this energy have 
been made. The following are some of the more 
important arrangements tried. (i) Tangential exit 
pipe (Figs 4 and 5, page 410). (ii) Conical divergent 
exit pipe (Fig. 6). (iii) Vanes in the exit pipe. 


(iv) Discs both inside and outside the exit pipe | i.e. 


(Fig. 7, page 410). 

The experiments were carried out by fitting the 
various arrangements to model cyclones run under 
test conditions so that the pressure drop could be 
accurately measured. In each case it was found 
that, when the vortex-flow pattern and spinning 
speeds were kept constant, no noticeable recovery in 
the exit was possible with any of the arrangements 
tried. It is reported from various sources that vanes 
located in and around the exit pipe have resulted in 
large recoveries of pressure. In the author’s 
experience, however, it is noteworthy that such 
alterations have reduced the spin of the gases and 
there has been no real recovery of pressure. Thus 
while the actual pressure loss through the cyclone 
is reduced, the centrifugal effect in the cyclone is 
also reduced and no real gain has been achieved. 


APPENDIX. 


It has been shown experimentally that the spin- 
ning speed increases as the inverse square root of the 
radius up to half the radius of the exit pipe, and 
thereafter the angular velocity remains constant, 
i.e., the spinning speed diminishes with R. In this 
appendix it is shown that this experimental obser- 
vation agrees with the mathematical deduction that 
the mean exit radius of the vortex is one-half of the 
actual radius of the exit pipe. 


For, suppose 
U?R = Constant when R > = 
and 
U Rg 
R = Constant when R < 3° 
Then :— 
R 
In zone R= R, to R= =? the moment of 


momentum of the gas leaving the cyclone 


Co 
R= BE 


2 


27R6SR x UR X Vugp, 


but 
UR = VUtR = VURVR = VULR, VR, 
therefore moment of momentum 


i 
oe 3 


= 27Ug 


27k! vu, RE SR x Vgp 


ndveo[ent]® 


= $7 Uz RE Vg pil - ayy 
= 0°66 7 Ug RE Vg p . 


R=—Rg 
_ Bs 
2 


(1) 


Similarly, inthe zone R = = to R = 0, the moment 


of momentum 


R= > 
-| 2m7R5R x UR X Vep 


=O 


Rg 
oF 


R=0 


U R* dR. (2) 





require some additional correction before comparing 


In this zone = =a constant, the value of which 





UgR 
Rs 
Substituting for U from (3) in the momentum 
equation (2) above 
Moment of momentum 


Re 
R= > 
Ug R’ 
-29Ve0\ "2-8 
R=0 


1V2n anus 


RE 
x 16 


(3) 


= Vv 
4/20 UENEP = 
- 2 


v2 , 
= 6 7 UsFe Vee 
= 0-088 7 Uy RE Vg p. 
Combining (1) and (4) we have : 
momentum in exit gases 
= (0:66 + 0-088) Ug RE Ve p 
= 0:75 7 Uy RE Vg p. 


: ‘ (4) 
total moment of 


(5) 


Now if U, and R, are the mean exit spinning 
speed and the mean exit radius, respectively, the 
total moment of momentum in the exit gas is given 
by wT R2 U; R, Vv, P> 
and this is equal to 0-75 7 U, Rt 

So that 


V, p from (5) 


U,R, = 0-75 UgRg, 
i.e., 
Ug V Rg Ry = 0-75 Uy Ry, 


VR, = 0:75 V Rg, 


R, = 0-56 Rg. 
In — we have taken the approximate 
value of ® for the mean exit radius. This leads 


to a wee simplification of the mathematical 
treatment and is sufficiently near to general 
predictions of flow and pressure loss. 

The author desires to acknowledge the assistance 
of Messrs. W. F. Carey and C. H. Bosanquet to 
whom the original conception was due. 


i.e., 


i.e., 





SMaLL Gas TURBINE FOR AIRCRAFT.—The Boeing 
Airplane Company, Seattle, Washington, U.S.A., have 
developed a 200-h.p. gas turbine, a description of which is 
given by Mr. S. D. Hage in the July issue of the Aero- 
nautical Engineering Review. The engine consists of a 
single-stage centrifugal compressor with two outlets, two 
constant-pressure burners, a compressor-driving turbine, 
and a separate power-output turbine. The compressor 
and the first-stage turbine rotate at 36,000 r.p.m., and 
the accessories are driven from the primary stage. The 
power-output turbine runs at 2,500 r.p.m. The engine 
weighs about 150 lb. without accessories. It is easy to 
start and can accelerate from idling (about 10,000 r.p.m.) 
to full speed in 5 seconds. Comparing this gas turbine 
with a piston-engine installation developing an equivalent 
static take-off power, the gas turbine showed a lower 
power-loss with altitude and a larger power-increase with 
forward speed, resulting in a better high-speed perform- 
ance. The higher output-torque characteristic of the 
turbine gave higher thrust for take off and climb, but the 
specific fuel consumption was 1-5 lb. per brake horse- 
power hour for the turbine as against 0-6 lb. for the 
piston engine. Disadvantages of the small turbine are 
high air consumption, compressor-inlet noise, high fuel 
consumption when idling, and high development cost. 
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LITERATURE. 


The Structure of Matter. By PROFESSOR FRANCIS OWEN 
Rice and PRoFEssoR EDWARD TELLER. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 18, U.S.A. [Price 5 dols.]; avd Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 40s. net.] 

Tuts is the introductory volume to a series on the 
‘Structure of Matter,” of which Maria Goeppert 
Mayer is the advisory editor. It results from the 
collaboration of a chemist and a physicist, and the 
bulk of it was written before the summer of 1941, 
the war-time commitments of the authors being 
responsible for the delay in the completion of the 
manuscript. Despite the spectacular accomplish- 
ments of the past few years, the basic atomic theory 
has remained substantially unaltered. The aim of 
the authors has been to review in broad outline the 
main physical and chemical phenomena that can 
be interpreted with the help of the quantum theory 
and wave mechanics. Whether or not it is because 
the chemist is generally, and sometimes wrongly, 
regarded as being impervious to mathematics, the 
authors have largely avoided its use ; this does not, 
however, imply that the book is in any sense a 
popular exposition. Difficulties are faced, not side- 
tracked, and advanced ideas are presented precisely 
and developed systematically. It is often much 
easier to write down a page or two of analysis than 
to convey the gist of the analysis in words. Even 
so, exact calculations for atoms and molecules con- 
taining more than two electrons are generally 
impracticable, and invariably are laborious. 

The introduction presents concisely the concept 
of the nuclear atom, the basic postulates of the 
quantum theory and of quantum mechanics, the 
uncertainty principle and the correspondence 
principle. After dealing with the simplest type of 
matter, the hydrogen atom, the electron structures 
of the more complex members of the periodic system 
are described, together with the motion and position 
of nuclei in molecules. The consideration of atoms 
and molecules in electric fields introduces the 
—— topic of dipole moments and methods for 
their determination. A short chapter on Van der 
Waals attraction, an electrostatic phenomenon due 
to dipole moment and polarisability of molecules, is 
followed by a comprehensive treatment of the 
chemical bond. The formation of such a bond 
involves a rearrangement of the electronic configura- 
tion, and only drastic simplifications enable any 
headway to be made with the problem of the 
behaviour of many electrons, all strongly interacting 
with each other and with the nuclei according to 
quantum laws. The most promising of these simpli- 
fications, the atomic-function, the molecular-orbit 
and the valence-orbit methods, are described and 
illustrated; together with the tunnel effect and 
resonance. 

In solids, the concept of atomic forces has to be 
extended to cover a great variety of structures. A 
general classification of the inner- and inter-mole- 
cular forces acting within the solid is followed by a 
more detailed discussion of Van der Waals solids, 
ionic crystals, metals and insulators. Brief refer- 
ence is made to surface forces, of such fundamental 
importance in chemistry. Magnetic properties of 
matter, briefly dealt with, include besides para- 
magnetism, diamagnetism and ferromagnetism, the 
principle underlying the application of magnetism 
to the production of temperatures below 1 deg. K. 
Spectroscopy offers a direct method of finding atomic 
and molecular energy levels, and has played a vital 
part in the development of quantum theory. 
Molecular spectra receive more attention than 
atomic spectra. Infra-red and Raman spectra are 
considered in connection with molecular vibrations 
where the effects of anharmonicity are clearly 
stated. In the following chapter, the main features 
of the electronic spectra of atoms and molecules 
are summarised. The difficulty of expressing 
modern physical concepts in words is well illustrated 
in the two “simple ” statements concerning the 
influence of spin, on page 239. Since the energies 
holding the nuclear constituents together are some 
million times greater than the chemical binding 
energies, nuclear reactions differ profoundly from 
ordinary chemical reactions. In the chapter on 
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nuclear ssheeiien. various aspects of nuclear ara 
nuclear stability and neutron reactions are con- 
sidered. Nuclear transformations are also the most 
probable source of energy production in the stars. 
These and other astronomical implications of recent 
theoretical work in physics are surveyed in the 
final chapter, which concludes with a table of the 
estimated distribution of the elements and their 
isotopes. 

This book, which opens with a quotation from 
Galileo and ends with a Greek couplet, is concerned 
mainly with general theoretical principles and only 
incidentally with experimental techniques. It 
demands close study, but will repay it. It sets a 
high standard for the further volumes of the series 
which it inaugurates so admirably. 





Tables of Generalised Sine- and Cosine-Integral Functions. 
Parts I and II. By the Srarr oF THE COMPUTATION 
LABORATORY OF HARVARD UNIVERSITY. Harvard 
University Press, Cambridge 38, Massachusetts, U.S.A. 
(Price 10 dols. each volume]; and Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 63s. net each volume.] 

TuHEsE tables, forming volumes XVIII and XIX of 

the Annals of the Computation Laboratory of 

Harvard University, were computed on the Auto- 

matic Sequence Controlled Calculator presented in 

1944 to Harvard University by the International 

Business Machines Corporation. They arose out of 

investigations into the theory of antenne under- 

taken by Professor R. W. P. King, the work being 
carried out under contract with the Bureau of 

Ordnance. J. Orten Gadd and Theodore Singer 

prepared the coding for the computation and super- 

vised the operation of the calculator, while Robert L. 

Hawkins and John W. Roche installed new circuits 

which greatly facilitated this computation and 

increased the general flexibility of the machine. 
The generalised sine- and cosine-integral func- 
tions are defined by : 


“2 
8 (a, x) -| pasa 

o & 

‘ee — cos u 
C (a,z) = oe i a 





where u = V/2t+ a*, and are connected with the 
ordinary sine- and cosine-integral functions, de- 
noted, respectively, by Si (x) and Ci (zx), by the 
relations 

S$ (0, z) = Si(z), 

C(0,z) =y +Inz — Ci(a), 
where y is Euler’s constant. Four other composite 
functions are also tabulated, these being defined 
by 

(7 sin usin x 


Ss (a,z) = | ————— dz, 
OT 


(7 sin u cos x 
Se (a,z) = | ————- dz, 
~0 


u 


* cos usin x 
Cs(a,z) = | —— 
0 


dz, 
u 


(7 cos u (1 —~ cos 2) 


Ce(a,z) = dz. 


u 

As is shown in the introduction, it is possible to 
express these composite functions, both when a = 0 
and when a + 0, in terms of the ordinary sine- and 
cosine-integral functions. Further properties of 
these functions, together with their expansions in 
power series in a and x, convergent for all values of 
a and 2, are given in the introduction. 

Tabulation is carried to six decimal places and 
extends over a set of points (a x) within the square 
0 <a < 25, 0 <a < 25, which is large enough to 
cover cases likely to arise in practice. To keep the 
mesh sufficiently fine to permit interpolation to the 
accuracy that the applications demand, without 
exceeding 1,000 pages, the range of a was sub- 
divided as follows: 0 (0-01) 1 (0:02 and 0-05) 
2 (0-05) 5 (0-1) 10 (0-2) 25. Values of all six func- 
tions appear on each page. Both volumes are 

in sections, each section consisting of the 
complete table ordered by ascending 2 for one value 
of the parameter a. The sections are, in turn, 
ordered by ascending a, those corresponding to 
values of a from 0 to 1-98 being contained in Part I 





and those corresponding to values of a from 2 to 25 
appearing in Part II. A full account is given of the 
methods of computation. Within the rectangle 
0<a<1,0 <#< 4 the integrals were evaluated 
by means of the series expansions mentioned above, 
the requisite coefficients being listed on three pages 
immediately preceding the main table. Outside 
this rectangle, the integrations were performed by 
the use of a quadrature formula. Special precau- 
tions were adopted whenever the mesh changed with 
advancing x anda. Elaborate checks by differenc- 
ing and other special means are described. The 
errors at various stages are indicated and are shown 
to justify rounding off the entries to the six decimal 
places retained. Directions for interpolation are 
provided, and it is shown that, with a and x both 
less than 1, the remainder, after linear interpolation 
for any of the six functions tabulated, will never 
exceed 4 x 10-5 and, after second order inter- 
polation, 4 x 10-*; while, if a and z are both less 
than 10, the corresponding figures are 2 x 10-* and 
3 x 10-, respectively. Generally, the results of 
interpolation are considerably better. Methods are 
described, based on asymptotic representation or 
Maclaurin series, enabling values of S(a,z) and 
C (a, x) to be computed when a or z exceeds 25. 

Some of the applications of these functions are 
outlined by Professor King. They include open- 
wire transmission lines and antennz in which the 
current distribution may be uniform, sinusoidal or 
exponential, self and mutual impedance of antennz, 
and radiation resistance of a linear radiator with a 
sinusoidal distribution of current. A list of refer- 
ences to literature concerning these and other 
applications is appended. In arrangement and 
legibility, these volumes conform to the high stan- 
dard set in previous volumes of the same series. 
Every precaution has been taken to ensure accuracy 
and, within the allotted compass, it is difficult to see 
how the tables could be improved. 





Permanent Magnets. By fF. G. SPREADBURY, 
A.M.Inst.B.E. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 
35s. net.) 

THE property of permanent magnetism, which is 

by a small number of substances, has 

been known to mankind for perhaps 2,500 years. 
It is only within the last 40 years, however, that 
the theoretical and practical aspects of the subject 
have assumed really practical importance, and that 
its field has been widened by the discovery of new 
magnetic materials. This neglect may be ascribed 
to an early lack of knowledge of the relationship 
between magnetism and electricity, which prevented 
the establishment of satisfactory hypotheses to 
account for magnetic phenomena. Moreover, 
metallurgists were not primarily interested in the 
magnetic properties of metals. One important result 
of these conditions is that even now magnetism 
does not figure as largely as it should in technical 
literature and information on the subject is scattered 
over a wide range of publications. 

For those reasons alone Mr. Spreadbury’s book 
is welcome. It deals with practically all the mag- 
netic materials in current use in this country. In 
particular, it treats of magnet design, although 
electro-magnetism and magnetic theory are included 
where these subjects are relevant to permanent mag- 
netism. Two final chapters are devoted to the 
related subjects of magnetisation and demagnetisa- 
tion. The treatment is mathematical, although the 
reader will require no very advanced knowledge of 
the subject to follow the author’s arguments. The 
arrangement of the reading matter seems to be a 
little illogical. It might, in fact, have been better if 
the more theoretical aspects of the subject had beem 
dealt with fully first and if the problems of magnet. 
design had been discussed before applications had 
been described. This, however, is a superficial 
weakness, which will not be noticeable when the 
book is used as a work of reference. On a first 
reading, we cannot find that any important aspect 
of the subject has been omitted ; and we have no 
doubt that what Mr. Spreadbury has to say will be 
found extremely useful by those for whom it is 
intended. The publishers are to be congratulated’ 
on getting back to something like pre-war standards. 
of production. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Concluded from page 372.) 


THE final paper presented at the joint meeting 
in Copenhagen of the Institution of Naval Architects 
and the Institution of Danish Civil Engineers was 
contributed by Mr. H. Carstensen, M.Sc., of Messrs. 
Burmeister and Wain, Limited, and was entitled 
“Modern Trends in the Development of High- 
Powered Diesel Machinery.” It was read and 
discussed on the morning of Friday, September 2. 


HicH-PowERED Marine DresEL MACHINERY. 

Between 1926 and 1939, said Mr. Carstensen, 
several large motorships were built with Diesel 
propelling machinery of more than 16,000 brake 
horse-power. All of them had two or more propellers. 
So far, no single-screw motorship of comparable 
power had been constructed, though there were 
some transmitting more than 9,000 h.p. through 
a single shaft. The double-acting four-stroke 
engine, he continued, was no longer made, and the 
single-acting four-stroke supercharged engine had 
been declining in favour for a number of years, 
being unable to compete with two-stroke engines 
in weight, space required, or cost. It might come 
again into general use under the stimulus of higu- 
pressure supercharging by exhaust turbines, which 
should enable an output of 1,000 brake horse- 
power per cylinder to be attained; the remaining 
types used for large powers were single-acting or 
double-acting two-stroke engines, with either 
uniflow scavenging or “‘loop” scavenging. More 
recently, geared and Diesel-electric plants of high 
total power had been installed in a few ships, notably 
a geared installation of 27,000 brake horse-power, 
completed in 1947, having eight eight-cylinder 
single-acting two-stroke trunk-piston engines. For 
the production of higher outputs in future, with 
improved economy, there was the possibility of 
increasing the cylinder diameter from 750 mm. to 
about 850 mm., and also increasing the piston speed 
beyond the figure of 6 m. per second now customary, 
preferably by using a longer stroke ; and experi- 
ments had been made to obtain higher powers from 
two-stroke engines by greater supercharging. One 
method was to use so high a supercharge pressure 
that practically the whole output of the Diesel engine 
was used to drive the blower, all of the delivered 
power being provided by the exhaust turbine; 
in other words, the installation would become a 
gas-turbine plant, the Diesel engine being virtually 
only a gas generator. This method, however, 
would offer no particular advantage. Another 
method would be to use a moderate supercharge 
pressure, the turbine driving the blower. In the 
so-called ‘‘ coverless ” engine—either single-acting 
or double-acting—with eccentric drive for the 
exhaust pistons, the output could be increased by 
increasing the length of stroke of the exhaust pistons. 
The crankshaft would still be of sufficient strength 
to permit the use of 12 cylinders. Reference was 
made in passing to the use of heavy fuel oil in Diesel 
engines, but Mr. Carstensen did not deal with this 
development at length. Much of the paper was 
devoted to items of detail design, and to various 
proposed arrangements of high-powered installa- 
tions. 

Mr. W. J. Ferguson, who opened the discussion, 
referring to high-pressure turbo-charging with inter- 
cooling applied to the four-stroke cycle engine, 
asked if the author would clarify his argument that 
that development might make the four-stroke engine 
competitive with the two-stroke—presumably for 
direct drive. During the past 25 years, he said, 
there had been a big increase in mean indicated 
pressures, but, judging by the actual rated condi- 
tions for which engines had been sold, the two-stroke 
engine had fully maintained its position relative to 
the four-stroke in that respect. He asked if there 
were any reason why exhaust-gas high-pressure 
supercharging should not be as successful with the 
two-stroke uniflow engine as with the four-stroke 
cycle engine. If it were agreed that both types 
could derive equal benefit from the exhaust-gas 
turbine, it would appear that the four-stroke engine 
would continue to show to advantage only when 
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relatively high rates of revolution were employed. 
He asked what bore, stroke and mean-indicated 
pressure the author would suggest for a four-stroke 
direct-coupled engine developing 1,000 brake horse- 
power per cylinder, which might be competitive with 
the two-stroke engine ; and whether reliance on the 
exhaust-gas turbine was not just an interim measure 
in large engines. On the relative merits of steam 
turbines and oil engines, he gave comparative 
figures for the two types installed in single-screw 
vessels of from 4,000 to 8,000 shaft horse-power, 
building or preparing in the United Kingdom during 
1948, to the classification of Lloyd’s Register. That 
field, he said, was well within the range of the oil 
engine, and the two types were expressed as percent- 
ages of the total. In the group of 4,000 to 8,000 
shaft horse-power, steam turbines represented 1 per 
cent., and oil engines, 99 per cent. For the larger 
classes, the respective percentages were: 5,000 to 
6,000 h.p., 33 per cent. and 67 per cent. ; for 6,000 
to 7,000 h.p., 23 per cent. and 77 per cent.; and 
for 7,000 to 8,000 h.p., 67 per cent. and 33 per cent. 
The figure for oil-engine installations dropped 
sharply when the figure of 7,000 shaft horse-power 
was exceeded, and that compared very unfavourably 
with the 27,000 shaft horse-power engine mentioned 
in the paper. There were many factors involved, 
but it appeared that, at 33 per cent. of the total for 
installations of 7,000 to 8,000 shaft horse-power, 
the Diesel-engine manufacturer was not getting his 
full share ; there must be other reasons. 

Excellent results had been reported recently 
regarding the operation of oil engines using boiler oil, 
and it was probable that the practice would extend ; 
but there was another point of view. Diesel oil 
was essential for the light high-speed Diesel traction 
type of engine, which was put to many uses, and he 
suggested that the incentive of lower price for boiler 
oil as compared with Diesel oil might be adjusted 
by the oil companies solely in order to maintain 
a balance at the refineries. The development of 
Diesel machinery had resulted in the elimination 
of many defects, apart from those associated with 
the blast-air compressors mentioned in the paper. 
Records showed that fabricated mild-steel bedplates 
and entablatures gave results superior to those of 
cast iron. Another advantage was that defects 
which did occur could be dealt with easily; they 
were generally in the welding, and permanent repairs 
could be effected. The defect of the frequent 
breaking of tie bolts was gradually disappearing 
with the advent of the entablature constructed to 
take the full piston load. Again, there were fewer 
failures in main-engine crankshafts in recent years, 
probably due to the more general attention now 
paid to torsional vibration characteristics. Unfor- 
tunately, other defects still persisted, but each had a 
special significance and related rather to special 
types of engines. 

Mr. H. P. Christensen, dealing with the author’s 
reference to a method of supercharging the two- 
cycle engine with moderate pressure, whereby the 
exhaust-gas turbine supplied the energy necessary 
for the blower, agreed that the existing uniflow 
engines were particularly suitable for that method, 
which could be applied without extensive alteration 
of the engines and would give good economy and 
facilitate the saving ofspace. The author had stated 
that it was possible by that method to increase the 
output by 30 to 40 per cent., in a standard four- 
cylinder engine, without increase of the heat flow 
from the cylinder, and that good economy was 
maintained. He asked if it would be right to 
assume that the temperature in the cylinders, and 
the wear, were not expected to increase by reason 
of the supercharging. He was convinced that a 
suitable gas turbine, with a moderate temperature 
in the exhaust, could be designed without difficulty, 
and he recommended further research in that 
direction. The value of using heavy fuel oil should 
not be exaggerated, especially if, by reason of its 
use, the cost of maintenance and delays in port were 
increased ; the fuel expense in the Danish mer- 
chant fleet was only between 12 and 15 per cent. 
of the total annual expenses. A very important 
matter, however, was the cost of maintenance. 
Emphasising the great importance of reducing the 
noise of Diesel motors, especially in passenger ships, 
he said that shipbuilders and shipowners were doing 
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their best to reduce noise in various ways, but he 
invited the author’s views about reducing, not mere], 
the noise of the engines, but also that of the exhaust. 

Mr. W. C. McKenzie recalled that, during the 
period 1930 to 1939, Britain had built a large numbe: 
of Diesel-engined ships for different owners, with 
various forms of engines installed. The vessels 
were comparatively large and of fairly high speed. 
for long hauls in the U.K.-Australia-New Zealand 
trade. Many of them were lost in the Mediterranean 
during the war and the fleet was now being replaced, 
but many owners had adopted the turbine steamer 
as against the Diesel-engined vessel—and that was 
for long hauls, where the Diesel engine had every 
advantage. Most of the vessels were refrigerated 
and, therefore, the weight of the machinery was not 
of great importance ; the ruling factor was capacity. 
The excuse often submitted was that turbine 
machinery was easier to look after, bearing in mind 
the inadequate engine-room personnel sometimes 
available to-day. In modern Diesel-turbine ships, 
horse-powers of 2,000 had been installed in Diese! 
engines, on which the whole life of the ships de- 
pended. Therefore, the engineers must be experi- 
enced, not only with steam machinery, but with 
Diesels. In that field, which was unique for the 
Diesel engine—the long-haul freighter and the large 
cargo tiner—Diesel-engine builders should go out 
of their way to find out why the turbine was in 
many instances taking preference; the engine 
builder, the shipbuilder and the naval architect 
should go into the economics of the modern turbine 
and the modern Diesel engine. It was possible to 
build two identical ships, one a steamer and one 
Diesel-engined ; but, in order that the steamer could 
bunker at the same ports as the Diesel-engined 
vessel, it was necessary to use some 40,000 cub. ft. 
of the cargo space in the steamer for carrying oil. 
Otherwise, it was necessary wo pay for bunkering 
in overseas ports which were far removed from the 
oil-producing centres. Some modern turbines were 
delivering 15,000 shaft horse-power through a single 
propeller shaft, as against two shafts required 
when using a Diesel engine of that power. Never- 
theless, he felt that, in a year of two, as more experi- 
ence was gained, the Diesel would so develop that 
there would be a fall in maintenance costs, and 
owners might then regret that they had installed 
turbines. 

Professor J. L. Mansa, commenting on an example 
given in the paper of high-power plant using geared 
Diesel engines—and he included the Diesel-electric 
drive in the geared arrangements—urged that 
geared Diesel engines were inconsistent in high- 
power plants. The Diesel engines would have to 
run at higher speeds, which meant smaller sylinder 
diameters and a greater number of cylinders, with 
more frequent renewals of cylinder liners. High 
power should be produced in large Diesel engines in 
order to keep down maintenance costs. There 
might be special cases for the use of geared Diesels 
—for example, the shape of the engine room might 
render it necessary, as, for instance, in special pas- 
senger liners—but those engines would not be really 
consistent for that type ofship. On the other hand, 
for small powers the geared Diesel gave a sound 
solution, for it would not involve an increase in the 
number of cylinders. Discussing the supercharging 
of two-stroke engines, he pointed out that that 
type had the disadvantage of using 25 to 30 per cent. 
more air than the four-stroke engine of the same 
power, due to the air requirements for scavenging ; 
and the necessary power for the compression and 
expansion of that surplus of scavenging air would 
cost something. The supercharging of the two- 
stroke cycle engine of to-day would involve a greater 
fuel consumption, even when account was taken of 
the improved mechanical efficiency effected. One 
way out of the difficulty was to improve the scaveng- 
ing by aerodynamical improvements, so that the 
engine did not need that large excess of air. The 
four-stroke cycle engine, however, used only the air 
that was required for combustion, and therefore gave 
the possibility of improving the fuel economy by 
supercharging. 

Dr. P. Draminsky stressed the great importance 
of scientific investigations into mechanical vibra- 
tions, especially in crankshafts and gear drives ; 
into air flow and wave motion in exhaust and 
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induction pipes ; and into fuel-injection and com- 
bustion problems. Only when progress was made 
in all three directions together, he said, would it be 
possible to build very quick-running geared, 
economical, vibration-free and noiseless engines ; 
then the engines would be much cheaper and more 
convenient than the big direct-coupled engines. 
That was the only way in which engine builders 
could meet the competition of gas turbines. If 
engine builders would carry out the necessary scien- 
tific work, the gas turbine would never have a chance 
as a propelling engine in normal cases, because the 
piston engine was much better, both in respect of 
maneeuvrability and economy. The combustion 
process in a closed cylinder was most ingenious, 
because it enabled a very high temperature to be 
attained in a very short time, whereas the turbine 
was working at constant temperature. He com- 
plimented Messrs. Burmeister and Wain on their 
scientific work in connection with torsional vibra- 
tion in crankshafts, and thought that the problem 
would attain a new and greater importance in 
geared plants. He was surprised that the author 
seemed to consider electromagnetic couplings 
necessary in such plants, for they were not necessary 
when the whole plant was carefully calculated for 
torsional] vibrations. A mechanically disengaging 
clutch would be sufficient in most cases. 

Referring to a non-linear resilient coupling illus- 
trated in the paper, he suggested it was a little 
misleading to call it non-linear ; the spring charac- 
teristic was almost linear, within wide limits, at 
each given number of revolutions. The special 
feature of the coupling was that the centrifugal 
forces on the rollers were used as spring forces, and 
the stiffness, and consequently the frequency, of the 
coupling was therefore lower at lower revolutions, 
as shown in the paper ; this was a great advantage. 
Further, the coupling changed silently from positive 
to negative torque, so that it was completely noise- 
less, even at the lowest revolutions. The author 
had stated that experiments had shown it to be 
possible to run at full load without a scavenging 
blower. That was very important, for it meant 
great simplification and a great reduction of fuel 
consumption—perhaps 10 per cent. at full load, 
and considerably more at lower loads. It would 
also be possible to obtain a high degree of super- 
charge in that way, because the exhaust energy 
increased greatly with the load; but the whole 
problem could be solved satisfactorily only by 
extensive scientific work on wave motion in exhaust 
pipes. Various systems of self-scavenging had been 
proposed during recent years, but, so far, they had 
not achieved any practical importance, owing to 
the absence of-the necessary theoretical back- 
ground. The author had stated that a piston speed 
of 6 m. per second (or about 1,200 ft. per minute) 
was now common, and that a speed of 7 m. persecond 
had been found satisfactory in some cases. The 
geared engines for a passenger liner illustrated at 
the end of the paper, however, had a combined piston 
speed of 10-3 m. per second (2,000 ft. per minute). 
That represented real progress, since combined 
piston speed was a good measure of the difficulties 
in scavenging and combustion, and also in respect of 
torsional vibration. 

Mr. Carstensen, who intimated that he would 
reply fully to the discussion in writing, thanked 
Mr. McKenzie especially for his encouraging remarks 
to the Diesel-engine builders regarding future com- 
petition with steam turbines. With regard to Mr. 
Ferguson’s statistics, he said the trend they showed 
was not the same as in Scandinavia ; 100 per cent 
of the ships of between 7,000 and 3,000 shaft horse- 
power, delivered to Scandinavian shipowners in 
1948, had Diesel motors. 


Visits AND Socrat Events. 


In addition to those previously mentioned, the 
programme for the meeting included a number of 
social events. These comprised a visit, by the 
ladies of the party, to the brandy distillery of Messrs. 
P. F. Heering and a subsequent visit to Rosenborg 
Castle (whence came many of the Danish historical 
and art treasures recently displayed in London at 
the Victoria and Albert Museum), followed by 
luncheon at the home of Mr. J. Saxild, President of 
the Institution of Danish Civil Engineers, where 
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Mrs. Saxild was the hostess. In the afternoon of 
the same day—August 31—there was a trip, for 
the members and ladies, round the harbour of 
Copenhagen, followed by a reception by the Danish 
Government at Christianborg Castle. On Septem- 
ber 1, there was a whole-day excursion to Elsinore, 
where the members and ladies visited the castle of 
Kronborg, the nautical museum, and the Elsinore 
shipyard, and were entertained to luncheon by the 
Elsinore Steel Shipyard, before continuing their 
tour and visiting the castle of Frederiksborg. The 
concluding social event was an expedition by motor- 
coach, as the guests of Messrs. Burmeister and Wain, 
Limited, to the seaside resort of Klampenborg, 
where luncheon was provided at the Hotel Bellevue. 
Throughout the joint meeting, the programme was 
carried through with a precision which induced 
many compliments upon the careful planning of the 
Reception Committee, under the direction of Mr. 
J. Saxild, M.Sc., President of the Institution of 
Danish Civil Engineers, and Mr. Niels Lichtenberg, 
M.Sc., Secretary-General of the Danish institution, 
and the closeness of their collaboration with the 
Council of the Institution of Naval Architects and 
the secretary of that institution, Captain (S) A. D. 
Duckworth, R.N. (retd.). 





SUGGESTED INTERNATIONAL 
METALLURGICAL ASSOCIATION.* 
By Dr. R. Setieman, F.C.G.1L, F.Inst.Met., F.I.M. 


Tue promotion of collaboration by the metallurgists 
of all nations has been one of the main objectives of the 
Institute of Metals in the past. The fact that I am 
speaking to you here to-day is evidence enough that 
the terrible years through which we have passed have 
not in any way diminished our zeal. On the contrary, 
I would say that we realise even more fully than we did 
before the need to work ever more closely with our 
colleagues in other lands and I cannot believe that there 
is anyone in my audience who would dispute this. 
I need hardly say that I do not suggest that the 
Institute of Metals is alone in seeking to promote 
the collaboration of which I speak: that would be 
far from the truth. The Iron and Steel Institute, 
for instance, from which the Institute of Metals derived 
many of its principles, has a long and proud record 
of international activity in its own field and most, if 
not all, of the other scientific and technical organisa- 
tions pursue the same objective and by similar means, 
although, perhaps, not so intensively or so consistently 
as the two sister societies I have named. ll of them, 
I believe, make no distinction in their journals or in 
their meetings between the nationals of the country 
in which they are centred and those of other countries ; 
in most of them members from other countries are as 
welcome as from their own; some of them, but not 
many, also hold periodic meetings in foreign countries. 
My feeling, however, is that more could be achieved if 
our activities could be co-ordinated more fully than 
they are at present ; if there were in existence a body 
which, for my present purpose, I will call an “ Inter- 
national Metallurgical Association.” 

Let me say at once that I am not suggesting the 
formation of a new metallurgical society in the ordinary 
sense of the word: that is far from my intention. 
What I would like to see formed, or perhaps I should 
say re-formed with modifications, is an organisation 
concerned exclusively with the holding of periodic 
international gatherings at which a strictly limited 
number of metallurgical subjects (perhaps even only 
one) would be ventilated and discussed by those metal- 
lurgists from every part of the world who could contri- 
bute to the elucidation or the solution of the pro- 
blems involved. I will not, at present, give you my 
views as to how such an organisation should be 
formed or how it should function. With your per- 
mission I will return to this section of my subject 
later in my address. Here let me consider with you 
what are the limitations, from my present point of 
view, of our existing metallurgical organisations. 

Let me consider first the regular meetings which 
most of the societies hold. Not so very long ago it 
was the custom for every paper presented to the Society, 
whether by a citizen of the country to which the 
Society belonged or of another country, to be read 
and discussed at these meetings, the control exercised 
by the Council being limited to ensuring that the 
subject selected by the author was suited to the Society 
and that the quality of the work and its presentation 
were satisfactory. To-day that is no longer the case 
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in most societies and more control is exercised over 
the programmes for the meetings. As a rule, however, 
such control does not go beyond the selection from 
the papers published by the society since the last 
meeting, of a certain number which are considered 
particularly suitable for discussion. Sometimes, but 
by no means always, this selection is made with a 
view to grouping together two or more papers dealing 
with related problems. 

It results from this that ed dealing with different 
aspects of the same problem may be discussed at a 
number of meetings of metallurgical societies in different 
parts of the world and in most of our journals we find 
analogous conditions. If I wish to familiarise myself 
with the present state of our knowledge on any given 
subject I must, as a rule, search many journals, written 
perhaps in as many languages, before I can obtain a 
true picture. Even then I cannot be sure that some 
essential fact or vitally important view has not escaped 
my attention. Many societies do organise, in addition 
to or as part of their regular meetings, what are termed 
general discussions or symposia on subjects appropriate 
to their constitutions, and the metallurgical societies 
are among those who have held very useful meetings 
of this kind. To give only two examples: There is the 
“* Journées des Etats de Surface,” of 1945, to which 
your Society made an important contribution; and 
there is the “‘ Symposium on the Effect of Temperature 
on Metals,” of 1931, arranged by the American Society 
of Mechanical Engineers and the American Society 
for Testing Materials. 

Perhaps the activities, in this respect, of the Faraday 
Society have been developed to a greater extent than 
have those of most other societies and, I may add, 
the general discussions organised by the Faraday 
Society appear to me to approach more closely to what 
I have in mind than do those of most other existing 
organisations known to me. It must be well known to 
many of those present to-day that the Faraday Society, 
in addition to its normal activities as a scientific society 
in the wide field of physical chemistry, organises, at 
least twice a year, general discussions on selected 
subjects, many of which are of great interest to metal- 
lurgists and some of which deal exclusively with 
metallurgical problems. Not only is the subject 
selected but the organising body lays down the various 
sections of the subject into which the discussion is to 
be divided. Moreover, those taking part in these 
general discussions include scientists from many 
countries and invariably special steps are taken to 
ensure that all visitors from other countries can take 
a full part in the proceedings. For some of these, 
discussions any participant is free to present a com- 
munication on any aspect of the subject, but, as a rule, 
it is the practice to invite those who may be regarded 
as having specialised knowledge to deal with a definite 
theme selected by the Council. 

The Faraday Society is not an international organisa- 
tion and its Council consists, I believe, exclusively of 
British members who, though most of them must be in 
close contact with their colleagues abroad, cannot, of 
course, be as intimately in touch with what is being done 
in other countries as are those residing and working 
there. 

In this respect, the International Congresses of Pure 
and Applied Chemistry of which eleven have been 
held in the past years are, as their name implies, more 
truly international. They meet normally at four- 
yearly intervals and in different countries. There is 
some continuity in the administration in that the 
permanent secretariat of the Union de la Chimie, 
which, as you all know, is domiciled in Paris, under- 
takes certain watching activities in the intervals 
between the meetings. There is no permanent Council 
or its equivalent, however, the chemists of the country 
which is to be the host of the next Congress being 
responsible for organising the scientific, technical and 
social functions. The Congress is divided into a large 
number of sections which in the past have met concur- 
rently, so that it has frequantly happened that those 
participating have found that a subject which is of 
particular interest to them is being discussed in one 
section while they are engaged in another section. I 
gather that the American chemists who are to be the 
hosts for the next Congress are considering measures to 
cope with this difficulty. Whether they have under 
consideration also the planning of the discussions 
themselves I do not know; neither do I know whether 
it is intended to impose any limit on the number of 
subjects discussed. Quite recently, there has been 
formed the International Institute of Welding in 
which one of your, and our, most distinguished 
members, Professor Portevin, takes an active interest. 
It is organised on lines very closely resembling those 
which I have in mind although its tasks are entirely 
different. 

Those members of my audience who attended the 
Diisseldorf meeting of the Institute of Metals in 1929 
may perhaps recall a speech made on that occasion by 
my immediate predecessor as President of the Institute, 
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Dr. Walter Rosenhain. In what he said then Dr. 
Rosenhain outlined an internaticnal metallurgical 

isation which, had it materialised, would have 
carried out some of the functions which the organisation 
I have now in mind wou'd be called upon to perform. 
In point of fact, Dr. Rosenhain was not successful in his 
efforts, continued though they were for a considerable 
period, but some of his ideas, if I am not mistaken, 
were given effect to in his conduct of Group A 
(Metals) of the New International Association for the 
Testing of Materials (Nouvelle Association Interna- 
tionale pour |’Essai des Matériaux) which began its 
activities a year later and of which he was the Group 
President. As we all know, the Association was short 
lived and just as the fruitful work of its predecessor, 
the original International Association for Testing 
Materials, was terminated by the first world war so its 
own activities were brought to an end by the second 
world war. Had they been continued and developed 
along the lines originally suggested by Dr. Rosenhain, 
and under his guidance so far as they dealt with metals, 
it seems very probable to me that an organisation such 
as I am suggesting to-day might have evolved. 

What my suggested organisation would be, I think, 
must already be apparent from what I have said 
in this cursory review of some existing international 
scientific and technical organisations. Now, if I may, 
I will look a little closer at its structure and its activities, 
but in general outline only. This is not the place nor 
the moment for detailed consideration of the many 
problems involved. That will be the first duty of 
those who form the organisation if, indeed, it ever 
sees the light of day. That it would embody many 
of the features presented by its predecessors, I think, is 
obvious, but it would also differ in one or more respects 
from all those known to me. The first point it is 
necessary to make is that the new organisation would 
be an association of existing metallurgical and kindred 
societies. Individual metallurgists would not be 
members in their own names, but only through the 
societies to which they may belong. I assume that 
there would be no restriction on the number of societies 
in each country which could be members of the 
Association, but that membership would be open 
to all metallurgical and allied societies provided 
only that they were interested in the objects of the 
Association. 

I now come to what is the main subject of my 
thesis, the work which the proposed Association is to 
perform. Essentially, it is to organise and hold inter- 
national gatherings very much on the lines on which 
it had originally been intended that the N.I.A.T.M. 
(later known as the I.A.T.M.) Congresses should be 
o! i and held, but with several very definite 
differences. It will be clear that I have in contem- 
plation conferences at which only metallurgical subjects 
would be discussed, and not, as was previously the case, 
many other subjects as well. 

Then, again, my suggestion is that the conferences 
should be held more frequently, but, on the other 
hand, there should be far greater limitation of the 
subjects discussed than at any of the regular inter- 
national conferences on which 1 aminformed. Indeed, 
I would prefer that for each conference, which might 
perhaps be held annually, only one subject should 
be discussed, but that subject should be discussed 
much more thoroughly than heretofore and from 
every possible point of view. It is even conceivable 
that one conference might not always suffice to dis- 
pose of the subject selected and that it would be 
desirable to defer the discussion of some part or parts 
of it until a later occasion. 

As an example of what I have in mind I may perhaps 
suggest that, at a given conference, a metallurgical 
subject of great importance be presented and dis- 
cussed by the scientists most intimately concerned in 
its development ; it might be reserved for a future 
conference to discuss the practical application to 
industry of information those scientists have brought 
to light. For my own part, I would prefer that 
wherever possible both the purely scientific aspects of 
any subject and their application to practice should be 
discussed at the same conference. The ideal, from 
my point of view, would be achieved if a morning 
session could be devoted to one purely scientific aspect 
and the afternoon session to its influence on practice. 
In this way one of the chief objects I have in mind 
would be attained, namely, the bringing into the 
closest possible contact of the scientists who are 
exploring the subject for the elucidation of which the 
conference has been convened and the technicians 
whose duty it will be to apply the knowledge with 
which the scientists have provided them. 

I realise, of course, that the interchange of know- 
ledge on purely scientific subjects is much freer than 
is the exchange of technical information which is apt 
to be regarded as the private property of those who 

it and to be used for their own benefit rather 
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used in the past, and I propose to take advan 

of this oaeltan by ate sae words I mp 
this aspect of the subject when I took over the office 
of President of the Institute of Metals from my pre- 
decessor. “In industry,” I said, “ we compete with 
one another, nations compete one with the other more 
keenly every day. Where we enter the realm 
of pure science nationality ceases to exist and 
we can all work together untroubled by competition, 
except for the advancement of our common cause, or 
by jealousy except of anything that may hinder the 
advancement of the art of which we are all . the 
servants.” 

That was the truth, as I saw it, nearly 20 years 
ago; neither statement seems so true to-day. As 
to the second, we all know that if we let our eyes 
stray round the horizon they will ultimately look in 
one direction in which they will not see scientists 
ready to collaborate with their colleagues in other 
lands or concerned solely with the advancement of 
the branch of science of which they are said to be the 
servants, 

On the other hand, we have had in recent years 
some remarkable instances of industrial collaboration 
on the most severely practical lines between the 
nationals of competing countries. I quote, ar an 
example, the activities of the “Joint United States 
and Great Britain Productivity Committee,” which, 
among many similar enterprises, has arranged for 
delegations of steelworks employees of all ranks to 
visit and study the operation of each other’s steelworks 
with a view to increasing the productivity of the 
analogous enterprises in their own countries. This is 
only one of many examples that could be given of 
the much greater freedom which exists to-day in the 
interchange of technical knowledge. 

The Association, as I visualise it, would be governed 
by a permanent Council. By that I do not mean, of 
course, that the composition of the Council would be 
unalterable, but that it should be in continuous exist- 
ence and not be formed and re-formed in preparation for 
each new conference. Only in this way, it seems to me, 
can the continuity I have postulated be assured, and 
to this elemént of continuity I attach great importance. 
As to the composition of the Council, I think it must 
depend largely upon the amount of support which 
such an Association would evoke. Where only one 
society in a country became a member of the Associa- 
tion, it would seem desirable for the Council of that 
society to function as a local committee of the Council 
of the Association and to delegate one or more of its 
members to represent it on the latter. In countries 
in which a number of societies join the Association, a 
local committee could be formed consisting of repre- 
sentatives of each such society and that committee 
could delegate one or more of its members to represent 
it on the Council of the Association. 

I have assumed that the Council would meet after 
each conference in order to review the work done and 
to decide whether its subject should be further con- 
sidered at the ensuing conference or not. If not, it 
would be the task of the Council to decide what the 
subject for discussion at the next conference should 
be and where the Conference should be held. As soon 
as these two questions were answered the assistance of 
the local committees would become all important. The 
committee of the country which was to be the next host 
of the Association would, of course, be entrusted with 
the many tasks involved. All the committees would, 
no doubt, be asked to convey to the Council their local 
knowledge as to the extent to which the subject was 
being studied, or had been developed in their countries, 
and to put forward the names of those of their com- 
patriots best able to present papers or to take part 
in the discussions and the special aspect of the subject 
to which they could best contribute. 

With this and similar information before them, the 
Council, in due course, would be able to formulate a 
programme for the coming conference, determining the 
sections into which it was to be divided and issuing 
the necessary invitations to those who were considered 
best able to prepare papers and to others who would 
initiate or take part in the discussions. It seems clear 
that these activities would make it essential that the 
Association should have the services of a permanent 
paid secretariat. This must not be thought to imply 
the formation of a large staff of officials nor the 
securing of large premises in which to house them. It 
does, however, seem very important to me that such 
an Association as I have in mind should have a per- 
manent secretary, permanently lodged, say, in Paris 
or wherever may be thought desirable, who will not 
only function during the conferences, but will carry 
on the work of the Association between the individual 
meetings. Such an officer need not necessarily be 
employed full time ; indeed, I doubt whether he could 
be, but that he should be always and continuously 
available seems to me to be essential. I do not think 
that the expenses entailed would be excessive; cer- 





than for that of the world at large. It is the privilege 
of the aged to be allowed to repeat words they have 


tainly not beyond the means likely to be available for 
the purpose. 


This brings me to the question of how the organisa. 
tion should be financed. It would seem that this 
should be effected in various ways. The permanent 
organisation, I suggest, should be paid for by annual 
contributions from each of the participating societies, 
These contributions might be uniform or might vary 
according to the membership of the society. It might 
also be considered desirable to have more than one 
scale of contribution, societies directly concerned with 
metallurgy, such as your society, Mr. President, and 
mine, paying at a higher rate than others less directly 
interested. Individuals attending the conferences 
would, I assume, pay a contribution, as is customery, 
and their contribution would, no doubt, cover, in part, 
the cost of publishing the record of the proceedings. It 
is possible, however, that ultimately the participating 
societies would undertake this latter duty on behalf of 
their members. I recognise the temerity of suggesting 
yet another international organisation, but I am not 
without hope that, if given the limited scope which I 
have described, it may be longer lived than its pre- 
decessors and may fill a gap of which many of us have 
become conscious. 





**DAKOTA ”’? AIR LINER WITH 
‘**MAMBA ”’ ENGINES. 


On September 30 last, the new airworthiness re- 
quirements of the International Civil Aviation Or- 
ganisation (I.C.A.O.) came into being, on a voluntary 
basis ; that is to say, there is at present no obligation 
on aircraft constructors to have their aircraft certified 
according to the I.C.A.O. requirements, and it has not 
yet been decided when these regulations will become 
mandatory. When they are enforced, however, many 
air-line operators will be faced with serious economic 
problems. The Douglas D.C3 twin-engined air liner is 
probably still the most widely-used transport aircraft in 
service to-day, although the first D.C.3 went into opera- 
tion in 1936. Since the second world war, large numbers 
of Dakota aircraft, which was a military version of 
the D.C.3, have been converted for use on civil air lines. 
The reason for the popularity of this aircraft lies mainly 
in its low maintenance costs and its reliability. At its 
— operating weight of 28,000 lb., however, the 

.C.3 will not conform to the I.C.A.O. requirements 
covering the case of engine-failure during take-off, and 
if these aircraft are to continue flying on civil air lines, 
after I.C.A.O. rules come into force, either the payload 
will have to be reduced to roughly half its present 
value or, alternatively, engines of higher power will 
have to replace the present Pratt and Whitney Twin 
Wasp 1,200-h.p. engines. 

For this reason, a conversion carried out on a military 
Dakota airframe by Messrs. Armstrong-Siddeley 
Motors, Limited, Coventry, is of considerable interest. 
In place of the two Twin Wasp engines, Mamba ASM-3 
propeller turbines, of the type described on page 583 of 
our 165th volume, have been fitted. At take-off revolu- 
tions, these engines each develop 1,475 equivalent h.p. 
The converted Dakota is illustrated on the opposite 
page. The conversion has been carried out in such a 
way that airframe modifications and, consequently, the 
cost of conversion, have been kept toa minimum. The 
two Mambas are installed with their longitudinal axes 
in the same position as those of the Twin Wasps. The 
exhaust system, which is swept upwards over the top 
surface of the wing, bifurcates to avoid the under- 
carriage-operating jack. The exit nozzle is in approxi- 
mately the same place as the rear end of the original 
nacelle. Two small circular forward-facing intakes on 
each nacelle supply air respectively for the oil cooler and 
for cooling the various compartments within the cell. 
The cowlings of the Mamba engines are all easily 
removable, giving good accessibility for engine main- 
tenance work. On the prototype conversion, the 
propellers have been moved forward from their original 
positions, to keep the aircraft centre of gravity position 
within its designed range, and are now on a level with 
the pilot, a feature which is not in accordance with 
1.C.A.0. regulations ; this, however, is only a temporary 
solution, and in future conversions different arrange- 
ments will be made. The total weight of the two Mamba 
power plants is about 1,000 Ib. less than that of the 
Twin Wasp installations. 

While operation at an all-up weight of 28,000 Ib. 
is still permitted, the Mamba-Dakota can carry a 
greater payload up to a stage distance of 350 miles, 
owing to the lower engine weight. At stage lengths 
greater than 350 miles, the payload of the Mamba- 
Dakota is slightly less than that of the Twin-Wasp 
version, on account of the higher specific fuel consump- 
tion of the propeller-turbines ; it is, however, expected 
that within the next year or two the fuel consumption 
of gas-turbine engines will improve greatly. Table I, 
opposite, shows the comparative payloads for the two 





versions operating at an all-up weight of 28,000 Ib., and 
carrying the necessary fuel reserves. 
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Standard D.C.3 
(two Twin Wasp engines). 
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Still-Air Range, 
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TABLE I.—RANGE-PAYLOAD CHARACTERISTICS OF D.C.3 AIRCRAFT OPERATING AT 28,000 LB. 


At 10,000 ft. 





‘“MAMBA” ENGINES. 














Mamba- Dakota 
(two Mamba propeller-turbines). 

















At 8,000 ft. At 15,000 ft. 
At 165 m.p.h. At 230 m.p.h. | At 185 m.p.h. At 225 m.p.h. 
At 175 m.p.h, (Optimum- (Maximum (Optimum- ( mum 
Range Speed). Cruising Speed). Range Speed). Cruising Speed). 
ot i —_ lb. Ib. 1b. Ib. 
200 9,100 9,600 9,500 9,500 9,450 
400 8,550 8,600 8,350 8,550 8,450 
600 8,000 7,550 7,200 7,650 7,500 
800 7,500 6,550 — 6,750 6,550 
1,000 6,950 — _ _— _ 
Maximum range, full 
tanks os = 5,550 (range 6,500 (range 6,500 (range 6,500 (range 6,500 (range 
1,500 miles) 725 miles) 850 miles) 800 miles) 


805 miles) 





TABLE II.—RANGE-PAYLOAD CHARACTERISTICS OF D.C.3 AIRCRAFT WITH TAKE-OFF WEIGHT RESTRICTED 
To CONFORM WITH I.C.A.O. REQUIREMENTS. 





Standard D.C.3 
(two Twin Wasp engines). 





Payload. 





Mamba-Dakota 
(two Mamba propeller-turbines). 











Still Air Range, -- —- — - = —~ 
ss. At 8,000 ft. At 10,000 ft. At 15,000 ft. 
-sniaisaningacaadaneattseecian = eeceaal 
At 165 m.p.h. At 230 m.p.h. At185m.p.h. | At 225 m.p.h. 
At 175 m.p.h. (Optimum- (Maximum (Optimum- (Maximum 
Range Speed). Cruising Speed). Range Speed). Cruising Speed). 
ei a Ib. Ib. —_— 4 Ib. Ib. 
200 4,7 | 8,250 8,150 8,150 | 8,050 
400 4,200 7,300 7,000 7,250 7,100 
600 3,700 6,300 5,900 6,350 6,150 
700 | 3,450 5,800 5,350 5,950 | 5,700 
800 3,200 5,300 \ = 5,500 5,250 
Maximum range, full | | | 
tanks _ et 1,150 (range 5,200 (range) 5,200 (range 5,200 (range| 5,200 (range 
1,570 miles) 820 miles)! 875 miles); 810 miles) 


725 miles)! 
| 





When, however, the I.C.A.O. regulations are enforced, 
a take-off weight restriction will be necessary in order 
that the aircraft shall comply with the engine-failure 
performance requirements; it is estimated that the 
standard D.C.3 with Twin-Wasp engines will have 
to be confined to operation at an all-up weight of 
23,600 lb. The severe reduction in payload thus 
entailed, which is of the order of 50 per cent., makes 
economic operation impossible. Owing to the higher 
take-off power of the Mamba propeller turbines, the 
new permissible weight of the Mamba-Dakota is esti- 
mated at 26,700 lb. Under these conditions, the pay- 
load which can be carried by the Mamba-Dakota is 
considerably higher than that of the standard D.C.3, 
over all stage distances, as is shown in Table II, and 
hence it should still be possible to operate at reasonably 
economical rates. 

Apart from the performance aspect, the Mamba- 
Dakota gives air-line operators the opportunity of 
gaining experience in the operation of propeller-turbine 


aircraft at a low cost and with the advantage of a 
point of 


well-proved airframe. From the passengers’ ‘ 
view, the smooth quiet running of the propeller-turbine 
engines should be an attraction. 








Liguip Impact PUNCHES.— Mechanical Engineering for 
September, 1949, records an investigation by the works 
laboratory of the General Electric Corporation, Schenec- 
tady, New York, on the production of blanks from silicon 
steel sheet by using a column of oil, instead of metal 
punches. With this method it is possible to use soft 
unhardened steel dies and the oil can be returned and re- 
used, whereas metal punches soon wear out on silicon 
steel sheet. For each size of blank and thickness of 
steel, a particular impulse force is required to produce a 
satisfactory blank. 


MEMORIAL TO JAMES NASMYTH.—The Watt Club, 
whose headquarters are at the Heriot-Watt College, Edin- 
burgh, have announced that a memorial to James Nasmyth 
has now been erected at 47, York-place, Edinburgh. It 
consists of a bronze plaque with the following wording : 
BIRTHPLACE OF JAMES NASMYTH/1808-1890. IN-/VENTOR 
OF THE/ STEAM HAMMER/THE HOME OF ALEX. NASMYTH/ 
1758-1840. Artist. The contributors to the memorial 
are the Royal Scottish Society of Arts, the Institution of 
Mechanical Engineers, the Royal Scottish Academy, 





the Royal Society of Edinburgh, and the. Watt Club. 


SELF-EXCITING ALTERNATOR. 


THE normal alternator requires te excitation 
for its operation, although a number of self-excited and 
compounded machines have been proposed or con- 
structed during the past 50 years. The latest of 
these has been designed by the British Thomson-Hous- 
ton Company, Limited, Rugby, with the object not only 
of eliminating a separate exciter and automatic voltage 
regulator, but of providing a machine with an inher- 
ently rapid voltage response. This alternator also 
incorporates a system of compounding which maintains 
the terminal voltage at a fixed frequency, within 
+14 per cent. and —3 per cent. of the no-load value, 
at all loads between no-load and full load and at any 
power factor, lagging or leading. 

According to an article by Mr. A. H. Maggs in 
BTH Activities for April, 1949, the new alternator 
resembles the Heyland alternator of 50 years ago, in 
that it is of the rotating-field type and has a com- 
mutator which carries the load, and not merely the 
exciting, current. It is, however, a synchronous 
machine, i.e., its magnetic flux is stationary with 
respect to one of the relatively rotating elements 
and is of the same polarity, since it is only in this way 
that self-excitation can be ensured when re-starting 
after a shut down. An elementary diagram of the 
machine is given in Fig. 1, page 418, in which the 
three separate phase windings the stator are indi- 
cated ata. The rotor, which is of the smooth-core type, 
carries a compensating drum type winding, which is 
connected to a commutator b, and a field winding c, the 
latter being connected to two slip rings. As will be 
seen, the inner ends of the stator windings are con- 
nected to brushes on the commutator, so that current 
from them flows through the compensating winding. 
The latter is designed so that the armature, or stator, 
reaction, which is the principal cause of poor regulation 
in a conventional alternator, is neutralised. 

An alternator of this type can be made self-exciting 
by connecting a rectifier d between the output terminals 
and the slip-ring brushes. Provided the resistance of 
the field circuit is below the critical value correspond- 
ing to the speed of operation, the voltage of the machine 
then builds up until the iron becomes saturated, as in 
any type of self-exciting machine not controlled by an 
automatic voltage regulator. In addition, the field 
current can be maintained constant over a wide speed 
range by the reactor e, the reactance of which is pro- 
portional to the frequency, provided the resistance of 
the field circuit is made low in comparison with this 
reactance. Consequently, the electromotive force of 
the alternator is directly proportional to the speed. 

Such a simple machine, however, has disadvantages 
which may be important in all except the smallest 
sizes. Among them are that the neutral is not avail- 
able; that the commutator winding must be designed 
to suit the voltage for which the stator winding is 
designed, instead of for the best commutating condi- 
tions; and that the copper on the commutating 
winding is not utilised to the best advantage. These 
drawbacks can all be overcome by interpcsing a series 
transformer between the ends of the stator windings 
and the brush gear, as shown in Fig. 2, page 418. The 
rating of this transformer is quite small, since it has only 
to supply the resistance losses of the commutator and 
brush gear. As will be seen, its primary winding f is 
star connected, so that the neutral is easily accessible, 
while its secondary winding g is a six-phase mesh and 
is connected to six-phase brush gear, thus enabling 
more efficient use to be made of the copper of the 
commutator winding. 

Owing to the complete neutralisation of the stator 
reaction in this machine, irrespective of the load or 
power factor, a small air gap can be used with a conse- 
quent reduction in the power required for excitation, 
even allowing for the slight increase due to the use of 
the reactor. Although neutralisation of the stator 
reaction improves the inherent regulation of the 
machine, compounding is necessary if close voltage 
regulation is to be maintained. This compounding can 
be effected in two ways. In the first, the in-phase 
component of the load current is compounded by 
moving the commutator brush gear a little way back- 
wards, so that a resultant magneto-motive force is 
produced along the field axis and the field is strength- 
ened. The quadrature component of the load current 
is also compounded by increasing the compensating 
winding turns, so as to over-compensate the stator 
reaction slightly and to produce a resultant magneto- 
motive force along the field axis. This magneto- 
motive force strengthens the field with a lagging com- 
ponent of load current and weakens it with a leading 
component. Unfortunately, with this method of com- 
pounding, components of magneto-motive force acting 
at right angles to the field axis occur simultaneously 
with those acting along the axis. The result is that 
operation is unstable when the load includes synchro- 
nous machines or when parallel ing is necessary. 





running 
In the second method of compounding this dis- 
advantage is overcome by varying the field current 
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SELF-EXCITING ALTERNATOR. 


THE BRITISH THOMSON-HOUSTON COMPANY, LIMITED, RUGBY. 


Fig. 1. 






































itself in accordance with the load and power factor. 
This is effected by passing the load current through 
the secondary winding A of the reactor shown in 
Fig. 2, this secondary winding being displaced in 
phase relative to the primary winding i by an angle 
which is pre-determined from a knowledge of the imped- 
ance triangle of the alternator and the no-load power 
factor of the exciting circuit. By building this reactor 
in the form of an induction motor with an unwound 
rotor and large air gap, the phase displacement between 
the two stator windings can be chosen easily to give 
uniform compounding at all power factors. In opera- 
tion, the load current flowing through the secondary 
winding causes the primary current to change, as in 
a transformer, the magnitude and phase of this change 
being determined by the magnitude and phase of the 
load current. The reactor is, in effect, a transformer 
with a large magnetising current, in which the full- 
load secondary current referred to the primary side 
is small compared with the magnetising current. 

The diagrams in Figs. 3 and 4 illustrate the second 
method of compounding and show how the angle of 
displacement between the primary and secondary 
windings of the reactor is determined. A two-phase 
reactor is shown for simplicity, but the operation is 
similar with any number of phases. In Fig. 3, a and 
b are the primary phases, the inner ends of which are 
assumed to be connected to a rectifier supplying the 
field winding, while the outer ends are connected to 
the inner ends of the secondary phases c and d. The 
secondary phases are displaced counter-clockwise ; that 
is, advanced in time phase by an angle @ which is 
determined as explained below. The vector V, in 
Fig. 4 represents the voltage which is applied to the 
primary phase a of the reactor and E, is the electro- 
motive force generated in the corresponding phase of 
the alternator at no-load. E, concides with V, if the 
small impedance drop due to the self-exciting current 
is neglected. ing R and X to be respectively 
the total values per phase of the resistance and syn- 
chronous reactance of the alternator, a load current 
I,, which flows outward in the secondary phase c 
and lags behind V, by an angle ¢ requires an electro- 
motive force E;, to be generated in the alternator, in 
order to maintain the voltage V, unchanged. RI, 
and XI, are the resistance and reactance drops, 
respectively, which when added to V, equal E;,. 
Further, for a given current the locus of the electro- 
motive force generated with a varying angle ¢ is a 
circle, the centre of which is at V,. E, is the required 
generated electromotive force at unity power factor 
(¢=0) and E, that at zero lagging power factor 
(¢ = 90 deg.). It will be evident that E, is a maxi- 


mum when ¢= ¢’ = tan“! 4 which is the par- 


ticular value illustrated. 

As mentioned above, the reactor is, in effect, a trans- 
former the magnetising ampere-turns of which are 
large compared with the load ampere-turns. In Fig. 4, 
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4 represents the no-load primary current, which is the 
magnetising current, flowing inwards in the primary 
phase a, in Fig. 3, and lagging nearly 90 deg. behind 
V,, owing to the fact that the resistance of the exciting 
circuit, including the field winding, is low compared 
with the reactance of the reactor. I, and I, represent 
the load currents, which are assumed to be balanced 
and which flow outwards in the secondary phases c 
and d in Fig. 3, while KI, cos @ and KI, sin @ are 
the components of I, and I,, respectively, which are 
magnetically effective along the axis of the primary 
phase a and are referred to the primary side by the 
ratio K between the secondary and primary turns. 
Since I, and I, are of equal magnitude, KI, where I 
is the load current, is the sum of the secondary current 
components effective along the axis of the primary 
phase a and referred to it by the ratio K. 

If the voltage across the primary winding is assumed 
constant in magnitude, owing to the negligible effect 
of any small change in field and rectifier resistance 
drop, the magnetising current i must remain constant 
irrespective of the secondary current. Hence the 
primary current must change in phase in accordance 
with the magnitude and phase of the secondary current. 
The excitation of the alternator is therefore dependent 
on the load current. Evidently the increase of the 
field current should be a maximum when E, is a 
maximum and i,, which is equal to i + K I, represents 
the required maximum current for this condition. It is 
obtained when the angle @ is equal to the angle of lag 
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EXPERIMENTAL MACHINE. 


of i behind V, minus the angle ¢ .__If this condition 
is satisfied, the compounding is approximately equally 
correct at all power factors. In Fig. 4, i, is the primary 
current at unity power factor, corresponding to E,, and 
i) is the primary current at zero lagging power factor, 
corresponding to E,. The locus of i; is a circle of radius 
KI the centre of which is at i. When two or more 
alternators with this method of compounding are 
connected in parallel, either the corresponding input or 
output terminals of the rectifiers must be paralleled as 
on compound direct-current generators. 

The characteristics of the new alternator are shown 
in Figs. 5 and 6, which are based on tests made on a 
12-kVA, 230-volt four-pole machine supplying 50-cycle 
three-phase current and running at 1,500 r.p.m. In 
Fig. 5 the terminal voltage is plotted against the load 
current at various Ps factors between zero leading 
through unity and zero lagging to motoring as a 
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AXTAL-FLOW BACK-PRESSURE TURBINES. 


THE BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, LOUGHBOROUGH. 





Fic. 1. 


synchronous condenser. The initial increase in voltage 
for unity, 0-8, 0-5 and zero lagging power factors is 
due to over-compounding at no load. Consequently, 
the voltage at power factors of opposite phase falls 
initially, but rises finally owing to the fact that the 
compounding effect is substantially linear only over a 
limited range of load. The zero leading curve is, of 
course, a continuation of the zero lagging curve and the 
fall of voltage below the nominal with leading current is 
appreciably greater than the rise above nominal with 
lagging current, owing to the curved shape of the 
saturation characteristic. On increasingly heavy loads 
the compounding weakens, and the machine behaves 
more like a normal alternator with low synchronous 
reactance, owing to the presence of the compensating 
winding. Owing to this low reactance, too, the short- 
circuit current with a separately excited field of no-load 
value is about four or more times the full-load current. 

Fig. 6 shows how the compounding affects the field 
current. It will be noticed that the amount of com- 
pounding necessary for unity power factor is greater 
than that required when it is zero lagging. This is 
due to the fact that the synchronous reactance at 
50 cycles per second is lower than the resistance. It 
will be seen that at leading power factors the com- 

unding becomes negative on overloads. The reason 
is that while closer regulation would have been obtained 
with less compounding, this reduction would have been 
obtained at the expense of good regulation at lagging 
power factors, for the maintenance of which slight over- 
compounding at no-load is necessary. 

The no-load voltage can be adjusted by arranging 
for the reactance to be varied. One way of doing this 
is by making it possible to move the rotor in or out 
of the stator. Another method is to shunt the field 
winding with a variable resistance. Theoretically, 
this method is better, since by its use more correct 
compounding can be obtained over a range of no- 
voltage setting. In the case of the experimental 
reactor, however, the rotor was mounted on a screwed 
shaft to an extension of which a handwheel was fitted, 
so that the reactance could be readily adjusted. 

After testing, the experimental machine, which is 
illustrated in Fig. 7, was installed in the printing works 
of Messrs. Albert Frost and Sons, Limited, Rugby, 
where it is driven by an oil engine. It supplies a 
motor load with severe momentary current peaks and 
is frequently overloaded during busy periods. 








INFORMATION ON RARE CHEMICALS.—A note in the 
September issue of the AS7'M Bulletin, published by the 
American Society for Testing Materials, calls attention 
to the National Registry of Rare Chemicals, at the 
Armour Research Foundation of the Illinois Institute of 
Technology, 35, West 33rd-street, Chicago 16, Illinois, 
U.S.A., which keeps a record of the sources of more than 
13,500 rare chemical compounds. The Registry welcomes 
inquires from scientists in any part of the world. 
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1,500-KW Bacx-PressuRE TURBO-ALTERNATOR. 


AXIAL-FLOW BACK-PRESSURE 
TURBINES. 


Factories which require low-pressure steam, either 
for space heating or industrial processes, can often 
obtain it, together with a useful amount of power, by 
employing back-pressure turbines, thereby effecting 
considerable economies. In order to meet these con- 
ditions, the Brush Electrical Engineering Company, 
Limited, Loughborough, have designed a range of 
back-pressure turbines, the largest of which has a 
continuous maximum rating of 5,500 kW at 8,000 
r.p.m. All the turbines of the range are generally 
similar, the design being such that the number of 
stages can be varied to meet differing conditions. In 
order to achieve a degree of standardisation, the parts, 
as far as possible, are made so that they are interchange- 
able, while the steam and exhaust branches are the 


| largest that each size will require, a reducing piece being 


fitted between the turbine and the exhaust pipe if a 
smaller exhaust is required. 

The turbines are made in three sizes, the continuous 
maximum ratings of which are 1,750 kW at 12,000 
r.p.m., 3,500 kW at 10,000 r.p.m., and 5,500 kW at 
8,000 r.p.m., respectively, when supplied with steam at 
400 lb. per square inch, exhausting to 15 lb. per square 
inch gauge; and approximately 800 kW, 1,600 kW and 
2,500 kW, respectively, when supplied with steam at 
200 lb. per square inch, and operating at the same 
speed. A 1,500-kW turbo-alternator is illustrated in 
Fig. 1 above and in Figs. 3 and 5, on page 422, where 
it is shown installed in the Loughborough works of the 
builders. It is arranged to work in parallel with any of 
three 400-kW Diesel-engine driven alternators, the 
governor gear of the turbine incorporating a mechan- 
ism arranged to reduce the load on the turbine and 
increase that on the Diesel engine when the works 
demand for steam falls and, conversely, to increase the 
load on the turbine when the demand for steam rises. 
The turbine is arranged to drive a 6,600-volt alternator 
through reduction gearing supplied by Messrs. David 
Brown and Sons (Huddersfield), Limited, and designed 
to reduce the turbine speed of 10,000 r.p.m. to an 
alternator speed of 1,500 r.p.m. The alternator, which 
was also manufactured by the Brush Company, is a 
self-ventilating unit with the air filters arranged under 
the base of the machine and the warm->;r outlet led to 
an adjacent shop so as to supplement the heating. 

As previously indicated, all the turbines throughout 
the range are of similar design. In each case the rotor 
is machined from a solid-steel forging, the type of 
steel used depending on the duty on which the machine 
will be employed. The rotor is machined all over 
and is bored for the examination of the interior, and 
the design is such that the first critical speed occurs 
above the normal running speed. It is supported by 
white-metal lined journal bearings, the thrust being 
taken in the usual way by Michell bearings. As it is 





theoretically impossible to design an impulse turbine 
in which the blades are long in relation to the dia- 
meter of the rotor, the design of the blades is based 
on the vortex theory in which the blade profile is 
varied over the length, the profile at the roots being 
that of an impulse blade, while the tips have a reaction 
profile. They are machined from bars of stainless steel 
and have serrated roots of the “ fir-tree ” type which 
fit into corresponding grooves turned in the rotor. 
Generally, the blades are shrouded, but in some cases 
the blades at the low-pressure end of the rotor are 
unsuitable for riveting and are fitted, therefore, with 
lacing wires only. In order to avoid vibration troubles, 
samples of the blades are tested so that their frequency 
can be adjusted to avoid resonance. A typical rotor is 
illustrated in Fig. 2, on page 422, where it is shown 
installed in the bottom half of the casing. It should 
be pointed out, however, that the rotor shown is not 
that for the 1,500-kW set illustrated in Fig. 1, on this 
page, and in Figs. 3 and 5, on page 422. 

The nozzles and high-pressure diaphragms are made 
from steel, the profiles of the nozzles being milled to 
the correct contour. At the low-pressure end, cast-iron 
diap! are used with the nozzles cast in situ. 
To achieve a certain amount of standardisation, the 
turbine casing is made in two parts, the high-pressure 
end and the low-pressure end being separate. The 
length of the high-pressure end is constant for the 

icular size but the low-pressure section is made 
to the length required for accommodating the maxi- 
mum number of stages. The two parts are rough 
machined and, when the size of the low-pressure casing 
for any particular duty has been determined, it is cut 
to length and the two parts welded together. The cas- 
ing is then stress relieved, followed by final machining. 
By adopting this procedure, it has proved possible to 
reduce the number of patterns and castings to a mini- 
mum and, at the same time, avoid a bolted vertical 
joint between the high- and low-pressure sections. 
The casing is made from cast steel and is, of course, 
split along the horizontal centre line. Labyrinth 
glands of the usual type are fitted at each end of the 
rotor shaft, adequate pipes being provided to lead 
away the | e steam. As the rotor i are 
close to the labyrinth glands, there is a risk of steam- 
laden air entering the i with consequent oil- 
sludging troubles. To prevent this, the oil seals 
are fitted with centrifugal devices which automatically 
expel any steam entering them. 

e relatively small size of back-pressure turbines 
renders them sufficiently rigid to be handled in one 
piece; they can, therefore, be mounted on a three- 
point support in such a way that although rigidly 
fixed they are free to expand in any direction. On 
the Brush turbine the low-pressure end is supported 
by the gearbox, a collar formed on the periphery of the 
turbine end flange engaging with a circumferential 
groove machined in the gearbox cover. The high- 
pressure end of the turbine is supported by two vertical 
struts which are free to swing about pin joints arranged 
approximately at right angles to lines drawn through 
the pins and the exhaust end support. 

When power is being generated in connection with 
process steam the power yield is very sensitive to the 
pressure of the steam supply ; this is particularly notice- 
able when the back pressure is high. If a turbine is 
controlled by a simple throttle valve, the inlet pressure 
to the nozzles decreases with reduction of load so that 
the available energy per pound of steam is much re- 
duced. Unless, therefore, the turbine is kept to its 
full load most of the time, the advantages to be gained 
from the installation of high-pressure boilers cannot be 
realised. For this reason, the Brush turbine is fitted 
with automatic nozzle-control valves which ensure 
that the full available pressure drop is used down to 
approximately one quarter of the load ;_below this, the 
steam is throttled in the usual way. The nozzles are 
divided into three groups, or sets, the first group, usually 
consisting of five nozzles, being permanently open. e 
second group, consisting of four nozzles, is controlled by 
a handwheel and each nozzle of the remaining group, 
five in all, is under the control of an automatic valve. 
A typical set of automatic valves is illustrated in Fig. 4, 
on page 422. ——- 

Up to approximately quarter load, the turbine is 
controlled by throttling the steam to the first group of 
nozzles. As the load increases, the automatic valves 
open progressively and increase the nozzle area. When 
all the automatic valves are open, additional nozzle 
area is provided by opening those under control of 
the handwheel. This, however, is arra so that 
when the four nozzles are opened by the handwheel, 
four nozzles are closed by the automatic valves, thereby 
making it possible for five automatic valves to carry 
out the duties of nine valves. With all nozzles open, 
the turbine operates at approximately 80 per cent. of 
the full load, and for meeting loads in excess of this 
figure, the steam is admitted directly into the first 
stage through a by-pass valve. The governor, which is 
of the centrifugal type, is driven by a worm and worm- 
wheel from the high-pressure end of the rotor and is 
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to operate the automatic nozzle valves and 
the by-pass through oil relays. An overspeed governor 
of the eccentric-ring t also is fitted; this is com- 
pletely independent of the main governor and is set 
so that it shuts down the turbine when the speed 
exceeds the normal by approximately 10 per cent. 

A mechanically-driven oil pump is incorporated in 
the reduction-gear assembly for supplying oil under 
pressure, both for lubricating the complete set and for 
operating the relays. The overspeed trip ring is driven 
by the same gears as the pump; this means that, in the 
event of gear failure, there is no longer a connection 
between the overspeed-trip ring and the turbine shaft. 
There is no , however, as the over s -trip 
valve will close automatically, owing to the failure of 
the oil supply, should breakage of the gears occur. 
A turbine-driven auxiliary oil pump is provided for 
starting and stopping. 





THE IRON AND STEEL INSTITUTE. 


Tue autumn general meeting of the Iron and Steel 
Institute will be held on Thursday and Friday, Novem- 
ber 10 and 11, at the offices of the Institute, 4, Gros- 
venor-gardens, London, S.W.1. 


The meeting opens at 10 a.m. on the first day, when, 
after formal business, there will be a discussion on 
“The Flow and Mixing of Gases in Open-Hearth and 
Side-Blown Converter Models.”’ This will be preceded 
by the presentation of five papers, namely, “ Open- 
Hearth Furnace Models, Part I.—Flow Patterns in 
Ducts,” by Dr. J. H. Chesters and Mr. A. R. Philip ; 
“ Part II—Flow Visualisation and Photography,” by 
Mr. R. S. Howes and Mr. A. R. Philip ; and “ Part I1I— 
Flow Patterns in Model Furnaces,” by Mr. I. M. D. 
Halliday and Mr. A. R. Philip; “ Experiments on 
Gaseous Mixing in Open-Hearth Furnace Models. 
Part I.—Maerz,” by Mr. R. D. Collins and Miss J. D. 
Tyler ; and “‘ Experiments on the Gas and Fluid Flow 
in a Side-Blown Converter Model,” by Mr. M. P. 
Newby. 


Five papers will also be discussed at the afternoon 
session, commencing at 2.30 and ending at 5 p.m. The 
first paper is to be “ Mechanical Properties of Low- 
Carbon, Low-Alloy Steels Containing Boron,” by Mr. 
W. E. Bardgett and Mr. L. Reeve. The next four papers, 
which will be discussed jointly, are “ Further X-Ray 
Study of the Equilibrium Diagram of the Fe-Ni 
System,” by Professor E. A. Owen and Dr. Y. H. Liu; 
“ Free Energy and Metastable States in the Fe-Ni and 
Fe-Mn Systems,” by Drs. F. W. Jones and W. I. 
Pumphrey; “Microscopical Studies on the Iron- 
Nickel-Aluminium System. Part I—« + £ Alloys 
and Isothermal Sections of the Phase Equilibrium Dia- 
gram,” by Dr. A. J. Bradley, F.R.S.; and “ Constitu- 
tion of Iron-Nickel-Chromium Alloys at 650 deg. to 
800 deg. C.,” by Mr. W. P._Rees, Mr. B. D. Burns 
and Mr. A. J. Cook. 


On the second day, the meeting opens at 10 a.m. 
and during the morning session three papers will be 
discussed, namely, “The Compression Test in Relation 
to Cold Rolling,” by Mr. N. H. Polakowski; ‘“ Change 
of Electrical Resistance During the Strain-Ageing of 
Tron,” by Dr. A. H. Cottrell and Mr. A. T. Churchman ; 
and “ Plastic Strain and Hysteresis in Drawn Steel 
Wire,” by Mr. R. S. Brown. In the afternoon, from 
2.30 until 5, four papers will be discussed, the first 
three jointly. They are: “Investigations on an 
Experimental Blast Furnace,” by Dr. H. L. Saunders, 
Mr. G. B. Butler and Mr. J. M. Tweedy ; “ The Distri- 
bution of Materials in the Blast Furnace. Part II.— 
Compensated Charging,” by Drs. H. L. Saunders and 
R. Wild ; and “ Radio-Active Technique to Determine 
Gas Velocities in a Driving Blast Furnace,” by Mr. E. W. 
Voice. The fourth paper is to be “ The Effect of Sodium 
Oxide Additions to Steelmaking Slags. Part I.— 
Use of Soda to Dephosphorise Pig Iron at 1,400 deg. C.,” 
by Dr. W. R. Maddocks and Mr. E. T. Turkdogan. 





CONTRACTS. 


THE BrusH ELECTRICAL ENGINEERING COMPANY, 
LIMITED, Loughborough, have received an order from 
the Ministry of Works, on behalf of the Ministry of Supply 
for one 15,000 h.p., 12,500 r.p.m., steam turbine for 
testing compressors in connection with gas-turbine 
research. 


ASSOCIATED BRITISH OIL ENGINES, LIMITED, Duke’s 
Court, 32, Duke-street, St. James’s, London, S.W.1, 
have received orders for six Mirrlees Diesel engines direct- 
coupled to Brush alternators for two radio stations in 
Syria, that at Saborra and that at Sarakeb. Four 
heavy ‘Mirrlees engines have been ordered for Argentine 
meat producers and six Mirrlees turbo-charged engines 
direct coupled to Brush 920-kW alternators for the 
Victoria Electricity Commission. Other orders have 
come from South-West Africa, India, Siam, and the 
Netherlands East Indies. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Reels and Drums for Bare Wire.—Specification B.S. 
No. 1559 has just been issued. It covers reels and 
wooden drums for bare wire, stranded conductors, and 
trolley wire, for use in the United Kingdom. The 
particulars for reels have been based on the sizes in 
the recently-issued B.S. No. 1489 for reels for covered, 
solid, round electrical winding wire. As the require- 
ments for bare wire are not rily as stringent as 
those for covered wire, no tolerances are specified 
except for bore diameter. Particulars regarding the 
dimensions and construction of the wooden drums are 
furnished, and a diagram to illustrate the nomenclature 
of the various component parts of the drums is given. 
[Price 2s., postage included.] 

Telegraph Material.—A second revision of B.S. No. 16, 
covering telegraph material and including insulators and 
pole fittings, has been issued. The previous edition, 
published in 1937, constituted a revision of the original 
publication issued in August, 1905. The specification 
lays down dimensions and mechanical tests for gal- 
vanised bolts and nuts, arm bolts, stay-swivels, stay 
rods and tighteners, tie bolts, arm ‘ combiners,” 
brackets, insulators and spindles. The materials to be 
used are specified and electrical tests for insulators are 
prescribed. In the new edition, the designs of insu- 
lator, permitted as a war emergency measure, have been 
adopted as standard and black bolts and nuts to B.S. 
No. 916 take the place of those to B.S. No. 28. Other 
minor alterations have been made, including corrections 
to the tables of dimensions for insulator-spindle gauges 
and insulator gauges. [Price 7s. 6d., postage included. ] 











BOOKS RECEIVED. 


Handbook of Patents. By Dr. HARRY AUBREY TOULMIN, 
Junr. D. Van Nostrand Company, Incorporated, 250, 
Fourth-avenue, New York 3, U.S.A. [Price 9 dols.] 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 67s. 6d. net.] 

Durchlauftriger. By Dr.-INc. ADOLF KLEINLOGEL and 
ARTHUR HASELBACH. Seventh revised and enlarged 
edition of the work Der durchlaufende Trdger, in two 
volumes. VolumelI. Herleitungen und fertige Formeln 
fiir Durchlauftrdger beliebiger Feldsteifigkeit. Wilhelm 
Ernst und Sohn, Hohenzollerndamm 169, Berlin- 
Wilmersdorf, Germany. [Price 20 D.M.] 

Aircraft Engines of the World. 1949. By Pavut H. 
WILEINSON. Seventh edition. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 50s. net.) 

Electrical Technology. A Textbook for the Following 
Examinations: National Certificate, City and Guilds, 
I.E.E., B.Sc. Engineering. By PROFEssoR H. Corton, 
Sixth edition. Sir Isaac Pitman and Sons, Limited. 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 18s. net.] 

British Iron and Steel Federation. Education and Training 
in the Steel Industry. A Report of a Conference of 
Education and Training Officers in the Steel Industry, 
held at Ashorne Hill, 14th-16th January, 1949. Offices 
of the Federation, Steel House, Tothill-street, West- 
minster, London, S.W.1. [Price 2s. 6d.] 

Department of Scientific and Industrial Research. Forest 
Products Research. The Swelling of Wood Under 
Stress. A Discussion of its Hygroscopic, Elastic and 
Plastic Properties. Based on a course of lectures given 
at Svenska Tri&forskningsinstitutet, Stockholm, 
Sweden, March, 1948. By Dr. W. W. BarKas. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 6s. net.] 

United States. National Bureau of Standards. Circular 
475. Establishment and Maintenance of the Electrical 
Units. By F. B. Susser. [Price 25 cents.] Circular 
479. Unified Screw Thread Standards. [Price 20 
cents.] The Superintendent of Documents, U.S. 
Government Printing Office; Washington 25, D.C., 
U.S.A. 

Boys’ Power and Speed Library. Modern Locomotives. 
By BRIAN REED. [Price 8s. 6d. net.] Modern Ships. 
By F. E. Dean. [Price 88. 6d. net.] Temple Press, 
Limited, Bowling Green-lane, London, E.C.1. 

Institute of Industrial Supervisors. The Foreman and 
Production Control. Offices of the Institute, Bank 
Chambers, 47, Temple-row, Birmingham, 2. [Price 
28. 6d. post free.] 

Machinery Market Questions and Answers. The 
Machinery Market Limited, 146a, Queen Victoria- 
street, London, E.C.4. [Price 3s. 6d. net.] 

Practical Spectroscopy. By C. CANDLER. Hilger and 
Watts, Limited, Hilger Division, 98, St. Pancras-way, 
Camden-road, London, N.W.1. [Price 21s. net.] 
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PERSONAL. 


Str PHILIP D’AMBRUMENIL has relinquished the 
position of deputy-chairman and treasurer of the General 
Committee of Lloyd’s Register of Shipping, 71, Fen- 
church-street, London, E.C.3, on t of p ur 
of business. Sir Philip, who remains a member of the 
General Committee, has been succeeded in these two 
posts by Mr. A. E. M. GALE. Sim F. VERNON THOMSON, 
Bt., G.B.E., chairman and managing director of the 
Union-Castle Line, has been elected a member of the 
General Committee. 

Mr. A. H. Witson, F.R.S., Mr. A. H. S. HINCHLIFFE, 
Lorp Hatssury, F.R.I.C., F.Inst.P., and PROFESSOR 
R. S. EDWARDs have been appointed to be members 
of the Advisory Council to the Committee of the Privy 
Council for Scientific and Industrial Research for five 
years as from October 1. The new members succeed 
Mr. W. F. LuTYENs, Mr. W. J. DRUMMOND, SIR HENRY 
Guy, F.R.S., and Sm Wiliam Hatcrow, M.LC.E., 
who have retired on the completion of their appoint- 
ments. 

Mr. S. E. WALMSLEY, M.I.Mech.E., who was recently 
chief engineer of the Bowater Paper Corporation, 
Limited, and a director of a number of the companies 
in that organisation, has entered into partnership with 
Messrs. Hitchins, Jervis and Partners, chartered consulting 
engineers, 40, Broadway, London, 8.W.1. 

Mr. W. Apam, B.Sc. (Eng.), A.M.I.E.E., has been 
appointed to succeed the late Mr. J. MILLER as manager 
of the Glasgow district office of the British Thomson- 
Houston Company, Limited, Rugby. Mr. Adam was 
transferred to the Glasgow office in 1929 and has been 
assistant manager there since September, 1948. 

Mr. W. Barr, A.R.T.C., is being installed to-day, 
Friday, October 21, as President of the West of Scot- 
land Iron and Steel Institute, 39, Elmbank-crescent, 
Glasgow, C.2, and will deliver an address. 

Mr. A. O. CosGROVE, B.Sc., M.I.E.E., has been 
appointed resident engineer and general representative 
in British East Africa of the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 

Mr. R. T. LyTualLt, M.I.E.E., a director of the Belmos 
Company, Limited, Bellshill, Lanarkshire, will represent 
this firm in London and the South as from November 1. 
His headquarters will be at the company’s new office in 
Columbia House, Aldwych, W.C.2. (Telephone: HOL- 
born 7676.) 

Mr. P. CATTERMULL, F.C.1.S., chairman and general 
manager of the Tudor Accumulator Company, Limited, 
retired on September 30 after 30 years of service with 
the company. He will continue his connection with the 
firm as chairman. 

Mr. J. C. Corsy, O.B.E., M.A., hitherto area repre- 
sentative for the de Havilland Aircraft Company, 
Limited, in the Far East, has been appointed general 
manager of the firm’s Chester factory. He has been 
succeeded in the Far East by Mr. I. 8. Fossett. 

Following the retirement of Mr. G. W. EDWARD, 
Mr. C. H. CHAMPION has been elected chairman of the 
Ship Carbon Company of Great Britain, Limited. MR. 
H. C. StTrInceR and Mr. R. S. SmMan have been 
appointed joint managing directors. The distribution 
and sales of the products of the Ship Carbon Company 
are directed by ‘Messrs. Charles H. Champion and 
Company, Limited, of which Mr. C. H. CHAMPION 
retains the chairmanship. Mr. H. C. STRINGER has been 
appointed managing director and Mr. R. 8. SILMAN & 
director. 

Mr. HOLLAND Y. BLADEs, one of the joint managing 
directors of the Castrol Oil Company, is to retire at the 
end of the present year but is to retain his seat on the 
board. 

Mr. Gorpon F. KENT, district engineer, Leeds, London 
Midland Region, British Railways, has been appointed 
district engineer, Liverpool, in the same Region. 

Mr. A. B. Boatu, until recently assistant district 
motive-power superintendent, Perth, Scottish Region, 
British Railways, has been appointed sales engineer in 
the Railway Division of British Timken Limited, Duston, 
Northampton. 

Mr. C. J. Lewin, Civil Air Attaché, Middle East, has 
been appointed to the new post of Civil Air Attaché, 
Central American and Caribbean Republics, with head- 
quarters in Jamaica. Mr. R. M. S. RAYNER, Assistant 
Civil Air Attaché, Middle East, takes Mr. Lewin’s place 
as Civil Air Attaché, with headquarters in Cairo. 

THE EXPORTS CREDITS GUARANTEE DEPARTMENT has 
opened a new office at 61-62, Cabinet Chambers, Basing- 
hall-street, Leeds, 1. The manager is Mr. A. DREWERY. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—tThe silver Merit Cup, which is presented annually by 
the Association of Supervising Electrical Engineers for 
educational activities and efficient management has been 
awarded to the North West London Branch. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—Makers are becoming concerned at the 
trend of activity in one or two directions, notably in the 
re-rolling section of the industry, where production is 
rapidly shortening delivery dates, on account of dwindling 
orders for small bars and light sections. Consumers and 
stockholders have accumulated considerable quantities 
as a result of the expansion in Belgiam imports during 
recent months, with the inevitable effect on the order 
books of the re-rollers. Orders are currently being 
overtaken at a rate which has already caused one firm 
of re-rollers to restrict production to two shifts a day 
instead of three. There appear to be hopes of a revival 
of business with the Dominions once the “‘ haze ”’ due to 
devaluation has cleared away, but most important would 
be the cessation of imports for a time at least. Plate 
makers on the other hand are fully engaged on orders for 
the shipyards, locomotive and wagon builders, and 
power-plant producers. An improvement in the rate of 
orders for new vessels, however, would give a welcome 
fillip for the future, as prospects in shipbuilding a year 
hence are not reassuring. Sheet makers are exceedingly 
busy. The output of both black and galvanised sheets 
is practically sold ahead for 4-5 months, while fresh 
business accrues to maintain the order-book position. 
Raw materials for the melting furnaces are abundant, 
and, despite the high level at which production is run- 
ning, some of the more important items, such as scrap, 
are sufficiently plentiful to permit of stockpiling. The 
September output of steel was at a rate of 2,419,400 tons 
per annum (2,577,200 tons in August) and for pig iron 
820.600 tons (799,400 tons). 

Scottish Coal.—In accordance with the usual experience 
at this time of year, outputs are tending to rise. Recent 
strike losses have occasionally amounted to a few thou- 
sand tons a day, but, with favourable weather keeping 
consumption within relatively small compass, the supply 
position is comfortable. Margins are not excessive, 
however, particularly in the case of some industrial 
undertakings. The quantity of graded fuel available 
shows signs of some improvement. House coal merchants 
find business moving only slowly, and ground stocks 
remain quite substantial. Railways are comfortably 
placed and are not anxious to take up more than their 
scheduled tonnages. Steelworks are amply supplied 
without carrying heavy stocks, while coke-ovens, 
although working at maximum capacity, are adequately 
provided for. There is a suggestion of more coal becom- 
ing available for export. Last month, shipments from 
Scottish ports totalled 124,464 tons, the best monthly 
aggregate this year. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—South Wales miners, in 
meetings in all parts of the coalfield, have pledged them- 
selves to respond to the appeal for increased production. 
This was followed by a new appeal to the men for regular 
working on the voluntary Saturday-morning shift. The 
effect of the appeal made by the men’s union will be that 
those lodges working two Saturdays out of four will 
work all four. Man-power in the area, at 104,235, has 
dropped by about 4,000 in the past 18 months. The 
industry has lost over 2,000 in the last 13 weeks. The 
export trade should show improvement in the last 
quarter of this year. It has already been announced 
that extra allocations will be made to France in this 
period. No official figures have been released but it is 
generally believed, on the Welsh steam coal market, 
that this increase will mean that the total quantity 
shipped in 1949 will be roughly 900,000 tons. In the 
first nine months of this year France took about half a 
million tons ; roughly 60,000 tons a month. Deliveries 
to Italy and South America have maintained their recent 
activity. More frequent deliveries have been made to 
Spain and it is expected that this improvement will be 
maintained. Extra quantities have also been made 
available for some near continental destinations. Portugal 
has been receiving steady supplies. The home section 
has maintained a brisk activity. The demand has shown 
no sign of falling off and sales already made to the chief 
users have been substantial. As a rule, these buyers 
have made purchases well ahead but, in spite of this, any 
extra quantities that do become available are quickly 
taken up. All the high-grade descriptions are well placed 
with outlets over the next month or so, but the demand 
for the inferior smalls continues slow and supplies are 
plentiful. Cokes and patent fuel come in for a close 
attention and outputs are well stemmed. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that the industry appears to have settled down, and, last 
week, more business was transacted for delivery during 
Period 4. The export market was also more active, 
and, with numerous orders in the market, the quantity 
disposed of was satisfactory. Steel sheets and iron and 
steel scrap continue in steady demand. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Apprebension concerning the effects 
of devaluation upon Sheffield industry, in the light of 
rises in prices of alloys, has been relieved by the conclu- 
sion of a committee of the Sheffield Chamber of Commerce 
that devaluation has assisted Sheffield industry already 
and is likely to continue to do so. Inquiries have been 
received by the Chamber concerning substantial exports 
of products not previously offered in the American or 
Canadian markets. With regard to import restrictions 
which have shut off Sheffield trade with several markets, 
the view is held that something should be done to 
counteract this influence. The Chamber emphasi 


NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 











INSTITUTION OF ELECTRICAL ENGINEERS.—WNorth- 
Eastern Centre: Monday, October 24, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘“‘ The Phase/Neutral Sys- 
tem of Supply for Rural Distribution,” by Mr. G. T. 
Garwood and Mr: G. J. Websdale. Hast Midland Centre : 
Tuesday, October 25, 6.30 p.m., Loughborough College, 
Loughborough. ‘‘ Polyphase Commutator Machines,” 
by Mr. B. Adkins and Mr. W. J. Gibbs. Supply Section: 





that a watch should be kept to ensure that other countries 
play their part in trying to free trade, and to ensure that 
free importation into this country is not permitted to a 
degree damaging to our own industries. In steel, there 
is a quiet placing of orders on a scale lower than that 
of a year ago. All makers of steel products report a 
busy state of production and a big accumulation of 
orders. The new manufacturing season in agricultural 
steel has started well; there are numerous orders for 
agricultural-machinery parts and for new machinery. 
Edge tools are in great demand. 

South Yorkshire Coal Trade.—Coal production is fairly 
satisfactory, but in Coal Board circles the opinion is 
expressed that output should be considerably increased 
with the help of a more general working of a Saturday 
shift. Supplies serve to satisfy all current requirements 
and to provide a little for additions to winter reserves. 
The home demand does not diminish, and there is a 
fuller call on export account for best qualities which are 
not available in sufficient quantities. The movement of 
loaded and empty wagons has been impeded by foggy 
spells, and some collieries have had insufficient empties, 
necessitating some coal being put on the ground. Coking 
coal is active and the make of furnace coke satisfies the 
current needs. Gas coal moves freely. House coal is 
in rather improved request and patent fuel is active and 
firm. There is a brisk call for bunkers. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel firms are busily 
occupied on running contracts and while outputs are 
below the levels of the records attained in the second 
quarter of the year, an early return to the April, May and 
June production seems not unlikely. Statistics issued 
recently show the makes of pig iron and steel ingot in the 
Teesside area to be larger than those of other districts. 
Stocks of raw material are better than for a considerable 
time and deliveries of iron and steel scrap from home 
sources of supply and from abroad are maintained on a 
heavy scale. North-East Coast steelmakers are large 
users of imported scrap and the revised prices of German 
scrap take into account the differentials in the devalua- 
tion of sterling and the mark. Foundry and steelworks 
owners continue to take up readily all distributable 
tonnage of scrap. Shortage of pig iron is somewhat less 
acute, but users continue to press persistently for larger 
parcels than they are receiving. Nearly the whole of the 
production of the Tees-side blast furnaces is moving 
promptly into use at local consuming plants and the 
tonnages available for the market are negligible. Most 
semi-finished products are in satisfactory supply and 
some users have substantial reserve tonnages to draw 
upon. Bookings for finished material are extensive and 
new business is not readily concluded. 


Foundry and Basic Iron.—Tees-side blast furnaces have 
not been making ordinary foundry pig for a considerable 
time and users of iron high in phosphorous are almost 
wholly dependent on the delivery of Midland brands. 
All the basic iron produced in the Middlesbrough district 
continues to move into immediate use at makers’ own 
consuming works. 


Hematite, Low Phosphorus and Refined Iron.—Some- 
what increased parcels of East-Coast hematite are reach- 
ing regular customers but the supply still falls short of the 
demand. The output of plants producing low-phosphorus 
iron continues to be steadily absorbed. The manufac- 
turers of refined iron are able to give attention to the 
requirements of regular customers. 


Manufactured Iron and Steel.—While semi-finished and 
finished ironmakers have a good deal of work in hand, 
new orders for early delivery of certain descriptions of 
material would be acceptable. Users of semi-finished 
steel are well placed in regard to supplies and the pressure 
for imported commodities is easier. In the finished 
branches of industry plate and sheet mills are as actively 
engaged as conditions permit and purchases for delivery 
before the end of the year are difficult to make. Heavy 
sectional material, however, is not altogether unobtain- 
able and there is scope for further expansion in exports. 
Departments turning out colliery requisites are well 
employed. 





Wednesday, October 26, 5.30 p.m., Victoria~-embank- 
ment, W.C.2. Inaugural Address, by Mr. J. W. Leach. 
SHEFFIELD SOCIETY OF ENGINEERS AND METALLUR- 
GIsTs.—Monday, October 24, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. Joint Meeting with the InsTI- 
TUTION OF MECHANICAL ENGINEERS, Yorkshire Branch. 
“Men, Machines and Management,” by Sir F. Ewart 
Smith. 
INSTITUTION OF PRODUCTION ENGINEERS.— Manchester 
Section: Monday, October 24, 7.15 p.m., College of 
Technology, Manchester. ‘‘ Developments in the Glass 
Industry,”’ by Mr. A. M. Robertson. 
INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Octo- 
ber 25, 5.30 p.m., Great George-street, S.W.1. “ The 
de Havilland Airfield, Hatfield,” by Mr. F. S. Snow. 
Midlands Association: Wednesday, October 26, 7 p.m., 
Loughborough College, Loughborough. Chairman’s 
Address, by Mr. S. J. Davies. Yorkshire Association : 
Friday, October 28, 7 p.m., Royal Victoria Station Hotel, 
Sheffield. ‘“‘ Developments in Air-Survey Technique,” 
by Mr. P. G. Mott. 


CHEMICAL ENGINEERING GrROuP.—Tuesday, Octo- 
ber 25, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘‘ Chemical Engineering Problems in 
the Sea-Water Magnesia Process,” by Mr. H. W. Thorp 
and Dr. W. C. Gilpin. 

INSTITUTE OF WELDING.—Autumn Meeting. Tuesday, 
October 25, 6.30 p.m., 11, Upper Belgrave-street, S.W.1. 
Presidential Address, by Mr. O. V. S. Bulleid. Wednes- 
day, October 26, Institution of Civil Engineers, Great 
George-street, S.W.1. 11 a.m., “‘ Welding of Aluminium 
Alloys: The Value of Laboratory Tests,” by Dr. W. L. 
Pumphrey. 6 p.m., “‘ Welding in Bridgework and Allied 
Structures,” by Mr. R. G. Braithwaite and Mr. D. J. 
Davies. Thursday, October 27, 10.30 a.m., Institution 
of Civil Engineers, Discussion on ‘‘ Welding Costs,” 
opened by Mr. H. B. Fergusson. 

RoyaL AERONAUTICAL SocreTy.—Tuesday, Octo- 
ber 25, 7 p.m., 4, Hamilton-place, W.1. ‘‘ New Methods 
of Aircraft Stressing,” by Mr. J. Hadji-Argyris. 

LIVERPOOL ENGINEERING SOCIETY.— Wednesday, Octo- 
ber 26, 6 p.m., 9, The Temple, 24, Dale-street, Liverpool. 
* Resistance Welding,” by Mr. C. E. Slade. 

INSTITUTION OF MECHANICAL ENGINEERS.—Western 
Branch: Wednesday, October 26, 7 p.m., College of 
Technology, Bristol. ‘‘ Seizure of Metals,” by Dr. D. 
Tabor. Midland Branch: Thursday, October 27, 6 p.m., 
James Watt Memorial Institute, Birmingham. “ Fluid 
Couplings,” by Mr. A. R. Vickers. Institution : Friday, 
October 28, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. “ Thermal Efficiency of a Hand-Fired Natural- 
Draught Lancashire Boiler,’ by Mr. T. F. Hurley and 
Mr. W. J. Sparkes; and “ Influence of Certain Factors 
on the Performance of a Lancashire Boiler,” by Dr. E. G. 
Ritchie and Mr. N. Y. Kirov. AUTOMOBILE DIVISION.— 
Birmingham Centre: Tuesday, October 25, 6.45 p.m., 
James Watt Memorial Institute, Birmingham. Chair- 
man’s Address, by Dr. E. A. Watson. Western Centre: 
Thursday, October 27, 6.45 p.m., Royal Hotel, Bristol. 
Chairman’s Address, by Mr. B. V. Smith. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, October 26, 7 p.m., James Watt 
Memorial Institute, Birmingham. ‘“‘ Foundry Refrac- 
tories,” by Dr. J. R. Rait. London Branch : Wednesday, 
October 26, 7.30 p.m., Waldorf Hotel, W.C.2. “‘ Casting 
of Aluminium-Alloy Pulley Wheel,” by Mr. W. Wilson 
and Mr. A. Talbot. 

Society oF INSTRUMENT TECHNOLOGY.— Wednesday, 
October 26, 7 p.m., Manson House, Portland-place, W.1. 
“ Reflections on Fifty Years in the Optical Instrument 
Industry,” by Mr. F. Twyman, F.R.S. 

JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section : 
Wednesday, October 26, 7.30 p.m., 198, West-street, 
Sheffield. Annual Meeting. Chairman’s Address on 
« Automobile Brakes,” by Mr. H. E. Cooper. Institution: 
Friday, October 28, 6.30 p.m., 39, Victoria-street, S.W.1. 
“ Nationalisation and the Engineering Industry,” by 
Mr. H. J. Novy. 


NORTH-EAST Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 28, 6.15 p.m., Literary 
and Philosophical Society, Newcastle-upon-Tyne. An- 
drew Laing Lecture on “ Steam-Gas Power Plant and 
Marine Propulsion,” by Dr. R. W. Bailey ,F.R.S. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.s Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should s crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
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or three months, pro rata), payable in advance :— 


For the United Kingdom and all 


places abroad, with the exception 
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ADVERTISEMENT RATES. 
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larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘Appointments Open,” “ Situations 
Wanted,”’ “ Tenders,”’ etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 
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Classified advertisements intended for insertion in 
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THE VALUE OF AN OBJECT 
LESSON. 


WHEN, rather more than a year ago, Sir Stafford 
Cripps announced that he had agreed with Mr. 
Paul Hoffman, the United States administrator for 
Marshal] Aid, to set up the joint organisation now 
known as the Anglo-American Council for Produc- 
tivity, the immediate reaction of many indus- 
trialists, in the House of Commons and outside of 
it, was highly critical. With this attitude of mind, 
admittedly, we felt considerable sympathy. When 
the intention was revealed to send representative 
teams from various branches of industry to the 
United States to study at first hand the produc- 
tion methods of their confréres on the other side of 
the Atlantic, we still felt some doubt whether in the 
long run, the lessons that those teams might be 
expected to learn from that educative experience 
could be brought home to their colleagues in the 
workshops of Britain with sufficient force to produce 
any effective changes in British practice. In 
retrospect, those doubts still appear to have been 
legitimate, on the evidence then available, and we 
do not regret having expressed them with a certain 
amount of emphasis. It is not inconsistent, 
however, to use an equal emphasis in declaring, 
now that we have seen the report of the first team 
to be sent to America, that, the more quickly the 
Council can send over the other teams from 
British industries, the better for the future of the 
British nation; assuming, of course, that they 
are all as observant, open-minded and honestly 
outspoken as the British Steel Founders’ Produc- 
tivity Team have shown themselves to be. 

This first Report* has been in our hands now for 
several weeks, but we preferred to refrain from 
commenting upon it until we could study it in 
detail, rather than to base conclusions merely on 
the Council’s own summary of its more significant 
points, excellent though that summary was. In 
the event, we read the report not once, but several 








* Steel Founding: Report of a Visit to the U.S.A. in 
1949 of a Productivity Team representing the Steel Founding 
Industry. Published by the Anglo-American Council on 
Productivity (U.K. Section), 21, Tothill-street, London, 
S.W.1. [Price 3s.] 





times, and have no hesitation in commending it to 
the careful perusal of all who are connected in any 
way with productive industry, irrespective of their 
status; with the sole proviso that they should 
begin by reading the “letter of address” which 
introduces the report, and the list of names and 
qualifications of the 16 men who constituted the 
Team. The proviso is important because, without 
having absorbed that preliminary information, the 
reader will not be nearly so well equipped to 
appreciate the forthright expressions of opinion 
which are such a notable feature of the main text. 

The prefatory letter deserves quotation; it is 
signed, on behalf of the Team, by the leader, Mr. 
F. A. Martin, B.Sc., who is a director of Messrs. 
Samuel Osborn and Company, Limited, and chair- 
man of the British Steel Founders’ Association ; and 
by Mr. J. W. Jackson, the Team’s secretary, direc- 
tor’s assistant in the English Steel Corporation, 
Limited. ‘‘The Report,” they state, “is designed 
to be read either by the specialist or the general 
reader. The forthright statement has been pre- 
ferred to the delicately-shaded equivocation, and 
it is hoped that the Report will be accepted as a 


g | genuine attempt to point the ways to higher produc- 


tivity in the steel-founding industry. Events since 
the return of the Team have shown more clearly 
than anything, save only the extreme hazard of 
war, the ultimate identity of interest of the three 


. bodies who appointed the Team.* If this Report 


can serve in some degree to bring together varying 
points of view, the work will not have been in vain. 
For the preparation of the Report, including the 
findings and recommendations, the Team alone is 
responsible. The Report is unanimous.” 


Without listing the members of the Team in detail, 
it may be mentioned that, of the 16 men, six were 
from the Midlands and the Eastern Counties, seven 
from Yorkshire and the North of England, and the 
remaining three from Scotland. Of the six trade- 
union members, one was a patternmaker, one a 
dresser, and four were moulders. Among the others 
were a foreman moulder, a cost accountant, a foundry 
estimator, two foundry managers and two “‘ methods 
engineers.” It will be seen, therefore, that the 
selection committee had assembled a highly practical 
and representative party. Individual members had 
ample opportunity to meet their “opposite num- 
bers” on the shop floor and elsewhere, and to 
exchange views. The subjects discussed in the 
Report are broadly classified by the various section 
headings—working conditions and techniques, equip- 
ment, production methods and production control, 
management, etc. A series of appendixes elabor- 
ates many of the points made, with the addition of 
comparative statistics where these were available. 

The broad conclusions reached by the Team are 
that, on a basis of man-hours per long ton produced, 
the productivity in United States steel foundries is 
between 50 per cent. and 90 per cent. higher than in 
British foundries. There are, of course, numerous 
items to be taken into account which make an exact 
comparison difficult, if not impossible, and the 
Report makes it clear why man-hours per ton alone, 
without qualification, do not give an altogether 
true picture ; but certain facts emerge with great 
clearness and are stated frankly. For instance, 
the Team agree that the fundamental reasons for 
the high productivity in the United States are 
psychological—* there is a widespread ‘ productivity 
consciousness ’ in the U.S.A. and recognition that 
high productivity is a benefit to all concerned.” 
The proportion of really skilled craftsmen in the 
American foundries is notably less than in Britain, 
but this handicap is more than overcome by the care 
taken to see that the skill of the craftsmen is not 
wasted ; they are regarded as specialists and are 
provided with ample unskilled or semi-skilled assist- 
ance as well as all the power-operated machinery 
that they can use. Managements and men alike 
were found to be thoroughly imbued with the 
desirability of high productivity ; and it is remarked 
especially that a period of slackness, with a reduc- 
tion in the flow of orders, is regarded as an incentive 
to achieve still better productivity in order to 





* The British Steel Founders’ Association, the Engin- 
eering and Allied Employers National Federation, and 
the Confederation of Shipbuilding and Engineering 
Unions. 
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improve competitive ability, and not as a reason 
for reducing effort with the idea of “‘ spinning out ” 
the work immediately in hand. To quote the 
Report: ‘‘ Labour saving, reduction of the grade 
of labour required, together with maximum 
mechanisation and control of sales to encourage 
a high order of repetitiveness, combine with a careful 
attention to maintenance of mechanical plant and 
willingness to try new methods, in developing 
maximum output from the minimum labour force.” 

Again and again is this aspect stressed: ‘‘ Pro- 
ductivity-consciousness is to be found among all 
grades of employees, from executives to shop-level ” 
—** Opposition to a course designed to increase 
productivity, even if it intensifies competition, is 
rare ’—‘“‘ The readiness of the American worker to 
accept new machines, new methods and the use of 
new materials is most evident ; there are no out- 
worn prejudices to be overcome, but rather an over- 
enthusiasm for what is novel.” Moreover, when 
new labour-saving devices are adopted, they are 
provided on a scale that must produce the incidental 
benefit of demonstrating their advantages or short- 
comings plainly, for all to see ; and, reading between 
the lines, the impression is received that the per- 
formance of any such new device will be watched 
with the keenest interest at all levels, and that 
everything possible will be done to get the best 
out of it. A vitally important factor in this con- 
nection is that “‘ the effect of labour unions on pro- 
ductivity is in line with the American viewpoint ” 
and that “there appears to be little tendency,” on 
the part of the unions, “‘to press any policy which 
would act in restriction of production.” At the 
same time, the Team make the shrewd comment 
that the eagerly competitive American individual- 
ism—“ the right of every man to fight his own way 
towards his self-appointed goal ’’—has resulted in 
an economic compulsion towards standardisation 
of products, because only thus can the desired 
efficiency of production be attained ; so that, ‘‘ the 
more the motive of achieving a high standard of 
comfort, and of freedom from heavy labour, is given 
expression, the more is individual choice confined to 
standardised means of satisfaction.” 

The section of the Report which is headed “ Re- 
commendations” presents a fairly detailed sub- 
division of the Team’s views, dealing separately 
with foundry layout and machinery, wages and 
incentives, employment, safety, management, mar- 
kets, production techniques, research, and such 
general topics as amenities and “ functionalism.” 
More striking than the comments under any of 
these heads, however—because it indicates so clearly 
the impression that their visit has made upon 
the Team—are the introductory questions to which 
the industry, and the reader, are invited to give 
“honest answers.” The passage is worth quoting 
at some length. 

Firstly, say these observers with a refreshing 
bluntness, they “‘ must put the question: Is high 
productivity really desired by British steelfounders ? 
It is easy to give facile assent, but less easy to 
answer the question which follows therefrom: Over 
what features in the British industrial system does 
the desire for high productivity take precedence ? 
So long as honest answers to these two questions 
are evaded, any recommendation is a sheer waste 
of time. . . . The question can be coloured accord- 
ing to the interests of the reader: (a) Is high pro- 
ductivity more important than the organisation and 
customs of the trade association ? (6) Is high pro- 
ductivity to be sacrificed so as to retain intact the 
existing methods of the employers’ associations ? 
(c) Are trade union practices, built up over the 
years before the present economic dangers, to 
remain unaltered, at the expense of high produc- 
tivity? ... Of set purpose, these forms of the 
same question are posed to draw the attention of 
the three bodies to whom the Report itself is made. 
What the answer must be depends upon the 
meaning of the alternative. Economic Surveys 
politely use the terminology of economics. Put 
much more bluntly, the Economic Surveys tell us 
that the alternative to high productivity is 
STARVATION. Once that is understood, not 
only intellectually, but emotionally, something 
can be done.” On that plain statement, no 
comment should be necessary. 





WAR-TIME PRODUCTION IN 
THE UNITED STATES. 


“In the last analysis, the war was won by 
superior technology, superior research, superior 
production, superior use of weapons.” This state- 
ment is quoted from a history of the activities of 
the Massachusetts Institute of Technology during 
the period of the second World War. It may possibly 
be disputed by some military writers, but “‘in the 
last analysis ’ it is correct. This is not the place 
to appraise the skill of those who had the heavy 
tasks of directing the activities of the navies, 
armies and air forces of the Allies, nor even to pay 
tribute to the self-sacrifice, devotion anid heroism 
of those on whom the ordinance of physical conflict 
fell. These things require no elogium, but behind 
them lay the less spectacular activities of those 
who devised, and those who made, the countless 
scientific devices and the mass of weapons by which 
both the concepts of high strategy and the terms 
of actual combat were conditioned. At times, it 
has been held to be little to the credit of mankind 
that so much skill and energy should have been 
devoted to devising ways and means of destruction, 
but in this matter there has been neither progress 
nor retrogression. The deliverance of Constanti- 
nople in the two sieges of 716-718 a.p. was accom- 
plished by the use of Greek fire, which destroyed 
the invading ships. The composition of this sub- 
stance was a war secret and, as Gibbon put it, 
“the skill of a chemist and engineer was equivalent 
to the success of fleets and armies.” Matters have 
not changed ; fighting forces still, as they have 
always done, take advantage of any assistance 
which the science and technology of their age can 
render. 

It is not likely that a history attempting to cover 
the whole of the mechanical and scientific sides of 
the war effort of any country will ever be written ; 
such a compilation would be overwhelmed in the 
flood of its own data. A broad concept of the 
whole may, however, be obtained by consideration 
of the activities of selected organisations or firms. 
These give sample measures from which the total 
extent and intensity may, at least, be imagined. 
Various firms in Great Britain have published 
accounts of their war activities and a number of 
them have been the subject of notices in our 
columns. Two important contributions* in this 
field, both substantial volumes, have now come 
from the United States. They deal, respectively, 
with the war activities of the Massachusetts Insti- 
tute of Technology and the Westinghouse Electric 
Corporation, and the introductory quotation above 
was taken from the former volume. 

In each case, the authors point out that they 
confine their attention to the work of a single 
organisation ; they do not claim that it occupied 
the first place in the scientific and technical activities 
of the United States. Mr. Burchard writes that 
‘the contributions of other institutions .. . 
were frequently quite as important” as those of 
the Massachusetts Institute of Technology, and 
Mr. Woodbury says that, although his book “is 
primarily intended to tell the story of Westing- 
house at war, it is, in a larger sense, the battle 
narrative of all American industry, of which this 
company was only one outstanding example.” As 
already suggested, ‘‘the battle narrative of all 
American industry” is too vast and complicated 
a story ever to be told, but the contributions made 
by the two important organisations dealt with in 
these volumes furnish samples by which the extent 
and complexity of the whole are indicated. 

The simultaneous appearance of these two books 
is fortunate in the sense that they represent the 
whole range of activity on which the application of 
scientific method to the affairs of war, and peace, 
is based. Together they cover education, research, 





* M.I.T. in World War II. Q.E.D., by John Bur- 
chard. Battlefronts of Industry. Westinghouse in World 
War II, by David O. Woodbury. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16. [Price, 
in each case, 3.50 dols.) Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. ([Price, in 
each case, 21s. net.] 





design and manufacture. In the exigence of war, 
there was some overlapping of functions, but in 
general the academic institution and the commercial 
enterprise confined themselves to their own fields, 
it being understood that, in modern scientific 
industry, research is as much a proper activity of 
a manufacturing company as it is of an institution 
concerned with higher education. It is natural 
that both volumes are largely devoted to the 
research and development work carried on by the 
organisations with which they are respectively 
concerned and much detailed description, which 
cannot be efficiently summarised here, deals with 
the development of radar, fire control, rockets, 
torpedoes, binoculars, X-ray apparatus, isotope 
production, and many other branches of work 
which there is not space even to mention. 

As all activity and all production is dependent 
on the work of individuals, the question of the 
recruitment of staff and workpeople to deal with the 
enormously increased demands constituted one of 
the difficult administrative problems with which 
both organisations had to deal. This matter is not 
discussed in any detail in Mr. Woodbury’s book, 
although in various places he refers to the good 
performance of previously untrained workers, such 
as the girl from a “ribbon counter” who learned 
to flow molten Stellite on to turbine-valve seats 
faster “than a seasoned mechanic who had in- 
structed her.” Mr. Burchard, however, has much 
to say about the staff problems by which the 
Massachusetts Institute of Technology was faced. 
In addition to research work carried out within the 
Institute, it was concerned with very large projects 
for which the staffs were recruited from all types of 
institutions and organisations. In a foreword to 
the book, Dr. Karl T. Compton, President of the 
Institute, writes ‘‘ there were definitely co-operative 
efforts in which M.I.T. took care of the business 
operations and the housekeeping but in general 
turned over the running of the program to the best 
men available.” 

The books form interesting examples of two differ- 
ent ways of attempting to deal with the complicated 
activities of a large organisation during the war. 
Mr. Woodbury’s description of the work of the 
Westinghouse Corporation may be described as 
almost entirely anecdotal. There are no statistical 
tables ; figures for the output of various types of 
apparatus are incidentally mentioned from time to 
time, but there is no attempt to record either the 
total output or even the total number of employees. 
The method followed is to deal with various 
branches of manufacture in turn, illustrating the 
intensity of effort and the degree of achievement by 
selected examples. Thus, in the chapter on turbines, 
it is recorded that an 80,000-kW set supplied for 
the Chester generating station in Philadelphia was 
running on the line within five hours of steam first 
being turned on. It made “a non-stop run to the 
end of the war.” The book consists largely of 
records of incidents of this type, and of cases of 
intensive activity by individuals, connected by 
explanatory narrative. This selective method 
probably gives a better idea of the total range of 
activity, and the quality of the effort, than would 
the most complete record of outputs. 

Mr. Burchard’s system is different. His book is 
not statistical any more than is that of Mr. Wood- 
bury and, indeed, statistics would be out of place in 
the record of the work of an institution which was 
not concerned with output. He describes the 
constitution of the Institute and deals with the 
great range of research problems with which it was 
concerned. Inter-working with other organisations 
was extensive and the relations between the Massa- 
chusetts Institute and such bodies as the Office of 
Scientific Research and Development are fully 
explained. The Institute had the responsibility of 
directing a research programme which represented 
an expenditure of 10 million dollars in 1946-47. 
These activities naturally had reactions on the 
educational work, which was complicated by the 
special courses arranged for the Services. The 
‘* Army Specialized Training Program,” with which 
the Institute had to deal, is described as “ill- 
conceived,” but, despite the difficulties which it 
created, the claim is made that the “‘ standards for 
the civilian students ” were not lowered. 
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NOTES. 


INTERNATIONAL CONGRESS ON THE HIsToRY OF 
SclENCE. 


Tae Union Internationale d’Histoire des Sciences 
and the Académie Internationale d’Histoire des 
Sciences having asked the Dutch branch of the 
Union, the Genootschap voor Geschiedenis van 
Wiskunde, Geneeskunde en Natuurweten Schappen 
(the Society for the History of Medicine, Mathe- 
matics and Natural Sciences) to organise, in 
Holland, the Sixth International Congress on the 
History of Science, arrangements have now been 
made to do so, with the University of Amsterdam as 
headquarters, from August 14 to 20, 1950. The 
proceedings of the Congress will be divided into four 
sections, dealing respectively with the history of 
mathematics, physics and astronomy ; of chemistry, 
pharmacy and biology; of applied science and 
technology ; and of medicine. The meetings of the 
last-mentioned section will also constitute the 
congress of the Union Internationale d’Histoire de 
la Médicine, who will arrange their own programme 
for thet section. The secretary of the Sixth 
International Congress is Professor Ir. R. J. Forbes, 
to whom applications to attend, inquiries and 
suggestions for suitable papers should be addressed 
at Haringvlietstraat 1, Amsterdam-Zuid, The 
Netherlands. Papers should be in his hands not 
later than May 1, 1950—after which date, it is stated, 
no further papers will be accepted—and should be 
accompanied by a summary of their contents, 
about 100 to 150 words in length. Notices will be 
issued in due course, giving fuller particulars of 
the programme, information regarding the fees 
payable, accommodation available, ete., but it is 
emphasised in the preliminary notice that every 
endeavour will be made to minimise the expense 
to those attending, which, it is hoped, need not 
exceed 10 to 12 U.S. dols. a day for each participant, 
or the equivalent in other currencies. 


THe James Watt DINNER. 


The annual James Watt Dinner of the Institution 
of Engineers and Shipbuilders in Scotland was held 
on Friday last, October 14, in the Grosvenor 
Restaurant, Glasgow, the chair being taken by the 
President of the Institution (Professor G. Cook, 
D.Se., F.R.S.), who proposed the toast of “‘ James 
Watt.” There followed, as is customary, the toast of 
Engineering and Shipbuilding,” proposed on this 
occasion by Sir Hector Hetherington, M.A., LL.D., 
Principal of the University of Glasgow. To engin- 
eering, said Sir Hector, Clydeside owed its fame 
and its daily bread, and the engineers and ship- 
builders of Scotland stood to-day at the zenith of 
their prestige. The rapidity of scientific develop- 
ment came not from the scientist only, but from the 
interplay of the minds of the scientist and the 
engineer ; their irrepressible desire to know what 
was unknown had led them to the conquest of the 
sea, the land and the air. Shipbuilding and engin- 
eering, however, like other industries, had their 
problems—the problem of their scientific founda- 
tions, the problem of recruiting, training and manag- 
ing their workpeople of all grades, and the problem 
of the re-organisation of industry as a whole ; but 
he was thankful to say that there were still traditions 
of craftsmanship and of loyalty to the firms for whom 
men worked, factors which could only be to the 
benefit of the life and prosperity of those industries. 
Not all branches of engineering, perhaps, produced 
socially beneficial results. Even the North of 
Scotland Hydro-Electric Board had their critics, 
but he had not much sympathy with those critics 
when he thought of what that scheme meant in 
terms of human welfare, for it might well prove 
to be an example of engineering which involved 
no social cost at all and which did nothing but good. 
Sir A. Edward MacColl, vice-chairman of the North 
of Scotland Hydro-Electric Board, who responded, 
emphasised the need for still more intimate and 
widely ranging contacts between the universities 
and industry. Admitting that the nationalisation 
of public utilities might have defects as a process, 
he maintained that it had much to its credit also ; 
the large nationalised organisations could do many 
things that smaller industrial units could not do. 





The last toast, that of ‘“‘ The Guests,” proposed by 
Sir A. Murray Stephen, M.C., B.A., was acknow- 
ledged by Bailie Harold A. Browne, deputising for 
the Lord Provost of Glasgow (Mr. Victor Warren), 
who was unable to be present. 


Execrriciry Suppty In New ZEALAND. 


The annual report of the General Manager of the 
New Zealand State Hydro-Electric Department for 
the year ended March 31, 1949, indicates that 
improved hydraulic conditions and the commis- 
sioning of additional plant made the supply position 
rather better than in previous years. Some restric- 
tions were necessary, however, and as these were a 
matter for individual electricity supply authorities 
they naturally varied considerably between district 
and district. The aggregate maximum load on the 
nine principal Government stations supplying the 
North Island system was 416 MW, compared with 
381 MW in 1947-48, the outputs in the two years 
being 1,757,785,000 kWh and 1,622,075,000 kWh, 
respectively. Auxiliary and stand-by stations, of 
which there were about a dozen, contributed another 
1,868,240 kWh, compared with 1,718,409,000 kWh. 
The greater part of this output was obtained from 
water power, only 48,864 tons of coal being con- 
sumed. In the South Island, six Government-owned 
stations with an aggregate maximum load of 
163 MW were in operation, their output being 
735,980,190 kWh. In 1947-48 the maximum load 
was 147 MW and the output 676,633,140 kWh. An 
additional 819,339,590 kWh were obtained from 
other sources, compared with 741,513,770 kWh in 
the preceding twelve months. As regards new 
works a second 16-MW set was placed in operation 
at Kaitawa in the North Island and a start was 
made on sealing the natural barrier through which 
water from Lake Waikaremoana had penetrated 
since the reservoir was first formed. At Maraetai, 
in the same island, the Waikato river was flowing 
through the diversion tunnel and the two coffer 
dams were being completed, so that it should soon 
be possible to de-water the site. At Waitaki in the 
South Island, a fifth 15-MW unit went into opera- 
tion, but before the two further 15-MW units that 
are required can be added an addition will have to 
be made to the power station. At Tekapo, steady 
progress had been made on a 25-MW project. 


THE NEWCOMEN SocrIETy. 


The opening meeting of the 1949-50 session of the 
Newcomen Society for the Study of the History of 
Engineering and Technology, held at the Science 
Museum, South Kensington, on October 12, departed 
from the Society’s usual practice in that the 
presidential address of Dr. A. P. Thurston, and a 
paper by Mr. L. E. Harris, entitled “ Sir Cornelius 
Vermuyden, an Evaluation and Appreciation,” were 
preceded by a reunion at which Mr. A. S. Crosley 
and Mr. Arthur Stowers described, with epidiascope 
projections, the Society's summer meeting in 
Holland. A report of this meeting. appeared on 
page 474 of our issue of May 20. Dr. Thurston’s 
address was of particular interest, as it described in 
considerable detail his pioneer work in the study of 
aviation, both as assistant to Sir Hiram Maxim and 
in association with Mr. Patrick Y. Alexander, at the 
Royal Aircraft Factory and in the Royal Flying 
Corps, and subsequently covering altogether a 
period of more than 50 years. The narrative 
disclosed that Dr. Thurston, among his other dis- 
tinctions, possesses those of obtaining the first D.Sc. 
to be awarded in Great Britain for aeronautics, 
and of being the first man to experience a “ black 
out” in the air. The latter incident occurred in 
Maxim’s “captive flying machine” at Thurlow 
Park, Norwood, which Maxim drove at such a speed 
that Dr. Thurston, in one of the captive cars, was 
subjected to a centrifugal force of 6-87 g. Mr. 
Harris’s paper was an attempt to piece together 
the somewhat inconclusive and far from complete 
information available about the life and work of 
Vermuyden, the Dutch engineer who, in the 
Seventeenth Century, carried out extensive drainage 
works at Hatfield Chase, Yorkshire, and in the Fens. 
Mr. Harris was unable to throw much light on the 
mystery of Vermuyden’s eventual eclipse and virtual 
disappearance from history, following a quarrel, in 
1655, with the fifth Earl of Bedford; but he 





assembled a great deal of authentic detail on the 
nature and extent of his work, especially in connec- 
tion with the Great Level drainage, and showed 
how, “with all its shortcomings, in spite of all 
physical and political difficulties, and in the face of 
fierce opposition, that scheme was completed and 
remains, in the Bedford Level, to all intents and 
purposes fundamentally unchanged to-day.” 


Tue RoyaL AERONAUTICAL SOCIETY. 


An interesting new series of “‘ Section ’”’ lectures 
has been inaugurated by the Royal Aeronautical 
Society, to cover subjects of a rather more specialised 
nature than are generally presented at the main 
meetings of the Society. Five section lectures have 
been arranged for the Autumn session, being held 
at 7 p.m. on Tuesday evenings in the Society’s 
Library at 4, Hamilton-place, London, W.1. If these 
meetings prove generally successful, the scheme will 
be extended to branches of the Society outside 
London. All the Autumn Section lectures are to 
be on the lines of a University lecture by an expert, 
lasting about 40 to 50 minutes, followed by a 
discussion in which the audience ask questions 
rather than make additional contributions; it is also 
proposed to hold discussion evenings, in which the 
lecturer will summarise briefly the main points of 
his paper and a general discussion will follow. 
To encourage younger members of the Society to 
speak freely, the atmosphere of the meetings will 
be informal and the discussions will not be reported. 
The first Section lecture, held on October 18, was 
attended by a large audience. A remarkably clear 
exposition on ‘‘ Some Considerations of the Flutter 
Problems of High Speed Aircraft” was given by 
Mr. E. G. Broadbent, M.A., who is engaged on flutter 
investigations at the Royal Aircraft Establishment, 
Farnborough, Hampshire. Mr. Broadbent’s lecture 
was mainly concerned with the derivation of the 
flutter speeds of swept-back wings, from the principal 
normal modes of vibration of the aircraft as estab- 
lished from resonance tests at zero speed. It 
appears that in wings with a sweepback of 10 to 30 
deg., it is possible for bending flutter, arising from 
wing-flexural vibrations in conjunction with the 
pitching and vertical-translation modes of the whole 
aircraft, to give the critical flutter speed; this 
may, in the future, call for new bending-stiffness 
requirements in the design of wings, although up 
to the present the stiffness resulting from strength 
considerations has been adequate to prevent the 
onset of bending flutter in swept-back wings ; in 
unswept wings the problem of bending flutter does 
not arise, as the flexural mode of vibration in this 
case does not cause changes of wing incidence. 
Mr. Broadbent also referred to flight tests, now 
being carried out at the Royal Aircraft Establish- 
ment, by means of telemetering rocket-propelled 
models, on the effects of Mach number on wing 
flutter. 


GENERATING PLant EXTENSIONS. 


Further details regarding the plan to build 38 
new generating stations and to extend 43 existing 
stations, so as to provide 40 per cent. more power 
within the next four years, have been published by 
the British Electricity Authority. There will be 
two new stations, one at Barrow-in-Furness (to be 
known as Roosecote Marsh), and the other at East 
Yelland, near Barnstaple. The first section of 
Roosecote Marsh will consist of two 30-MW turbo- 
alternators and two 300,000-lb. boilers. Two 
30-MW turbo-alternators will also be installed at 
East Yelland, together with four 180,000-lb. boilers. 
The extensions of existing stations comprise one 
60-MW turbo-alternator and one 360,000-lb. boiler 
at North Tees, County Durham ; one 60-MW turbo- 
alternator and one 550,000-lb. boiler at Keadby, 
Lincolnshire ; and one 30-MW turbo-alternator and 
two 240,000-Ib. boilers at Acton-lane, Willesden, 
London. Thus a total of 270 MW of generating 
plant has been authorised. 





“THe Rev. C. M. Ramus, 1821-95”: ERRATUM.— 
Engineer Captain Edgar C. Smith, whose letter on the 
Rev. C. M. Ramus appeared on page 398, ante, has 
drawn our attention to an error in the quotation from 
the Admiralty letter of December 24, 1923 ; the reference 
to “* 50 years ” should read “‘ 30 years.” 
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LETTERS TO THE EDITOR. 


AMERICAN FREIGHT TRAIN 
RESISTANCE. 


To THE Eprror oF ENGINEERING. 


Sir,—It seems to be possible that statements 
made in -the article ‘American Freight-Train 
Resistance” in your issue of September 2, on 
page 232, ante, implying that four-wheel freight cars 
are common, and even usual, in the United States, 
and bogie goods vehicles are common in the United 
Kingdom, are based on some misunderstanding. 
From observations on more than one visit to the 
former country, I should have said that practically 
all United States railroad freight-cars are mounted 
on two four-wheeled bogies, and, on the other hand, 
it is surely stil true that the majority of British 
goods vehicles are rigid four-wheelers. 

Yours truly, 
JAS. JACKSON. 

c/o Curagaosche Petroleum Industrie Mij., 

Emmastad, 
Curagao, Netherlands West Indies. 

October 7, 1949. 


[Although, in Britain, loads requiring a long freight 
vehicle on bogies could, perhaps, be carried by a shorter 
four-wheeled American box-car on account of its greater 
loading gauge, Mr. Jackson is correct in saying that 
the majority of American freight vehicles are carried on 
bogies. Such, in fact, appears to have been the case 
with the stock tested for resistance by the University 
of Illinois and, therefore, the results may apply, more 
nearly than was implied in our article, to equivalent 
freight vehicles in this country.—Eb., E.] 





FUNDAMENTAL UNITS OF LENGTH. 
To THE Eprror oF ENGINEERING. 


Smr,—With reference to the correspondence on 
** Fundamental Units of Length,” I would remark 
that the German word technisch is continually being 
mistranslated into English. The word can mean 
“technical” or “industrial” or ‘“‘ commercial.” 
Even in your own journal, I think I have seen 
reference to the “‘ Leipzig Technical Fair,” although 
at this technische Messe (‘‘ industrial fair ’’) they sell 
pots and pans and other commercial or industrial 
apparatus. In translation, therefore, one must use 
common sense according to the context, e.g., 
technisches Personal = technical staff. 

As a further example, the German paper, Archiv 
fiir technisches Messen (A.T.M.) is a journal for 
industrial measurement, and deals only with indus- 
trial instruments, as opposed to laboratory instru- 
ments. 

Yours faithfully, 
D. V. ONsLow, 
Information Officer, 
The Electrical Research Association. 

Thorncroft Manor, 

Dorking-road, Leatherhead. 

October 12, 1949. 





UNIVERSITIES AND THE FUTURE 
OF ENGINEERS. 


To THE EpiTor oF ENGINEERING. 

Smr,—Your article on page 395, ante, bearing the 
above title, and similar statements in various 
technical journals, prompt me to ask a question 
which may voice others’ feelings: namely, Where 
does the apprentice stand in all this ? By the word 
“ apprentice,” I mean the old-fashioned type and 
not the post-graduate variety. (Any word other 
than “trade” or “engineering,” when used to 
qualify “apprentice,” seems to me to defeat its 
object.) 

Is the apprentice who has worked alongside 
craftsmen for the same -hours, then has slogged 
along at night school over a period of years, always 
to remain inferior to a man fortunate (?) enough to 
have gone tocollege? Statements are made belittling 
technical colleges for “‘ cramming” their students ; 
the present tendency is almost to make the success- 
ful student ashamed of his success, in case it should 








be said that he had ‘“‘ crammed.” Most apprentice 
evening-school students know they are cramming, 
therefore they deserve praise for ambition, not 
seorn for their audacity in encroaching on college 
ground. Let research workers be trained in the 
universities, by all means, but the training ground 
of an engineer should be in the engineering industry, 
and I believe that all should start at the bottom. 
Yours faithfully, 

R. Tanpy. 

5, North-road, 
Bristol. 
October 17, 1949. 





THE INSTITUTE OF 
METALS. 
(Continued from page 400.) 


ConTINUING our report of the forty-first annual 
autumn meeting of the Institute of Metals, held in 
Paris from October 3 to 12, we deal below with 
the third and last paper considered on the morning 
of Tuesday, October 4, and with the subsequent 
proceedings. 


EFFECTS OF SILICON ON CRACKING OF ALUMINIUM 
ALLoys. 


This paper was a communication from the 
School of Industrial Metallurgy, University of 
Birmingham, entitled ‘‘ Some Effects of Silicon on 
the Tendency to Cracking in Aluminium-Copper- 
Magnesium Alloys of High Purity.” It was by 
Dr. W. I. Pumphrey and Mr. D. C. Moore, and de- 
scribed a research carried out for the Aluminium 
Development Association. The authors stated that 
they had found that there was a marked progressive 
reduction in the susceptibility to cracking of alloys 
containing 2-5 to 4 per cent. copper and 0-5 to 1 per 
cent. magnesium with increase in the silicon content 
from 0-5to 4 per cent. In cases in which aluminium- 
copper-magnesium-silicon alloys having copper 
and magnesium contents within these ranges were 
to be used for welding, it was suggested that the 
silicon content should be as high as practicable, of the 
order of 1-5 per cent., consistent with successful 
heat-treatment, and that the copper content be 
maintained as high as was permissible within the 
specified range. 

The only speaker in the discussion, Dr. E. G. West, 
stated that this latest contribution from Dr. Pum- 
phrey and his colleagues went a little farther 
towards the completion of the work started some 
years ago. It marked what might be called the 
synthesis stage of the programme, as compared 
with the analysis stage, and described the effects of 
deliberate additions intended to reduce the incidence 
of cracking. The authors had mentioned that the 
alloy containing copper 4 + magnesium 4 + silicon 
0-5 per cent., was difficult to weld, but had not 
said just what the difficulties were. In reply, Dr. 
Pumphrey said that when the welding torches 
played on the abutting edges of these alloys, the 
edges melted, but at once became covered with an 
irregular black film which prevented the molten 
edges from running together. Even though the 
joint was well fluxed, it was impossible to avoid the 
trouble. The cause of the black film was not known, 
since its occurrence had not been encountered in any 
other of the Cu-Mg-Si alloys. They were working 
on this problem, however, because it was associated 
with a number of other film problems which had 
been observed in welding. At present, they had no 
precise answer to the difficulty. 

At this stage, the President adjourned the meeting 
until 10 a.m. on the following day, Wednesday, 
October 5. After luncheon at the Hétel du Palais 
d’Orsay, the members divided into parties to visit 
le Magnésium Industriel, Levallois ; la Manufacture 
d’Armes de Paris, St. Denis ; the laboratories of the 
Centre National de la Recherche Scientifique, 
Bellevue ; la Compagnie Facel-Metallon, Colombes ; 
the locomotive testing plant, at Vitry-sur-Seine ; 
and a Michelin pneumatic-tyred railway train at the 
Gare de l’Est. In the evening the members were 
invited by the Société Francaise de Métallurgie 
and the French non-ferrous metallurgical industries, 
to a dinner, held at the Cercle Interallié, in the Fau- 





bourg Saint-Honoré. The guests were welcomed by 
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General P. Nicolau, President of the Société 
Francaise de Métallurgie, Sir Arthur Smout return. 
ing thanks on behalf of the Council and members 
of the Institute of Metals. 


SEGREGATION AND LIQUATION OF ALLOys. 


The first paper considered when the members 
reassembled for the Wednesday morning session, 
October 5, was entitled ‘‘ Segregation and Liquation 
of Alloys and their Application to Non-Ferrous 
Metallurgy.” It was by Professor Albert Portevin 
and Mr. M. Dannenmuller, and was presented by the 
latter. The authors gave first a brief survey of the 
various stages of metal solidification and then dealt 
with the phenomena of segregation in alloys, dividing 
their subject into major segregation, minor segre- 
gation, and segregation after solidification. Major 
segregation, which alone was studied in detail, took 
place, the authors stated, by diffusion or by the 
relative movement of phases as in decantation 
(flotation) and inverse segregation. Passing on 
to the industrial application of liquation, the authors 
stated that this phenomenon could be turned to good 
account in refining metals by the removal of 
impurities and in separating metals from scrap. 
Thus, the process of liquation was employed for the 
de-silvering of lead, the removal of iron from tin 
concentrates, the refining of tin, the removal of 
copper and antimony from scrap white metals, the 
removal of bismuth from lead, the production of 
porous metals, and for other purposes. 

The discussion was opened by Mr. W. H. Richard- 
son, who spoke on the question of segregation in 
copper-tin alloys. Many theories, he said, had been 
advanced to account for inverse segregation in 
these alloys, commonly known as “‘ tin sweat,” but 
sufficient attention had not been paid to the gas 
content of the alloys in question and to the pressure 
exerted by gas on solidification. In recent years, 
many processes had been put forward for the 
elimination of gas from tin bronzes, particularly 
those developed by Dr. Lepp, in France, and Dr. 
Pell-Walpole and Mr. Baker and his colleagues at 
the British Non-Ferrous Metals Research Associa- 
tion in England. Since the adoption of these 
processes the question of inverse segregation in 
tin-bronze and other castings had largely dis- 
appeared. 

Mr. E. A. G. Liddiard said that to the principal 
factors listed by the authors as promoting segrega- 
tion should be added volume changes on solidifi- 
cation, and directionality of solidification. More- 
over, the ‘‘ form of crystallisation ” which the authors 
had put in as a factor promoting inverse segregation 
should be omitted, except in so far as it was affected 
by directionality. He entirely agreed with the 
authors in their assessment of the part played by 
gas in segregation, but did not think that gas was 
an essential factor, though, in practice, its presence 
could exaggerate inverse segregation to such an 
extent that, very often, if the gas were removed, all 
troubles ceased. The authors gave some interesting 
examples of refining based mainly on gravity segre- 
gation. Probably the most interesting piece of work 
of this type involved the addition of magnesium 
to aluminium to form the low-melting point and 
relatively-pure aluminium-magnesium eutectic in 
which the solubility of iron was quite low, and the 
separation of the iron-rich primaries by gravity 
segregation. Subsequently, the magnesium was 
removed by distillation. In these times of rising 
metal prices and diminishing mineral resources, 
efficient methods of purifying and separating 
undesirable impurities from scrap metal became of 
greater importance. 

Major J. Cartland, M.C., said that the functioning 
of copper in reducing or preventing the segregation 
of the other constituents in tin-base white metals 
was clear and well understood. In lead-base alloys, 
however, the mechanism of the copper was not so 
well known. As copper occurred in printing metals, 
generally as an impurity but occasionally as an 
intentionally-added constituent, the matter of its 
functioning was of concern to manufacturers of 
these materials. The behaviour of copper in lead- 
base white metals had been investigated by taking an 
alloy of the general composition 10 per cent. tin, 
10 per cent. antimony, 1 per cent. copper and the 
balance lead, and the tin : antimony ratio had been 
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varied and the results observed. These had shown 
that when the tin was in substantial excess of the 
antimony, i.e., something of the order of 12 per cent. 
of tin to 9 per cent. of antimony, the whole of the 
copper appeared as the copper-tin feathery needles. 
On the other hand, if the antimony were in substan- 
tial excess of the tin, for example, 9 per cent. tin and 
12 per cent. antimony, the whole of the copper came 
out in the form of copper-antimony flat flakes, 
and none in the form of needles. With intermediate 
compositions both sets of crystals could occur, but 
the copper-tin always occurred as needles and the 
copper-antimony as flakes. It was somewhat 
strange that the copper-antimony flakes, where they 
occurred, were equally effective in preventing the 
segregation of the subsequently formed tin-antimony 
cubes, and indeed were as effective as the copper-tin 
crystals. 

Mr. Dannenmuller, in reply, said that in some cases 
it was possible that gas was responsible for inverse 
segregation, but it was their belief that gas merely 
had the effect of exaggerating the form of segrega- 
tion. If precautions were taken to avoid the incor- 
poration of gas in melts, inverse segregation could 
still occur. The inverse-segregation phenomena in 
each alloy, however, were worthy of separate study. 
There was a simple method of distinguishing between 
the copper-tin and copper-antimony needles, and 
that was to examine them under polarised light, 
when the Cu,Sb constituent had an unmistakable 
violet microstructure. If large single crystals, 
several centimetres in length, were prepared, it 
would be found that there was not a great deal of 
difference between the geometrical aspects of what 
had been called the needles of CuSn and the flakes of 
Cu,Sb. 

MECHANISM OF CREEP AND STRENGTH OF 
METALS. 

The next two papers on the agenda emanated 
from the Baillieu Laboratory of the University of 
Melbourne, Australia, and, in the absence of the 
authors, both papers were presented by Professor 
J. N. Greenwood, of the University of Melbourne. 
“Mechanism of Creep in Metals ” was the title of 
the first of the two papers, and it was by Mr. G. R. 
Wilms and Dr. W. A. Wood. As the result of their 
observations, the authors concluded that the mech- 
anism by which a metal deformed at elevated 
temperatures differed from that operating at normal 
temperature. At normal temperature deformation 
occurred mainly by the familiar mechanism of slip 
and the breakdown of the grains to crystallites of 
sub-microscopic size. As the temperature was 
raised and the rate of deformation diminished, this 
mechanism was increasingly replaced by one in 
which the grains dissociated into comparatively 
coarse units and permitted flow by the relative 
movement of these units within the parent grains. 
The units, which were termed “cells,” could be 
observed and measured. They were considered to 
be responsible for the continuous deformation under 
stress which characterised the phenomenon of creep. 

The second of the two papers from the Baillieu 
Laboratory bore the title ‘‘ Crystallite Theory of the 
Strength of Metals,” and was by Dr. W. A. Wood 
and Mr. W. A. Rachinger. The authors put forward 
evidence for the view that the metallic grain con- 
tained a fundamental unit of structure below which 
the grain could not be broken down by plastic 
defermation at room temperature. They stated 
that the lower limiting size of the unit, termed 
“ crystallite,” had a characteristic value for a given 
metal. This size had been determined for a group 
of body-centred cubic metals, namely, iron, molyb- 
denum, tantalum and tungsten, and, from the 
measurements, the ultimate tensile strength of 
these metals had been calculated on the hypothesis 
that the crystallite set a limit to the normal mode 
of deformation by slip. The measurement of the 
crystallite size had been carried out by X-ray 
diffraction methods, utilising two recent develop- 
ments to avoid the complications of internal strains, 
which also affected the X-ray reflections. The 
limiting crystallite size obtained had the following 
values in 10-*cm.: iron 3, molybdenum 4-2, 
tantalum 2-4, and tungsten 2:9 The calculated 
tensile strength of iron was found to be 32 tons 
per square inch, against 30 tons tested directly. 
The calculated tensile strength of molybdenum, 





tantalum and tungsten were, respectively, 56, 47 
and 95 tons per square inch, against 75, 58 and 
110 tons, which figures were published values for 
tensile tests on annealed material where elongations 
also had been recorded. They, therefore, referred, 
within the information available, to actual tensile 
strengths. These figures, it was felt, served to 
indicate that the calculated stresses were of the 
right order. 

The discussion was opened by Dr. A. H. Sully, 
who stated that the work described in the first paper 
constituted a notable contribution to the knowledge 
of the process of ‘‘ quasi-viscous ”’ creep at high 
temperatures. It was tempting to regard the 
“cells” observed by the authors and the sub- 
structure or macro-mosaic structure of Lacombe 
and Beaujard as being identical. The distinction 
between these macro-mosaic or cel] boundaries and 
normal grain boundaries was probably only one of 
degree, the transitional lattice across the cell boun- 
‘dary being relatively less disordered than that at 
the grain boundary because of the smaller difference 
in orientation across the former. It was to be 
hoped that the authors would be encouraged to 
extend their observations to metallic single crystals 
where the effect of the cell structure could be 
studied independently of the complicating effects of 
the grain boundaries. 

Professor C. Crussard stated that it had been 
observed that the purer the metal the coarser were 
the sub-grains, so that the purity of the metal was 
a very important factor. Another observation 
which had been made was the formation of coarse 
sub-grains in single crystals of aluminium extended 
at room temperature and also in single crystals 
elongated by creep at 200 deg. C. A subsequent 
speaker, Dr. N. P. Allen, stated that the paper by 
Messrs. Wilms and Wood was, in fact, a development 
of work which Dr. Wood had been doing when at 
the National Physical Laboratory. A study of the 
creep phenomenon had been made by X-ray methods 
and this had shown that there was a very great 
difference between the amount of breakdown caused 
by a certain degree of deformation carried out 
quickly and that due to the same amount carried out 
slowly. Strain was normally thought of as being 
uniform throughout a specimen, but, in point of fact, 
because the grains were differently oriented towards 
the stress, the stress distribution in the metal was 
irregular. Thenextspeaker, Dr. W. Hume-Rothery, 
F.R.S., said that the general idea of splitting up the 
crystal grain into sub-grains was an old one which 
went back at least to 1931 or 1932. Moreover, 
extensive work had been carried out in this direction 
since then. A good many scientists were doubtful 
of the value of back-reflection X-ray technique. 
In work done at Oxford in other connections, the 
conclusion had gradually been drawn that arguments 
from the back-reflection method alone were often 
very dangerous. He suggested, therefore, that the 
authors’ experiments were of great value, but that 
the interpretations which they placed on them 
required additional thought and that in a number 
of cases they had jumped to conclusions. Mr. J. B. 
Wilson, who closed the discussion, mentioned the 
effect of precipitation in a binary age-hardening 
system. It had been his observation that creep 
could be resisted by precipitation and that the 
maximum resistance to creep was brought about 
when the size of the precipitate was submicroscopic. 

In a brief general reply, Professor Greenwood 
recalled that the early work on the deformation of 
metals and the demonstration of deformation by 
the process of slip had been carried out by Dr. W. 
Rosenhain, F.R.S., some 50 years previously. 
They felt, in Melbourne, that, in some respects, the 
work they were doing was a memorial to Rosenhain, 
because Rosenhain was a Melbourne graduate who 
had come to Cambridge in 1897 with an 1851 
Exhibition. The term “creep,” he felt, should be 
restricted to show deformation over a prolonged 
period. Inarecent paper presented to the American 
Society for Testing Materials, he had suggested 
that to disentangle our thoughts on the whole 
subject of creep at least two different phenomena 
should be acknowledged. If it were not that one 
of the terms had been used already to describe 
something else, he would suggest the terms ‘‘ micro- 
creep’ and ‘“‘macro-creep.” The term ‘ micro- 





creep,” however, had already been employed by 
Charles to describe a certain phenomenon which he 
had investigated. He (Professor Greenwood) would 
define micro-creep as that produced by low stresses 
and probably associated with crystal boundaries 
and minor lattice effects. It was probably micro- 
creep in which the power engineer was really 
interested. The type of creep which had been 
described by Mr. Wilms and Dr. Wood, on the ether 
hand, he would refer to as ‘‘ macro-creep.” Macro- 
creep involved a deformation of the crystal as a 
whole, whereas micro-creep involved either just 
the boundary material or the boundary material 
plus some minor portions of the lattice. 


VARIATION OF YOuNG’s MopvULvUs wITH 
TEMPERATURE. 


** An Experimental Investigation by a Dynamical 
Method of the Variation of Young’s Modulus with 
Temperature,” was the title of the last paper con- 
sidered on Wednesday morning. It was by Dr. G. E. 
Bennett and Professor R. M. Davies, of the Univer- 
sity College of Wales, Aberystwyth, who stated 
that their specimens, in the form of ‘“‘ fixed-free ” 
bars about 2-5 cm. long, were maintained in trans- 
verse vibration by the action of superposed steady 
and alternating magnetic fields. Resonance of the 
bar was detected by transmitting its vibration to a 
gramophone pick-up, the output of which was 
amplified, rectified, and applied to a galvanometer. 
The ratio of Young’s modulus at any two tempera- 
tures had been shown to be approximately equal 
to the square of the ratio of the two corresponding 
natural frequencies of the bar in the fundamental 
mode and in zero magnetic field. Young’s modulus- 
temperature curves had been determined for com- 
mercial brass, copper, mild steel, iron, nickel, 
cobalt, Monel metal, an iron-48 per cent. nickel alloy, 
beta brass, and a copper-gold alloy. 

There was no oral discussion on this paper and 
the President adjourned the meeting until Friday 
morning. After luncheon at the Hétel du Palais 
d’Orsay, the members left, on Thursday after- 
noon, in parties, to visit the Centre Technique de 
PAluminium, Paris ; the Japy Works at Arcueil ; 
the Régie Nationale des Usines Renault, at Billan- 
court; and the cable works of the Société des 
Tréfileries et Laminoirs du Havre, at Saint Maurice. 
In the evening, a civic reception was held at the 
Hétel de Ville, Paris, the guests being received in 
the Great Hall by Mr. Pierre de Gaulle, President 
of the Municipal Council of Paris. Sir Arthur 
Smout replied in English, and Professor P. A. J. 
Chevenard, in French, to the speech of welcome, 
and the members afterwards visited various 
rooms in the building. The whole of Thursday, 
October 6, was devoted to a visit to the Light-Alloy 
Fonderies Montupet, at Creil, the Chateau de 
Chantilly, and by invitation of the Institut de France, 
the internationa] cultural centre at the Abbaye de 
Royaumont, where luncheon was taken. 

The scientific work of the meeting was resumed 
on the morning of Friday, October 7, when the last 
technical session was held, with Sir Arthur Smout 
again occupying the chair. This will be dealt with 
in our next issue. 

(To be continued.) 





City OF GLOUCESTER TECHNICAL COLLEGE.—In addi- 
tion to preparing students for the London B.Sc. degrees, 
the City of Gloucester Technical College organises courses 
leading to National Certificate and other examinations in 
mechanical and electrical engineering, automobile and 
gas engineering, telecommunications, welding, drawing 
office work and other subjects. Particulars of the 
part-time day and evening classes held are given in 
the prospectus of the College, copies of which may be 
obtained from the Principal. 





Str JoHN Cass TECHNICAL INSTITUTE.— The pro- 
spectus of the Sir John Cass Technical Institute, Jewry- 
street, Aldgate, London, E.C.3, for the session 1949-50, 
gives particulars of the day and evening classes avail- 
able in mathematics, physics, chemistry, metallurgy, 
geology, arts and crafts, navigation and other subjects. 
The courses lead to degree, or qualifying, examinations 
of the University of London, the Institute of Physics, 
the Royal Institute of Chemistry, the Institution of 
Metallurgists and other bodies. Particulars of fees and 
other information of interest to intending students are 
given in the prospectus, copies of which are obtain- 
able from the Principal. 
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FIFTY YEARS’ SURVEY OF 
MERCHANT SHIPS ABANDONED, 
FOUNDERED, OR MISSING.* 


By C. V. Maney, A.I.N.A. 


Te casualties to merchant ships of 100 tons and 
upwards, rted abandoned, foundered, or missing, 
as recorded by Lloyd’s Register of Shipping since the 
end of last century have been examined, and a detailed 
analysis made of those which relate to iron and steel 
steamers and motorships engaged in normal sea-going 
merchant trading. For this purpose, from the total 
casualties, the following types of ships have been 
eliminated : wood and composite construction ; sailing 
and auxiliary screw ships; trawlers and fishing craft ; 
tugs and dredgers;. salvage steamers; cable ships ; 
and whalers. The following types of casualty have 
been ignored: foundered at moorings; lost in tow; 
lost on lake service ; and lost in service in rivers. 

The period investigated covers the years 1899 to 
1948, the war years 1914-18 and 1939-45 being omitted. 
The results have been tabulated in seven five-year 
periods—three prior to 1914 and four between 1919 
and 1938—and one two-and-half-year period ended 
June, 1948. The middle year of each five-year group 
has been taken as representative of the total tonnage 
owned during that period. 

Throughout the 50 years covered by the survey, the 
total number of iron and steel sea-going cargo ships 
reported abandoned, foundered; or missing, while 
trading under peace-time conditions was 1,420—an 
annual ave of 38. The distribution of these 
casualties throughout the period is shown in Table I, 
herewith. 


TABLE I.—Distribution of Casualties in Time. 
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of Casualties. Annual Average. 
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+ Two-and-a-half years ended June, 1948. | 


Details of the ages of the ships at time of casualty 
are given in Table II, herewith. Fifty per cent. of the 
total were over 20 years of age, 21 per cent. being 
between 21 and 30 years, and 29 per cent. over 30 
years old. 215 ships, or 15 per cent. of the total, 
were not more than five years old; of these, 72 ships 
were one to two years old, and 51 ships under one year 
old at time of loss. It will be seen from Fig. 1, on this 
page, that the percentage of casualties in the second 
and third age groups (six to ten years, and 11 to 15 
years) is lower than that recorded for new ships (up to 
five years old). 

Table III, herewith, gives details of size of ship in 
graduations of length; 74 per cent. of the losses 


TABLE III.—Size of Ships (Length). 
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* Two-and-a-half years ended June, 1948. 


related to ships between 100 ft. and 300 ft. in length ; 
53 ships (34 per cent.) were over 400 ft. ; only one ship 
patos, 2 500 ft. in length. The distribution according 
to length is shown in Fig. 2. 

Four hundred and thirty-eight ships, almost one- 
third of the total, had a tonnage between 300 
and 1,000; and 280 ships, one-fifth of the total, 
ranged from 1,001 to 2,000 tons gross (Table IV, on 
this page). Only 17 ships exceeded 7,000 tons gross, 
four being over 8,000 tons. The largest ships recorded 
under this class of casualty—and the only ones exceeding 
10,000 tons gross—were the Vestris, 495 ft. long, 
10,494 tons, which foundered in the North Atlantic 
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* Paper presented at the summer meeting of the 
Institution of Naval Architects, held in Edinburgh, 





June 28 to 30, 1949. Abridged. 


CT. 21, 1949. 


CASUALTIES TO MERCHANT SHIPS. 


TABLE II.—Aces or Saips aT TIME OF CASUALTY. 
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TABLE IV.—Size or Sares (Gross TONNAGE). 
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* Two-and-a-half years ended June, 1948. 


TABLE V.—CASUALTIES PER CENT. OF TONNAGE OWNED. 
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Percentage Losses. 
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* Two-and-a-half years ended June, 1948. 


z 


Wits iA 
Md 


e of 


Total Number Lost. 
e 
__> 


8 


Percert 



































Percentage of Total Number Lost. 


| 























1904-1908 | 
1919 - 1923 


1909- 1913 
1929-1933) 


in 1928, and the Fort Sumner, a 504-ft. tanker of 
10,448 tons, which broke in two during a voyage from 
Japan to California in 1946. The distribution according 
to gross tonnage is shown in Fig. 3. 

A comparison of the casualties with total to 
owned gives the result shown in Table V, herewith, 
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and the details in Table VI, opposite. It will be 
seen that, in relation both to number of ships and 
total tonnage, the percentage of ships reported aban- 
doned, foundered, or missing has progressively de- 
creased. It has to be remembered, however, that the 
number of large ships owned has steadily increased, 
whereas the majority of the casualties relates to ships 
below 4,000 tons. In Table VI, the casualties are 
arranged under country of ownership, in comparison 
with the total number and tonnage owned in each 
country during the seven and a half five-yearly periods. 
the following countries, the percentage 

has exceeded the average during five or 

more of the periods: Greece, Italy, Japan, Norway, 
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OcT. 21, 1949. 








LAUNCHES AND TRIAL TRIPS. 


LIFEBOAT.—Single-screw vessel, built by Messrs. 
J. Samuel White and Company, Limited, Cowes, Isle of 
Wight, for the Bombay Port Trust, Bombay. Suitable 
for use as pilot tender and for carriage of stores. Main 
dimensions: 45 ft. (between perpendiculars) by 11 ft. 
Tt in. by 5 ft. 62 in.; draught, 3 ft.6in. Diesel engine, 
developing 85 h.p. at 1,500 r.p.m., constructed by Messrs. 
L. Gardner and Sons, Limited, Manchester. Speed, 
9 knots. Completed September 23. 

S.S. “‘ NORTHERN PRINCE.”—Single-screw trawler 
built by Messrs. Cook, Welton and Gemmell, Limited, 
Beverley, Yorkshire, for Messrs. Associated Fisheries, 
Limited, London. Second vessel of a series of three. 
Main dimensions: 182 ft. by 31 ft. by 16 ft.; gross 
tonnage, approximately 650 ; fishroom capacity, 15,150 
cub. ft. Triple-expansion engine and one multitubular 
oil-fired boiler, supplied and installed by Messrs. Charles 
D. Holmes and Company, Limited, Hull. Launch, 
September 26. 

M.S. “* CHANTALA.”—Single-screw cargo liner, carrying 
twelve passengers, built and engined by Messrs. Barclay, 
Curle and Company, Limited, Whiteinch, Glasgow, for 
the British India Steam Navigation Company, Limited, 
London, E.C.3; to be used for training cadets. 
Main dimensions: 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck; deadweight capacity, 10,000 tons on a 
draught of 27 ft. 3 in.; gross tonnage, 9,000. Barclay 
Curle-Doxford six-cylinder opposed-piston, solid-injection 
oil engines, to develop 6,800 b.h.p. at 116 r.p.m. on ser- 
vice. Speed, 15 knots. Launch, September 27. 

M.S. “‘ MoNKFORS.’’—Single-screw cargo vessel built 
by the Goole Shipbuilding and Repairing Company, 
Limited, Goole, for Uddeholms Aktiebolag (Messrs. Sune 
Tamm), Gothenburg, Sweden. Main dimensions: 195 ft. 
by 32 ft. 6 in. by 15 ft. 9 in.; deadweight capacity, 
1,100 tons. Nohab Diesel engine developing 750 b.h.p. 
at 250 r.p.m. Trial trip, September 27. 

M.S. “ Rio SantTiaco.”—Previously named ‘“‘ ANT- 
ARTICO.” Twin-screw refrigerated-cargo vessel built by 
Messrs. J. Samuel White and Company, Limited, Cowes, 
Isle of Wight, to the order of the Instituto de Promocion 
del Intercambio, for the Flota Mercante del Estado, 
Buenos Aires, Argentina. To carry frozen meat to Brazil, 
and fruit and vegetables on the homeward journeys. 
Second vessel of an order for two. Main dimensions : 
381 ft. by 52 ft. by 20 ft. 6 in. to freeboard deck ; dead- 
weight capacity, 3,400 tons on a draught of 20 ft. ; 
tonnage, 3,166. Two Harland-B. and W. eight-cylinder 
two-stroke trunk-piston Diesel engines to develop a 
total of 5,000 s.h.p. at 155 r.p.m. in service, constructed 
by Messrs. Harland and Wolff, Limited, Glasgow, and 
installed by the shipbuilders. Speed, 16 knots, Trial 
trip, September 29. 

M.S. “‘ CypRIAN PRINCE.”—Single-screw vessel, carry- 
ing twelve passengers, and citrus-fruit and general 
cargoes, built by the Burntisland Shipbuilding Company, 
Limited, Burntisland, Fife, for the Prince Line, Limited 
(Messrs. Furness, Withy and Company, Limited), London, 
E.C.3. Fourth vessel built for these owners. Main 
dimensions: 334 ft. 6 in. (overall) by 46 ft. 6 in. by 
27 ft.9in.; deadweight capacity, 3,550 tons on a draught 
of 19 ft.4in. Hawthorn-Doxford three-cylinder opposed- 
piston Diesel engine developing 2,240 b.h.p., constructed 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne, and installed by the ship- 
builders. Trial trip, September 30. 

M.S. “* VIKINGEN.”—Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for the Tanker Corporation, Panama City, Panama 
(Messrs. Johan Rasmussen & Co., Sandefjord, Norway). 
Main dimensions: 487 ft. 6 in. (overall) by 59 ft. by 
34 ft.10in.; deadweight capacity, about 12,000 tons on 
a draught of 27 ft. 6 in.; gross tonnage, about 8,200. 
Harland-B. and W. six-cylinder single-acting four-stroke 
Diesel engine, to develop the required horse-power at 
115 r.p.m. Trial trip, October 6. 

8.S. ‘“‘ BricHTON.”—Twin-screw vessel, to carry 
1,400 passengers on the cross-channel service between 
Newhaven and Dieppe, under the joint ownership of the 
British Railways Southern Region, London, 8.E.1, and 
the Société Nationale des Chemins de Fer Francais, Paris. 
Built and engined by Messrs. William Denny and 
Brothers, Limited, Dumbarton. Main dimensions: 
311 ft. (overall) by 40 ft. 6 in. by 16 ft. 9 in.; gross 
tonnage, 2,500. Two sets of all-impulse type turbines, 
with single-reduction gearing, of Pametrada design, to 
develop a total of 18,500 s.h.p. and to give a speed of 
24 knots, when vessel is fully loaded. Two Foster 
Wheeler oil-fired boilers. Launch, October 7. 

M.S. “ AssiouT.”—Single-screw vessel, carrying fruit 
and general cargoes, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for the Mediterranean service 
of the Moss Hutchison Line, Limited, Liverpool. Main 


dimensions: 367 ft. (overall) by 52 ft. by 32 ft. 6 in. to 
shelter deck ; gross tonnage, 3,350. Harland-B. and W. 
eight-cylinder four-stroke crosshead-type Diesel engine. 
Trial trip, October 11 and 12. 





LABOUR NOTES. 


Tue view that, following the devaluation of the 
pound, the future of Britain may not be so bright, is 


spoken editorial in the Monthly Trade Report of the 
United Patternmakers’ Association for October. Mr. 
Beard, besides being the general secretary of the 
Association, is also a member of the Trades Union 
Congress General Council and of the T.U.C. special 
economic committee. He considers that devaluation 
was inevitable if reasonably full employment was to 
be maintained. Lately, some of our goods had not 
found ready buyers in the hard-currency countries, 
stocks had been piling up in warehouses and there 
was a distinct danger of unemployment as a result. 
Broadly speaking, therefore, the choice was between 
devaluation and unemployment. Mr. Beard writes 
that the Chancellor of the Exchequer, Sir Stafford 
Cripps, had stated that further devaluation would not 
take place and that “things would right themselves ” 
if the opportunity was taken to sell more exports. 





Mr. Beard states that he is not too sure of this, 
because, unless manufacturing costs were reduced 
and increases in wages curbed, except when related 
to increased production, we might have to face further 
devaluation or, alternatively, unemployment on a large 
scale at a later date. Judging from the wage applica- 
tions already put forward, and the possibility of a 
stoppage in industry as a result, the future was not 
quite so bright as had been indicated. He continues 
that currency devaluation was just a way of reducing 
export prices. It also reduced living standards, 
especially when the cost of imported food and raw 
materials rose as a result. The increase in the price 
of bread was only one example ; everything imported 
from the dollar area would cost more. Devaluation 
meant, too, that more goods had to be produced to 
earn the same number of dollars as formerly. If wages 
or subsidies were adjusted to meet the extra costs, 
much of the initial advantage of devaluation would be 
lost. 





There were other grave disadvantages attached to 
devaluation, Mr. Beard considers, one being that 
the compulsory direction of labour might be extended. 
As the purpose of devaluation was to assist the sale 
of more exports at lower prices, it was obvious that raw 
materials, already in short supply, must be directed to the 
main exporting industries, if production was increased. 
There would then be greater employment in the textile 
and engineering industries and unemployment in less 
essential industries, thereby possibly requiring the 
further direction of labour. ‘There were other dangers 
to be faced, including those arising from industries 
in which the employees had agreements providing for 
wage variations in accordance with fluctuations in the 
cost of living. Workpeople in some industries were 
paid on a sliding scale which depended on the cost of 
the finished product. Increased trade with Eastern 
Europe would not provide the answer because, not only 
did some of those countries require the same commo- 
dities as we did, but their prices were high. Mr. 
Beard quotes, as an example, that the “‘ price demanded 
by the Soviet Union for wheat before devaluation 
would have increased the price of bread far beyond the 
present suggested figure.” 





Mr. Beard states that the plain fact was that we had 
been living beyond our means for a long time, and were 
still doing so. The real answer to the problem was 
more production at less cost. What he feared was 
the possibility of further devaluation. He concludes : 
“Our position then will be really desperate. The 
alternative is unemployment and cuts in social services. 
Next time may see a collapse in sterling accompanied 
by a decision by other sterling countries not to fall into 
line as they have done on this occasion.” 





The attitude of the Trades Union Congress to the 
devaluation of the pound, and the measures to be taken 
to meet the situation, is still uncertain. At the close 
of a meeting of the special economic committee on 
Tuesday, which was held in strict privacy and lasted 
for over six hours, Mr. Vincent Tewson, general secre- 
tary of the T.U.C., said that the committee was awaiting 


economic staff and had not reached the stage of laying 
down a policy. It would not be possible for the com- 
mittee to prepare their report in time for the meeting 
of the T.U.C. General Council next Wednesday and, 
in fact, the next meeting of the committee would not 
be fixed until then. It was expected that a special 
meeting of the General Council would be held when 
the report of the committee is ready. 





It may be that the special economic committee has 





felt the need to submit certain broad outlines of policy 





put forward by Mr. W. B. Beard, 0.B.E., in an out- | P 


the preparation of additional information by their | =" 





to the full General Council, for approval or rejection, 





before taking the responsibility of preparing a detailed 
report and that this may be the explanation of the 
resent delay. Among the issues arising from devalua- 
tion which the committee have had under discussion 
is the effect of the expected rise in the cost of living on 
the position of the lowest-paid workpeople. The situa- 
tion in the case of these grades has been made move 
complicated by the statements of the Chancellor of 
the Exchequer and others, that the maintenance of 
wage differentials cannot be regarded as sufficient 
arguments for increases of pay to operatives in skilled 
and semi-skilled employment. It is felt in some 
quarters that it may be necessary to abandon, perhaps 
only temporarily, existing sliding-scale arrangements 
which provide for the variation of wages in accordance 
with the cost of living. They consider that it is un- 
reasonable to ask the general body of workpeople to 
accept the present wage level, when the wages of. some 
1,500,000 other employees rise automatically with any 
cost-of-living increase. The possibility of instituting 
a longer working week and of fixing a national minimum 
wage are other proposals which are understood to be 
under consideration. 





Suggestions for the abandoning of differentials and 
the non-application of cost-of-living agreements are 
combated strongly in the October issue of Man and 
Metal, the monthly journal of the Iron and Steel 
Trades Confederation, a union which operates sliding. 
scale agreements. Mr. Lincoln Evans, the secretary 
of the Confederation, is now in America. He is the 
chairman of the T.U.C. economic committee, a different 
entity to the T.U.C. special economic committee, 
mentioned above. The journal’s editorial states that 
the trade-union movement will face the new and more 
difficult problems with which it is confronted as a 
result of devaluation, with courage and a full sense of 
their responsibility. The article continues: ‘ The 
trade unions must, however, be allowed to solve their 
problems in their own way and for anyone to attempt 
to interfere with an intricate wage structure built out 
of years of experience and hard work is simply inviting 
trouble. It is the easiest thing in the world to talk 
about a national wage policy, but putting it into 
practice is another thing altogether.” 





The article proceeds: ‘‘ The wage differentials, which 
are based on the relative degrees of skill required as 
between one grade of employment and another, are an 
essential part of the wage structure of many important 
industries. They provide the necessary incentive 
designed to encourage standards of craftsmanship 
and practical experience essential to the maintenance 
of a high level of efficiency and maximum production. 
A wage policy which did not take account of this would 
be foredoomed to failure. To adopt such a policy 
would be to invite repercussions for which trade unions 
could accept no responsibility whatever. Indeed, they 
would be justified, in the true national interest, in 
opposing such a policy with all the means at their 
disposal. To tamper with cost-of-living agreements 
would also be to tread on extremely dangerous ground. 
The agreements operating in the various sections of 
the iron and steel industry are some of the most 
potent factors in maintaining the peaceful relations 
for which the industry has now become a byword and, 
without which, the record-breaking outputs which mean 
so much to our present economy would not have been 
achieved.” eel 

Although fewer miners were at work, there was an 
increase in employment in essential trades during the 
four weeks ending on August 31. Statistics issued by 
the Ministry of Labour last Friday show that the 
working population in Great Britain increased during 
the period by 55,000 persons, of whom 23,000 were men 
and 32,000 women, mainly owing to the entry into 
employment of juveniles leaving school. The total 
working population at the end of August numbered 
23,253,000 persons, of whom 22,212,000 were engaged 
in civil employment, including industry, commerce 
and services of all kinds, 758,000 were in the Forces, and 
265,000 were registered as unemployed. It was esti- 
mated that 18,000 men and women, released from the 
Forces, were seeking work. 





Employment in vasic industries, including the mining, 
gas, electricity, transport, agricultural and fishing 
industries, increased on balance by 9,000, in spite of a 
decrease, by 3,100, in the number of wage earners in 
the coal-mining indus In the manufacturing 
industries, the total increase during the four weeks 
ending on August 31 was 33,000, which included an 
increase of 5,000 in the metals, engineering and vehicle 
trades combined, an increase of 5,000 in the textile 
industry, and one of 7,000 in the clothing trade. 
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Fig. 1. PrLatinum Compact AFTER SINTERING 


AT 900 Dea. C. x 100. 


PRODUCTION OF PLATINUM BY | 
POWDER METALLURGY.* 


By A. B. Mippueton, A.R.S.M., L. B. Pret, O.B.E., 
D.Sc., A.R.S.M., and E. C. Ruopss, Ph.D., B.Sc. 


PLATINUM, in the refined state, is usually produced 
as a grey powder or sponge by the ignition of the salt, 
ammonium chloroplatinate. The high melting point 
(1,774 deg. C.) of platinum was a disadvantage in the | 
early fabrication of platinum vessels, but powder | 
metallurgy enabled sound metal to be produced in the | 
form of ductile sheet and wire. For certain purposes, | 
porosity in a metal may be very useful, as, for example, | 
in bearings, filters, and aircraft liquid de-icing equip- | 
ment, and powder metallurgy provides a convenient | 
means of ensuring the right amount of porosity and | 
its correct dispersion. Such porosity is visible under | 
the microscope and has the result of lowering the | 
strength of the metal. However, for the stated appli- | 
cations, strength is not a main factor. In general, the | 
smaller the porosity of a sintered-metal powder compact, | 
the greater the tensile strength and ductility ; hence, if | 
the sintered metal is required to have mechanical pro- | 
perties comparable with the cast metal, there will be | 
a limit to the amount of porosity permissible in the 
sintered metal. It will be shown how a relatively | 
small amount of porosity may be so highly dispersed | 
as not to affect adversely the mechanical properties of | 
cold-worked platinum, and yet be capable of influenc- | 
ing the structural changes on heating. 

In order to compare the properties of sintered plati- | 
num with melted and cast platinum, both were pro- | 
duced from the same batch of platinum powder in the 
final form of cold-drawn wires, with a fibrous structure 
resulting from a cold reduction of 92 per cent. in cross- 
sectional area without intermediate annealing. In this 
paper, which records work carried out in the Develop- 
mental Research Department of the Mond Nickel 
Company, Limited, London, the term “sintered 
platinum” is applied to such wires produced from 
platinum by a powder procedure. The powder metal- 
lurgy of platinum followed the procedure of cold 
pressing, sintering at a definite temperature, and 
hot working at a definite temperature, with the 
object of producing metal which could be severely 
cold-worked. In order to obtain a material suitable 
for pressing to a uniform compact, the platinum 
powder was sifted through a 90-mesh screen and any 
coarse particles were discarded, before loading into a 
rectangular steel mould. Compacting pressures of 
from 5 tons to 20 tons per square inch were used and 
compacts produced to the dimensions 2 in. by 0-50 in. 
by 0-50 in., or 3 in. by 0-75 in. by 0-75 in. 

Sintering was conducted in an electrically-heated 
alundum tube furnace, the compacts being heated from 
room temperature, maintained for one hour at the 
selected sintering temperature, and finally allowed to 
cool in the furnace. Each compact was measured 
before and after sintering in order to ascertain the 








* Paper, entitled ‘‘ Pure Platinum, of High Recrystal- 
lisation Temperature, Produced by Powder Metallurgy,” 
to be presented before the Institute of Metals in Paris, on 
Friday, October 7, 1949. Abridged. 
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Fie. 4. 
AFTER ANNEALING. 


Wire FROM REGULAR PLATINUM, 
EtrcHED x 100. 


volume contraction. Sintering temperatures ranged 
from 900 deg. to 1,500 deg. C. and sintering was con- 
ducted either in air, dry nitrogen, dry hydrogen, or 
in vacuo. Hot working of each sintered compact was 
carried out at approximately the same temperature 
as for sintering. The first operation was swaging to 
0-25 in. diameter rod, followed by hot rolling to 
0-16 in. square rod. Pickling in hydrochloric acid was 
used to remove surface contamination from the plati- 
num, which was then cold rolled and drawn to 0-047 in. 
diameter wire without intermediate annealing. The 
melted platinum for comparison tests was produced 
from the same batch of platinum powder, which was 
melted in air in an alumina crucible in a high-frequency 
furnace. The 0-75-in. diameter ingot was hot worked 
at 900 deg. C. down to 0-16 in. square rod, which was 
finally cold-rolled and drawn to wire, 0-047-in. in dia- 
meter. The term “regular” is used for this platinum 
in the paper. 

For the purpose of comparison the following investi- 
gations were carried out on cold-drawn wires of each 
kind of platinum: annealing tests at temperatures 
from 500 deg. to 1,700 deg. C. ; microscopic and X-ray 
diffraction examinations; hardness determinations ; 
tensile tests; density determinations;  electrical- 
resistance measurements; time-to-rupture tests at 
700 deg. C.; and tests on high-temperature corrosion 
by lead. 

The spectrographic analyses of the various batches 
of platinum powders used in the investigations showed 
that the major impurities present (ranging in amounts 
from less than 0-0001 per cent. to 0-03 per cent.) are 
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Fic. 3. Wrre From Compact, AFTER AN- 
NEALING. ErcHep xX 100. 


|metals of the platinum group, namely, rhodium, 
| ruthenium, iridium, and palladium, which are capable 
|of forming solid solutions with platinum. The base 
| metals are present in extremely small amounts. Most 
of the investigations were made on the purest batches 
and the results confirmed by occasional tests on the 
remaining batches. It was found that platinum of 
high recrystallisation temperature could be produced 
by powder metallurgy from each batch of platinum, 
hence it may be assumed that the analytical differences 
had no effect on the behaviour of the batches. 

The porosity of the compacts depended principally 
on the compacting pressure and the temperature of 
sintering. Compacts which were pressed at 15 tons 
per square inch had a density of approximately 14 
grammes per cubic cm. corresponding to a volume 
porosity of about 35 per cent. Sintering for one hour 
resulted in volume contraction with diminution of 
porosity, as indicated in Table I. For a short period 


TABLE I.—The Porosity of Sintered Platinum Compacts. 





Temperature of | 








Volume | Density, Volume 
Sintering for 1 hr., | Contraction, Grammes per) Porosity, 
deg. C. Per cent. cub.cm. | Per cent. 
' 

900 3-6 14-5 | 32 

1,100 7:5 15-1 29 

1,400 14-7 | 16-4 | 24 

1,500 | 19-3 | 17-4 


| 19 





of sintering, such as one hour, the type of sintering 
atmosphere had no significant effect on the amount 
of porosity. 

Fig. 1, herewith, shows the distribution of porosity 
in a compact sintered at 900 deg. C. in an atmosphere 
of hydrogen. Electrolytic etching did not indicate the 
occurrence of recrystallisation or grain growth. After 
hot swaging and rolling, the sections of the hot-worked 
compacts showed small amounts of microscopically 
visible porosity, and, on etching, gave evidence of 
directional deformation. A 92-per cent. cold reduction 
in cross-sectional area resulted in wires having fibrous 
structures, which were revealed by etching in a dilute 
solution of potassium cyanide by means of an alter- 
nating current. This method of etching is preferred to 
attack by hot aqua regia or by molten salts containing 
sodium peroxide. The high corrosion-resistance of 
platinum increases the tendency to pitting during 
prolonged etching and makes it difficult to obtain the 
desired sharpness of detail in the microphotographs. 
Fig. 2, on this page, shows the fibrous structure of 
cold-drawn wire produced ‘from a compact which had 
been sintered and rolled at 900 deg. C. The 92-per 
cent. cold-drawn regular platinum wire also had a 
fibrous structure, similar to that illustrated in Fig. 2. 
X-ray diffraction patterns indicated that the orienta- 
tion of the fibrous structure was independent of the 
method of production, the cube diagonal [1.1.1.] being 
parallel to the axis of the sintered or regular platinum 
wire. 

Microscopic examination showed that regular 
platinum, from all batches, had undergone equi-axial 

tallisation at a temperature below 700 deg. C. 
after heating for 15 minutes. Under these conditions 
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the sintered platinum showed no alteration, and only at 
higher temperatures was there a change from a fibrous 
to a columnar structure. The lower the temperature 
of sintering and hot working, the higher the temperature 
at which the columnar crystals appeared, as indicated 
in Table II. 


TABLE II.—The Temperature of Recrystallisation of Cold- 
Drawn Sintered Platinum Wire. 





Temperature of Sintering and | Temperature of Columnar 


orking of Platinum Recrystallisation of Cold-Drawn 





Compact, deg. C. Platinum Wire, deg. C. 
900 1,200 
1,100 1,100 
1,400 800 





Figs. 3 and 4, on page 431, illustrate the types of 
structures obtained after heating 92-per cent. cold- 
drawn wires at 1,200 deg. C. for 15 minutes. In Fig. 3, 
the compact had been sintered and rolled at 1,400 deg. 
C. Fig. 4 shows the equi-axed structure of regular 
platinum after recrystallisation. Both are shown in 
the etched condition. X-ray investigations confirmed 
the results of the microscopic examinations. The 
change from a fibrous to a columnar or equi-axed 
structure was shown by the appearance of spotted 
rings, and it was found that a wire, made from a com- 
pact sintered at 900 deg. C., after 18 hours heating at 
1,200 deg. C., gave a pattern similar to that of regular 
platinum which had been heated for 15 minutes at 
700 deg. C. 

The effect of annealing on the hardness values of 
sintered and regular platinum wires was studied. The 
regular platinum shows a rapid decrease in hardness 
at a temperature of approximately 650 deg. C., from 
90 to 40 diamond-pyramid units. The sintered plati- 
num wires in the cold-drawn cgndition have higher 
hardness values than the regular platinum, and give 
lower rates of loss of hardness with increase in tempera- 
ture, as compared with regular platinum. The lower 
the temperature of sintering and hot working, the 
greater the difference between the softening character- 
istics of sintered and regular platinum. After heating 
at 1,200 deg. C. for 18 hours, the sintered platinum 
wires had hardness values which were 10 to 20 D.P. 
units higher than the regular platinum wires. The 
sintered platinum wires in the cold-drawn condition 
have greater tensile strengths than the regular platinum, 
and show lower rates of loss of tensile strength and 
lower rates of increase in elongation, with increase in 
temperature, as compared with regular platinum. 
These results are in accordance with the hardness 
values. 

The densities of the 92 per cent. cold-drawn wires of 
0-047 in. diameter, were determined after cleaning and 
degreasing the wires in acetone. A length of each 
wire, weighing about 25 grammes, was coiled into a 
helix 3 cm. in diameter, weighed in air, suspended from 
a 0-002-in. diameter platinum wire, and weighed in 
distilled water at a constant temperature of 22 deg. C. 
with an accuracy of 0-1 mg. The calculated density 
was corrected for air buoyancy and for variation in 
water density from unity. Cold-drawn wires produced 
from sintered and hot-worked platinum had lower 
densities than similar wires from regular platinum, 
and it was found that the density decreased as the 
temperature of sintering and hot working was lowered. 
This effect is shown in Table III. Values of percentage 


TABLE IIl.—Porosity of Platinum Wires. 











! 
Wire in 92 per cent. | Wire after Heating to 
Temperature % 1,200 deg. C. for 
Of Sintering, | C!d-Drawn Condition. | fy Boog 
and Hot 
Platinum | Density at | Density at 
Compact, | 22 deg.C., | porosity 22 des. C., | porosity 
leg. C. rammes ’ Tammes , 
per cub. cm. Per cent. per cub. cm. Per cent. 
| 
900 21-307 | 0-67 21-112 1-58 
1,100 21-340 0-51 21-243 0-97 
1,400 21-352 0-46 21-327 0-57 
Regular wire | 21-446 0-02 21-443 0-03 














volume porosity as calculated from the density, assum- 
ing regular platinum to have a maximum density of 
21-45 grammes per cubic em., are also given. Severe 
cold reduction by wire-drawing had not eliminated 
all the porosity which was present after the hot 
working of the sintered powder compacts. The increase 
in porosity after heating the cold-drawn wires to 
1,200 deg. C. was probably due to the expansion of 
gas in the pores of metal which was plastic at that 
temperature. 

Cold-drawn wires produced from sintered and hot- 
worked platinum had greater specific resistances than 
similar wires from regular platinum, and it was found 
that a rise in the temperature of sintering and hot 
working was accompanied by a fall in the specific 





resistance (Table IV). It will be seen that the increase 
in specific resistance of sintered platinum wires as 
compared with regular platinum is related to the 
amount of porosity which hk gem in the sintered 
platinum. The effect produ on the specific resist- 
ance of the cold-drawn wires, by heating at various 
temperatures in air for 15 minutes was investigated. 
In the case of regular platinum, the resistance decreased 
owing to the removal of the strain-hardening, and then, 
above 900 deg. C., showed a slight increase. The wires 
produced from sintered platinum also showed decreases 
in resistance owing to the removal of strain-hardening, 
but at temperatures above 600 deg. C. the decreases in 
resistance were comparatively small, so that after 
heating for 15 minutes to 1,200 deg. C., the wires from 
sintered platinum had considerably higher specific 
resistances than wires from regular platinum. 


_ TABLE IV.—Electrical Resistance of Platinum Wires. 





Wire in 92 pre cent. Cold-Drawn 

















Condition. } 
——_ l | Ratio of 
Sinteri Increase Increase in 
amd Hot Specifi in Specifi Resistance 
Worki Resistance,| Resistance of} Volume to Volume 
degC’ | microhm- '| Sintered over| Porosity, | Porosity 

mG: U- em. at Regular Per cent. 
| O deg. C. Platinum, | 
| Per cent. | 
} 

90 | 10-38 | 278 | o67 | 4a 
1,100 } 10-33 | 2-32 0-51 4:5 
1,400 | 10-30 | 2-04 0-46 4-4 

Regular | 
wire | 10-08 | —_— — — 
| 











Time-to-rupture tests, made at 700 deg. C., proved 
that cold-drawn sintered platinum wire would sustain 
a greater load for a longer time, with less extension, 
than similarly cold-drawn regular platinum wire. 
Cold-drawn regular platinum wire, under a load of 
1,400 Ib. per square inch, fractured after 120 hours, 
with an elongation of 13 per cent. on a length of 20 cm. 
Cold-drawn sintered platinum wire, from a compact 
which had been sintered and hot worked at 900 deg. C., 
fractured after 670 hours under a load of 5,000 lb. per 
square inch, with an elongation of 0-35 per cent. on a 
length of 20 cm. Longitudinal sections of the wires, 
adjacent to the points of fracture, are shown in Figs. 
5 and 6, opposite. The sintered platinum had re- 
tained a fibrous structure after 670 hours under tensile 
stress, whereas the regular platinum had recrystallised 
and grain growth had occurred. Simple bend tests 
showed that both wires possessed high ductility after 
the long periods of heating. 

On account of investigations which were being 
undertaken into aero-engine sparking-plug electrode 
materials, the high-temperature corrosion tests were 
concerned with platinum which had been strengthened 
by small additions of other metals which formed solid 
solutions with platinum, as, for example, platinum with 
4 per cent. tungsten. The high-temperature corrosion 
tests were used to give some indication of the behaviour 
of wires when tested under conditions simulating those 
in high-duty’ aero-engine cylinders, namely, a high 
temperature, leaded fuel, a reducing atmosphere, and a 
bending stress. The combination of these factors 
results in attack of the wires by metallic lead, leading 
to grain boundary penetration, weakening and em- 
brittlement, with possible fracture of the wires under 
service stress. The test wires were produced from a 
mixture of platinum and tungsten powders, which was 
compacted, sintered until diffusion of the metals was 
complete, then hot worked as described in the third 
paragraph of this paper and, finally, cold-drawn to 
0-02 in. diameter. 

The regular alloy was produced by melting the con- 
stituent metals in a high-frequency furnace and work- 
ing the ingot to wire by a procedure similar to that 
used for the sintered alloy. e wires were uniformly 
coated with electrodeposited lead, supported hori- 
zontally, and loaded in the middle as shown in Fig. 7, 
opposite. They were then heated in hydrogen or a 
reducing gas mixture at 700 to 1,000 deg. C. For a 2-in. 
length of wire, on the basis of elastic theory, each 
— of load produced a skin tensile stress of 1,400 

b. per square inch on the underside of the wire, and an 
equal stress in compression on the upper side. Sintered 
wire, which retained a fibrous structure, showed less 
deflection during the test under load than did regular 
wire which had recrystallised. At the completion of 
the test the wires were tested for embrittlement by 
means of a bend test and then examined microscopically 
for depth of penetration by lead. Figs. 8 and 9, 
opposite, show the effect of lead attack on sintered 
and regular wires, tested under similar conditions. 
The sintered wire has retained the fibrous structure 
and the lead has penetrated tae to the axis of 
the wire, causing embrittlement that part but 
leaving a ductile core. The regular wire has recrystal- 
lised and the lead has fully penetrated the wire, causing 
complete embrittlement. 








The experiments have shown that sintered and 
regular pure platinum, when in the form of cold-drawn 
wires with fibrous structures, differ in certain physical 
properties, the sintered platinum having higher hard- 
ness, tensile strength, and electrical resistance, asso- 
ciated with lower density, than the regular platinum. 
These differences were found to be more marked as 
the sintering and hot-working operations were pe: 
formed at a lower temperature. On annealing the 
cold-drawn wires, the fibrous structure of the sintered 
platinum was found to be stable at temperatures well 
above the recrystallisation temperature of the regular 

latinum, and when the sintered platinum did recrystal- 
ise it was not in the equi-axed form, but with a 
columnar structure. 

The differences between sintered and regular plati- 
num cannot reasonably be connected with the smal! 
amounts of impurities which are present in both cases, 
or with variations in the distribution of these impurities. 
In the case of regular platinum, the effect of melting at 
a temperature above 1,774 deg. C. in contact with a 
refractory material would tend to decrease the purity 
of the metal, as compared with sintered platinum 
which was not heated above a temperature of 900 deg. (. 
and this result might be expected to raise the tempera- 
ture of recrystallisation of the regular platinum above 
that of the sintered metal. On the other hand, when 
ammonium chloroplatinate is _ to form platinum 
powder, it might be possible for the impurities to be 
concentrated on the surface of the powder particles 
and thus form grain-boundary films in the fibrous wire 
which might raise the temperature of recrystallisation 
of the sintered platinum. 

To test this possibility, a sample of the purest plati- 
num powder was dissolved in pure aqua regia, the 

latinum precipitated as ‘‘ black” by means of pure 
ormic acid, then filtered, washed, dried, compacted, 
sintered, and worked to wire. This wire was found to 
have a raised temperature of recrystallisation. Another 
sample of platinum powder was allowed to fall in a 
fine stream down a vertical alundum tube furnace, 
maintained at a temperature of 1,500 deg. C. A slow 
stream of dry hydrogen was passed up the tube and 
the platinum powder was received in a flask through 
which the hydrogen was passed before entering the 
tube. Under these conditions it was possible for any 
surface films or oxides to be reduced and the foreign 
elements to alloy with the platinum before the opera- 
tions of compacting and sintering were performed. The 
resulting cold-drawn wire was found to have a raised 
temperature of recrystallisation. 

In view of the results of the above experiments and 
the fact that the platinum-powder compacts were 
processed in the solid state under conditions selected 
to minimise contamination of the platinum, it may be 
assumed that the differences between sintered and 
regular platinum do not arise from variations in the 
amount, character or distribution of the impurities 
present in the metal, but more probably from some 
other factor. It is suggested that suitably dispersed 
porosity may provide an explanation of the high 
recrystallisation temperature of cold-drawn sintered 
platinum as compared with regular platinum. 

The experimental results have indicated that the 
amount of porosity, calculated from the density, which 
may be effective in raising the temperature of recrystal- 
lisation of pure platinum is less than 1 per cent. by 
volume. The actual dispersion of this porosity in 
the original cold-drawn wire is apparently very fine 
and has not been conclusively determined by micro- 
scopic investigations, but it can be surmised by con- 
sidering the sequence of operations by which the cold- 
drawn wire is produced from the powder compact. 
Microscopic examination has shown that the icle 
size of the platinum powder is of the order of a few 
microns in diameter, which is comparable with the 
particle size of metals obtained by the reduction of their 
oxides. During the sintering of the platinum powder 
compact at 900 deg. C., the volume porosity diminished 
from the original value of 35 per cent. to a value of 
32 per cent., and microscopic examination showed that 
large numbers of small pores were still present. 

The compressive action of hot swaging and rolling 
greatly diminishes the amount of porosity, but probably 
does not essentially alter the distribution of the poro- 
sity, which is not unlikely to follow the porosity 
pattern of the sintered compact. The pores would, 
however, tend to be elongated in the rolling direction, 
and this effect would be intensified by the severe cold 
reduction n for the production of a fibrous 
structure. A longitudinal section of a severely cold- 
drawn wire shows a structure consisting of extremely 
elongated fibres; it is probable that the pores have 
been correspondingly extended and, being thus orient- 
ated in relation to the fibrous structure, may con- 
ceivably constitute a hindrance to equi-axial recrystal- 
lisation while permitting the formation of a columnar 
type of crystal. Thes ted effect of finely dispersed 
porosity would probably be valid whether the pores 
were vacuous or filled with gas or with an inert solid 
phase. 
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FRACTURE OF SINTERED PLATINUM 
WrreE: Etcuep. x 100. 











Fig. 8. ALLOY WIRE 
TEstT AND BEND 


x 100. 


SINTERED PLATINUM 
AFTER LEAD-CORROSION 


TEST. 


That the presence of finely dispersed porosity may 
be an essential factor in the raising of the recrystal- 
lisation temperature of platinum is indicated by the 
results of an experiment performed on part of an ingot 
of regular platinum which remained from previous 
experiments. The ingot was converted into 
which were cleaned with acid, pressed into a compact, 
sintered at 900 deg. C., hot-worked as previously 
described, and finally cold-drawn to wire, which was 
found to have physical properties similar to regular 
platinum wire. The sintered wire had a density corre- 
sponding.to a porosity of 0-4 per cent., but this 
poresity, presumably due to a coarse dispersion, was 
found to be ineffective in raising the recrystallisation 
temperature. 

The applications in practice of a metal or alloy 
containing suitably disperse | orosity may be directed 
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6. FRACTURE OF REGULAR PLATINUM 
WrreE: EtcuHep. x 100. 
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Fig. 9. ReGuLtarR PLatiInum ALLOY WIRE 
Arrer LeEaAp-CorrosiIon TEST AND BEND 
Test. x 100. 


to cases where improved mechanical properties and 
resistance to deterioration at high temperatures may 
result from a raised temperature of recrystallisation or 
from the hindering of structural changes which would 
otherwise occur at the service temperature. Examples 


are the elements of resistance-heated furnaces, elec- |.; 


trodes for sparking plugs, thermocouples, valve elec- 
trodes, and excess-temperature fuses. In the case of 
aero-engine sparking-plug electrodes, made from plati- 
num alloys, it has been found advantageous for the 
fibrous structure, originally it in the cold-drawn 
wire, to be retained during the service life of the elec- 
trodes, which operate at a relatively high temperature, 
in order to minimise the embrittlement produced by 
the intergranular penetration of lead from the fuel.* 





* British Patents Nos. 556,253 and 575,998. 
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YIELD-PILLAR TECHNIQUE IN 
DEEP COAL MINING.—I.* 


By Hasweit Atpemr, E. L. J. Porrs and 
ARTHUR WALKER. 


Tue weight of the strata above a mining excavation 
at any considerable depth is greater than the i 
capacity of all practical forms of artificial vo sone 
for example, at a depth of 2,000 ft. the weight of strata 
overlying each square yard is about 1,150 tons. Mining 
at depth is only possible, therefore, because the greater 
proportion of the load due to the weight of the strata 
above every excavation is transferred to the sides 
of the excavation as abutment loads, and the purpose 
of the artificial supports which are used is merely to 
reinforce the strength and control the movements of 
the immediate roof beds. 

The control of strata in mining operations is an 
engineering problem, but, whereas the constructional 
engineer can select materials suitable for a given duty, 
the mining engineer must design his structure to suit 
the properties of the strata which contain the coal seam. 
This paper describes the evolution of methods of strata 
control in the Northumberland and Durham coalfield, 
and to set out a new conception of strata control in 
deep mining, giving information as to the results 
obtained so far in practical applications of the associated 
technique. 

The first mining operation was the simple digging of 
coal where it was exposed on the surface along the 
edges of the outcrops. Afterwards, in the Thirteenth 
Century, the seams lying only a few feet below the 
surface were extracted by “ bell-pits.” These bell 
pits were small holes or shafts, 3 or 4 ft. in diameter, 
dug down to the seam and then widened out to allow 
the excavation of as much coal as possible without 
causing the overlying strata to fallin. Where coal was 
worked by this method the pits were placed as little 
as 8 or 10 yards apart and were opened out in the coal 
seam so that very little coal was left between them. 

When the very shallow seams were exhausted it 
became necessary to work a greater area of coal from 
each shaft, and the “ room and pillar ” method of work- 
ing was evolved. From each side of the bottom of the 
shaft, headings not more than 2 yards side were driven 
in line with the cleat of the coal, approximately north 
and south in direction. From these headings, wider 
places known as rooms, 3 or 4 yards in width, were 
driven east and west in direction, at right angles to the 
coal cleat, so as to leave narrow coal pillars between the 
rooms for the’support of the overlying strata. The coal 
was more easily won in the rooms, which were “on 
face ” of the cleat, by the hand methods of working then 
available, and they were consequently made wider 
than the headings. Narrow openings were made 
through the pillars at intervals of about 20 yards to 
allow of circulation of air. 

In a pamphlet dated 1708, “‘ The Compleat Collier,” 
a description of this type of working in a seam at a 
depth of 360 ft. is given, the width of the headings 
being 1} yards, the rooms 3 yards and the coal pillars 
4 yards in width. It is stated that by this method the 
coal could be worked for a distance of “‘ 200 yards to the 
East, West, North and South of the pit shaft, and 
then it is time to have another shaft at that distance 
sunk for another new pit.” 

By this method of working, from 20 per cent. to 50 per 
cent. of the coal was left to support the roof and was 
lost. There was always a danger that, in seeking to 
minimise this loss, the size of the pillars would be made 
too small and that the mine would be lost owing to 
movement of the general roof mass which closed the 
roadways. This closure was effected either by the 
pillars being pressed down into the floor, which caused 





* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne on Thursday, September 1, 
1949. Abridged. 
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the floor to lift in the spaces between the pillars until 
floor and roof came together and was known as 
“creep”; or by crushing of the coal pillars and general 
collapse, which was known as “ thrust.” 

As the depth of working increased, the greater weight 
of the overburden necessitated pillars of larger size 
and a variation of the room and pillar method, “ bord- 
and-pillar,” was developed. Roads driven parallel with 
the direction of the coal cleat, known as “ walls,” were | 
generally 2 yards wide, and those at right angles | 
thereto, known as bords, were from 4 to 5 yards wide. 
The pillars were rectangular in shape and varied from 
22 yards by 9 yards, at a depth of 600 ft., to 30 yards 
by 24 yards at 1,800 ft. The large proportion of coal 
left standing in pillars, 59 per cent. and 78 per cent., 
respectively, in the above examples, soon led to efforts 
to extract the pillars, and as far back as 1740 there 
are records of total extraction by the removal of the 
pitlars. The general practice was to leave the pillars 
unt.l the boundary was reached and then to work 
them out back towards the shaft. A great deal 
depended on the depth and it was often only possible 
to reduce the size of the pillars by “ robbing,” i.e., 
driving places along the edges of the pillars. When 
these operations were in progress there was an imminent 
danger of “ creep ” and, to limit this hazard, the panel 
system of working was introduced in 1810. A typical 
panel of bord-and-pillar workings is shown in Fig. 1, 
in which an area of pillars is surrounded by a solid 
coal-barrier designed to prevent a creep, originating 
in the panel, from extending over a large area of the 
mine. A further development took place in 1835, 
when the pillars within a panel were removed soon after 
they were formed and close behind the advancing 
workings. 

About 1850, the size of the pillars was increased much 
beyond what was necessary for the support of the over- 
lying strata, with the object of allowing them to be 
removed later without the risk of inducing creep, and 
the panel system was gradually superseded by the large 
pillar system. This system of working eliminated 
the danger of creep in working away the pillars and is 
still in use. The roadways, both bords and walls, are 
4 or 5 yards wide, the pillars are generally square and 
the distances between the roadway centres vary from 
about 33 yards at a depth of 500 ft. to 50 yards at 
2,000 ft. The proportion of coal obtained in forming 
the pillars is only from 16 to 23 per cent. 

The extraction of coa] by the longwall method, in 
which the whole of the coal is extracted in one operation 
by wide working faces, was first developed in Shropshire 
in the late Seventeenth Century. This method of 
working involves a great deal of unproductive work in 
packing the excavated areas and in maintaining road- 
ways through them, but it removed the danger of 
“creep” and “ thrust,” which was then common in 
room and pillar working because of the increasing 
depth of working, and avoided the loss of coal which 
such workings entailed. Under the various combina- 
tions of natural conditions met with in mining, modifi- 
cations of the methods already described have been 
adopted in an endeavour to work the coal in the most 
economical manner. Of these, the retreating longwall 
and the shortwall methods of working are prominent. 
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In the retreating longwall method the faces are won 
out by narrow roadways driven in the solid coal, in 
order to avoid the unproductive work associated with 
advancing longwall. In the shortwall method, the 
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| depth than in this country, and the standard method 


of working is room-and-pillar, this method having 
been introduced by emigrants from this country. 
Mechanisation started, as in Britain, with the intro- 


coal is extracted by a series of short faces which are | duction of the coal-cutting machine, but the emphasis 


often arranged for alternate faces to advance and 


| was placed on shortwall and arcwall machines, suitable 


retreat, the roads driven for an advancing face also| for room-and-pillar workings. Machines have also 


serving for the adjoining face, which is worked on 
retreat later. . 

Towards the end of last century, several devices of a 
simple nature were adopted to a limited extent, but the 
introduction of the longwall coal-cutter marked the 
real start of coal-face m isation and soon after- 
wards the use of mechanical conveyors for the transport 
of coal was commenced. The first conveyors were of 
the chain type and were used on longwall faces. They 
reduced the number of roadways needed for es 
and so decreased the amount of unproductive work of 


making and maintaining roadways. The application | 


of these machines in longwall workings was a com- 
paratively simple matter. All that was necessary was 
a coal-cutting machine which was hauled along the 
face to undercut the coal, and a conveyor laid along the 
face on to which the coal could be filled conveniently 
for tra rt to the end of the face and loaded there. 
On the other hand, bord-and-pillar workings, because 
of the many small faces and roadways involved for a 
given output, were not so simply mechanised, and, 
although coal-cutting machines suitable for work in 
bord-and-pillar workings were developed, the greatest 
advance in mechanisation in this country was made in 
longwall workings. The design of coal-cutting 
machines has continued to improve and improvements 
in the design of conveyors have extended the field for 
their use in coal face operations. The adoption of the 
rubber belt for this purpose has extended their use to 
the transport of coal along the roadways to loading 
points at some distance from the face and adjoining the 
main transport system, and even to the shaft bottom, 
or, in the case of drift mines, to the surface. 

Attention has been given recently to methods of 
cutting and breaking down the coal for loading without 
the use of explosives, and in Germany, where the 
standard method of working is longwall, a recent 
development has been the planing off of the coal in 
slices and transferring it on to a face conveyor by 
means of a plough. It is significant, however, that 
the highest rate of production has been attained in the 
Uni States of America, where attention has been 
devoted chiefly to the mechanisation of room-and-pillar 
workings. The seams worked are generally at less 





| been developed for mechanical loading of the coal 
| and for continuous mining in which a machine com- 
bines the operations of cutting and loading. 
| American production in 1938 was 4°37 tons per 
| manshift werlied, whereas the rate in this country was 
1-148 tons. In this country, the combined effect of 
the difficulties encountered in the use of the room-and- 
| pillar method, as the deeper seams were worked, and 
| the facility with which machinery could be applied 
| to the longwall method of working, have resulted in the 
| increasing adoption of the longwall method, even 
though the amount of non-productive work entailed 
by the latter method constitutes a serious obstacle to 
the achievement of higher production per manshift. 
The superior production per manshift which is obtained 
by mechanised room-and-pillar working in shallow 
seams has recently caused attention to be given to the 
possibility of producing in the deeper seams conditions 
suitable for room-and-pillar working. As a result of 
| researches into strata control, carried out by the 
North of England Institute of Mining and Mechanical 
Engineers in co-operation with the Safety in Mines 
Research Board, and, later, the National Coal Board, a 
new principle in the design of workings has recently 
been established to that end and practical applications 
are at present being studied. Before pr ing to 
describe the latter it is proposed to mention briefly the 
fundamental considerations involved. 
Previous to mining, a “ roof” stratum is subject to 
a vertical compressive force, due to the weight of the 
beds above, which, over a sufficiently large area, is 
equal to 1 Ib. per square inch per foot of depth, and 
there are developed in it lateral compressive forces, the 
magnitude of which is a function of the vertical force. 
When an excavation is made in a coal seam, the equili- 
brium of these forces is disturbed, movement of the 
strata occurs, which may be minute or appreciable 
according to the area of excavation, and the forces 
previously acting are redistributed until a state of 
equilibrium is restored. This redistribution of stress 
has been studied in the narrow roadways, 4 or 5 yards 
wide, in bord-and-pillar workings where there are no 
complications due to the appreciable movement of the 
general mass of the overlying strata. The results of this 
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study are described in six Progress Reports (Nos. 1-6),* 
published in the T'ransactions of the Institution of 
Mining Engineers. The investigations indicated that 
the natural strength of the strata could be maintained 
by the relief of pressure in the working areas and the 
controlled transference of load to abutments which are 
clear of the workings and roadways. When a narrow 
excavation is made in a coal seam, the roof strata 
in the immediate vicinity are subjected to bending, 
shearing and compressive forces, as shown in Fig. 2. 
The immediate roof beds bend downwards under their 
own weight, and the intensity of the bending forces is a 
function of the width of excavation. The shearing 
forces at the sides of the excavation increase with depth 
and are influenced by the strengths of the coal and the 
floor, being less the weaker these are. Lateral com- 
pressive forces, the intensity of which increase with 
depth, act along the roof strata as a consequence of 
the tendency of the rocks to sapees into the excavation. 
The downward bending of the , 1 to 4, in Fig. 2, has 
freed them from the weight of the beds above and the 
weight of the strata above the roadway is transferred 
to the solid coal at the sides. This results in the 
development of a “ pressure arch,” with abutments 
on the solid coal and a zone of somewhat de-stressed 
strata within the pressure arch. The distance from 





* Progress Reports of the “‘ Support of Workings in 
Mines ”’ and the “‘ Safety in Mines Research ” Committees 
of the North of England Institute of Mining and Mech- 
anical Engineers: (1) First Report, Trans. Inst. Min. E., 
1930-31, vol. 81, page 427, and 1931-32, vol. 82, page 16. 
(2) Second Report, ibid., 1933-34, vol. 86, pages 278 and 
309. (3) Third Report, ibid., 1934-35, vol. 89, page 221, 
and 1935-36, vol. 90, page 241. (4) Fourth Report,. 
ibid., 1935-36, vol. 91, page 349, and vol. 92, page 241 
(5) Fifth Report, ibid., 1937-38, vol. 94, pages 324 and 
470. (6) Sixth Report, ibid., 1939-40, vol. 99, pages 
97 and 202, 
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the sides at which the abutments rest is dependent on 
the strength of the coal and the magnitude of the 
abutment pressure. 

As the width of excavation is increased, the load of 
the higher beds continues to be transferred to the solid 
sides and the dimensions of the pressure arch are 
increased until it reaches a maximum beyond which 
the higher beds are unable to bridge across the excava- 
tion. Thereafter the load is distributed in a more 
complex manner, abutments being set up in the exca- 
vated area in addition to those on the solid perimeter. 
The form of pressure arch set up by longwall or other 
wide workings is shown in Fig. 3. The forward abut- 
ment rests on the solid coal and the back abutment 
in the excavated area where the roof beds have regained 
contact, at some distance from the coal edge. The 
effects of the back abutment can readily be observed on 
a roadway behind an advancing longwall face. Condi- 
tions are generally good on longwall roadways for some 
distance back from the face, and beyond this distance 
the gates begin to disrupt; as the face advances, the 
point where disruption commences moves forward 
along the gate and is an indication of the position of the 
back abutment of the pressure across the face. 
The distance between the back abutment zone and the 
face will be the approximate width of the maximum 
pressure arch in the prevailing conditions. Measure- 
ment of this distance Ss shown that there is a general 
relationship with depth, but that the distance is also 
influenced by the prevailing strata conditions. 

Where the immediate roof consists of blue shale, an 
induced cleavage, parallel with the face, is developed in 
the roof-bed. The gradual development of this cleavage 
can often be observed at the sides of a gate road when 
a face is driven from a solid rib side. Figs. 4, 5 and 6 
illustrate the development of this cleavage. Fig. 4 is 
a reproduction of a photograph of the shale roof 
above the coal pillars, where there is no cleavage. 
Fig. 5 shows induced cleavage planes at intervals of 
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about 2 in. in a longwall roadway at 55 yards from 


the pillar edge and Fig. 6 shows the cleavage fully 
developed, the intervals between cleavage planes being 
from 4 in. to } in., at 100 from the pillar edge. 
In this instance, the roadway showed marked deteriora- 
tion at about 100 yards back from the face, and it has 
been observed in other instances, where opportunity 
occurred, that the distance from the solid rib side to 
the point where the cleavage was fully developed 
agreed with the width of the maximum pressure arch 
as measured behind the face. These observed widths 
are plotted in Fig. 7 and the following figures are put 
forward as very conservative estimates of the width 
of the maximum pressure arch for various depths. 


TABLE I.—Wéidth of Maximum Pressure Arch for Various 
Depths. 
| 
| 





Width of Maximum 
ure Arch. 








The figures in the table leave a safe working margin 
when used as a guide for design purposes, but, owing to 
the possible influence of local strata conditions, it is 
desirable to determine the actual width of the maxi- 
mum pressure arch by direct observation. If the width 
of an excavation in solid coal is substantially less than 
that of the maximum pressure arch, the main roof load 
will be transferred to the sides and cannot be developed 
in the working area. It has been suggested that such a 
working should be described as a “ narrow working,” 
in contra-distinction to the term “ wide working,” 
which should be applied to excavations of greater 
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width than that of the maximum pressure arch. 
It will be noted that there is a radical difference in 
loading conditions in excavations of similar widths 
at different depths. For example, an excavation 55 
yards wide will behave generally as a wide working at 
a depth of 400 ft., while at a depth of 1,800 ft., its 
width being only half the width of the maximum 
pressure arch, it would behave as a narrow working, 
the main roof load being transferred to the sides as 
abutment loads. The width of the maximum pressure 
arch thus furnishes a datum from which workings 
may be designed so that loads less than the normal 
cover load are maintained in the working areas under 
whatever natural conditions prevail. 

The fact that the main roof load can be transferred 
up to a certain distance, depending upon the prevailing 
conditions, suggested that, if minute yield of coal 
pillars could be induced, over a limited area, it would 
result in the transference of the main roof load beyond 
the narrow places on to solid coal barriers provided on 
the flanks. Coal is capable of sustaining infinite load 
if complete lateral constraint exists,* and the minute 
yield required would be afforded by bands in the coal, 
the roof or the floor without apparent change in the 
coal. The aim of this new technique is to enable roof 
loads, comparable with those experienced in the shal- 
lower seams, to be obtained over a limited area at 
depth and so to make possible the adoption of room and 
pillar methods of working in the deeper seams. The 
driving of roadways designed on this principle was 
commenced in the Hutton Seam at Wearmouth Colliery, 
Co. Durham, in May, 1946, in connection with a 
mechanised room ‘and pillar ject. The seam is 
from 2 ft. 6 in. to 3 ft. 9 in. thick, at a depth of 1,700 ft. 
The roof is a band of blue shale, 3 ft. or more in thick- 
ness, above which is 20 in. of coal overlain by more 
blue shale. In places, there are sandstone panels at 
varying distances above the seam. When the seam 
was worked by longwall methods, repeated rippings 
were necessary to maintain height and width in the 
roadways. The roadways were lined with steel-arched 
girders, 11 ft. by 9 ft., set at intervals of 4 ft.; on 
the outer side of each road was a stone pack 2 yards 
in width and, on the inner side, a pack 7 yards or 8 yards 
in width with a 2-yards ventilation road between the 
pack and the coal pillar. The coal pillar between the 
two roads was 17 yards in width and was pierced by con- 
necting roadways, known as stentons, 4 yards wide, at 
intervals of 80 yards. Roof conditions were good, 
the roof was generally unbroken at the face, and there 
was little evidence of pressure on the roadway supports 
except where the design was experimentally varied. 

Fig. 8 isa plan of the faces of two East roadways 
at a time when the fore winning was 18 yards in 
advance of the back winning and the immediate 
roof bed, below the 20-in. coal seam, was only 3 ft. 
thick. The coal was undercut by shortwall cutting 
—— to a depth of 7 ft. 6 in., cutting being com- 
m€nced at the left side of the fore place and the 
right side of the back place, as shown by the broken 
lines in Fig. 8. The roofs were unbroken except for 
slight fracturing within 6 ft. from the right side in 
both places, where a thickness of 1 in. to 3 in. of roof 
fell and a distinct cleavage could be seen in the shale 
roof bed. The direction of this cleavage is shown in 
Fig. 8, as is also that of induced cleavages observed in 
the sides of the top canches in the roadways. 

The faces were practically in line with the coal cleat 
and observations cited in the Third Report showed 
that, in narrow bords at this depth, the roof is gener- 
ally fractured where the cleat is first broken at the 
face. That the roof in the fore place did not fracture 
there, but at the opposite side, is significant, as is also 
the direction of the induced cleavage at the right 
side of both places. It is apparent that, although 
imperceptible, the 17-yards coal pillar had yielded 
and caused the two places to interact, so that the main 
roof load was not concentrated at the sides of each 
roadway, but on the outer flanks. The line AB in 
Fig. 8 shows the direction of the front abutment under 
these conditions and it will be noted that, although 
cutting is commenced at the left side of the fore place 
the front abutment zone is first pierced at the right 
side, as in the back place, and it is postulated that 
this is the cause of roof breakage at the right sides of 
both places. The direction of the induced cleavage 
planes at the face of both places and of one set of 
those in each of the canch sides is approximately 
parallel with that of the assumed abutment A B. 
It is also significant proof of the interaction of the two 
winnings that the direction of the induced cleavage 
varied with the relative position of the two winnings, 
being always more or less parallel with the mean face 
line. When two south roadways were driven, the 
induced cleavage in the roof was similarly found to be 
approximately parallel with the mean face line. 

(To be continued.) 





* “ Subsidence and its Bearing on Mining Methods,” 
H. Alder, A. Walker, and L. Walker, Trans. Inst. Min. E., 
vol. 102, page 302 (1942-42. 
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NOTES ON NEW BOOKS. 
Electrical Installations. Edited by E. Mouzoy, Dr. 
M. G. Say, and R. C. Waker. Second edition. 
George Newnes, Limited, Tower House, South- 
ampton-street, Strand, London, W.C.2. [Price 15s. 
net. } 
In this book, sections and illustrations from the 1948 
Electrical Engineer Reference Book, by the same pub- 
lishers, have been brought together in a compact 550- 
page crown-octavo volume to cover the requirements of 
the associate-membership examination of the Institution 
of Electrical Engineers in the field of electrical installa- 
tions. It is therefore essentially a reference and data 
book, emphasising current practices rather than theory. 
The subjects covered include electric motors, rectifiers, 
batteries, illumination, heating and ventilation, lifts 
and crane equipment. A chapter is also given on 
regulations, with details of the normal supply voltages 
at home and abroad, and of the relevant British 
Standards. An index is also included. The diagrams 
and illustrations are necessarily small, and though 
indifferently reproduced in some instances, are generally 
well captioned and explained, while the various para- 
graphs are suitably cross-headed to facilitate reference. 
The print is small, so that much information has been 
crammed in, and though this may be welcomed by 
some engineers and electricians requiring a small hand- 
book covering a wide field, it is likely to be less helpful 
to those actively concerned with the requirements of 
the I.E.E. . 





Cold Cathode Fluorescent Lighting. By Henry A. 
Mrtisr, A.M.I.E.E. The Technical Press, Limited, 
Gloucester-road, Kingston Hill, Surrey. [Price 
10s. 6d. net.] 

Tue author of this 130-page volume sets out to explain 
the principles, manufacture and operation of cold- 
cathode fluorescent lamps, though possibly it might 
have been wiser to discuss both the cold- and hot- 
cathode types in a single book, so that the relative 
advantages and the most suitable applications of each 
type could be more readily compared. Illumination 
terms, such as luminous intensity and brightness, are 
defined, and a simple description is given of the dis- 
charge phenomena occurring between electrodes as the 
gas pressure is reduced. Questions and answers in a 
later chapter help to clarify some practical details, and, 
in an appendix, tables are included giving the illumina- 
tion required for different work, and the effects of 
fluorescent lighting on existing colour schemes; an 
index is also given, as well as a short list of more special- 
ised books and papers. Generally speaking, the book 
explains what happens rather than why, and the 
subject matter is presented in a jerky note-book style 
in an attempt, presumably, to help those without 
much electrical knowledge. A section on power factor, 
not mentioned in the index, could have been much 
improved, for it is hardly fair to the uninitiated to 
write, as on page 68, “it is necessary to multiply the 
voltmeter and ammeter readings by a factor called 
the power factor,” and a few lines later, to begin 
describing methods of power-factor correction. Though 
intended for a wide public, the book is more likely to 
suit those who wish to know something about manu- 
facturing processes, or who are concerned with main- 
taining or preparing lighting systems, especially those 
for display purposes. 





Drainage of Land, Estates, and Buildings. By STANLEY 
Gae, A.M.Inst.M.E., M.R.S.I. Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
22s. net.] 

AN essential preliminary to any development scheme, 

whether it is for a ‘“‘ New Town” or a small housing 

scheme, is the drainage and sewage plan. As an 
up-to-date work of reference on this subject, Mr. Gale’s 
book should be valuable alike to the civil engineer, 
the town planner, the architect, and the student, 
dealing as it does with every aspect of the subject, 
technical, professional and legal. Large and small 
land-drainage schemes form the subject of the opening 
chapters; the influence of natural contours, water- 
sheds, rivers and springs on the design of sewage 
systems are fully discussed, from the preliminary 
scheme for immediate and future development down to 
the smallest practical detail. There is useful informa- 
tion on the drainage scheme for a typical housing 
estate, with full descriptions of stormwater and sewage 
layouts, and combined systems of house-drainage, 
together with details and a model specification for the 
drainage of a single house. The design of sanitation 
and drainage schemes for specialised buildings, such as 
factories, schools, hospitals, etc., is also dealt with, 
and, in the final chapter, examples of standard specifi- 
cations and quantities for drainage work will be found, 
together with some helpful legal notes on drainage 
regulations.. The book is adequately illustrated with 
maps, plans and isometric drawings, but the price 
seems rather high for so comparatively slim a volume. 
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CATALOGUES. 


Aluminium Marine Alloys.—Messrs. Tube Inve-t- 
ments, Limited, The Adelphi, London, W.C.2, have sent 
us a leaflet, prepared by their associated company. 
T.I. Aluminium, Limited, containing illustrated descri))- 
tions of typical applications of aluminium to shi))- 
building work. 


Radio Direction Finding.—Messrs. Marconi’s Wireless 
Telegraph Company, Limited, Marconi House, Cheln.- 
ford, have sent us copies of their latest leaflets on thei: 
very high frequency direction finder, on their lower pow:: 
medium-frequency beacon and on their light-weig);: 
radio sets for aircraft. 


Wheels and Pinions.—The Reynold and Coventry 
Chain Company, Limited, have sent us a catalog: 
describing the wheels and pinions which they keep i) 
stock and recommend for use with their various rolle; 
chains. Full details are given, including section:! 
drawings and main dimensions. 


Broaching versus Milling.—An interesting bulletin, 
entitled “‘ Broaching versus Milling,” has reached u- 
from Cincinnati Milling Machines, Limited, Birmingham | 
24. In it are discussed the relative advantages ani 
disadvantages of surface-broaching and milling operation. 
in the manufacture of articles in large quantities. 


Finishes for Interior Concrete Floors.—The subject of 
finishes for interior concrete floors, in order that they 
may be capable of withstanding abrasion, be free from 
slipperiness and easy to repair, as well as being smooth, 
pleasant in appearance and resistant to oils, acids and 
alkalis, is dealt with in a pamphlet published by the 
Cement and Concrete Association, 52, Grosvenor-gardens. 
London, 8.W.1. 


Light-Alloy Castings and Forgings.—Two reprints of 
articles which have appeared in the technical Press have 
been sent to us by Messrs. High Duty Alloys, Limited. 
89, Buckingham-avenue, Slough. The first of these is 
on “‘ Magnuminium Castings,’”’ a magnesium-rich alloy 
containing aluminium, zinc, and other elements. The 
other reprint concerns the design of high-strength 
aluminium-alloy forgings. 


Fish Smoking Kilns.—We have “peceived from the 
Airscrew Company, Limited, Weybridge, Surrey, an 
illustrated leafiet describing kilns developed for the smok- 
ing and drying of fish. These kilns are designed on the 
unit principle. Smoke is produced by the combustion 
of wood chips and sawdust. Automatic temperature 
control is provided, and humidity, smoke density, and 
ventilation rate are controlled manually. 


Rolled Steel Sections.—A bound catalogue of 164 pages. 
illustrating rolled-steel sections for metal windows, for 
the motor-car industry, for steel arches and light rails 
for use in collieries, and for various special applications, 
has been prepared and published by Messrs. Darlington 
and Simpson Rolling Mills, Limited, Rise Carr Rolling 
Mills, Darlington. Drawings and dimensions of all the 
sections made are furnished, and many half-tone plates 
are included. 


High-Duty Iron Bars.—Messrs. John Harper and 
Company, Limited, Willenhall, Staffordshire, have sent 
us a publication describing their Meehanite ‘“‘ Sticks ”’ 
used for the production of components machined from 
bars. The sticks are available in diameters from #¢ in. 
to 12 ir., and in lengths of 12 in. They are used for 
producing Diesel-engine and aircraft components, bear- 
ings, machine-tool parts, glass moulds, geerwheels ard 
a wide variety of other applications. 


Electric Control of Material Handling Plant.—A booklet 
issued by Brookhirst Switchgear, Limited, Northgate 
Works, Chester, contains a well illustrated account of 
the electrical equipment they manufacture for controllirg 
the drives of material ha:dling plant. A great deal of 
information is given about sequence inter-locking appa- 
ratus as well as about the visual-flow diagrams that 
they have designed to indicate the operating conditions 
of a number of associated motors. 





THE ROYAL PHOTOGRAPHIC SOCIETY’s EX‘IIBITION.— 
Part II of the Royal Photographic Society’s 94th Annual 
Exhibition, which is devoted mainly to scientific and 
technical exhibits, was opened at 16, Princes Gate, 
London, S.W.7, on Friday, October 7, and will remain 
open until Wednesday, October 26. It will then, with 
Part I of the exhibition, which was held from Friday, 
September 2, to Sunday, October 2, and deals with 
general pictorial subjects, be transferred to Southport, 
where it will be re-opened on Saturday, November 5. 
The scientific and technical sections of the exhibition 
include a number of examples of how photography is 
being used as a research and industrial tool. The employ- 
ment of radiography for recording the progress of struc- 
tural changes within a metal is shown, while the use of 
stereoscopy in examining the quality of paper is illus- 
trated. There are also a number of high-class photo- 
graphs, the subject-matter of which will be of interest 
to both engineers and architects. 
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LOCAL OVERSTRAINING 
OF METALS. 
By Dr. F. Laszzo.* 


Untrorm plastic deformation of metals is a con- 
venient method of shaping and, in the case of cold- 
working, is beneficial in increasing the strength and 
hardness. ‘‘ Local overstraining”’ means plastic 
deformation either applied to parts of the workpiece 
only or varying in degree over the whole of it. 
Though it is sometimes wholly beneficial, a careful 
study shows that it often has undesirable after- 
effects. If local overstraining has taken place and 
the conditions are then varied materially, residual 
stresses develop, accompanied sometimes by re- 
versed local overstraining, usually to a less extent 
than that in the first stage of the process. The 
residual stresses are of considerable interest, since 





usually very small in relation to the local cross- 
sectional dimensions the co-ordinated tensile stresses 
in the interior of the work are generally of negligible 
magnitude. The question of the possible distortion 
of the shape is of little interest, for, as the process 
can be easily controlled, it will be either negligible 
or of the desired magnitude. The use of local cold- 
working for the purpose of shaping or reshaping 
is beyond the scope of this article. 

The residual compressive stresses cause a per- 
manent increase of the resistance of the surface layer 
to alternating stresses, even if it is exposed simul- 
taneously to the risk of corrosion, though the initial 
magnitude of the residual surface compression is 
greatly reduced in the course of alternating straining. 
This valuable benefit may be accompanied, how- 
ever, by a reduction in the fatigue strength of the 
surface layer in a zone bounding that exposed to 
the action of the overstraining tool; consequently, 
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they may be beneficial or harmful. Their magnitude 
varies greatly, depending on the actual process of 
overstraining and, to some extent, on the properties 
of the metals involved and the size and shape of 
the work concerned. Because of the significance of 
the actual process of overstraining, the most essential 
types will be considered first. Since few cases can 
be recorded in which local overstraining is beneficial, 
these will be dealt with when describing the processes 
as such, the major part of the article being devoted 
to the great variety of harmful after-effects of local 
overstraining encountered in production processes 
and in machine servicing. 

A scientific analysis of the various types of local 
overstraining to be dealt with would be fairly 
complex without being very profitable with regard 
to insight into the problem and the author has 
therefore refrained from it as much as possible. 
The first type, the mechanical overstraining of 
surfaces, may be induced in various ways; for 
example, in cold-working journals by rollers, and in 
tumbling parts or subjecting them to the hammering 
action of certain tools. Apart from the beneficial 
effect due to strain-hardening, the main feature of 
the process is the development of considerable 
residual compressive stresses in the surface layer. 
Since the depth to which overstraining penetrates is 








* Of the University of Melbourne. 
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if such overstraining is applied in order to increase 
the fatigue strength, the affected areas should be 
bounded by regions of the surface layer subjected 
to moderate service stresses. The marking of parts 
by indented figures or letters may endanger the 
surface layer; and, if they are to be subjected to 
alternating stress, only those regions not exposed to 
high stresses should be marked. 

In the absence of any simultaneous risk of corro- 
sion the strain-hardening of the surface layer itself 
is a noteworthy factor in increasing the fatigue 
resistance. In some technological production pro- 
cesses, such as the cold-rolling of threads, the degree 
and depth of penetration of the strain-hardening 
requires special attention. In this case, the gradient 
of the residual stresses across the cross-section is 
fairly small, but usually it is very steep. 

The second type of local overstraining is that due 
to stress concentration. A flat strip with a circular 
perforation may be taken as typical (Fig. 1). If 
t denotes the thickness of the strip and F the force 
applied, the average stress in the section z-x is 
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see At points P, and P,, the maximum 





stress concentration develops, namely, ( ss ? 
wh > 1. If F increases so that = > % 
ere o : (B—-d)t~ a’ 





where f, denotes the yield stress of the strip, 
the material nearest to the perforation, around the 
points P, and P,, will permanently extend or 
contract according as F is a tensile or a compressive 
force. If F is removed, the material which has 
yielded will have residual compressive or tensile 
stresses, respectively, and the plastically unaffected 
outer parts of the cross-section x-x will be sub- 
jected to fairly small co-ordinated tensile or com- 
pressive residual stresses, the possible after-effects 
of which are usually negligible, whereas the residual 
stresses in the overstrained parts are frequently 
fairly great. The residual compressive stresses 
round the centre of stress concentration may be 
utilised whether static or alternating forces are 
being applied in service; the autofrettage of gun 
barrels is a classic example. On the other hand, 
residual tensile stresses round P, and P, may 
encourage crack formation in service. The gradient 
of the residual stresses of the surface layer is mainly 
controlled by the factor of stress concentration. 
The hardening of steel illustrates the third type 
of overstraining, this being due to phase transforma- 
tion. Ifa bulky part is hardened, the surface layer 
is transformed to martensite somewhat earlier than 
the core. Owing to the increase in specific volume 
necessitated by this transformation, which is not 
accompanied by a comparable increase in the 
volume of the austenitic core, the outer shell of 
nascent martensite yields and “swells” outwards 
at right angles to the cooled surfaces. If, subse- 
quently, the core also undergoes the martensite 
transformation, its expansion causes tensile stresses 
to develop in the outer shell, which, in turn, give 
rise to co-ordinated compressive stresses in the 
core. In reality, of course, the process is much 
more complex, since the junction between the 
martensite shell and the austenite core gradually 
progresses towards the centre of the body, and the 
temperature over the cross-section is not perfectly 
constant and uniform during the transformation. 
The factors involved have been repeatedly discussed 
in detail, for example, by E. Maurer*; but the 
foregoing simplification is sufficient for the present 


purpose. 

The residual surface tension due to the hardening 
of steel and the possibility of crack formation is 
common knowledge. The gradient of the residual 
stress system is fairly small, all over the mass of 
the body; thus the depth of the surface layer 
subjected to residual tension is relatively great, and, 
if cracks develop, they penetrate readily to a con- 
siderable depth. For the same reason, this type of 
overstraining is apt to encourage warping, even in 
cylindrical bodies; it is not to be expected that 
residual stresses of perfect diametral symmetry 
could be produced, despite the greatest possible 
care in heating and cooling. Considerable modifica- 
tions in the stress distribution over the cross-section 
are observed if the composition of the steel, the 
dimensions of the piece, and the rate of cooling 
prohibit martensite formation in some part of the 
core,t but the basic features of the process remain 
unaffected. 

Quenching produces another type of local over- 
straining. If bulky bodies are quenched, a tem- 
perature gradient develops at right angles to the 
cooled surfaces, the surface layer undergoing 
volume change before the core as in the previous 
case. Plain quenching is accompanied by con- 
traction and not by expansion as in martensite 
formation ; thus the outer shell tends to yield and 
extend two-dimensionally, at right angles to the 
temperature gradient, during this first stage of 
cooling. When the whole body attains a uniform 
temperature at the end of the quenching process, 
residual compressive and tensile stresses prevail in 
the outer shell and the core, respectively. This 
stress system represents an inversion of that due 
to phase transformation, discussed above; other- 
wise, the two cases are closely comparable, both as 
regards the stress gradients and their tendency to 
cause warping. If cracks develop due to quenching 
stresses, they are confined, of course, to the core, 
and not to the outer shell, as in the case of the 
hardening of steel. Local overstraining develops in 


* Stahl u. Hisen, vol. 47, page 1323 (1927). 
t H. Bihler, H. Buchholtz and E. H. Schultz. Archiv. 
f. d. Hisenhiittenwesen, vol. 5, page 413 (1932). 











certain cases as the result of the combination of 
this and the preceding type. 

Local overstraining may result also from uniform 
heating. Assume that some parts of a body have 
different coefficients of thermal expansion, like a 
bimetallic strip. In certain circumstances, local 
yielding takes place on heating, so that residual 
stresses develop after cooling, the stress system 
usually having low gradients. 

Of all the types of local overstraining, that due to 
non-uniform heating has the most deleterious effects 
in production processes, as well as in machine ser- 
vicing. For this reason, a qualitative analysis of the 
process is given below, which can easily be modified 
to suit any of the types of local overstraining dis- 
cussed above. Depending on the rate of heating 
and the. magnitude of the heated surface area 
relative to the mass of the body and to its local 
thickness, very different residual stresses and dis- 
tortion may result. 

This is the case if the surface of a large and thick 
body is quickly heated over a relatively small 
circular section. As a simple approximation, a thin 
surface layer of thickness d may be considered to be 
uniformly raised in temperature by ¢ relative to the 
bulk of the body, which is also regarded as being 
of uniform temperature. If the stresses and strains 
are neglected in the cool mass of the body, and 
it is assumed for convenient simplification that 
the stress conditions of the heated part of the 
surface layer are two-dimensional, with equal 
principal stresses in the surface, the latter 
will yield as soon as at > "s (fy) where 4 

b/ ™m™ 
E, f, and a denote Poisson’s ratio, the modulus of 
elasticity, the yield stress of the material, and its 
coefficient of linear expansion, respectively, the 
first three being referred to the elevated temperature. 
The yield strain s, is then obtained from at = 





_ (fy) + 8, If cooling follows without delay, 
as well as without quenching effects, it depends on the 
magnitude of s,,the constants - and E, and the 


yield stress f,, (the latter three being referred to the 
final temperature) whether or not a second yield 
of reversed (that is, tensile) character occurs. If 
yielding does not take place on cooling, the pre- 
viously heated surface layer acquires residual 
mE m—1 . 
yee (sy). If— (s8,) a fy yield- 
ing takes place and its magnitude s, is found from 
-- Hes, fyt+e 
mE y v 
sional tension of the surface layer then amounts to 
f,- Since the heated part of the surface layer is 
under two-dimensional compression during heating, 
the primary yield by s, results in a “swelling ” of 
dat + 2d(s,) outwards at right angles to the sur- 
face, as shown in Fig. 2 (a), page 437. Whether 
reverse yield occurs on cooling or not, the primary 
bulge will be reduced; furthermore, the surface 
recedes slightly over a narrow strip round the con- 
tour of the part previously heated, this being the 
consequence of (elastic) lateral contraction. 

If the body is not so thick—say, like the plate 
shown in Fig. 2 (6), page 437—the stresses and strains 
in the cool parts are no longer negligibly small, and 
the plate not only swells, but also warps during heat- 
ing, so that it appears convex when viewed at the 
heated surface. On subsequent cooling, besides the 
residual bulge, some inverted warping develops, 
making the previously heated surface appear con- 
cave. Since the cool parts take some share in the 
imposed strain potential a t, the residual stresses of 
the part of the surface layer primarily affected may 
be noticeably lessened in addition to a slight reduc- 
tion of the final bulge. 

The residual bulge is almost hypothetical in most 
cases since it may be easily removed or even 
rendered concave by scaling during heating or by 
wear due to friction ; as a rule it would be hardly 
measurable. 

If very thin-walled bodies, as indicated in Fig. 3, 
page 437, are subjected to such a procedure, it may 
happen in favourable circumstances that purely 
elastic bulging will satisfy the strain potential at 
imposed by the heating, so that neither stresses 
nor strains remain after cooling. 
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The process, of course, is much more complex for 
different reasons ; for instance, the thickness of the 
heated layer gradually increases during the heating 
period. Hence, the same body may behave as 
illustrated in Fig. 2 (a) or warp as in Fig. 2 (5), 
depending on whether the same source of heat is 
applied for a short or a prolonged period. Such 
different results may be produced also by heating a 
certain area of the surface layer to the same final 
temperature either very quickly or at a moderate 
rate, the heating period being closely followed by 
cooling at the same rate in both cases. The gradient 
of the residual stresses increases with the rate of 
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heating, and decreases with the holding time at 
maximum temperature. Since the effective resist- 
ance against reversed yield on cooling also increases 
with steeper stress gradients, it may be assumed that 
the quickest heating tends to result in the highest 
residual stresses of the steepest gradients at right 
angles to the surface, in least thickness of the surface 
layer subjected to residual tension, in least compres- 
sive residual stresses in the core, and least distortion 
of the body. Though this process is conspicuous 
for deleterious effects it has been successfully used 
for shaping and reshaping purposes in workshop 
practice. 

Two significant sources of heating must be dis- 
tinguished, namely, heat transfer and friction. 
Except in the case of an electric arc, and similar 
sources, heat transfer means a moderate rate of 
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heating. Friction is generally a potential source of 
a very high rate of heating. Heating is frequently 
applied to large areas of a body, but this does not 
necessitate any modification of the principal results 
of the above discussion. 

It is well known that the quenching of heavy forg- 
ings may result in crack formation, and modern 
practice is paying due attention to this. Forgings 
of moderate size are not so sensitive in this respect. 
If they are hardened, drawn and then quenched 
a second time, the best possible Izod values are 
obtained. It should be reiterated that, though 
quenching operations may be carried out with the 
greatest possible care in order to foster the develop- 
ment of circumferentially symmetrical residual 
stresses, there is much likelihood of failing more or 
less to achieve that object. The turbine rotor shown 
in Figs. 4 to 6, page 437, was made of a steel con- 
taining about 0-35 per cent. of carbon, 0-6 to 0-8 
per cent. of manganese and 1-0 to 1-5 per cent. of 
nickel. It was oil-quenched from 1,560 deg. F., 
drawn at 1,150 deg. F. and quenched again. It is 
not known whether it was finally stress-relieved to 
any extent at temperatures less than 900 deg. F. 
The rotor was finished by turning 28 shallow grooves 
along the 10-6 in. diameter, thereby causing it to 
become slightly warped and to develop a central de- 
flection of about 0-002 in. This was easily corrected 
during the turning operation. However it seemed 
possible that further warping might occur during 
service at 800 deg. F., since the 28 grooves were too 
shallow to release the residual] quenching stresses 


| effectively and their distribution, apparently, was by 


no means diametrally symmetrical. The rotor was 
therefore held carefully in a vertical position and 
stress-relieved at 1,000 deg. to 1,100 deg. F. for 
eight hours, after which a newly-developed central 
deflection of 0-032 in. was found. Since this could 
not be removed without reducing the dimensions 
required, the rotor was scrapped. 

This result seems to indicate that the last stage 
of the heat treatment of high-speed rotating shafts 
should be a slow cooling from a temperature of 
probably at least 1,100 deg. F., and that the question 
whether some possible warping in subsequent service 
would be prohibitive should be carefully considered 
in advance in cases in which quenching after drawing 
is usually applied in order to achieve optimum Izod 
values. 

Among the numerous factors which may make 
welded joints unsatisfactory, residual tensile stresses 
due to local overstraining following non-uniform 
heating in the fusion zone and the adjacent parent 
metal* are of particular interest. Combined with 
the residual tensile stresses in and around the weld 
deposit, which are due to ordinary shrinkage, they 
may lead to warping and crack formation, though 
not of a serious character. Appreciable warping 
can usually be either prevented by applying a suit- 
able welding procedure or corrected by any conven- 
tional shaping process. The residual tensile stresses 
may be removed either mechanically or by a stress- 
relieving anneal; the former method may have the 
advantage of causing or facilitating some reshaping. 
Such special treatment would be applied, of course, 
only in cases in which experience has shown that 
it is unavoidable. 

Numerous investigations have been published on 
the influence of service stresses and corrosion 
on crack formation in riveted joints, but it seems 
that the important effect of local overstraining 
by non-uniform heating, which applies in the 
case of riveting, has not been studied adequately. 
W. Ruttmannt carried out an experiment in 
which a hole, 0-8 in. in diameter, was drilled into 
0-6 in. thick boiler plate containing 0-08 per cent. 
of carbon. Without applying any force, a hot 
rivet was put through this hole, allowed to cool in the 
plate and then withdrawn from the hole. The plate 
was subsequently exposed for 24 hours in a boiling 
solution consisting of 3 per cent. ammonium 
nitrate, 60 per cent. calcium nitrate, and 37 per cent. 
water, which caused cracks to develop round the 
rivet hole, as shown in Fig. 7, on this page. The 
author has been informed that Ruttmann applied 
the same corrosive treatment to some samples of the 





* N. S. Bulton and H. E. Lance Martin, Proc. I. 
Mech. E., vol. 133, page 295 (1936). 
+ Z.V.d.I., yol. 79, page 1561 (1935). 
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same boiler plate, similasly drilled with 0-8 in. holes, 
which, however, had not been in contact with hot 
rivets. In this case, no crack formation was ob- 
served, which is obviously due to the fact that no 
local overstraining of the type mentioned had taken 
place prior to the exposure to the nitrate solution. 
It is well known that the danger of crack formation 
in hot-riveted boiler plate may be reduced or 
eliminated by suitable treatment of the feed water 
or by using special steels which are more or less 
resistant to corrosion cracking under such conditions. 
On the other hand, it is impossible to remove residual 
tensile stresses, due to local overstraining by non- 
uniform heating, from the surface layer of the rivet 
holes in boiler plates, because the only suitable 
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encountered in intervals between working periods, 
when the tool cools down to room temperature. 
On such occasions, the residual tensile stresses 
reach their maximum, and may assist the propa- 
gation of cracks. This justifies the practice of 
stress-relieving hot-working tools at the end of 
operation periods prior to their being returned to 
store. This, however, is best done to a moderate 
extent only, since perfect stress relief would involve 
the complete repetition of local overstraining 
by non-uniform heating during any subsequent 
working period of the tool, which would also foster 
crack formation. The mechanism of crack forma- 
tion in hard tools during grinding under some 
pressure and without sufficient cooling is probably 
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antidote, namely, a. stress-relieving anneal, would 
impair the tightness and strength of the riveted 
joint ; hence, hot riveting is basically at a certain 
disadvantage in comparison with welding. This, 
however, does not matter if adequate protection 
of hot-riveted joints against corrosion is possible 
without undue expense, as, for example, in struc- 
tural work. 

The conditions to which the surfaces of hot- 
working tools are subjected are fairly complex. 
They may consist of any combination of impact, 
of static and fluctuating stresses, and of local over- 
straining by non-uniform heating. The _last- 
mentioned may be due not only to heat transfer, 
but also to the effect of friction. The effect of local 
overstraining may be observed when a new extruding 
die for non-ferrous metals is applied to the first 
few ingots. Even if the die is made of a high- 
quality steel, such as one containing 0-3 per cent. 
of carbon, 9 to 10 percent. of tungsten and 3 per 
cent. of chromium, its bore contracts in use owing 
to swelling and has to be opened out, sometimes 
repeatedly, until the swelling action ceases. 

Crack formation starts at sections of the operating 
surfaces of hot-working tools which have a marked 
change of shape. Fig. 8, opposite, shows four 
cracks starting from the corners of a rectangular 
hole in a die, where a high stress concentration 
may develop, but the regions where crack formation 
starts in hot-working tools are not always those 
subjected to any appreciable stress concentration. 
Fig. 9, opposite, shows, near the shank, the imprints 
of cracks in the die, in a forging of plain brass con- 
taining about 60 per cent. of copper. These 
imprints were taken from the die in the fillet 
between the shank and the flange, that is, in a 
critical region for stress concentration in the forging, 
but harmless in this respect as far as the die was 
concerned. The corresponding section of the die, 
however, is subject to a rise in temperature due to 
friction and heat transfer during the forging opera- 
tion, accompanied by enhanced local overstraining 
due to uneven heating. Such cracks usually open 
up after a certain production period, even with high- 
quality die steel such as the one used in the case of 
Fig. 9, which contained some 0-6 per cent. carbon, 
1-8 per cent. nickel, 0-8 per cent. chromium, and 
0-6 per cent. molybdenum, in spite of the best heat 
treatment and the most careful servicing of the die. 

The opening of cracks of the latter type in hot- 
working tools may be assumed to be associated with 
some kind of local corrosion. In shaping non- 
ferrous metals, the possible diffusion of the latter 
along the grain boundaries of the die steel must be 
taken into account as well as oxidation. The 
cracks extend inwards until the depth of the 
operative surface layer, which is subject to tensile 
stresses due to local over-straining and the applied 
load, has been traversed. 

The temperature fluctuations to which hot-work- 
ing tools are exposed in regular production work are 
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in no way connected with local] overstraining ; the 
cracks probably develop due to shear on heating up, 
when the temperature of the surface layer is not 
high enough to make the steel capable of plastic 
strain. 

Local overstraining by uneven heating also arises 
from friction between the die and the workpiece. 
Temperatures of over 1,300 deg. F. may be easily 
reached, as indicated by the occasional formation 
of martensite flakes on the surface of steel wire 
with more than 0-6 per cent. of carbon. The 
residual surface tension is detrimental for two 
reasons, namely, the consequent reduction in the 
“* potential fatigue strength’ and the promotion 
of crack formation on exposure to certain corrosive 
agents. The term “‘ potential fatigue strength ” can 
be defined by referring to steel and considering 
samples from the same melt, the tensile strength 
having been increased by cold-drawing in the one 
case, and by heat treatment only in the other. 
The fatigue strength of the former is below that of 
the samples which have been strengthened only 
by thermal hardening.* Consequently, it is con- 
sidered advisable in good design practice to neglect 
altogether the possible increase in fatigue strength 
due to cold-drawing. This deficiency of cold-draw- 
ing is much more important, of course, if the 
product is simultaneously exposed to alternating 
stress and to the risk of corrosion. 

With an agent capable of causing local corrosion, 
external forces are not necessary for crack formation 
in the surface layer of cold-drawn products, if the 
residual tension is of sufficient magnitude. The 





liability to season-cracking of most copper-base 
alloys in the cold-drawn condition is the best-known 
example, but ferrous alloys may also give trouble. 
Some 25 to 35 years ago, the blades of steam turbines 
were made, in certain cases, of cold-drawn austenitic 
25-per cent. nickel steel, but the surface layer was 
so liable to flake off that their use was soon dis- 
continued. This trouble could not be attributed 
to any special complications, since the stator 
blades, not exposed to exceptional loading, also 
failed, which is remarkable with such a very mild 
corrosive agent as steam. 

The removal of the residual surface tension 
eliminates aljl the disadvantages of local over- 
straining involved in cold-drawing. Stress-relieving 
annealing or local overstraining by mechanical 
work are the remedies, as before. Both involve 
expense ; furthermore, the former is accompanied 
by appreciable reduction in hardness and tensile 
strength, while the applicability of the latter is 
restricted practically to parts of circular cross-sec- 
tion. 

The question arises whether the local overstraining 
of the surface layer in cold-drawing can be avoided. 
It has been noticed that very small amounts of 
reduction in cross-sectional area in a single draw, 
of less than 0-5 per cent., for instance, do not cause 
any residual surface tension ; but even the finishing 
draw cannot easily be limited to such an extent if, 
for the reasons under consideration, it is applied 
after a complete stress-relieving anneal. Besides, 
it would be impossible to increase the hardness and 
static load capacity of the material when it is worked 
in this way. It might be advisable to reduce the 
rate of cold-drawing so that ample time is given 
for heat transfer, thus eliminating local overstraining 
but economic considerations would hardly permit 
this. 

These difficulties may be overcome by coating 
the metal to be drawn with a suitably thick layer 
of an “a ” metal of lower melting point 
than that of the core material. The coating may 
function in three ways, namely, by occupying the 
depth to which local overstraining can extend; by 
serving as a high-temperature coolant and lubricant 
when it is liquefied by frictional heat ; and, if the 
melting point is comparatively low, by limiting the 
rise in surface temperature. This process has the 
disadvantage of being very expensive, but has been 
applied successfully in some special cases. 

Some improvement may also be achieved by 
using roller-type dies to reduce friction. Such dies 
have been developed for cold-drawing “‘ difficult ” 
cross-sectional shapes, again without any regard 
to their specific ability to suppress local over- 
straining. Roller-type dies are much more expensive 
than ordinary dies, so that it would be worth 
while to investigate more efficient methods of cooling 
and lubricating the latter, which would permit 
higher rates of drawing and greater reductions of 
the cross-sectional area in single draws, so that local 
overstraining could be reduced to a negligible 
amount. 

The development of residual tension in the surface 
layer due to cold-drawing has been assumed to be 
the result of a certain peculiarity of the plastic 
flow of the metal in the surface layer. The fact 
that local. overstraining is also effective in the 
surface layer raises the question of the individual 
share of the two phenomena in the residual tension. 
It seems likely that local overstraining is the 
controlling factor, but experimental investigations 
should decide this. 

Although the firing of guns is hardly a workshop 
process, the forces acting on the rifling of a barrel, 
and on the surface layer of the driving band of the 
projectile, are best compared with those discussed 
in connection with hot-working tools and cold- 
drawing. The rifling is subjected to local over- 
straining* by friction and heat transfer, as well as 
to service stresses due to internal pressure and to 
corrosion by the products of combustion, all three 
being aggravated by their repetitive character. If 
the projectiles have a surface layer or a driving 
band of non-ferrous metals forming solid solutions 
with the steel of the barrel, grain-boundary infiltra- 
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* W. Schwinning, Konstruktion und Werkstoff der 
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tion might be an additional factor causing wear of 
the rifling. 

As a counterpart to the beneficial effect of local 
overstraining due to stress concentration in the 
above-mentioned case of the autofrettage of gun 
barrels, a peculiar defect has been observed on 
rails overstrained locally at the junction of their 
head and web (Figs. 10 and 11, on page 439). This 
overstraining was of a compressive character and 
tensile stresses developed in the surface layer of the 
fillet when the rail was unloaded, both stresses being 
of opposite sign to those characteristic of auto- 
frettage. The fillet radius at the critical section is 
fairly large, being either the same as that at the 
junction of the web and foot of the rail or closely 
approximating to it; but the upper fillet is at a 
disadvantage, since the wheel load acts on the 
upper surface of the rail head over a very short 
length and extends gradually in the longitudinal 
direction on being transmitted downwards to the 
bottom flange of the rail. Consequently, the 
section at the upper fillet is exposed to a much greater 
intensity of stress than the lower one. While the 
wheel load extends on both sides of its point of 
contact with the rail, it is concentrated at the rail 
joints, when the wheel makes contact with the end 
of one railonly. In consequence, the stresses at the 
ends of the rail are twice as great as at its internal 
sections. Though the upper fillet was relatively 
overloaded, it may be that parts of the web were 
subjected also to some degree of permanent shorten- 
ing. This question is a subordinate one, however, 
since the overstraining of sections of the prismatic 
web would not be accompanied by any residual 
stresses, and measures preventing the local over- 
straining of the upper fillet would also safeguard the 
web against plastic deformation. 

The crane travelling on these rails worked in the 
open air for the discharge of pulverised coal from 
barges, so that the rails were always covered with 
powdered coal to some extent and were exposed 
thereby to considerable corrosion, owing to the 
frequent and heavy rainfall. Study of the corro- 
sion pits in the critical upper fillet at the rail ends, 
indicated in Fig. 11, on page 439, revealed that they 
were fairly rounded at the bottom. Apparently, 
these pits do not represent an example of local 
corrosion proper, as observed on the boiler plate 
described previously, but are due to the fact that the 
least noble electrolytic potential develops at the 
fillet exposed to the greatest degree of plastic strain. 
The corrosion gradually indented the rail ends, 
causing an increase of the local overstraining at 
the bottom of the corrosion pits on further move- 
ment of the crane. By this cyclic process, the rail 
head became finally separated from the web at the 
rail joints. If the crane continues to travel over 
such fractured rails, local overstraining of the 
mechanical type will develop in the narrow face 
of contact between head and web, the residual 
compressive stresses causing the rail head to curve 
upwards when the load is removed. The rails 
were made of open-hearth steel of about 45 tons 
ultimate tensile strength, and were free from 
any special defects. It appeared advisable, how- 
ever, to replace them by heavier sections and to 
weld the joints. 

Fig. 12, on page 439, shows a special journal 
bearing consisting of a rotating ring 2, of hard steel, 
shrunk on to the shaft, and the stationary shell 3, 
of cold-drawn phosphor bronze with 8 per cent. of 
tin, pressed into the housing 4, of mild steel, the 
latter being furnished with a cover plate 5. The 
cavity, 6, is filled with an oil-soaked wick lubricating 
the clearance between 2 and 3, through numerous 
radial perforations across 4 and 3. If the lubri- 
cation is insufficient or excessive overload is applied, 
increase in temperature due to friction causes 
expansion of the shell 3, the coefficient of thermal 
expansion of which is roughly 50 per cent. greater 
than that of its bimetallic backing, the housing 4. 
If the operating conditions return to normal, the 
shell 3 shrinks on to the ring 2, and a clearance 
opens between it and the housing 4. This, however, 
is undesirable, since the new sliding surfaces thus 
formed are not smooth, nor is that of 4 sufficiently 
hard. 

It may be argued that the above example is not 
@ proper representation of overstraining by uniform 





heating, since there must be a noticeable tempera- 
ture gradient over the combination of parts 3 
and 4 during seizure ; but the same expansion of 
the shell would occur with perfectly uniform 
heating to a somewhat higher temperature than is 
actually generated, whereas the expansion, if present, 
would be reduced if the housing 4 were also made 
of bronze. 
(To be continued.) 
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Annual Report of the Director of the Department of Terres- 
trial Magnetism of the Carnegie Institution of Washington 
for the Year 1947-1948. The Director, The Department 
of Terrestrial Magnetism, 5241, Broad Branch-road, 
Northwest, Washington 15, D.C., U.S.A. [Gratis.] 

Tuts is the first year in which the new policy 
adumbrated in last year’s report from the Depart- 
ment of Terrestrial Magnetism has been put into 
operation. Following the transfer of the obser- 
vatories set up in Peru and Australia to their 
respective Governments, and the publication of a 
substantial instalment of the observational material 
collected at these and other stations during the 
past quarter of a century, the Department has 
begun to function effectively as a Physics Depart- 
ment, concentrating primarily on experimental and 
theoretical geophysics, nuclear physics and bio- 
physics. 

To test the validity of the various hypotheses 
advanced to explain the origin of the earth’s mag- 
netic field, a knowledge of the variation of its 
direction and intensity over long epochs of geo- 
logical time is desirable. For this purpose, the 
investigation of the past history of the earth’s 
magnetic field, based on studies of the present 
polarisation of crustal material, has been con- 
tinued. The materials selected were glacial deposits 
from Vermont and core samples of sediments from 
the Pacific. The latter were found to be more 
weakly polarised than the former and all were 
dated by radioactive methods. The clays were laid 
down between 10,000 and 20,000 years, and some 
of the sediments up to a million years ago. The 
sample is rotated close to the centre of a coil where, 
acting as a small magnetic dipole, it induces an 
alternating voltage in the coil. Though the sensi- 
tivity is such as to permit the detection of a moment 
of 2 x 10-* C.G.S. unit per cubic centimetre, the 
apparatus is sufficiently strong to withstand truck 
transport. One thousand measurements were 
made, covering an interval of some 5,000 years, 
during which the declination was found to have 
remained substantially constant on the average with 
excursions of the order +30 deg. and with some 
slight suggestion of a periodicity of the order of 
300 years. Measurements on clay deposits laid 
down in the laboratory throw doubt on the likeli- 
hood that the values obtained for the inclination 
bear any exact relation to the inclination at the 
time of deposition. A start was made on an inten- 
sive investigation of the structure and strength of 
the earth’s crust, using the best combination of 
refraction, and vertical and critical angle reflection, 
of seismic waves originating from the controlled 
detonation of tamped high-explosive charges. The 
subcrustal layers and compressional wave velocities 
in the region around Washington, D.C., were provi- 
sionally determined. Similar observations were 
made covering the Appalachian Highlands and in 
the vicinity of Albuquerque, New Mexico, where 
energy losses from the explosions were found to be 
high. 

Electric surveys over the tops of thunderheads 
were begun with the co-operation of the United 
States Army Air Force to ascertain whether thunder- 
storms are capable of supplying electricity to the 
earth at the rate required to maintain the negative 
charge and its counterpart, the electric field, which 
is observed at the surface in all areas where fair 
weather prevails. The first four flights in a specially 
equipped B. 29 aircraft were carried out at altitudes 
between 40,000 ft. and 44,000 ft. The survey of 
the most active thunderhead at one stage indicated 
a@ maximum current of the right sign and of about 
the magnitude required to confirm the theory. 
Improvements in the recording instruments have 
been made and further flights were planned for the 














1948 season over Ohio, within range of the radar 
V-beam network at Clinton County air base. One 
of the more important tools for the exploration of 
the outer atmosphere is echo sounding with radio 
waves. Significant progress is being made in 
improving the resolution attainable and the ultimate 
theoretical limit on speed of observation by pulse 
methods is being approached. Detailed study of 
the rapidly moving clouds of particles, discovered 
by Wells and reported last year, will now be possible. 
It also now appears feasible to ‘‘ lock on and follow ” 
any dominant ionosphere characteristic and to record 
the results on a pen-and-ink recorder. Rocket and 
radio techniques are under development for mea- 
suring the earth’s magnetic fields at high altitudes 
and for detecting meteor trails. A large ionisation 
chamber was constructed and put into operation at 
Derwood. ‘Theoretical investigations of the sun’s 
general magnetic field provided an explanation of 
why some solar flares are accompanied by sudden 
and considerable increases in cosmic-ray intensity, 
while others are not. 

Further studies on the nuclei of light elements 
have been undertaken, including an extension of 
the measurements on the angular distribution of 
the «-particles produced by the disintegration of 
lithium to 3-5 million volts with the aid of the large 
electrostatic generator. On the biophysical work, 
radioactive tracers have been employed, among 
other things, to attempt to discover how calcium 
is laid down in bones. Despite the change-over, the 
list of publications from the department is impres- 
sive. It includes six volumes of between 250 and 
600 pages of observations on terrestrial magnetism 
and ionospheric data and a treatise on The Geo- 
magnetic Field, Its Description and Analysis. These 
should provide an incentive to further theoretical 
work in geophysics. 

Factory Well-Being. By C. CONWAY PLUMBE, B.Sc" 
(Lond.). Seven Oaks Press, Limited, 165, Victoria- 
street, London, S.W.1. [Price 12s. 6d. net.] 

In the final chapter of this book, entitled “‘ Fore- 
cast,” the author refers to “‘ a general spreading out 
into the countryside of factories.” This procedure 
is already taking place and is an item in the town and 
country planning of which so much is heard, but 
Mr. Plumbe is not directly concerned with such 
matters as the redistribution of population with 
which the planners occupy themselves : his interest 
is of a broader kind. He desires to see the factory 
as a ‘colourful common ground where men and 
women meet together as easily as in market or 
club-house to discharge their normal agreed portions 
in the accepted business of Earth.” To this end 
he would like to see the “‘ evil separation ” between 
manufacturing town and countryside broken down 
and the “‘ veiled hostility ” between rural and urban 
populations diminished. With the spreading of 
factories into country districts “it should be 
equally natural for the factory hands to turn out 
and bring in the hay, and for the ploughman to 
help meet a rush of orders in the machine shop.” 
What organised labour would have to say to this 
idea at the present time need not be speculated 
on, as Mr. Plumbe is concerned with a happier 
future. It may well be that even trade unions will 
ultimately realise that economic salvation does not 
lie in the restriction of the activities of their 
members, but in allowing any and all to perform 
any work of which he is capable. 

This introduction to a review of Mr. Plumbe’s 
work may suggest, incorrectly, that it is in some 
way concerned with such matters as the redeploy- 
ment of labour. None the less, the matter of this 
first paragraph is directly germane to the essential 
theme of the book, which is that ‘“‘men, women 
and children should be able to go to the factories 
- - - a8 to places of proper human habitation where 
daily work may be approached no less normally and 
naturally—and it may be with considerably more 
comfort and sociability—than in the fields.” In 
the broad field of industry generally, recent years 
have seen great progress in the application of 
safety measures; in shop lighting, heating and 
ventilation, and in the provision of such amenities 
as cloakrooms and canteens ; factories may be found 
which would probably conform to the rigid specifi- 
cation which is built up in Mr. Plumbe’s successive 
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chapters. There are still very many works, how- 
ever, in which conditions are far from ideal and the 
guidance which is furnished by this book may well 
be of service to those whose business it is, or who 
are trying, to improve matters. A point which is 
not mentioned is that the provision of many of the 
improved appliances and facilities which are called 
for demands considerable capital expenditure, an 
activity severely restricted at the present time. 

Although Mr. Plumbe’s underlying thesis is that 
factories should be ‘places of proper human 
habitation ” (which, it may be suggested, many of 
them already are), his somewhat idealistic point 
of view has not in any way unfavourably influenced 
his practical judgment. As one who has served 
as a Superintending Inspector of Factories, he 
naturally deals with his subject from the point 
of view of the various Factory Acts. The main 
body of his book consists of a series of detailed 
considerations of various elements of factory equip- 
ment and arrangements. There are, for instance, 
chapters on ‘Heating and Ventilation,” and 
“Lighting Efficiency.” The various statutory 
requirements are explained, but the annotations and 
comments by which the explanations are accom- 
panied will, in general, be of greater service to 
works managers and others than a mere statement 
of rules. There are some particularly useful 
chapters on accidents, in which the contributory 
personal factors as well as the material pre-disposing 
conditions are reviewed. There is no question that 
attractive and convenient workshop conditions form 
important elements in successful and efficient oper- 
ation, but material amenities must be accom- 
panied by what Mr. Plumbe calls a “ desirable 
mental attitude” if the best possible results are 
to be obtained. His wide and restrained treatment 
of both these aspects may help towards the attain- 
ment of the more widespread factory well-being 
which he clearly has so much at heart. 





TRANSPORT OF SYNCHRONOUS CONDENSERS IN NEW 
ZEALAND.—The final stage of the journey of three 
30-MVA synchronous condensers from the Rugby works 
of the British Thomson-Houston Company, Limited, to 
Otahuhu, New Zealand, presented considerable diffi- 
culties. Otahuhu is only some nine miles from Auckland, 
but neither the rotors nor the stators could be rail- 
hauled, owing to the presence of tunnels ; and the roads, 
being within the metropolitan area, were barred. A 
barge, capable of carrying a special road trailer, weighing 
some 76 tons when loaded, was therefore used to take a 
stator or rotor to the head of a tidal inlet. Here a 
landing stage had been erected and the parts were 
towed from it about half a mile to the substation. The 
same trailer had been used previously to convey two 
identical synchronous condensers through difficult coun- 
try from Wellington to Bunnythorpe, a distance of 94 
miles. 





LARGE TORSION-TESTING MACHINE.—In the September 
issue of the 4S7'M Bulletin, published by the American 
Society for Testing Materials, an article by Messrs. 
F. K. Chang, K. Endie Knudsen, and Bruce G. Johnston 
describes “‘ A Torsion Testing Machine of 2,000,000 in.-Ib. 
Capacity.’”” The machine was designed and constructed 
at the Fritz Engineering Laboratory of the Lehigh 
University Civil Engineering Department, Bethlehem, 
Pennsylvania, U.S.A., and was sponsored by the Research 
Corporation of New York City and the Pennsylvania 
Department of Highways. In this machine, specimens 
up to 4 ft. 4 in. in diameter and 16 ft. long can be tested 
through any desired angie of twist; reasonably large 
box girders and full-size plate girders can be accommo- 
dated. The specimen is fixed at one end to a stationary 
head, and at the other end to a rotating head which 
incorporates an 88-in. diameter wheel. Torque is applied 
by rotating this wheel by means of a 4 in. by } in. flat 
wire rope; an old standard Riehle testing machine is 
used as the power source. To measure the applied 
torque accurately, an aluminium-alloy torque tube, 
carrying electric-resistance strain gauges, is inserted at 
the stationary head, which rests on rollers to allow for 
longitudinal movement when the specimen shortens 
during the twist. The machine is largely of welded 
construction, made up from standard rolled sections and 
plates. The machine is designed to attain self-equili- 
brium under load, so that only a few foundation bolts are 
required to keep it in place. The apparatus is being 
employed for the study of shear-stress distribution, 
torsional stiffness, and useful and ultimate torsion 
capacity of riveted and welded plate girders under 
uniform torsion. Later, box-sections, and the effects 
of stress concentrations on built-up structures, will be 
investigated. 





THE INSTITUTE OF 
METALS. 


(Concluded from page 427.) 


To conclude our report of the forty-first annual 
autumn meeting of the Institute of Metals, held in 
Paris, from October 3 to 12, we have now to deal 
with the last technical session, held on the morning 
of Friday, October 7, with the President, Sir Arthur 
Smout, in the chair. 


STRUCTURES OF ALUMINIUM-RICH BINARY AND 
TERNARY ALLOYS. 


The first two papers considered were discussed 
jointly. Both dealt with research work carried out 
by Imperial Chemical Industries Limited, Metals 
Division, Witton, Birmingham, and the first, by 
Mr. R. Chadwick and Mr. W. H. L. Hooper, was 
entitled ‘‘ Observations on the Recrystallisation 
Characteristics of Aluminium-Magnesium-Manganese 
Alloys.” The second, by Mr. R. Chadwick, Dr. 
T. Ll. Richards and Mr. K. G. Sumner, concerned 
“The Effect of Rolling and Annealing Procedures 
on the Structure and Grain-Size of Aluminium- 
Copper-Magnesium Alloy Strip.” The first contri- 
bution was presented by Mr. Chadwick, and, in this, 
the authors stated that they had investigated the 
recrystallisation characteristics of 11 binary and 
ternary alloys of commercial aluminium containing 
up to | per cent. of magnesium and 1-25 per cent. 
of manganese. In all the alloys in which the 
deformation was less than critical, the structure 
developed by subsequent annealing, in which a slow 
rate of heating was employed, had been found from 
X-ray examination to be characteristic of material 
in the recovered state or condition. Critical deforma- 
tion resulted in the development of the maximum 
grain size in each individual alloy, but with further 
cold rolling the grain size became progressively 
finer and, for any given reduction, was independent 
of the annealing temperature. For aluminium and 
an alloy containing 1 per cent. of magnesium, the 
minimum or critical reduction necessary to induce 
recrystallisation on subsequent heating at 550 deg. C. 
was less than 1 per cent. Additions of manganese 
resulted in a progressive increase in this critica] 
reduction, which, in the alloy containing 1-25 per 
cent. of manganese, was between 12 per cent. and 
15 per cent., depending upon the preceding rolling 
and annealing conditions. In the ternary alloys, 
also, manganese had a more marked effect on the 
critical reduction than magnesium, and consequently 
the alloys of high manganese content were not 
subject to the development of very large grain size. 
In the more heavily cold-worked material, the two 
elements had the reverse effect, and the aluminium- 
manganese alloy developed larger grain structures 
on annealing than the aluminium-magnesium alloy, 
while, in the ternary alloys, grain size was influenced 
mainly by magnesium content. 

In the second paper, which was also presented by 
Mr. Chadwick, the authors stated that they had 
investigated the effect of varying the last inter- 
mediate annealing procedure and the subsequent 
cold rolling on the structural condition, after final 
heat-treatment at 500 deg. C., of an aluminium- 
copper-magnesium alloy. Where recrystallisation 
occurred in the annealing operation, a large critical 
rolling reduction was always necessary to induce 
recrystallisation on subsequent heat-treatment, and 
consequently the structures obtained were relatively 
fine-grained. In material quenched at the last 
annealing stage, critical rolling extended over a 
range of 10 per cent. to 20 per cent., and the grain 
size, developed by the final heat-treatment, was 
about 0:04 mm. In the slowly-cooled alloy, how- 
ever, the critical range extended from 8 per cent. to 
12 per cent., and the grain size obtained was about 
0-07 mm., the changed value being probably the 
result of rejection of alloying constituents from 
solid solution prior to rolling. With heavier rolling 
reductions, the rate of heating to the final heat- 
treatment temperature had been found to be the 
only factor influencing grain size. 

There was no oral discussion on these papers, but 
discussion by correspondence was invited. 
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InoLusions IN MaGnestum ALLoys. 


‘** Non-Metallic Inclusions in Magnesium-Base 
Alloys and the Flux-Refining Process ” was the title 
of the next paper taken. It was by Mr. E. F. 
Emley, metallurgist to Magnesium Elektron, Limi- 
ted, who stated that the paper recorded the results 
of an investigation into the behaviour of inclusions 
in molten meta] and the nature and function of the 
process of refining with an inspissated flux. Such 
a flux consisted essentially of a chloride base, 
normally containing MgCl, and an alkali-metal 
chloride to reduce its melting point, together with 
inspissating agents which increased the viscosity of 
the flux. The most commonly used inspissating 
agents were CaF’,, MgF, and MgO. In the normal 
melting and refining process used by his firm, two 
fluxes were employed. The first, which was a fluid 
non-inspissated chloride flux, Melrasal Z, termed a 
protective flux, was used to protect the metal from 
oxidation during melting. The second, an inspis- 
sated flux, Melrasal E, was used subsequently for 
refining the metal and as a protective cover during 
superheating and pouring. The essential function 
of an inspissated flux was not to remove suspended 
impurities from the metal during the refining pro- 
cess, but to provide a cover on the metal of suitable 
physical properties to enable a clean stream of 
metal to be poured. Stirring the inspissated flux 
into the metal reduced the risk of flux inclusions 
arising at the time of pouring from abnormal condi- 
tions or careless procedure. 

A practical conclusion of some importance 
emanating from the present research was that 
whereas, on the older view, if oxide or flux inclusions 
were found in castings, the fault was ascribed to the 
inefficiency of the flux used or to improper carrying 
out of the flux-refining procedure, it was now quite 
evident that the fault would almost certainly be 
either in the pouring operation, and particularly in 
the prior clearing of the metal surface, or in the use 
of contaminated moulding sand under conditions 
producing outcropping microporosity. The forma- 
tion of inclusions in magnesium alloys by the 
sucking of film-forming substances into areas of 
outcropping microporosity during the solidification 
of castings was an interesting phenomenon which 
did not appear to have been previously reported. 

Dr. F. A. Fox, who opened the discussion, said 
that the paper was the result of much difficult work 
throughout the war years, and its publication did 
considerable service to the magnesium industry of 
the world. The author had rightly emphasised one 
conclusion of practical importance, namely, that, 
if inclusion troubles arose, attention must be 
directed to the conditions surrounding the pouring 
operation, or to the moulding conditions, and not to 
some original fault in the metal. It could not be 
repeated too often that the production of good 
magnesium-alloy castings demanded continued 
care and attention to casting detail, of which 
pouring itself now seemed to be the most important 
single item. In one limited way, the effect of this 
paper was to bring the theory of the flux treatment 
of these alloys rather nearer to that of aluminium 
alloys. Both types of material were now seen to 
behave similarly while standing in the crucible, 
and raising the temperature led to more rapid 
separation of impurities for both materials. For 
both it was also important that pouring conditions 
should be carefully controlled. Magnesium merely 
had to be supplied with an artificial protection 
equivalent to the tough film of Al,O,; this was the 
refining flux cover. 

Dr. H. K. Hardy said that the present was the 
second paper presented at that meeting with the 
object of removing mysteries from a metallurgical 
process. The earlier paper (that by Messrs. Thomas 
and Fowler) had dealt with some of the rolling prob- 
lems in the aluminium industry. There were 
numbers of other subjects which would repay 
bringing into the light of day. The next speaker, 
Mr. J. B. Wilson, said that the author had estab- 
lished that castings containing flux inclusions 
could only bave derived these from flux which had 
been adhering to the side of the pot, or from particles 
of flux that had become detached from the cover, 
present to prevent oxidation during melting. A 
third alternative was that of an extremely thin 











enveloping film which “‘ wetted ” the whole surface 
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of the pouring system and presumably might 
envelop the whole of the final casting. The most 
interesting point in the paper was the form of 
porosity which the staff at Magnesium Elektron, 
Limited, referred to as “‘spider microporosity ” 
owing to the spidery nature of the microsection of 
this type of inclusion. If it were true that such 
inclusions were lined completely with a film of 
flux it seemed very difficult to imagine that an 
extremely thin film, which only involved the pouring 
stream, would be sufficiently elastic to spread out 
and line these extremely tenuous cavities which 
must have very large specific surfaces. 

Mr. E. F. Maillard asked for further information 
on two points. The first was why the flux which 
was poured into a casting did not rapidly sink or 
rire to the surface. Flux would be expected to 
remain in a sort of stratum in a casting; this, 
however, did not happen, because on numerous 
occasions flux, of quite a massive kind, had been 
obtained, spread throughout a billet. The second 
question concerred the residual flux. These widely 
distributed particles were, on the author’s estimate, 
about 0-3 mm. in diameter. Nearly every magne- 
sium casting did, in fact, contain flux widely dissemi- 
nated in particles of that order, and for many pur- 
poses they were unimportant. For some purposes, 
however, they were of some significance, as, for 
example, with regard to the adherence of paint 
films. The last speaker in the discussion was Dr. E. 
Scheuer, who stated that there was considerable 
similiarity between the action of flux in magnesium 
and in aluminium, the main point being that the 
surface energy was probably the outstanding feature 
of all fluxes in the light-metal field. In the case of 
aluminium, there were two kinds of oxide inclusions, 
namely, the “ fluffy” kind, generally called dross, 
which was so finely divided and so much interspersed 
with cavities that it almost floated on the liquid 
metal, and there were inclusions of the dense, 
massive type, which tended to sink to the bottom 
of the melt. He wondered whether the author had 
found any indication that such heavy inclusions 
were also formed in magnesium melts, and, if so, 
if he knew what happened to them in the course of 
melting. 

In reply, Mr. Emley said that foundry staffs 
were gradually becoming persuaded that when 
inclusions did appear in castings in standard 
alloys, the chances were that the trouble was not 
in the flux but in the pouring technique. Mr. 
Wilson had referred to the phenomenon of spider 
microporosity and, in reply to his question, there 
was an intergranular chloride layer only where 
there was already a thin oxide film. In no case 
did the chloride film appear to go completely round 
any one grain. In any given section it might 
appear that the chloride film did go completely 
round the grain, but if a section were taken at 
right angles it would be found that the grains were 
not completely surrounded. Mr. Maillard had 
raised the question of why any flux inclusions 
passing over into the melt at the time of pouring 
did not either rise to the surface or sink to the 
bottom. It could be fairly definitely stated that 
the inclusions passing over had some air associated 
with them and would tend to go to one of the sides. 
Usually, there was a little flux associated with the 
oxide skin, and, very often, an oxide skin would 
stick on the side of a mould and float about in the 
metal until the latter was solid. Where inclusions 
which were completely wetted by metal were 
involved, as in the alloys containing zirconium, 
it was found that the inclusions all collected 
towards the bottom and the middle of a body of 
molten metal. 


PRODUCTION OF PLATINUM BY POWDER 
METALLURGY. 


The next paper taken was entitled “‘ Pure Plati- 
num, of High Recrystallisation Temperature, 
Produced by Powder Metallurgy.” It was by Mr. 
A. B. Middleton, Dr. L. B. Pfeil and Dr. E. C. 
Rhodes, of the Development and Research Depart- 
ment of the Mond Nickel Company, Limited, Lon- 
don, and was presented by Dr. Rhodes. The 
authors stated that it had been found that, by the 
sintering and hot working of a fine powder compact 
of pure platinum at a temperature considerably 











below its melting point, followed by severe cold 
drawing to wire, the fibrous structure of the resulting 
wire persisted when heated at temperatures well 
above the recrystallisation temperature of wire pro- 
duced from melted, cast, and similarly worked pure 
platinum. The increased stability of the fibrous 
structure of the sintered platinum wire was attri- 
buted to a small amount of suitably dispersed 
porosity, which had the effect of hindering recrystal- 
lisation. The sintered platinum wire, moreover, 
was found to possess greater resistance to elongation 
under tensile stress at high temperature and greater 
resistance to intergranular corrosion, than wire from 
melted and cast platinum which had recrystallised 
at the temperature of testing. At relatively high 
temperatures the fibrous structure of sintered 
platinum wire was found to change to columnar. 
This contribution to the proceedings was reprinted 
on page 431, ante. 

Dr. J. C. Chaston, who opened the discussion, 
said that the cause of the fibrous structure in their 
specimens had been ascribed by the authors to 
distributed porosity or, as they had termed it, 
‘‘ critically dispersed porosity.”” One further im- 
purity might be considered, namely, air. If air 
were entrapped, it might play an important part in 
preventing consolidation. The next speaker, Pro- 
fessor A. von Zeerleder, said that at Neuhausen-am- 
Rheinfall, Switzerland, similar work had been 
carried out with aluminium powder, and similar 
results had been obtained, namely, higher recrystal- 
lisation temperature than with cast aluminium and 
higher tensile strength, both at ordinary and at 
elevated temperatures. The astonishing analogy 
between two metals, otherwise so different, might 
be taken as an indication that these special pro- 
perties of sintered powder compacts could not 
be haphazard and it was to be expected that theo- 
retical information of fundamental importance 
could be derived from them. The authors had 
suggested that the porosity present had the effect 
of hindering recrystallisation and it seemed that all 
they were interested in was the behaviour of their 
powder compacts at elevated temperature. They 
hardly mentioned the fact that at ordinary tempera- 
ture a wire produced by powder metallurgy had a 
diamond-pyramid hardness number of 126, against 
94 for ordinary wire. If this hardness were consi- 
dered in connection with a small amount of 
‘‘ suitably dispersed porosity,” a possible connection 
with the vacant-lattice site theory of age-hardening 
was obvious. The vacant-lattice sites, or pores, 
reduced the free path of slip, and, therefore, 
increased the hardness and strength of the metal. 
Dr. A. G. Dowson, the last speaker in the discussion, 
said that the new development described in the paper 
had been commenced as the result of a requirement 
for improved aircraft-engine sparking-plug elec- 
trodes. It had been found at the works of Baker 
Platinum, Limited, that platinum and platinum 
alloys to which purposeful additions of thorium 
oxide had been made showed the property of bigh 
strength at room temperature and the property of 
resisting softening when heated at high temperatures 
very much more markedly than platinum as pro- 
duced by the authors. Another important point 
was that the procedure for manufacture was far 
less critical. They had continued to put oxide 
additions in their platinum for sparking-plug elec- 
trodes because, although they did not wish to 
suggest that the phenomenon reported in the paper 
was in any way unfounded, they could get better 
properties with a good deal more flexibility in the 
method of working. This had been important 
during the war and it was still important when 
producing these materials on a commercial scale. 
They were regularly producing bars 8 in. in length 
by 1 in. square, in quantity during the war, and they 
had not found that the procedure was very critical. 

In view of the lateness of the hour, the President 
asked the authors to reply to the discussion in 
writing. The remaining papers on the agenda were 
taken as read, and the President thanked the 
authors of all the papers for their contributions. 
Votes of thanks to officials and members of the 
Société Frangaise de Métallurgie, the Municipal 
Council of Paris, the directors of laboratories and 
works in the Paris region and in the provinces, and 
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meeting were carried with acclamation. The 
President then made the final announcement that 
as no other nominations had been received, Mr. 
H. S. Tasker was the Institute’s President-elect 
for 1950-51. After luncheon at the Hétel du Palais 
d’Orsay, members attended the Osmond Centenary 
Ceremony, which was held at the Sorbonne in the 
afternoon. A report of the proceedings of this 
meeting will be found on page 397, ante. The 
remaining days of the meeting, until Wednesday, 
October 12, were spent on two tours, the one to 
the Massif Central, including visits to the works 
of the Société Centrale des Alliages Légers and 
the Société pour le Forgeage et |’Estampage des 
Alliages Légers, at Issoire, Puy-de-Déme, and the 
Manufacture Métallurgique de Gerzat, at Clermont- 
Ferrand. The second tour was to Annecy and 
Chembéry and included visits to the Fonderie et 
Forges de Crans, at Annecy; the works of the 
Compagnie Frangaise de |’Etain, at Annecy-Vovray ; 
a bell foundry at Annecy; the Laboratoire du 
Service de Recherches de la Compagnie Alais, 
Froges et Camargue at Chambéry ; and the works 
of the same company at Saint Jean-de-Maurienne. 





DOUBLE-GLAZING UNITS. 


Messrs. PILKINGTON BRoTHERS, LimiTeD, St. Helens, 
Lancashire, have introduced a series of “ Insulite’ 
glazing units for use in the window spaces of buildings 
or vehicles. These units possess a considerably greater 
resistance to the transmission of heat than single 
panes of glass and have better sound-insulation pro- 
perties. Moreover, they do not become misty on 
the inside under conditions normally encountered in 
this country. The units are to be made in many sizes, 
each consisting of two panes of glass separated round 
the edges by a U-shaped spacer, and containing between 
them a }-in. layer of dehydrated air. The spacer, 
which is formed from 25-gauge copper strip, is placed 
with its two arms facing inwards and parallel to the 
panes, and is sealed to them by a plastic material of the 
type used in the manufacture of splinterproof glass. 
The internal layer of air is sufficiently thin to minimise 
convention currents and yet thick enough to provide a 
useful measure of insulation against both heat and 
sound. Figures of heat conductivity quoted by the 
makers are 0-47 to 0-56 B.Th.U. per square foot per 
degree F. per hour for the Insulite panels, compared 
with 0-7 to 1-30 for single panes of glass and 0-39 to 
0-53 for a 9-in. brick wall. The units can be made 
from polished plate glass, sheet glass, many patterns 
of rolled glass, and, in certain sizes, from armoured 
glass. Multiple units can be produced for special uses 
and the overall size of a double unit is limited by con- 
siderations of weight rather than of strength; the 
present maximum size available is 80 in. by 80 in. 
The standard double units are of a thickness which 
allows them generally to be installed in the usual 


manner in conventional window frames. 





“ ENGLISH ELECTRIC ”’ APPRENTICES.—A guide to the 
facilities available for apprentices in their various works 
has recently been prepared by the English Electric Com- 
pany, Limited, Queen’s House, Kingsway, London, W.C.2. 
After an interesting account of the development of the 
company and its associates, details are given of the train- 
ing schemes for craft, student and graduate apprentices, 
of the opportunities for corporate life, which are provided 
for entrants, and of the careers which are open to them 
on the completion of their time. In this connection 
particular stress is laid on the present need for reinforc- 
ing the ranks of British technical personnel. The 
brochure may be read with profit by those for whom it 
is intended. They will also receive much instruction 
from the excellent illustrations. 





INSTITUTION OF ELECTRICAL ENGINEERS’ WAR 
MEMORIAL.—Memorial tablets, commemorating the 
members of the Institution of Electrical Engineers who 
lost their lives during the 1939-45 war, will be unveiled 
and dedicated at Savoy-place on Friday, November 11, 
at 5.30 p.m. The unveiling ceremony will be performed 
by the President (Professor E. B. Moullin), supported by 
the past-presidents who held that office during the war ; 
and the tablets will be dedicated by the Dean of West- 
minster (the Rt. Rev. A. C. Dow). The singing will be 
led by choristers of H.M. Chapel of the Savoy and a 
section of the Staff Band of the Royal Electrical and 
Mechanical Engineers. Tickets giving admission to the 
seating reserved for near relatives of the fallen and for 
members wishing to attend the ceremony can be obtained 
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PROPERTIES OF ENGINEERIN 
MATERIALS.* 


By Proressor GitBert Cook, D.Sc., F.R.S. 


Tuts Institution owes its existence in great measure 
to the enterprise and foresight of that great man of 
science, Macquorn Rankine, the first President. The 
successors to his professional chair in the University 
of Glasgow have each, in turn, been called to the 
presidential chair of the Institution. A close relation- 
ship has existed from the beginning between the 
University and the Institution, to the great benefit 
of engineering science and education in the west of 
Scotland. The University owes the endowments of 
the two James Watt chairs in the Faculty of Engin- 
eering to a movement inspired and organised by the 
Institution. As a practical demonstration of concern 
for the progress of engineering education at the highest 
level, this magnificent gesture is, I believe, unrivalled 
in the annals of our professional institutions, and the 
continuing interest in the school of engineering and 
naval architecture has been shown again, recently, 
by the support the Institution has given to the exten- 
sion fund. It is right to keep in continual remem- 
brance those to whose vision and imagination we owe 
the privileges we have inherited. Rankine is rightly 
acclaimed as the pioneer who recognised the bond 
between engineering and science ; who laid the founda- 
tions of engineering education, and who determined 
more than anyone else the character of its development 
in this country. Combining in himself the mathe- 
matician, physicist and engineer, he was among the 
first to bring to engineering problems the full resources 
of mathematical analysis. He was equally at home in 
subjects so diverse as thermodynamics, mechanics of 
machinery, earth pressure, molecular physics, and naval 
architecture. His immediate predecessors, and some 
of his contem ies, were able to design not only 
the track, bridges and tunnels for their railways, but 
also the locomotives and rolling stock which should 
use them. There is no doubt that the wide-embracing 
character of the professional work of these engineers 
of the Victorian era ae corresponding largeness 
of views and catholicity of outlook. The growth of 
technical knowledge, however, has long surpassed the 
stage at which it was possible for any one man to be 
fully conversant with more than a restricted region in 
the field. 

The boundaries of knowledge have been immensely 
widened; whole new branches of science and tech- 
nology unknown to men of that time have been dis- 
covered and opened up. Each of these has provided 
vast fields of research, the results of which have been 
of great value and importance far beyond the boundaries 
of the branch in which they originated. There are, 
nevertheless, many questions that may appear, super- 
ficially, to be simple, to which only ial answers 
have yet been given. Among them are fundamental 
questions related to the behaviour of materials of 
construction under the action of the loads imposed on 
them. 

From the earliest times, the problems confronting 
the engineer have been intimately related to the 
mechanical properties of his materials. The capacity 
to sustain, without injury, the loads and stresses 
applied to them is frequently the chief consideration 
governing their choice, and their method of employ- 
ment. The two ways in which a structural member 
may fail in its function of carrying the loads applied 
to it are by deformation and by fracture. More is 
now known about the first than the second. It has 
long been known that all solid bodies possessed a limit 
beyond which they could not be loaded without the 
occurrence of fracture or of distortion that would 
remain after the load was removed, but until recent 
times the study of the conditions under which it was 
reached has been small in comparison with the atten- 
tion devoted to the analysis of the internal stresses 
produced by the load. The calculation of stresses 
and strains, based on the theory of elasticity, has 
always been far in advance of experimental knowledge 
of the effect of such stresses on actual materials of 
construction. It is a remarkable fact, of no small 
historical interest, that up to comparatively modern 
times the strength limit in metals was regarded by 
some of the foremost engineers and physicists as more 
directly related to the deformation suffered than to the 
magnitude of the stresses involved. Mariotte, pro- 
bably the first after Galileo to think about the matter 
at all, put this point of view quite clearly in his asser- 
tion that for “ wood, iron, and other solid bodies, 
there is a degree of extension which they cannot bear 
without breaking.” Poncelet, Saint-Venant, Grashof 
and others followed him in this view; on the other 
hand, Lamé and Rankine were notable among those 
who preferred a stress limit. 





* Presidential address to the Institution of Engineers 
and Shipbuilders in Scotland, delivered in Glasgow on 
Tuesday, October 4, 1949. Abridged. 








The controvery, if such it can be called, for it was 
never very active, lasted until the end of the Nineteenth 
Century; the strain theory favoured largely by elas- 
ticians and physicists as a result of their conceptions 
regarding the molecular structure of matter, the stress 
theory adopted by engineers for their working formulz 
as the most obvious and simple interpretation of the 
results of their methods of testing. In neither case 
were the conclusions the result of any critical experi- 
mental investigations. Indeed, the question was 
regarded as largely an academic one, towards which 
engineers displayed little more than the mildest con- 
cern, for in that spacious economic age large factors 
of safety were held not only to be justified, but were 
imposed as a requirement. With such factors, errors 
introduced by incorrect assumptions regarding the 
mode of failure rarely resulted in serious danger; and 
as such factors were quite arbitrarily fixed, there was 
no point in straining at a gnat while swallowing a 
camel, Complacency in this matter was, however, 
considerably disturbed when Guest showed that the 
production of permanent deformation was more nearly 
related to the existence of a specific shear stress than 
to the magnitude of the direct stresses or strains. It 
meant that, in certain instances, the factor of safety 
against distortion was much below the value based on 
either of the previous assumptions. 

It is a matter of some astonishment that this dis- 
covery should have come so late; it should have 
been evident from a simple comparison of results 
obtained from a tension test and a torsion test. Here 
we touch upon one of those difficulties which have at 
all times faced the inquirer in this field. In all work 
associated with the mechanical testing of material, 
what is measured are the loads and pressures applied 
and the deformations that occur. The stresses set up 
have to be inferred by making assumptions of some 
kind or other. In the simple tension test as normally 
carried out, it is assumed that the stress is uniform over 
the section of the specimen. It is now known how 
extremely difficult it is to secure this apparently simple 
and rather fundamental condition. Strain measure- 
ments have shown that frequently, with ordinary 
methods of testing, one side of the specimen may be 
bearing only a fraction of the stress carried by the other, 
with the result that the observed elastic limit will be 
lower than the true one. In a torsion test, in order to 
calculate the stress it is necessary to know its relation- 
ship to the strain, and it is only when this is linear, and 
the breakdown sudden, that the limiting stress can be 
found with precision. The tendency otherwise is to 
over-estimate its value. There are other complications, 
but these considerations alone may be sufficient to 
explain why the ratic of the yield points in torsion and 
tension has varied, in all but the most carefully con- 
trolled tests, over so wide a range and obscured the 
issue. 

It has now been demonstrated beyond any reasonable 
doubt that not only the initial departure from the 
elastic state, but also the propagation of plastic flow, 
occurs under conditions determined solely by the value 
of the shear stresses set up. Whether the maximum 
shear stress alone is the critical factor, or whether that 
combination usually known as the Mises-Hencky 
function applies, seems to be related in some way not 
yet explained to the constitution of the metal, and the 
way, sudden or gradual, in which the departure from 
the elastic state occurs. Often it does not matter much 
which we take for p of design, as, for example, 
in a shaft under twisting and bending, where the 
difference in dimensions to which they lead is compara- 
tively small. The choice is more important in the case 
of a gun tube, and much experimental work was carried 
out during the war on the alloy steels used or proposed 
for gun construction in an attempt to settle this ques- 
tion. The results were interesting. Specimens cut 
from forgings showed in all cases close agreement with 
the Mises-Hencky relationship; but in one instance 
the steel was also available as rolled bar, and in this 
form, although the composition and heat treatment 
were the same, it behaved quite differently, showi 
characteristics closely resembling those of mild stee 
in the manner of yielding, and, also, like the latter, 
obeying the simple shear-stress law. In analytical work, 
the choice is frequently determined by the simplicity of 
the mathematical treatment that it will permit. From 
the scientific point of view this is not very tidy, but 
there is still sufficient uncertainty to permit such 
e iency. All that can be said with certainty is that 
it is not the absolute value of the direct stresses that 
governs the yielding of metals, but their differences ; 
and there is more than one way in which these are 
involved. 

These facts are of some relevance in considering the 
ordinary methods of testing materials for strength 
properties, and the information they furnish. An 
enormous amount of laborious effort has been expended 
in an intensive study of every feature exhibited in the 
process of breaking a bar of steel in simple tension. 
We have measured, we have calculated, we have 











plotted diagrams of many kinds; we have called 
advanced mathematics to our aid; and hundreds of 
papers have been written, covering every as of the 
process. Yet, if we look without prejudice on the 
information obtained, we cannot avoid asking what 
relationship it has to the problems of design. If the 
components of structures and machines were exposed 
solely to the action of simple tensile and compressive 
stresses, the practice might be justified on the grounds 
of similarity alone, but in design we are more often con- 
cerned with compound stress systems. Is there any 
real authority for supposing that the results obtained 
from the tensile test are relevant to such cases ? 
Considering first the yield point, we divide the load by 
the cross-sectional area, and take that to be the yield 
stress. In doing so we have assumed the stress to be 
homogeneous ; indeed, it is one of the principal points 
in favour of the tensile test that it is the only way 
(other than by compression or uniform hydrostatic 
pressure) of producing, in a substantial mass of the 
material a state of homogeneous stress, the magnitude 
of which is therefore calculable from the applied load 
without making any assumptions about elasticity. 

That is a very solid recommendation, and one not 
to be lightly regarded, but the appliances designed to 
secure such homogeneity are rarely effective for their 
purpose. If we wish to apply the result to the design, 
say, of a crankshaft or a gun tube, we are in the position 
first of having a limit expressed in terms of a single 
tensile stress, whereas the yield in the shaft or tube 
depends on some function of the shear stress not 
directly deducible from a tensile test. Secondly, we 
are applying a result obtained for an (ostensibly) homo- 
geneous state to one which is manifestly not homo- 
geneous ; for almost all cases of compound stress in 
practice are non-uniform systems in which the stresses 
reach their greatest value at a surface involving stress 
gradients, which recent research has shown may have 
an important effect on yield-point values. Turning 
next to what we call the ultimate strength, we recognise 
that, in materials which deform before fracture, the 
figure obtained by dividing the final load by the original 
area has no relation to the true cohesive strength, or 
indeed any other significance than as an indication of 
suitability for specified p' as sanctioned by 
previous experience. In this connection I wish to 
protest against a practice that is growing up, especially 
among writers across the Atlantic, of referring to such 
a figure as an “ engineering stress.” Need we disparage 
the name of our profession by using it as a term of 
description for something that is fictitious, and for 
which we have already an excellent and entirely appro- 
priate term in “nominal”? Elongation and con- 
traction—these are taken to be a measure of ductility, 
the capacity for flow under stress. Whatever value 
they have as an indication of quality, they give little 
information regarding the extent of deformation 
possible in processes involving compound stress systems 
such as wire-drawing, the deep drawing of sheets, etc., 
where such capacity is the principal property required. 
The tensile elongation is simply the point at which 
strain hardening has overtaken, so to speak, the process 
of flow and has localised it in a manner peculiar to 
simple tensile conditions. 

Why does the tensile test continue to hold the pre- 
eminent place it occupies in testing procedure? The 
answer, it must be admitted, is largely tradition. For 
the determination of the yield point and ductility, the 
torsion test, properly carried out, has been shown to 
have some advantages. The development of non- 
destructive methods of testing may make unn 
some of the more unscientific procedures, but the 
tensile test is so firmly embedded in our system that 
we, at all events, are unlikely to see its disap ce. 

The present state of knowledge i e condi- 
tions of stress necessary for the development of plastic 
strain can be regarded as reasonably satisfactory, at 
least for purposes of design. One of the principal 
properties of steel, however, and especially of mild steel, 
that has been responsible for its pre-eminence as a 
material of construction is its ductility, its capacity to 
sustain large deformations beyond the elastic limit with- 
out fracture. a ies been ges custom to describe this 
property as plasticity. processes such as wire- 
drawing it has been utilised from early times, and 
analogous processes involving cold working have been 
extensively employed. It is only recently, however, that 
close attention has been given, both theoretically and 
experimentally, to the problems of flow involved, for 
example, in drawing and cold rolling. ese 
are problems of fabrication, similar to those of forging, 
in which a desired form or shape is the aim of the 
process rather than a more effective use of the material 
in its capacity to sustain loads. One of the most 
interesting and important developments now taking 
place is the increasing stud: 


ly being given to the 
mechanics of plastic deformation as distinct from flow, 
the consideration of the stresses in over-strained or 
plastic regions enclosed or limited by elastic boundaries, 
and their effect on load i 


carrying capacity. 
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We are, in fact, entering an era in which the import- 
ance of the purely elastic properties of materials may be 
equalled, if not surpassed, by those of so-called over- 
strain. It has long been known, for example, that a 
thick-walled tube of ductile steel would sustain, without 
risk of fracture, and with little deformation, a pressure 
far greater than that required to bring the most highly 





stressed parts to the yield point. The principle was 
first used by the French in the construction of guns | 
under the name “ autofrettage,”’ but largely on a purely | 
empirical basis. During the second World War, large | 
numbers of guns were made by this process, and much | 
research, both theoretical and experimental, was carried | 
out to give the necessary design data. The deliberate | 
production of locked-up or residual stresses of a kind | 
that will oppose those set up by the ordinary working | 
loads has long been a regular practice in the manufac- 
ture of springs. Wherever the state of stress produced 
by the loading is non-uniform in its distribution, as, for 
example, in bending or torsion, a state of residual stress 
can be induced by preliminary overstrain ; and, if it is 
followed by a suitable low-temperature heat treatment, 
the elasticity is restored and nominal stresses well in 
excess of the primitive elastic limit of the material may 
be safely carried under working conditions without 
further distortion or fear of fracture. Owing to the 
favourable residual stress, the actual stress is less than 
the nominal. This is the principle underlying the 
** scragging ”’ of helical and leaf springs, but in no case 
is the effect so striking as in the thick-walled tube. It 
has been reported that vessels of plain carbon steel have 
been constructed by this method, capable of holding an 
internal pressure of 100 tons per square inch, and, by 
employing alloy steels, even as high as 180 tons per | 
square inch. 
(To be continued.) 





THE BRISTOL 175 CIVIL AIR LINER. 


Some preliminary information has been released on 
the Type-175 air liner now under construction at the 
works of the Bristol Aeroplane Company, Limited, 
Filton, Bristol. This aeroplane has been designed for 
long-range operation over the routes of the British 
Overseas Airways Corporation, and 25 aircraft have 
been ordered by that organisation. The Type-175 is 
an all-metal four-engined low-wing monoplane with a 
tricycle undercarriage. The power plants can be} 
Bristol Centaurus 663 piston engines, described on | 
page 46 of our 160th volume (1945), or Bristol Proteus | 
propeller turbines, described on page 269, ante, with | 
fully feathering and braking propellers. Normally, 
50 passengers will be carried, but up to 62 passengers 
can be accommodated, together with luggage, mail, 
and freight. The cabin is pressurised, and thermal 
de-icing equipment is fitted. The gross wing area is 
2,055 sq. ft., the span 140 ft., and the aspect ratio 
9-53. The fuselage is of circular cross-section, with a 
maximum diameter of 12 ft. and a length of 114 ft. 
The aircraft is designed to carry a payload of 17,610 Ib., 
comprising 50 ngers and baggage, 450 Ib. of 
provisions, and 5,610 lb. of freight and mail, over a 
still-air range of 2,300 nautical miles. With Proteus 
engines, these characteristics are computed for an 
operating altitude of 29,000 ft., at which the estimated 
cruising speed is 295 knots. With Centaurus 663 
engines, this range-payload relationship can be achieved 
at all altitudes up to the normal operating height of 
20,000 ft., at which the cruising speed is calculated to 
be 258 knots. The distance required at sea level for 
take-off, to clear a 50-ft. obstacle, is estimated at 
4,200 ft. for the aircraft with Proteus engines and 
4,100 ft. with Centaurus engines. At a pressure- 
altitude of 5,500 ft. and an ambient temperature of 
27 deg. C., the take-off thrust from the propeller- 
turbines is more adversely affected than that of the 
piston engines, and a take-off distance of 6,600 ft. will 
be required by the Proteus-powered aeroplane, com- 
pared with 5,640 ft. by the Centaurus version. 








COAL UTILISATION TRAINING CENTRE.—The Coal Utili- 
sation Joint Council, in co-operation with the manufac- 
turers and distributors of domestic coal- and coke-burning 
appliances, have opened a training centre at Vauxhall- 
walk, Albert-embankment, Vauxhall, London, S.E.11, 
to instruct retailers’ representatives in the use and 
installation of all types of solid-fuel burning appliances in 
the home. The C.U.J.C. are a voluntary and completely 
independent body representing the coal producers, 
through the National Coal Board, the coal distributors, 
and the manufacturers and distributors of solid-fuel 
burning appliances. Their main object is to secure the 
more efficient use of coal in the home. The training 
centre augments the service and showroom scheme 
initiated last year and now being extended to cover 
the whole of the country; those in the scheme are to 
send at least one member of their staff to the centre for a 
course of instruction. The centre is under the technical 





management of Mr. W. C. Moss. 
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HORIZONTAL SURFACE GRINDER. 


THOMPSON GRINDER COMPANY, 





SPRINGFIELD, OHIO, U.S.A. 





HORIZONTAL SURFACE GRINDER. 


A TWIN-HEAD planer-type horizontal surface grinder 
stated to be the largest ever built, has been completed 
recently by the Thompson Grinder Company, Spring- 
field, Ohio, U.S.A., and delivered to this country. 


| 


| 


OIL-ENGINE RESEARCH. 


An “ open day ”’ was held at the Research Labora- 
tories of the British Internal Combustion Engine 
Research Association, in Buckingham-avenue, Slough, 
Buckinghamshire, on Thursday, October 20, to give 


Designed and built to the specification of British | members and representatives of the oil-engine manufac- 
Timken, Limited, Birmingham and Northampton, it | turers an opportunity to inspect the work in progress. 
has been installed in their Birmingham works and will| The British Internal Combustion Engine Research 
be used in the production of railway-vehicle axle | Association was founded in 1943 by the leading engine 
housings. The machine, which is illustrated on this | manufacturers for the study of those problems common 


page, is approximately 35 ft. long, 16 ft. wide and/|to all makes of engines. 


The development. of the 


12 ft. high, and has a hydraulically-operated table | internal-combustion engine, of course, has been due 
with a working area 10 ft. long by 6 ft. wide ; this table | largely, to extensive research work carried out by the 


is operated by a 30-h.p. motor and pump. Articles up | manufacturers. 


Although this private work was 


to 3 ft. in height can be accommodated, and the rate | directed mainly towards the improvement of the various 


of travel of the table can be varied continuously 


companies’ products, a small proportion was devoted 


between the limits of 20 ft. and 100 ft. per second. | to common problems and it was to prevent overlapping 
The transverse feed of the wheelheads is provided by| and duplication of work in this field, and the neglect 


two hydraulic motors, the rate being variable from 
} in. per reversal of the table to 3 in. per reversal. 
A continuous rapid traverse also can be brought into 
operation for each wheelhead, the rate in this case 
being variable from 10 in. to 50 in. per minute. The 
wheelheads, each carrying a 24-in. diameter grind- 
ing wheel with 5-in. faces, are mounted on the bridge 
rail and driven by 30-h.p. motors. An electric power- 
brake motor of 3 h.p. raises and lowers the rail at a 
rate of 24 in. per minute and the wheelheads may be 
raised and lowered by hand through a distance of 8 in. 
relative to the rail. All the operations can be con- 
trolled from either side of the machine by one of two 
duplicate sets of push buttons. Electronic timing 
control is employed and the hydraulic system is con- 
trolled by solencid-operated valves. The electrical 
system is interlocked so that the grinding wheels and 
the table cannot be set in motion until the pressure of 
the lubricating oil in their bearings has reached a pre- 
determined value. The bed and table ways consist of 
one 90-deg. V bearing and one flat bearing, both 
10 in. wide and having a length equal to twice the table 
stroke; all the bearings remain completely sealed in 
all positions. The machine is arranged for wet grinding 
and includes all the necessary equipment, such as 
splash shields, return lines, coolant tank, piping, coolant 
pump and valves. The tank has a capacity of 300 
gallons and the coolant is supplied separately to each 
head by a }-h.p. motor-driven pump. The net weight 
of the complete machine is 65 short tons. 





** DESIGNING MACHINERY FOR ARC WELDING.”—A 
sound colour film, entitled ‘‘ Designing Machinery for 
Are Welding,” has been released by the Lincoln Electric 
Company, Limited, Welwyn Garden City. It is on 
16-mm. film and runs for about 15 minutes. The film 
shows how welded designs can be used to speed up the 
fabrication of machines, to reduce weight and to give 
greater strength and rigidity with less material. Those 
interested are invited to apply for the loan of the film. 





of certain basic problems because of lack of equipment, 
that the Association was formed. 

The Association is governed by a Council composed 
of a representative from each member company. 
The general control of the research work is delegated 
to the research committee, which consists of a repre- 
sentative from each company elected by the Council, 
together with members from Government establish- 
ments and Lloyd’s Register of Shipping. Panels are 
appointed by the research committee to advise them on 
special subjects, such as torsional vibrations, pressure 
charging, gas turbines, etc., and, in some cases, the work 
involved is divided between the research departments 
of member companies and the headquarters’ laboratory. 
The co-operation between research associations and 
government establishments is maintained through the 
Department of Scientific and Industrial Research ; 
this avoids duplication of effort and keeps the organisa- 
tion informed on the work carried out by other associa- 
tions. The establishments with which the British 
Internal Combustion Engine Research Association 
collaborates include the National Physical Laboratory, 
Admiralty Research Laboratories, the Fighting Vehicles 
Development Establishment, the National Gas Turbine 
Establishments and the research organisations con- 
nected with the motor, shipbuilding, electrical and 
other similar industries. It is financed by the member 
companies, who must be engine manufacturers, but 
it receives a Government grant administered by the 
D.S.I.R. The facilities of the laboratory are, of course, 
restricted to the staffs of the member companies and 
Government departments. 

The scope of the Association's interest covers internal- 
combustion engines of all powers and types and for all 
purposes, with the exception of road vehicles and 
aircraft. Although employed mainly on common 
problems, the resources of the laboratory are available 
for the assistance of members in solving their own 
problems, and increasing use is being made of these 
facilities. At present, the laboratory is engaged on a 
wide variety of subjects ranging from investigations into 
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Fig. 1. 


GENERAL VIEW OF ONE OF THE TEsT Bays. 











Fig. 2. 


crank-web stiffness to the development of piston-type | 
In all, some | 


gas generators for use with gas turbines. 

















VARIABLE-COMPRESSION FourR-STROKE ENGINE. 


horse-power at 744 r.p.m. The tests have only just 
commenced, so that results are not yet available ; 


31 different projects were on view, so that in describing | but it has been shown that minor explosions are quite 
the work of the laboratory, it will be possible to refer | frequent. 


only to some of the more interesting*of these. As the | 


subject of crankcase explosions in Diesel engines has 
been to the fore in recent months, it may be appropriate 
to commence our description by referring to the work 
being done in this direction. 

At present these tests are being carried out in a long 
pressure vessel which is being used to determine the 
basic data, such as the mixture strength of oil mist 
and air and the temperature of a hot spot at which 
there is a danger of an explosion occurring. The effect 
of turbulence and a sudden inrush of air is being 
examined also, together with the effectiveness of such 
preventive measures as relief valves and the filling of the 
crankcase with carbon dioxide. When sufficient basic 
data have been obtained the tests will be continued on a 
General Motors two-stroke engine which has been 
installed for this particular purpose. This is a 12- 
cylinder unit with the cylinders arranged in two blocks 
of six set at'an angle to each other. It has a bor of 
8-5 in. and a stroke of 10 in. and develops 900 brake 





A considerable amount of work is being carried out 
on the turbo-charging and pressure-charging of Diesel 
engines. For investigations into turbo-charging, a 
Mirrlees TL3 three-cylinder four-stroke engine having 
a bore and stroke of 8} in. and 13} in., and developing 
157 h.p. at 600 r.p.m., when normally aspirated, is 
employed. This engine is illustrated in Fig. 4, on 
page 450, where it is shown fitted with a Napier TS100 
turbo-blower ; this blower was described in ENGINEER- 
InG, vol. 167, page 43 (1949). The Mirrlees engine 
can be seen in Fig. 1, on this page, which is a general 
view of one of the test bays. So far, tests have been 
carried out at engine outputs 60 per cent. in excess 
of normal. The brake horse-power is measured by 
a standard Froude dynamometer and the indicated 
horse-power by a balanced-disc valve used in conjunc- 
tion with a cathode-ray oscilloscope. For measuring 
transient pressures in the cylinder inlet and exhaust 
passages, the oscilloscope is used with a capacity-type 
pick up. The air inlet of the turbo blower is connected 











to a large cylindrical smoothing tank fitted with a 
sharp-edged orifice for measuring the air flow, the pres- 
sure differential across the orifice being determined by 
an inclined manometer. The blower delivers the air to 
the induction manifold of the engine through a cooler, 
arranged so that the flow of coolant can be varied over 
a wide range. The temperatures of the cylinder heads 
and pistons are measured by thermo-couples, con- 
tinuous-circuit flexible leads brought out through 
the crankcase being used for the pistons. The blower 
is connected to the exhaust passages by three separate 
inlets, but the engine is arranged so that the exhaust 
manifold can be varied to suit individual blowers. 

Similar examinations are being carried out on a 
Paxman 3 RPH three-cylinder four-stroke unit having 
a bore and stroke of 7 in. and 7} in., and developing 
150 h.p. at 1,500 r.p.m. when normally aspirated. It is 
fitted with Ricardo Comet Mark III combustion 
chambers and the investigations are concerned more 
with the effect of pressure charging on engines fitted 
with this type of head. The engine, however, is not 
fitted with a turbo-blower, the air being supplied 
by a Broom and Wade electrically-driven compressor, 
the inlet of which is fitted with a sharp-edged orifice for 
measuring the air flow. 

Some interesting work is being done on the develop- 
ment of piston-type gas generators for use with gas 
turbines. A modified Armstrong-Whitworth-C.L.M. 
(Junkers) single-cylinder opposed-piston two-stroke 
engine is being used for. preliminary investigations into 
this subject. This unit has a bore of 65 mm., a com- 
bined stroke of 210 mm., and develops 48 gas horse- 
power assuming a turbine efficiency of 100 per cent. 
The engine is pressure charged, it being assumed that 
the whole of the output is used for driving a compressor. 
«At present, however, the air is supplied by a separate 
electrically-driven compressor, the output from the 
engine being absorbed by a dynamometer. The 
delivery from the compressor is arranged to suit any 
predetermined compressor efficiency and is, of course, 
commensurate with the power developed by the engine. 
The exhaust gases are led to a throttle valve which 
simulates the nozzles of a turbine, the output of which 
is calculated from the pressure and temperature of the 
gases in the mixing chamber. The engine varies only 
slightly from standard, the major modifications com- 
prising a reduction in the compression ratio, alterations 
to the ports and the provision of a larger cooling pump. 

In several cases, special machines have been con- 
structed to carry out tests on component parts of Diesel 
engines. The laboratory staff, for example, have 
designed and constructed a 3-in. bearing-testing 
machine for testing bearings under conditions obtaining 
in Diesel engines. This machine is illustrated in 
Fig. 5, on page 450. The bearings are tested in a 
dummy connecting-rod assembly which is fitted to an 
eccentric having a throw of 0-030 in. The connecting 
rod is fitted to a piston which works in a cylinder, the 
clearance volume of which is filled with oil. As the 
piston ascends, the pressure rises until it is released by a 
valve arranged in the cylinder head, the valve being 
adjustable to produce various loads. The load on the 
bearing is measured by a resistance strain gauge fitted 
to the connecting rod, and used in conjunction with 
a cathode-ray oscilloscope. The eccentric shaft is 
driven by an electric motor and at present is operating 
at 1,600 r.p.m. Several variables are being investi- 
gated on the machine, including clearances, materials, 
oil pressures, contaminants in the crankcase and 
loadings. Six similar machines of an improved design 
are now being built. In these, the connecting-rod 
big-end bearing will be located at the top of the 
machine so as to facilitate the replacement of wearing 
parts. From tests carried out so far it has been con- 
cluded that ten million cycles is the practical criterion 
of the durability of a bearing. 

Another example of a machine designed and con- 
structed in the laboratory for carrying out special tests 
is illustrated in Fig. 6, on page 450. This is known 
as the resonant bending-fatigue testing machine and 
at present is being used to test crank throws of 
improved cast iron. One end of the crankshaft is 
clamped securely in a rigid bracket and the other end 
fitted with an extension arm. The end of the exten- 
sion arm remote from the crankshaft is fitted with 
a small housing which accommodates an out-of- 
balance bob weight. The latter is fitted to a small 
shaft driven through a cardan shaft by an electric 
motor, the speed of which is adjusted to give the 
required frequency. The deflection of the crank webs is 
measured by an electrical contact gauge which is cali- 
brated against a loop dynamometer before the test is 
started. The speed of the motor is regulated by 
vibrating contacts fitted to the free end of the extension 
arm and arranged to increase or decrease the field 
strength as required. At present this machine is being 
used to assess the effect of frequencies on the flank of the 
resonance curve. Another machine of similar design 
is being used to investigate the effect of resonant 
vibration. In this case, however, the crankshaft is 
energised by an eccentric and strap assembly driven 
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by an electric motor, a friction device being incor- 
porated in the drive to reduce starting loads. This 
a is an adaptation of a design developed by the 
N.P.L, 

The normally-aspirated Diesel engine has been 
developed to such an extent that there is little scope 
for improving the power output in its present form, 
and, consequently, considerable attention is being paid 
to the subject of pressure charging. The laboratory, 
therefore, is carrying out a series of tests on various 
types of pressure chargers so as to ascertain the per- 
formance in terms of volumetric and adiabatic effici- 
encies, noise, and other features such as mechanical 
reliability, oil consumption and leakage at the shaft 
glands. At present positive-displacement pressure 
chargers are being tested as several examples are 
available. The test rig on which this work is being 
carried out is illustrated in Fig. 3, on page 450. It 
consists, basically, of a large-capacity smoothing tank 
connected to the pressure-charger intake, the air flow 
being measured by a sharp-edged orifice. The pressure 
drop across the orifice is measured by water gauges in 
the usual way, but the size of orifice used is selected so 
that the pressure-drop is kept within the limits of 2 in. 
and 4 in. of water; within these limits, accurate air- 
flow measurement is ensured without the complications 
brought about by compressibility of the air. The 
blowers are driven by a Tatra 12-cylinder air-cooled 
Diesel engine which develops approximately 180 brake 
horse-power. The engine is mounted on trunnions and 
the torque measured by an arm and balance sc that the 
input to the blower can be ascertained. For noise tests, 
the blowers are enclosed in a small chamber lined with 
sound-absorbing material, the tests consisting of mea- 
surements of total noise and analyses of the noise to 
determine its character and origin and how it can be 
reduced. So far, ten blowers have been tested and per- 
formance curves showing the relationship between air- 
flow, power input, air-temperature rise, volumetric 
efficiency, adiabatic efficiency, pressure ratio and rotor 
— drawn up. Pressure diagrams also have been 
obtained from pick-up points at various positions in the 
blower casing. These give a clear indication of the 
action of the blower and are most useful when com- 
paring the behaviour of different types. 

The cetane rating of Diesel fuels is being investigated 
on a variable-compression single-cylinder four-stroke 
engine which was manufactured by M.W.M. for the 
LG. Farbenindustrie, and is illustrated in Fig. 2, 
on 445. The compression ratio can be varied 
between the limits of 9-0 to 1 and 25-5 to 1. The 
test consists, basically, of finding the compression 
ratio at which the fuel, under given engine conditions, 
ignites 18 crankshaft degrees after injection and then 
producing a blend of two fuels of known cetane numbers 
which produce the same delay at the same compression 
ratio and under the same conditions. The pump rack 
is controlled by a micrometer and is kept at the same 
setting throughout all tests. The engine is water 
cooled and the jacket temperature is maintained con- 
stant at 100 deg. C. The cooling system is closed, the 
steam formed being led to a condenser cooled by water 
from the mains. The load consists of an electric 
dynamometer and torque-arm assembly, the dynamo- 
meter being arranged so that it can be used to start the 
engine. The injection timing, of course, is variable ; 
usually it is set at 20 deg. before top dead centre, 
thereby making the “ standard ” ignition point 2 deg. 
before top dead centre. i are taken on a 
cathode-ray oscilloscope in conjunction with Sunbury 
needle-lift and diaphragm-type cylinder pressure pick 


ups. 

Another German engine is being used to study engine 
cycles and the effect of altered valve timings and short 
compression and long expansion strokes. The engine 
is a FKFS variable-compression single-cylinder four- 
stroke unit designed at the outset for research purposes. 
It was developed by the Germans for ascertaining the 
behaviour of Diesel fuels in a number of different com- 
bustion chambers. As a consequence, four different 
combustion systems are obtainable, the changes bei 
effected by using different inserts in the cylinder head. 
The compression ratio can be varied from 4-5 to 1 up 
to 25 to 1 and a contact breaker is provided so that the 
unit can be run as a petrol engine by fitting the required 
insert and a carburettor. At present, the engine is 

to run in this form. The com ion ratio is 
varied by moving the cylinder-block and head assembly 
up ordown. This is accomplished by a threaded sleeve 
which embraces the cylinder and is rotated by a worm 
and worm wheel assembly. A clamping ring is pro- 
vided so that this mechanism can be relieved from 
the firing stresses. The engine is fitted with an over- 
head camshaft driven through two pairs of bevel 
gears and an extensible splined shaft which allows for 
the movement of the block when the compression ratio 
is altered. _The two cams, however, are separate com- 
ponents, the timing of which may be altered individu- 
ally. The cam for the fuel-injection pump is driven 
from an extension of the vertical shaft. A closed 
cooling circuit is employed, the water passing from the 





header tank to a heat exchanger fitted below the engine. 
The output is absorbed by a generator, the load being 
varied by adjusting the resistances of the armature and 
field circuits. As previously mentioned, the unit is 
being used as a petrol engine ; at present, the effect of 
a larger expansion ration than compression ratio is being 
studied, the smaller compression ratio being obtained 
by closing the inlet valve early. 

Combustion in Diesel engines, with particular refer- 
ence to the effect of the type of combustion on engine 
roughness and knocking, is being investigated on a 
Crossley BW1-17 engine; this is a single-cylinder 
unit having a bore and stroke of 5 in. and 6} in., respec- 
tively, and developing 17 h.p. at 1,200 r.p.m. For 
combustion study, the cylinder pressure and change of 
total luminosity of the working fluid are being measured. 
The engine is fitted with a Ricardo Comet Mark II 
cylinder head and diagrams are being taken 
at the swirl chamber and the chamber above the piston 
so as to enable a study of pressure oscillations to be 
made; at present, capacity-type pick-ups are being 
used. For the measurement of luminosity, a gas- 
filled emission-type photo-electric cell is being used in 
conjunction with a Pyrex window let into the wall of 
the swirl chamber, the output from the cell being 
amplified and fed into a cathode-ray oscillograph. 
Engine roughness is being studied by measuring and 
analysing the noise and the vibration of the engine 
structure. Cylinder-head vibration is ascertained by 
measuring the stresses in the holding-down studs and 
the movement of the head. The stresses in the studs 
are determined by standard strain gauges and the 
movement of the head by a condenser, one plate of 
which is located by the head and the other by the 
cylinder block. By the correlation of cylinder-pressure 
diagrams, engine vibrations and noise analyses, it is 
hoped that the main causes of engine roughness and 
knocking may be identified. The effect of different 
types of fuel also is being studied, particularly those of 
low-ignition quality. 

Tests on low-grade fuels are being carried out on an 
Armstrong-Whitworth KD27 engine. i 
cylinder, two-stroke unit having a bore of 100 mm., a 
stroke of 150 mm. and developing approximately 
48 h.p. at 1,500 r.p.m. The liners are provided with 
inlet ports while the exhaust is through two poppet 
valves in each cylinder head. It is hoped to gai 
information with this engine on the behaviour of a 
highly rated two-stroke unit when using a low-quality 
fuel having a high sulphur content. The engine is 
fitted: with a Root’s positive-displacement blower and 
standard C.A.V. fuel-injection equipment. It is 
coupled to a‘Heenan and Froude dynamometer and the 
fuel consumption is measured by a B.I.C.E.R.A. 
flow-meter. ; 

A similar engine to the KD27, namely, an Armstrong- 
Whitworth KD50 unit, is being used for investigating 
the wear of chromium-plated cylinder liners and bores. 
The KD50 engine has four cylinders with a bore and 
stroke of 2% in. and 4} in., respectively, and develops 
50 h.p. at 2,000 r.p.m. It is generally similar to the 
KD27 model but has only one exhaust valve for each 
cylinder. It has been chosen for this work because 
of the high rating, high rotational speed and the 
general heavy duties performed. It is a marine-type 
engine, having an integral oil cooler, gear-type water 
pump and water-cooled exhaust manifold. At present, 
the resistance to wear of various types of chromium 
plating is being assessed with icular reference to 
the rate of wear during the earlier life of the bore. 
The flow of cooling water, the power output and the 
lubrication are varied so as to subject the bores to 
severe conditions, and the tests include long periods of 
continuous running. 

The laboratory is employed on many other tests, 
but lack of space prevents a detailed description of 
these being given ; it is thought, however, that enough 
has been written to show the extent of the work already 
in progress. In addition to the projects described in the 
foregoing, various sections of the laboratory are 


mg }engaged in tests on viscous-fluid dampers, flexible 


couplings and crankshaft materials and investigations 
into crank-web stresses, to mention but a few. Another 
section of the laboratory examines foreign engines and 
keeps the home industry advised on foreign develop- 
ments. The buildings and various laboratories are 
exceptionally well fitted out and contain a great deal 
of interesting equipment, much of which was made in 
their own well-equipped workshops. 





RADIO-TELEPHONE EQUIPMENT ON ELECTRIC SERVICE 
VEHICLES.—The North Western Area Electricity Board 
have equipped one of their service vans with very high 
frequency radio-telephone equipment supplied by the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. Frequency modulation, 
using frequencies of 65 and 85 gacycles per d, is 
being employed and communication will be possible 
between the vehicle and the district office in Mill-street, 
Macclesfield, within an area of 120 sq. miles. 





This is a two- | Purposes 





SUPERVISORY CONTROL AT 
LONDON CENTRAL LINE 
SUBSTATIONS. 


Tue direct-current electric power at 600 volts for 
operating the London Transport’s Central Line exten- 
sion from Liverpool Street in the city to Loughton 
and Hainault in Essex is obtained from the national 
grid through eleven rectifier substations. The switch- 
gear at ten of these substations, which are situated at 

thnal Green, Bow, Leyton, Leytonstone, Red 
Bridge, Newbury Park, Hainault, i Valley, 
Loughton and Epping, is remotely controlled over 
pilot cables from a control room at South Woodford, 
while that at South Woodford itself is controlled 
directly through multi-core cable. The supervisory 
equipment for this purpose was manufactured by the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, that for each substation 
being housed in a te cubicle. These cubicles 
are arranged in the form of an open rectangle as will 
be seen from Fig. 4, opposite, which is a general view of 
the control room at South Woodford, so that the engi- 
neer in charge can ascertain the conditions on the whole 
system at a glance. There is an additional cubicle for 
future development. 

Fig. 1 is a closer view of one of the els, which 
form the front of the cubicles. As will be seen, it 
comprises a mimic diagram of the power circuits at 
the substation concerned. In particular, it carries 
keys which both select and operate the circuit breakers. 
These keys contain lamps which indicate that these 
functions have been correctly performed. The time 

y for opening or closing a circuit breaker is 
only two seconds, a feature which is of considerable 
advantage when it is necessary to perform a number 
of switching operations after a power failure. Other 
lamps on the panel show the condition of the various 
alarm devices at the substations, as well as of the 
switches which are not operated by the supervisory 
system. The necessary relays and selectors for all these 
are mounted on gates at the rear of the panel, 
and can therefore be swung out to facilitate main- 
tenance as shown in Fig. 2. The spring sets of the 
control keys and the lamps are also readily accessible. 

This supervisory control system is employed to 
perform a large number of operations. These include 
the opening and closing and indication of the positions 
of the circuit breakers in the incoming 22-kV alternating- 
current feeders, in the feeders supplying the rectifiers, 
and in the 630-volt direct-current track feeders. The 
latter breakers can be tripped automatically in emer- 
gency from the tunnels, and that this has been done is 
shown by a special indication on the appropriate 
control panel, the breaker being then locked out until 
the reason for the occurrence has been ascertained. The 
supplies to the escalator and air-compressor motors and 
to the signalling circuits are also controlled from the 
panels ; and the air pressure at certain substations and 
the loads on the rectifiers are continuously indicated. A 
special indication that the track is “alive” is given 
when a circuit breaker is tripped and the associated 
section of track is still energised. The restoration of 

wer to the affected section after a “ tunnel trip ” 

as occurred is shown, while conditions in the signalling 
circuits and pilot wires, the facts that a rectifier has 
been locked out or that power has failed at any sub- 
station, can also be ascertained. 

Apart from the South Woodford control panel which, 
as ly mentioned, is connected to the switchgear 
in the substation at that place by multi-core cable, 
each cubicle in the control room is joined to the super- 
visory unit at its associated substation by two pairs of 
pilot wires. Under normal conditions, one of these 
pairs carries the signals by which selection and operation 
of the equipment are effected, while the other two are 
used for transmitting alarm signals. If, however, one 
pair of pilot wires is -circuited, both classes of 
signal can be carried over the other. Under these 
conditions, there is no reduction in the facilities avail- 
able, although the time required to effect a given series 
of operations is increased. The equipment is also 
arranged so that selecting and operating signals 
take precedence over alarm signals, and so that any 
alarm signal which may be initiated while selecting 
and operating signals are being transmitted is held up 
until these have been completed. The unit at the 
Bethnal Green substation is illustrated in Fig. 3. 

At each substation, the switchgear which is to be 
controlled or indicated is selected by three selectors, 
each of which has 23 available outlets, so that a 
maximum of 69 “ points’ can be controlled and/or 
indicated. In practice, however, only the first 20 
outlets on each selector are used. A similar allocation 
and division of selectors is available at the control room 
for use in conjunction with the control keys and 
indicator lamps. The switchgear is actually selected 
and operated by transmitting direct-current pulses in 
certain sequences to form codes. These pulses are 

ted by breaks of the same duration, the combined 
make-and-break period forming an impulse. The 
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pulses are of either positive or negative polarity and 
the code for each item of switchgear is different. For 
inst , & nine-el t code is used to select and 
operate a circuit breaker. The first seven pulses in 
this code select the required “ point” on one of the 
receiver selectors at the substation, while the eighth 
determines whether the breaker is to be opened or 
closed. The ninth element of the code is composed of 
several pulses, which perform various functions, the 
most important being the actual operation of the 
circuit breaker and the testing of its new condition. 
When a circuit breaker is operated locally, or any change 
takes place in the air pressure or other conditions, an 
alarm signal consisting of an eight-pulse code is trans- 
mitted from the substation to the control room. The 
first seven pulses of this code progressivly select the 
required ‘‘ point ” on one of the three receiving selectors 
at the control room, while the eighth indicates the 
condition of the affected switchgear. 

To select and operate a circuit breaker from the 
control room the appropriate control key is thrown and 
held in one of two non-locking positions on the key 
spring sets. The lamp in the key handle then flashes 
and the appropriate searcher selector is driven round 
to the correct position. As a result, a code-sender 
selector is operated in turn and the sequence of positive 
and negative pulses which is to be transmitted to 
the line is determined. On arrival at the substation, 
each of the resulting impulses is applied to a set of three 








relays, one of which is operated by a positive pulse 
another by a negative pulse, and the third during the 
break period. All three relays are held until the 
“‘ operate ’’ sequence has been completed. The opera- 
tion of these “ code-receiving ” relays causes one of 
the three receiver selectors mentioned above to “ hunt 
for” and to halt on the “ point ” associated with the 
circuit breaker which is to be operated. The eighth 
pulse then prepares a circuit, so that either the closing 
or trip coil on the breaker is energised; and the 
actual closing or opening takes place when the ninth 
pulse is received. 

After closing or tripping has occurred, auxiliary 
contacts on the circuit breaker bring rectifiers into 
circuit, so that the line is “ polarised ” and current can 
only flow in one direction. The result is that one of a 
pair of relays in the control room, which are normally 
held in their operating positions by either short positive 
or negative pulses from the line, are released ; and the 
lamp in the handle of the control key glows steadily 
to show that the position of the circuit breaker has been 
changed. The control key is then turned to its 
** indicate ” position in which it is locked and the lamp 
is extinguished. The total time between the initial 
turning of the control key and the steady glowing of 
the lamp is not more than two seconds. 

When a circuit breaker is operated locally, a change 
over of its auxili contacts occurs and a code of 
eight pulses is transmitted over the second pair of 
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pilot wires. The first seven of these pulses are identical 
with those transmitted from the control room to 
select a circuit breaker and on their arrival at the 
control room a receiver selector is traversed to the 
contact associated with the “ point circuit” of the 
affected breaker. During the break period following 
the seventh pulse the relay indicating the condition 
of that particular breaker is released, while the eighth 
pulse operates one or other of the point-circuit relays, 
depending on whether the circuit breaker is open or 
closed. The operation of the circuit breaker is indi- 
cated at the control station by the ringing of an alarm 
bell and the illumination of the name plate over the 
appropriate cubicle. The lamp in the handle of the 
breaker-control key also flashes, so that its identifica- 
tion is facilitated. The alarm bell is silenced and 
the name-plate lamps extinguished by depressing a 
push-button. The lamp on the circuit-breaker key, 
however, continues to flash until the key itself has been 
changed to agree with the new position of the circuit 
breaker. If this change is not made, a single-strike 
bell is sounded and the lamp of the cubicle name plate 
is flashed for a few seconds until automatically can- 
celled. The lamp in the key handle, however, con- 
tinues to flash until the key itself has been turned to 
the correct position. 

In emergency, the two circuit breakers through 
which a particular length of track is being supplied 
can be tripped by clipping together two bare telephone 
wires which are fixed along the side of the tunnel. 
When this is done, audible and visible alarms are given 
in the control room and a lamp is lighted to show that 
“tunnel trip ’ conditions exist. If under these condi- 
tions one of the two breakers on the section affected 
does not trip, a red “ track alive” lamp is lighted in 
the control room and the closed breaker can then be 
tripped by the supervisory control. Under these 
conditions, too, the keys in the control room cannot 
be used to restore power to the “ dead” section until 
a lock switch on the control panel has been operated. 
The track-feeder breaker can then be closed by the 
supervisory control in the normal manner. 

In the ordinary way, the motor-generator sets supply- 
ing the signal circuits are started by using the super- 
visory control to close the motor circuit breaker. The 
set then runs up to speed, the generator is synchronised 
with the signal ‘bus bar and the generator circuit 
breaker is closed automatically. When shutting down, 
the motor circuit breaker is tripped by the supervisory 
control and the generator circuit breaker is automatic- 
ally opened. Normally, therefore, there is no super- 
visory control of the generator circuit. If, however, 
it is necessary to connect the motor-generator set to 
the ’bus bars when the latter are “‘ dead,” a lock switch 
can be released by a key after the motor circuit breaker 
has been closed in the normal manner. The generator 
breaker can then be closed by the supervisory control. 
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This emergency procedure, however, can only be used 
when the ‘bus bars are “dead.” On the other hand, 
if the generator circuit breaker should trip out, owing 
to overload and the set remain running, it can be 
replaced by turning the appropriate control key 
without first operating the lock switch. 





BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


_ Tensional Steel Strapping for Packaging.— Originally 
issued in December, 1943, primarily to give guidance 
on the packaging of Service and other Government 
supplies, B.S. No. 1133, entitled British Standard 
Packaging Code, is being widely used in industry. 
The Institution have been engaged on a revision of the 
Code for some time, and a new edition of Section 15, 
which deals with tensional steel strapping material, 
has now been published. Guidance on the use of 
this type of strapping, for all types of containers and 
packages, is given. Revisions of further sections of 
the Code will be issued from time to time. [Price 2s., 
postage included.]} 

Cast-Iron and Pressed-Steel Sectional Tanks.—Two 
new specifications deal with rectangular sectional tanks 
which provide a convenient means for the bulk storage 
of a variety of liquids. The components are readily 
transportable, and provide different proportions of 
length to breadth and depth. The first specification, 
B.S. No. 1563, covers cast-iron tanks made up of 2, 3 or 
4 ft. square unit plates bolted together, giving depths of 
2, 4, 6, 8, 10 and 12 ft., with capacities of from 280 to 
75,000 gallons. The tank may have either external or 
internal flanges. The dimensions of unit plates, tie-rods, 
turnbuckles, struts and cast-on connections are specified. 
Eleven tables dealing with scantlings, capacities and 
weights are provided, as well as drawings of eye ends 
for tie-rods and turnbuckles for tie-rods, and four half- 
tone illustrations of typical tanks. The other specifi- 
cation, B.S. No. 1564, covers pressed-steel tanks made 
up of 4-ft. square unit plates bolted together, giving 
depths of 4, 8, 12 and 16 ft., with capacities of from 
400 to 270,400 gallons. In this case also, the tanks 
may have either external or internal flanges. The 
thickness of the plates, the permissible stresses, staying 
arrangements and tank connections are specified. 
Four tables of sizes, giving weights and capacities of 
tanks, are furnished, while line drawings of three types 
of flange joints, five fusion-welded connections, and a 

gram showing the method of staying, are included. 
[Price of B.S. No. 1563, 58., and of B.S. No. 1564, 3s., 
postage included.] 

Ship’s Cargo Lifting Blocks.—A new edition of B.S. 
No. 408, covering ship’s cargo lifting blocks, and typical 
derrick rigs, has now been issued. The specification, 
which was first published in 1931, has been considerably 
revised and has been extended by the inclusion of new 

sapien i ae blocks specified are 
or use with wire ropes and the permissible worki 
stresses on the blocks are dealt with fully. Other 
clauses concern materials, head fittings and sheaves 
and sheave diameters. A number of folding plates are 
included and among these are illustrations of four 
typical derrick rigs. A method for estimating graphic- 
ally the resultant loads to which the individual parts 
of the rig are subjected is given, and, using this method, 
estimates with the derrick at other angles 
may be made. An appendix deals with the care and 
maintenance of the blocks in service. There are also 
appendices on a form of certificate for test and examina- 
tion, coefficients for estimating rope tensions, etc. 
[Price 5s., postage included. ] 





PROPOSED ROAD-TUNNEL THROUGH MoNnT BLANC.— 
According to Le Génie Civil of October 15, a project for 
a road-tunnel under Mont Blanc, between France and 
Italy, is being revived. This tunnel was first proposed 
to the French Parliament in 1935 at the suggestion of 
M. Arnold Monod, civil engineer, of l’Ecole Nationale des 
Ponts et Chaussées, and a French-Italian syndicate was 
formed to carry it out, but when Italy declared war on 
Abyssinia the project was abandoned. In 1944, 
M. Arnold Monod formed a new syndicate and in 1945 
applied for a concession to build the tunnel. The French 
Minister of Public Works refused to grant this request, 
as at that time a policy of economy was being pursued. 
Since then, however, the outlook has changed, and the 
Minister of Public Works has now decided in favour 
of a road-tunnel through the Alps. Discussions. are 
therefore taking place between all those interested in 
tunnelling Mont Blanc, in France and in Italy, with a 
view to forming an inter-nation syndicate to obtain the 
necessary concessions from the various Governments. 





BOOKS RECEIVED. 


The British Electrical and Allied Industries Research 
Association. Technical Reports. No. G/T229. German 
War-Time Patents Relating to High Voltage Circuit 
Breaking, 1939-1945. With Translations of Main 
Claims of Interest by F. C. Prior. [Price 21s.] No. 
N/T46. Magnetization Curves of Ferromagnetic Single 
Crystals. By H. Lawton, Cavendish Laboratory. 
[Price 7s. 6d.] No. Z/T76. Direct Conversion of 
Chemical Energy of Fuel into Electrical Energy. Trans- 
lated and Abstracted from Booklet by O. K. DavTYAN. 
Academy of Sciences, U.S.S.R., Moscow, 1947. [Price 
7s. 6d.) Offices of the Association, Thorncroft Manor, 
Dorking-road, Leatherhead, Surrey. 

Strength of Materials. By BEVIS BRUNEL Low. Long- 
mans, Green and Company, Limited, 6 and 7, Clifford- 
street, London, W.1. [Price 12s. 6d. net.) 

Industrial High Frequency Electric Power. By E. May. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 32s. 6d. net.] 

United States National Bureau of Standards. Annual 
Report for 1948. The Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, 
D.C., U.S.A. [Price 25 cents.] 

Rocket Propulsion Elements. An Introduction to the 
Engineering of Rockets. By GEORGE P. Sutron. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 4-50 dols.] Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 35s. net.] 

British Road Federation. Basic Road Statistics. Great 
Britain. 1949. Offices of the Federation, 4a, Blooms- 
bury-square, London, W.C.1. [Price 1s.] 

Les Enroulements Industriels des Machines &@ Courant 
Continu et & Courants Alternatifs. Théorie et Pratique. 
By EuGENE Marec. Third edition, revised and 
enlarged. Librairie Gauthier-Villars, 55, Quai de 
Grands-Augustins, Paris (6e), France. [Price 950 
francs.] 

Factory Steam Plant. A Practical Guide to Fuel Economy. 
By G. E. H. Lewis. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 25s. net.] 

Hydraulics and the Mechanics of Fluids. By Dr. E. H. 
Lewrrr. Eighth edition. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 21s. net.] 

Vorschriften fir Strassenbriicken. Part II. Vorschriften 
fir stdhlerne Strassenbriicken. By Dirt.-Inc. Kurt 
LEISER. Wilhelm Ernst und Sohn, Hohenzollern- 
damm 169, Berlin-Wilmersdorf, Germany. [Price 
7°20 D.M.) 

Boys’ Power and Speed Library. Modern British Aero- 
planes. By CHARLES GARDNER. [Price 8s. 6d. net.) 
Modern Motorcars. By GREGOR GRANT. [Price 
8s. 6d. net.) Temple Press, Limited, Bowling Green- 
lane, London, E.C.1. 

Department of Scientific and Industrial Research. Fuel 
Research. Technical Paper No. 55. The Effect of 
Certain Factors on the Efficiency of a Hand-Fired, 
Natural-Draught, Lancashire Boiler. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. net.] 

Swedish Cement and Concrete Research Institute. Pro- 
ceedings. No. 12. Development of Fluidity and Mobility 
Meters for Concrete Consistency Tests. By ANDERS G. 
ERIKSSON. Offices of the Institute, Stockholm 26, 
Sweden. [Price 4 Kr.] 

Statically Indeterminate Frameworks. By Tuomas F. 
HIcKERSON. Third edition. The University of North 
Carolina Press, Chapel Hill, North Carolina, U.S.A. 
[Price 5 dols.} 

Rugby Engineering Society. Proceedings. Volume 
XXXIX. Sessions 1947-48 and 1948-49. The secre- 
tary, Rugby Engineering Society, c/o British Thomson- 
Houston Company, Limited, Rugby. [Price 10s. 6d.] 

Television Story. By FRANK TIUSLEY. The British 
Broadcasting Corporation, Scarle-road, Wembley, 
Middlesex. [Price 1s.] 

Handbook of Industrial Radiology. By members of the 
Industrial Radiology Group of the Institute of Physics. 
Edited by Dr. J. A. CROWTHER. Second edition. 
Edward Arnold and Company, 14, Maddox-street, 
London, W.1. [Price 21s. net.] 

The Ohio State University. The Engineering Experiment 
Station. Bulletin No. 137. Behaviour of Vitrified Clay 
Sewer Pipe Under Load. By PrRoressor J. O. EvER- 
HART. The Director, Engineering Experiment Station, 
The Ohio State University, Columbus, Ohio, U.S.A. 
[Price 75 cents.] 

Year Book of the Heating and Ventilating Industry. 1949. 
Technitrade Journals, Limited, 8, Southampton-row, 
London, W.C.1. [Price 5s. net.] 

Reinforced Concrete. By Proressor A. L. L. BAKER. 
Concrete Publications, Limited, 14, Dartmouth-street, 
Westminster, London, 8.W.1. [Price 15s. net.] 

British Intelligence Objectives Sub-Committee. Overall 
Report No. 26, Abrasives. Their Manufacture and 
Use in Germany During the Period 1939-1945. Pre- 
pared by the Ministry of Supply. H.M. Stationery 
Office, Kingsway, London, W.C.2.. [Price 6d. net:} 





PERSONAL. 


Mr. ALFRED ROEBUCK, M.I.Mech.E., has accepted the 
invitation of the Council of the Junior Institution of 
Engineers, 39, Victoria-street, London, S.W.1, to become 
President of the Institution for the session 1949-50. 
His induction by the retiring President, Str NOEL 
ASHBRIDGE, F.K.C., B.Sc. (Eng.), M.1.C.E., M.I.E.E., 
will take place on Friday, December 16, at the Royal 
Society of Arts. Mr. Roebuck’s presidential address, 
to be entitled ‘‘ Mainly About Steel,” will be delivered 
at the same meeting. 

Mr. H. J. Too, C.1.E., M.C., M.A., chairman of the 
Licensing Authority for Public Service Vehicles and of 
the Licensing Authority for Goods Vehicles for the 
South Wales Traffic Area, and regional transport com- 
missioner for the South Wales Traffic Area, has been 
appointed by the Minister of Transport to act in a 
similar capacity in the Western Traffic Area, during the 
absence of SiR ARNOLD MusTo, C.I.E., M.I.C.E. Sir 
Arnold has been granted leave of absence for three months 
from October 26, and has relinquished his Ministry 
appointments for that period. 


Dr. I. G. SLATER, M.Sc., F.I.M., formerly Director of 
Operational Research, Admiralty, has been appointed 
director of research and development of the Aluminium 
Division of Tube Investments Limited, The Adelphi, 
London, W.C.2. Dr. Slater will be concerned with the 
firm’s aluminium manufacturing subsidiaries, Reynolds 
Rolling Mills Limited, Reynolds Light Alloys Limited, 
and the South Wales Aluminium Company, Limited. 


Mr. RoLanD T. OUTEN, who has been a director of the 
company for nearly seven years, was appointed deputy 
chairman of the Fairey Aviation Company, Limited, 
Hayes, Middlesex, on October 20. Sim RICHARD 
FalrRey, M.B.E., F.R.Ae.S., will continue in office as 
chairman and managing director. Mr. GEOFFREY W. 
Hatt, A.F.R.Ae.S., M.S.A.E., was appointed a director 
of the company. 


Str Puitip JOHNSON has been appointed chairman, 
and Mr. T. A. CROWE, vice-chairman, of the National 
Association of Marine Enginebuilders, 21, Grosvenor- 
place, London, S.W.1, for the 1949-50 session. 


Mr. Davip D. WALKER, M.A., M.I.E.E., has been 
elected a vice-president of the British Engineers’ 
Association, 32, Victoria-strest, London, 8.W.1. 


Mr. E. Bruce Bat, M.A., M.I.Mech.E., has been 
re-elected chairman, and Mr. J. M. Storey, vice-chair- 
man, of the British Valve Manufacturers’ Association, 
32, Victoria-street, London, 8.W.1. 

Mr. H. Pearce, B.Sc. (Eng.), M.I.E.E., has been 
appointed consultant to the chief electrical engineer of 
the Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, as from October 1. He 
has been succeeded as chief engineer of the firm’s switch- 
gear department by Mr. C. H. FLURSCHEm™, B.A., 
M.1.E.E. 

Mr. T. J. DAGLEY has been appointed general manager 
of the glass factories, and for glass and lamp component 
sales, of the British Thomson-H6uston Company, Limited, 
Rugby, and Mr. S. R. EapE, M.LE.E., has been 
appointed manager of the firm’s lamp factories. Both 
appointments will take effect from October 31, on which 
date Mr. GAVIN HaMILTON, A.R.T.C., A.I.C., who has 
been general manager of their lamp and glass works since 
1933, will relinquish his executive duties. He joined 
the company in September, 1911, and his services will 
remain available for consultation. Mr. Dagley, who has 
been in the service of the firm since 1906, was appointed 
assistant general manager of their lamp and glass works in 
October, 1945. Mr. Eade has been manager of the 
company’s lamp factory at Melton-road, Leicester, since 
October, 1945. 

Mr. R. Howarp, A.M.1.Mech.E., has been appointed 
chief technical engineer of the railway division of Messrs. 
British Timken Limited, Duston, Northampton. 

Messrs. F. J. EDWARDS LIMITED, 359-361, Euston- 
road, London, N.W.1, have appointed the Rockley 
Machinery Company, 28, Market-street, Sydney, to be 
their representatives in Australia for sheet-metal working 
machinery, presses, and tin-box machines. 


Messrs. LONDEX LIMITED, Anerley Works, Anerley- 
road, London, S.E.20, announce that they are extending 
the existing factory space at their works by the acquisition 
of additional premises nearby. The extra accommoda- 
tion will enable the firm to extend their research and 
development work. 


Messrs. JoHN SHAW AND Sons (SALFORD), LIMITED, 
Salford, Lancashire, have made arrangements for the 
manufacture by themselves of Fastraverse sheet-metal 
drawing presses, forging presses, injection-moulding 
machines and die-casting machines to the designs of 
THe HYDRAULIC PRESS MANUFACTURING COMPANY, 
Mount Gilead, Ohio, U.S.A. Messrs. A. C. WICKMAN 
LimITED, Ceventry, will be the only selling agents for 
these machines in Great Britain and in certain export 
markets. } 7 ; 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 
Scottish Steel.—Despite some misgivings regarding 
recent developments in one or two branches of the 
industry, the output from the steel-melting furnaces is 
being substantially maintained at about the high level 
of the past few weeks. Raw-material supplies contribute 
towards steady production, scrap notably being available 
in adequate quantities despite the heavy consumption. 
No change is discernible in the iron-ore position, following 
upon devaluation, although it is regarded as well-nigh 
inevitable that an increase.in price will occur. Diminished 
demands for small bars and light sections give rise to 
some concern, and re-rollers have seen their outlook 
transformed in a short space of time; in some cases 
they are now operating on a hand to mouth basis. 
Stockholders are disinclined to enter into new commit- 
ments pending the liquidation of part of their heavy 
holdings, while the export position has been affected by 
the standstill attitude of buyers since devaluation. 
Heavy plates are in brisk demand for shipbuilding, while 
other principal consuming industries are equally insistent 
on delivery. Heavy sections are quieter, and makers 
would like to see an increase rather than a restriction 
of capital projects involving heavy construction work. 
Orders for large bars are also less plentiful. Sheet 
makers, however, are well occupied, orders for black and 
galvanised sheets, of No. 12 gauge and under, being 
specially numerous. Tube-makers generally are busy, 
although the position is a little uneven. 


Scottish Coal.—Greater activity, both on the produc- 
tion side and in distribution, is in evidence. The former 
is due to the seasonal improvement in individual per- 
formances at the pits and the latter to the change in 
weather. Industrial and domestic space-heating require- 
ments have risen, but users in each category are com- 
fortably placed to cope with the heavier demand. House- 
coal merchants are busy, but stock encroachments are 
only slight as current deliveries to depots are maintained 
at approximately basic level. Round coal generally is 
in tolerably good supply, and steam coals are moving in 
larger volume. Sized fuel is gradually becoming more 
plentiful, and dross is readily available. Gasworks are 
carbonising larger quantities, but supplies remain satis- 
factory. Coke ovens are working at almost capacity 
levels, but the necessary fuel is forthcoming readily. 
Exports derive some stimulus from devaluation, and 
inquiries from Denmark and Sweden are more numerous. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Both home and foreign mar- 
kets have again displayed a good activity on the Welsh 
steam-coal market throughout the past week, with the 
result that a very firm tone has ruled. Shipments have 
fully maintained their recent improvements in all 
directions. Deliveries to France have gone forward on 
a brisker scale, while Portugal and Spain have been 
receiving steadier supplies. There has been a fair 
activity in shipments to Italy, although there have been 
reports that a change was imminent in Italian import 
arrangements. Up till now, imports have been con- 
trolled by a Government organisation but there is a move 
afoot to replace this by a licensing system. A keen 
interest is being maintained by consumers in South 
American republics, while users in some of the continental 
countries have been receiving rather larger supplies. 
On home account, the demand has remained keen, anf 
sales have already been sufficient to ensure the steady 
absorption of almost the whole of potential outputs 
for some time to come. In spite of this, however, some 
buyers who have already heavily committed themselves 
forward are anxious to obtain any extra supplies that 
may be available. In consequence, all the better quali- 
ties of large, sized and smalls are very well placed with 
forward orders. The exceptions are some of the inferior 
smalls, which are usually in plentiful supply, for prompt 
delivery, but attract scant interest. The demand for 
bunkers for supply at the local ports is active, while cokes 
and patent fuel are well booked ahead. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states that 
last week the demand for tin-plates had become a little 
stronger and a fair volume of business was done for 
delivery during the current quarter. The works have 
well-filled order books and are maintaining a high level 
of production. In the export market, more active 
conditions rule and more orders have been placed. 





PRODUCTIVITY TEAMS AND ELECTRICITY SUPPLY.— 
The British Electricity Authority and the Area Elec- 
tricity Boards have accepted the invitation of the Anglo- 
American Council on Productivity to appoint two teams 
to study American electricity supply practice. One will 
be concerned with generation and transmission and the 
other with distribution : they sailed on October 22. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Pig-iron production is increasing. 
Lincolnshire blast furnaces are benefiting considerably 
as a result of the adoption of carbon refractory materials, 
and Derbyshire pig-iron production is on the increase on 
account of the modernisation of furnace installations. 
There is a quietly-steady production and dispatch of 
hematite irons. Iron and steel scrap for re-melting is 
fairly plentiful, partly as a result of the recent national 
collection drive and imports from abroad, chiefly Ger- 
many. Progress is being made in the perfection of heat- 
resisting steels for jet aircraft, and the production of 
stainless steels is improving as additional and improved 
plant is brought into use. Viewing the new inquiries, 
steel manufacturers are hopeful that devaluation of 
sterling will be of benefit, but, against this tendency, is 
the higher cost of imported alloys. Railway-material 
makers are heavily booked and have orders on hand, 
both on home and export account. A Sheffield firm is 
busily employed on an order for 32 steel coaches for the 
Nigerian State Railways. Many Sheffield firms contend 
that unless production costs are reduced it will not be 
possible to fight growing foreign competition, chiefly 
from Germany. There is no lack of orders for tools of 
various kinds. Cutlery firms are busy on orders for 
the Christmas trade. 


South Yorkshire Coal Trade.—Coal prodyction con- 
tinues steadily but is below official expectations. Absen- 
teeism is still rife ; it is understood that the description 
“absenteeism ”’ is to be replaced in official reports 
by references to ‘“attendance.”” The men’s union 
have recommended this change as the reiteration of 
* absenteeism ” is regarded as objectionable. More coal 
could be disposed of readily on home and export account 
if it were available. More of the best qualities is needed 
to make up cargoes for foreign buyers. Some gas coke 
has been allocated for shipment abroad. House coal is 
more active, and patent fuel sells readily. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—There is a marked feeling of uncer- 
tainty regarding what may follow the measures adopted 
to deal with the economic crisis. Meanwhile North-East 
Yorkshire and South Durham iron and steel producing 
plants continue to be busily employed and the hope is 
expressed that the requirements of home and overseas 
customers will compel substantial buying in the near 
future. The various descriptions of raw materials are in 
ample supply, but although well maintained, the deli- 
veries of iron and steel scrap do not cope fully with the 
unabated large demand consequent on the continued 
scarcity of pig iron. While some increase in the distri- 
butable tonnage of pig iron can be reported, a much 
larger delivery of blast furnace outputs is needed to deal 
satisfactorily with the requirements of consumers. 
Maximum parcels of certain finished commodities are in 
unabatedly strong request. As the steel-using industries 
are making a great contribution to the export drive, it is 
hoped that there will be much increased tonnage allo- 
cations for shipment overseas. 


Foundry and Basic Iron.—The shortage of ordinary 
foundry pig iron still occasions inconvenience to regular 
users and compels the continued use of cast-iron scrap. 
North-East Coast consumers of high-phosphorus iron 
have still to rely almost entirely on regular supplies from 
the Midland producing area. There is no basic iron for 
the market as makers retain the whole of their outputs 
for direct use in their own steel plants. 


Hematite, Low Phosphorus and Refined Iron.—There 
is a further slight improvement in deliveries of East- 
Coast hematite, but regular customers are not yet able 
to obtain quantities sufficient for all their requirements. 
Outputs of low and medium phosphorus grades of iron 
are steadily taken up and some users would accept 
larger parcels than they are receiving. Refined-iron 
manufacturers have no difficulty in disposing of their 
products. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron makers are well occupied in the execution 
of running contracts, but would readily accept orders 
for the reasonably early delivery of some commodities. 
Stocks of semi-finished steel have reached considerable 
dimensions and finished-steel producers are better able, 
than for some time past, to handle their extensive com- 
mitments. Re-rollers are now amply provided with steel 
semies, but are not so favourably situated for orders as 
are the rollers of heavy material. Plate and sheet makers 
are too well sold to undertake further orders for supply 
in November and December, and those departments of 
industry providing colliery equipment and railway 
requisites are very actively engaged. 


NOTICES OF MEETINGS. 
It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
mornirg in the. week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio Sec- 
tion: Monday, October 31, 5.30 p.m., Victoria-embank- 
ment, W.C.2. ‘‘ Colour Television in the United States,” 
by Dr. P. C. Goldmark. Measur : Tuesday, 
November 1, 5.30 p.m., Victoria-embankment, W.C.2. 
“Comparative Methods of Testing Alternating-Current 
Electricity Meters,” by Mr. S. F. Musson and Mr. R. E. 
Mell. North-Western Centre: Tuesday, November 1, 
6.15 p.m., Engineers’ Club, Manchester. ‘“ Selection of 
Transformers for Use in Distribution Networks,” by Mr. 
E. Tobin. North Midland Centre: Tuesday, November 
1, 7 p.m., Royal Station Hotel, York. ‘“‘ Tidal Power 
and the Severn Barrage,” by Mr. H. Headland. Southern 
Centre: Wednesday, November 2, 6.30 p.m., University 
College, Southampton. ‘‘ Parasitic Forces Existing in 
Induction Watt-Hour Meters,” by Mr. G. F. Shotter. 
Institution : Thursday, November 3, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘“‘ Electrical Weighing,” by Dr. 
H. I. Andrews. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 1, 5.30 p.m., Great George-street, S.W.1. Presi- 
dential Address, by Mr. V. A. M. Robertson. Association 
of London Students : Wednesday, November 2, 5.30 p.m.. 
Great George-street, S.W.1. Chairman’s Address. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAND.—Tuesday, November 1, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Diesel-Electric Propulsion 
of Ships,” by Mr. E. L. N. Towle. 

WOMEN’s ENGINEERING SocrETy.— Manchester Branch: 
Tuesday, November 1, 6.30 p.m., Engineers’ Club, Man- 
chester. ‘“‘ Soap and Its Ancillary Products,’’ by Mr. 
H. T. Sutcliffe. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Burnley Sec- 
tion : Tuesday, November 1, 7.30 p.m., Mechanics’ Insti- 
tute, Manchester-road, Burnley. “A Mechanised 
Foundry,” by Mr. B. Malone. 

INSTITUTION OF ENGINEERING INSPECTION.—Corentry 
Branch: Tuesday, November 1, 7.30 p.m., Technical 
College, Coventry.‘* Thread Production and Inspection,”’ 
by Mr. F. Hodgkins. London Centre: Thursday, Novem- 
ber 3, 6 p.m., Royal Society of Arts, John Adam-street, 
W.C.2. ‘“‘ Human Relations in Industry,’’ by Mr. W.H. 
Bower. 

Royal Society OF ARTS.—Wednesday, November 2, 
2.30 p.m., John Adam-street, W.C.2. Chairman’s 
Address on- “‘ The State, the Society and Industry,” by 
Mr. Ernest W. Goodale. 

ROYAL UNITED SERVICE INSTITUTION.—Wednesday- 
November 2, 3 p.m., Whitehall, S.W.1. ‘“‘ Oil Supplies 
in War,” by Major-Gen. W. E. V. Abraham. 

INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section : Wednesday, November 2, 6.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘“‘ Rubber 
Springs in Mechanical Engineering,” by Mr. A. St. E. 
Cardew. North-Western Branch: Thursday, November 
3, 6.45 p.m., Electricity Showrooms, Liverpool. ‘‘ Marine 
Boiler Deterioration,” by Dr. I. G. Slater and Mr. N. L. 
Parr. Institution: Friday, November 4, 5.30 p.m.. 
Storey’s-gate, St. James’s Park, S.W.1. ‘‘ Developments 
in Instrumentation for Air-Flow Analysis,” by Mr. K. W. 
Todd. AUTOMOBILE DIvIsIon.—Derby Centre : Monday, 
October 31, 7 p.m., Midland Hotel, Derby. Chairman’s 
Address, by Dr. E. A. Watson, Chairman of Automobile 
Division. And at the Coventry Centre : Tuesday, Novem- 
ber 1, 7 p.m., Geisha Café, Hertford-street, Coventry. 

INSTITUTION OF WORKS MANAGERS.—London Branch : 
Wednesday, November 2, 6.45 p.m., Royal Society of 
Arts, John Adam-street, W.C.2. ‘“‘ Industrial Psycho- 
logy,”’ by Mrs. W. Raphael. 

JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, November 2, 7 p.m., James Watt 
Memorial Institute, Birmingham. Presidential Address, 
by Professor Stacey G. Ward, Section President. Institu- 
tion: Friday, November 4, 6.30 p.m., 39, Victoria-street, 
S.W.1. Films:- “ Modern Chainmaking”’ and “ Steel 
Making,” introduced by Captain J. G. Hopcraft. 

BRITISH INSTITUTION OF RADIO ENGINEERS.— Mersey- 
side Section: Wednesday, November 2, 7 p.m., Accoun- 
tants’ Hall, Derby-square, Liverpool. ‘‘ Electronics in 
Aircraft Design,” by Mr. A. L. Whitwell. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
November 3, 5.30 p.m., 85, Minories, E.C.3. Joint 
Meeting with INsTITUTE OF MARINE ENGINEERS. Dis- 
cussion on ‘* Crankcase Explosions.” 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
November 4, 6.45 p.m., Engineers’ Club, Manchester. 
“ Oxygen in Industry,” by Mr. N. L. G. Lingwood and 
Mr. R. E. Dore. 

LONDON ASSOCIATION OF ENGINEERS.—Saturday, 
November 5, 6.30 p.m., St. Ermin’s Hotel, Caxton-street, 
S.W.1. “ Tape Recording,” by Mr. E. M. Payne. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
cot Sees — that 7 ergpens exists between 
this Journal and any other publication a 
aM P bearing 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMrP.ie Bar 3663 and 3664. 
All editorial corres 


to the Editor and a 
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ndence should be addressed 
other correspondence to the 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
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For Canada £4 56 0 
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and in the buff art ~— two-colour supplement, as 
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the Manager. The pages are 12 in. deep and 9 in. 
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vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” eto., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the ch is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 
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Classified advertisements intended for insertion in 
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than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of ab- 


otherwise it may be im to su 
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ECONOMIES AND 
ECONOMICS. 


THE long-awaited statement by the Prime 
Minister to the House of Commons on Monday of 
this week, on the steps which the Government 
propose to take in order to balance the nation’s 
books, can only be regarded as disappointing, 
especially in view of the more or less inspired reports, 
previously current, of the grim determination with 
which the Cabinet were preparing to tackle an 
economic problem without precedent in the national 
history. Savings amounting to 250/. millions are 
not inconsiderable, but they fall a long way short 
of what is needed ; and the rather vague manner 
in which they were put forward does little to pro- 
mote the confidence and vigour in the people as a 
whole that the situation really requires. Few of 
the proposals can be of immediate benefit, and 
many are open to serious objection—especially, 
perhaps, the expressed intention to slow down the 
provision of the additional power supplies which are 
so necessary as an aid to increased production ; and 
there are all too many reasons to fear that some of 
the cuts in expenditure may cause industrial and 
other difficulties that will offset such financial (or 
rather, book-keeping) advantages as are likely to 
accrue. After all, it is upon industry that the real 
responsibility rests of setting the nation again 
upon its feet, but it is hard to see in what way the 
majority of the proposals can assist industry to 
meet that responsibility while so many of the 
disabilities under which the British industrialist 
labours at present are allowed to persist without 
material diminution. In such circumstances, plati- 
tudes and exhortations, however earnestly meant, 
do not help; but platitudes and exhortations 
formed a regrettably large proportion of Mr. Attlee’s 
statement to the House; and of his subsequent 
broadcast homily to the British people in general. 
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“economies,” “savings ” or “cuts” are words to 
which most people attach fairly definite meanings, 
but “ disinflationary effect ” is not so readily to be 
understood and some ordinary members of the 
public may be excused, perhaps, if they fail to 
grasp precisely how some of the proposed exercises 
in book-keeping will operate as contributions to 
national solvency. A rather clearer picture 
might be obtained by considering the account in 
terms of available man-hours instead of in pounds 
sterling, and endeavouring to apportion them 
between employment for domestic purposes and 
employment for export; but, even so, it may be 
questioned whether the Premier was on safe ground 
in assuming, as he appears to do, that any goods 
which may be denied to the home market are 
assured of a ready sale overseas. 

Before criticising any other aspects of the re- 
trenchment proposals, however, it is desirable to 
indicate in rather more detail what the principal 
items are. The first is capital expenditure on 
“fixed investment’ goods. The total] expected 
during 1949 “‘may approach 2,100/. millions,” 
according to Mr. Attlee, who observed that the 
1948 total of ‘‘ about 2,000/. millions ” was ‘‘ well 
above the pre-war rate,” but, apparently, con- 
veniently forgot to mention the discrepancy in 
value between the pre-war £ and that of the present 
day. It is proposed, in 1950, to effect a reduction 
of 1401. millions—partly at the expense of the fuel 
and power industries, which appears to imply a 
cut in the expenditure on new power stations and, 
it may be supposed, a suspension of schemes on 
which work has not yet begun, or which are not 
464| far advanced. Building programmes are to be cut, 
weg being ‘“‘reduced by some 365l. millions,” 
though it would seem that much of this sum is 
the money of private would-be owners and not 
of the Government; so that it is not easy to 
perceive exactly how this will improve the national 
balance-sheet vis-a-vis Britain’s principal creditors 
unless the materials for these houses, for which 
licences are now to be refused, were to have been 
imported. Cuts in subsidies for food and animal 
feeding stuffs will reduce the subsidy account, but 
if a rise in the cost of living results, new wage 
demands will certainly follow; and even if these 
are withheld, a state of industrial unrest is fairly 
sure to result, which will not assist production. 

Savings in Government expenditure out of 
revenue are expected, amounting to between 401. 
and 451. millions, ‘‘ by curtailment of services which 
are not essential to major Government policy, and 
by drastic economies in the administration of other 
services which must be retained”; but the Prime 
Minister had stated positively, earlier in the same 
afternoon, when asked whether he would abolish, 
either temporarily or permanently, some of the 
present Ministries, that he was not at present 
proposing to abolish any Department. Health 
services are to be made to contribute some 101. 
millions ; defence expenditure will be reduced by 
about 301. millions in a full year ; and various small 
items, such as the Festival of Britain, are to be 
docked of sums which, small individually, are worth 
saving in the aggregate. The Vote for the Ministry 
of Supply is to be reduced by about 6/. millions, 
partly by ‘‘ reductions in the strength of the Royal 
Ordnance factories,” but also ‘‘ from administration 
cuts in the technical establishments and from minor 
changes in policy,” which, however, “will not 
materially affect the research and development 
programme.” State expenditure on agriculture is 
to be reduced by about the same amount ; and the 
cost of education services will be reduced by about 
5l. millions. The effect of these ‘‘ economies ” 
on international finance remains to be seen ; obvi- 
ously, it cannot be a direct effect. 

Towards the end of this “complicated and 
guarded statement, as Mr. Winston Churchill 
described it, there came the familiar little sermon 
on the need for more production and more exports. 
‘“* Expert salesmanship will be needed,” said Mr. 
Attlee, ‘‘ and we must be able to give early delivery ” 
—this, with special reference to the United States 
and Canadian markets; ‘the need for increased 
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preduction and increased efficiency and economy 
extends, indeed, to every part of our industrial 
organisation.” After stating that he had been 
greatly encouraged by some instances of how 
managements and labour had collaborated to pro- 
mote efficiency, the Prime Minister proceeded to 
point (though not very definitely) to what could 
well prove to be a real solution to the national 
problem, if it were properly followed up. 

** Joint consultation,” he said, ‘“‘should not be 
confined to leaders. I hope that, in every factory 
and industrial unit, management and workers will 
confer together to discuss ways and means. In 
these joint discussions, no means of improvement 
should be ruled out on a priori grounds by either 
side. One subject that should be seriously con- 
sidered in many industries is the question of working 
hours. We have in this country unrivalled machin- 
ery for joint consultation. Let it be fully used to 
consider whether, in appropriate cases, additional 
output can be obtained by working added hours 
within the terms of existing arrangements, or under 
such special arrangements as may seem necessary 
and desirable to both parties . . . With a willing 
acceptance of these necessary economies, and a 
resolution to let nothing stand in the way of increas- 
ing production, the nation can go forward with 
confidence in the future.” 

With the truth of this last assertion, none can 
quarrel ; but there can have been few occasions of 
national emergency—and this is nothing less—when 
the obvious remedy was prescribed with so many 
“escape clauses.” It is evident that Mr. Attlee 
knows perfectly well what is needed, and, if he knows, 
the facts must be not less clear to the Cabinet ; but 
it is equally evident that he still lacks the courage to 
stand forth and declare the unpalatable truth. 
Not a word was said directly about the need to sweep 
away restrictive practices, or superfluous controls 
and form-filling, to improve the public services on 
which industry depends for its day-to-day opera- 
tions, or to check the flood of new legislation and 
Orders which complicates so seriously the ordinary 
processes of earning a living. There is no urgent 
insistance that more work shall be done without 
increased cost (which is all-important), and not 
merely that more hours shal] be charged to the 
job. Nor is there even a veiled reproof for such 
irresponsible outbursts as that of the trade-union 
spokesman who recently, in the journal of his union, 
fulminated against the allegedly idle existence of 
office executives ; many of whom, as he must have 
known full well, work much longer hours than do 
their employees, certainly bear much heavier 
responsibilities, and often are greatly hampered in 
the performance of their proper functions by the 
fact that they cannot obtain—or, often enough, 
afford to pay—the subordinate staff that they need, 
because of the competition of swollen Government 
Departments and the burden of wage increases that 
bear no relation to the value of the services rendered. 

Nearly 40 years ago there occurred an incident 
which is still known in the annals of aviation as 
Parke’s Dive. Lieutenant Wilfred Parke, R.N., 
investigating several fatal accidents with aircraft 
which had mysteriously gone into vertical spins and 
crashed took up a similar machine and deliber- 
ately put it into a spin. As its downward speed 
increased, he tried to pull out, but found that 
manipulation of the elevators had no effect but to 
accelerate the spin. At last, in desperation, he 
thrust hard at the rudder bar—and at once the 
machine returned smoothly to more or less hori- 
zontal flight, under perfect control. There seems 
to be an analogy in this, which the Government— 
and not the Government alone—might do well to 
study. The doctrinaires who formulated the policy 
which the Government and organised Labour con- 
sider themselves pledged to follow have put the 
national economy into a spin which will end in dis- 
aster if it is not arrested. Liberal use of the elevator 
has only made matters worse. What is needed now is 
a change of course, and a firm and sustained pressure 
on the rudder. The resultant stresses will be con- 
siderable and not easy to forecast. We believe, 
however, that the structure of industry, in all its 
parts, would withstand them as successfully as did 
Parke’s aircraft—but the.pressure must be firm. 
It is for Mr. Attlee, therefore, to put his foot down. 








ROAD PROBLEMS. 


Ir is stated by Sir Frank Smith, the chairman, in 
the latest report* of the Road Research Board, that, 
of the annual expenditure of 500/. million on road 
transport, 100/. million represents the cost of road 
construction and maintenance and 100/. million 
““the losses said to accrue from road accidents.” 
When the Board was set up in 1933, it was desig- 
nated the Road (Materials and Construction) Re- 
search Board, but, when the peace-time programme 
was resumed after the war, this title was altered to 
that of the Road Research Board. The reason for 
this is that the scope has been extended and now, in 
addition to ‘materials and construction,” the 
Board deals with ‘‘ road safety and traffic flow.” If 
road accidents are costing as much as road construc- 
tion and repair, it is wise and logical that the func- 
tions of the Board should have been extended to 
cover them. Most road accidents cause emotional 
reactions which are apt to express themselves in 
demands for repressive legislation and regulations, 
demands which frequently take little heed of the 
possibility of enforcement, or of the effect on essential 
traffic movement were enforcement possible. It is 
in every way desirable that this controversial matter 
should be investigated by a scientific body which is 
concerned with the administrative aspects of traffic 
control. 

During the war, the resources of the Road Research 
Laboratory were mainly devoted to special problems 
of defence and armaments, and the programme of 
research on road-construction had to be suspended. 
It is clear, however, that much of the work carried 
out—for instance, that concerned with the con- 
struction of airport runways—will have direct 
application to road problems. The normal pro- 
gramme of work on materials and methods of con- 
struction, and on road-making machinery, has now 
been resumed, but as the new sphere of work repre- 
sented by “‘road safety and traffic flow’’ breaks 
entirely new ground, a special division has been 
set up at Langley Hall, Langley, Buckinghamshire. 

Problems of road construction and of road safety 
are to a considerable extent interlocked, and the two 
departments will clearly have to work in conjunc- 
tion. Skiddjng, for instance, which will figure in 
any statistics of accidents, involves questions of 
vehicle design, road surface and driving skill. 
Many matters, however, to which the Safety Division 
is directing attention are outside the field of the 
mechanics of road construction, although not of 
that of road lay-out. A series of studies of traffic 
movement is being made. One concerns junctions 
and intersections. It is stated that 40 per cent. of 
accidents took place in 1937 at junctions and inter- 
sections in built-up areas and 25 per cent. in rural 
areas. It is also stated, in another part of the 
report, that in 1946 ‘‘the proportion of accidents 
on perfectly straight roads away from all junctions 
was as high as four out of ten.” In view of these 
two pieces of evidence it would appear that “ per- 
fectly straight roads”’ are just as dangerous as junc- 
tions and intersections. Indeed, if the latter figure 
applies to rural areas, straight roads are the more 
dangerous of the two. This may be so, as “a third 
of all the accidents occurred when one vehicle was 
overtaking another or passing a stationary one.” 
The matter is complicated and difficult. Official 
statistics are concerned with results, not causes, and 
scientific analysis assisted by special observations 
should result in the establishment on a sounder basis 
for the interpretation of statistics that now exists. 
Such investigations have been undertaken by the 
Board. As an example of the results of practical 
observational work, it has been found that the 
regulations restricting the parking of vehicles on 
busy roads has resulted in the decrease of the 
average journey time by from 10 to 20 per cent. 

Although .it is not the business of the Road 
Research Board to design motor vehicles, a number 
of investigations are in hand bearing on design 
problems. These concern particularly brakes and 
brake performance, and lighting arrangements. In 
a number of American States and towns there is a 





* Report of the Road Research Board, with the Report 
of the Director of Road Research from 1st January, 1946 
to 31st December, 1947.. H.M: Stationery Office. |Price 
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compulsory periodical inspection of motor vehicles, 
which covers brake performance, wheel alignment 
and adjustment of the lighting system. The intro- 
duction of similar inspection arrangements in 
this country has been advocated by the Road Safi-ty 
Committee of the Ministry of Transport. Sucli a 
legislative matter, again, is not the business of the 
Road Research Board, but, in order to obtain rcle- 
vant data on which possible action might be based, 
two fixed-base brake-testing machines have been 
installed in the laboratory. Work with these may 
enable desirable standards of brake performance 
to be determined; American practice furnishes 
little guidance, as the requirements vary, in different 
towns, from a braking force 0 - 27 of that of the weizht 
of the vehicle to one of 0:44. The average time 
between inspections in America is six months ; a 
corresponding arrangement for all the motor 
vehicles in Great Britain would clearly involve 
large capital and administrative expense. If the 
system was introduced it would be universal and 
there could be no question of variations between 
different parts of the country. If the matter is to be 
seriously contemplated, it would be desirable to 
ascertain what proportion of road accidents is 
actually due to defective brakes. 

The road work proper of the Board is concerned 
with both subgrade conditions and road paving. 
Study of the compaction of soil is being carried on 
with the large road machine at the Laboratory. 
It has been found that pneumatic-tyred rollers, if 
sufficiently loaded, have a satisfactory performance 
on all types of soil, but that smooth-wheel rollers 
are more effective on granular soils. In general, 
not more than ten passes with either type of roller 
were required to give satisfactory compaction. 
Field tests on a chalk embankment showed that 
better compaction was obtained when the chalk 
was spread in 6-in. layers than in 9 in., and that 
improved results were obtained when the chalk was 
crushed with a bulldozer before rolling ; these results 
appear to be in line with American experience. 
Soil stabilisation studies with cement, bitumen and 
water-proofing chemicals have been carried out. 
In the past, the soil, in mix-in-place construction, 
has been broken up with cultivators, ploughs and 
harrows, and, although the method has proved 
satisfactory with coarse-grained soils, it has given 
poor results with cement on clay land. A special 
soil pulveriser is being built. As may well be 
understood, an essential condition of success is 
that the cement should be evenly spread and 
thoroughly mixed with the soil. The usual proce- 
dure has been to place bags of cement on the ground, 
slit them open and spread the material by hand. 
As this is laborious and does not ensure even 
spreading, attention is being given to the design of a 
mechanical spreader. 

An extensive series of investigations is being 
carried out on the preparation and use of concrete, 
many of them in conjunction with the Cement and 
Concrete Association. Full-scale experiments are 
being made in connection with the design of concrete 
road-slabs. It is stated that there are difficulties in 
estimating the stresses caused by moisture changes 
and the effects of long-term differential consolidation 
of the sub-grade under traffic. A considerable 
number of slabs failed recently on a road which 
had performed satisfactorily for more than twenty 
years. This has been attributed to the joints and 
cracks not having been maintained in a properly 
sealed condition during the war, allowing water to 
percolate and soften the clay subgrade, and to the 
fact that the road had had to carry a large amount 
of heavy military traffic. This example illustrates 
the importance of the work being carried out in 
connection with the consolidation of subgrades 
and also that on joints in concrete roads. Of joint 
fillers, impregnated fibre board proved the best, 
but it is stated that none of the joint-sealing com- 
pounds used was “entirely satisfactory”; in 
general, they lost their sealing properties within a 
year. The work on concrete includes research on 
concrete mixers and other machinery. In connec- 
tion with the vibration of concrete, an experimental 
machine has been designed by which the effects of 
frequency and amplitude, direction and type of 
vibration, speed of travel of the machine, and the 
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influence of the type of shoe may be studied. 
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NOTES. 


INSTITUTION OF MECHANICAL ENGINEERS. 


THE annual dinner of the Institution of Mech- 
anical Engineers was held at the Dorchester Hotel, 
Park-lane, London, W.1, on Thursday, October 20 ; 
the President, Dr. H. J. Gough, C.B., M.B.E., 
F.R.S., was in the chair, and the following evening 
he delivered his presidential address at the Insti- 
tution. Sir Geoffrey Heyworth, chairman of the 
Advisory Council on Research to the Privy Council, 
proposing the toast of the Institution, congratulated 
the Institution on the rise in its membership and 
status, and on the part it had played in the proposal 
to establish the Mechanical Engineering Research 
Station in Scotland. He insisted, however, that the 
application of research was what counted. As the 
tools of industry—the practical applications of the 
results of research—became more complicated, their 
first cost increased, and it was therefore imperative 
to maximise the number of hours per annum they 
were used. In this way, the cost would be amor- 
tised in a few years, when the tools could be replaced 
by others embcedying the results of the latest 
research. For this reason, Sir Geoffrey advocated 
a wider adoption of shift working; he believed 
that greater pressure from industrialists for new 
machines would foster quicker application of the 
results of research. In the field of increased pro- 
ductivity, mechanical engineers had the greatest 
part to play. Replying to the toast, Dr. Gough 
referred to the international collaboration of engi- 
neering institutions. The first conference of Com- 
monwealth institutions, held in 1947, on the initia- 
tive of the Institutions of Civil, Mechanical and 
Electrical Engineers, was to be followed by a second 
Commonwealth conference at Johannesburg next 
spring. Meanwhile, a conference had been held in 
London during September, of representatives from 
the principal engineering societies of Western Europe 
and the United States. It was hoped to hold another 
similar conference in Holland in 1951. Replying 
to the toast of the guests, which was proposed by 
Dr. S. F. Dorey, C.B.E., F.R.S. (vice-president), the 
Rt. Hon. Lord Simon of Wythenshawe, G.C.V.O., 
M.I.Mech.E., chairman of the British Broadcasting 
Corporation, spoke of the engineering work in the 
B.B.C. The Very Reverend Alan C. Don, K.C.V.O., 
Dean of Westminster, also replied. On the following 
evening, October 21, Dr. Gough presented his presi- 
dential address at a meeting held at the Institution. 
His subject was ‘‘ Engineering Steels under Com- 
bined Cyclic and Static Stresses,” a branch of 
research with which he has had close personal 
connections and on various aspects of which he has 
delivered a number of papers. The address, which 
was a lengthy one, dealt first with combined fatigue 
stresses, with two independent cyclic variables, and, 
secondly, with combined fatigue stresses employing 
four independent variables. The first part described 
work on which a good deal has been published 
already, but brought the review up to date. The 
researches summarised in the second part, Dr. 
Gough stated, form the subject of a monograph 
entitled ‘‘ Some Experiments on the Resistance of 
Metals to Fatigue under Combined Stresses,” now 
in course of publication by His Majesty’s Stationery 
Office. At the conclusion of the address, a vote of 
thanks to the President was proposed by Dr. D. R. 
Pye, F.R.S., seconded by Dr. R. W. Bailey, F.R.S., 
and carried by acclamation. 


THE pE Havittanp “Comet” Arr LINER. 


The development trials of the de Havilland Comet 
are continuing in a highly satisfactory manner. As 
reported on page 128, ante, this jet-propelled air 
liner flew for the first time on July 27 this year. 
Since then it has been flown at a true air speed of 
540 m.p.h. and has reached an altitude of 40,000 ft. ; 
up to the present no difficulties have been experi- 
enced in the operation of the Comet. The aircraft 
isnow undergoing long-range trials, for the purpose of 
testing fuel consumption and navigational and radio 
equipment. In the course of these tests, an impressive 
flight was made on October 25, when jthe Comet flew 
to Castel Benito, near Tripoli, North Africa, and 
back, a distance of nearly 3,000 miles, in 8} hours. 
The actual time spent in the air was 6 hours. The 





Comet left London Airport at 6.33 a.m. and landed 
at Castel Benito at 9.56 a.m., the average speed of 
the outward journey being about 440 m.p.h. The 
aircraft was flown at an altitude of 35,000 ft. It 
was refuelled at Castel Benito, and took off for the 
return journey at 12.04 p.m., arriving at London 
Airport at 3.19 p.m.; the average speed of the 
return journey was thus 456 m.p.h. It is significant 
that the Comet took less time for the round trip to 
Africa and back than that scheduled for the outward 
journey only of a present-day liner, as used by the 
British Overseas Airways Corporation. 


THE WoRLD’s SHIPBUILDING. 


The quarterly shipbuilding returns relating to 
the gross tonnage of the merchant shipping under 
construction in Great Britain and Northern Ireland, 
issued by Lloyd’s Register of Shipping, indicate 
that the gross tonnage which was being built on 
September 30 in the shipyards of the United King- 
dom totalled 2,095,217, comprising 860,406 tons of 
steamers and 1,234,811 tons of motorships. The 
total shows an increase of 52,209 tons over that for 
June 30, but is less by 148,486 tons than the tonnage 
in hand on June 30, 1948, which aggregated 
2,243,703 tons and was the highest recorded since 
December, 1921. It is encouraging to note that the 
increase in the tonnage intended for registration 
abroad, or for sale, still persists. This figure, which 
has risen progressively, quarter by quarter, from 
about 100,000 tons on March 31, 1946, stood, on 
September 30, 1949, at 765,812 tons, or 36-6 per 
cent. of the tonnage under construction in this 
country. The total includes 292,788 tons of 
shipping for Norway and 102,893 tons for Argentina, 
and, of the ships for registration abroad, 27, making 
together 149,763 tons, were commenced during the 
September quarter. On September 30 the tonnage 
on which work had been suspended amounted to 
1,180 tons only, and during the quarter under 
review, 401,850 tons of steamers and motorships 
were commenced in this country, 336,985 tons were 
launched and 339,862 tons were completed. The 
tonnage of the merchant steamers and motorships 
under construction abroad on September 30 aggre- 
gated 2,512,522, or 109,460 tons higher than the 
total for June 30, when it was noted that no figures 
for Germany and Russia were available. These 
reservations still apply. The leading shipbuilding 
countries overseas, and their totals on September 30, 
are as follows: the United States, 625,281 tons ; 
France, 408,746 tons; Holland, 311,759 tons; 
Sweden, 254,705 tons ; Italy, 206,900 tons ; Japan, 
137,760 tons ; Denmark, 130,390 tons ; and Spain, 
114,828 tons. The overseas total of 2,512,522 tons 
is composed of 1,024,553 tons of steamers and 
1,487,969 tons of motorships. During the Septem- 
ber quarter, 518,547 tons of shipping were com- 
menced abroad, 485,128 tons were launched, and 
431,115 tons were completed. The ships under 
construction in the shipyards of the world on 
September 30 included 23 steamers and 58 motor- 
ships, each of between 6,000 and 8,000 tons, 21 
steamers and 51 motorships of between 8,000 and 
10,000 tons; 26 steamers and 77 motorships of 
between 10,000 and 15,000 tons ; 40 steamers and 
11 motorships of between 15,000 and 20,000 tons ; 
and six steamers and three motorships of between 
20,000 and 30,000 tons. 


RoyaL AERONAUTICAL SOCIETY. 


The second of the new series of sectional lectures 
inaugurated by the Royal Aeronautical Society 
was presented on Tuesday, October 25, in the 
Society’s library, at 4, Hamilton-place, London, 
W.1, by Mr. J. Hadji-Argyris, D.E., who specialises 
in research on mathematical stress-analysis of air- 
craft structures and lectured on “‘New Methods 
of Aircraft Stressing.”” The engineer’s theory of 
bending may not present a true picture of the 
stress distribution in an aircraft structure, where 
the structural members are often of non-uniform 
section with tapering booms; shear-deformation 
must be taken into account, and allowance must 
be made for end-conditions. Mr. Hadji-Argyris 
outlined a method of approach for beams, which is 
also applicable to tubes, in which a stress distribu- 
tion is calculated, which is in equilibrium with the 
applied loads and is internally statically consistent. 


The direct stresses are derived from the ordinary 
engineer’s theory of bending, while the shear stresses 
must be obtained from the boom-load gradient if 
the similarity laws are not satisfied. From this 
stress distribution the resulting deformations are 
calculated, and if these are found to be inconsistent 
with each other and with the end conditions, the 
stress distribution required to make up the differ- 
ence between the true distribution and that calcu- 
lated for static-load equilibrium is self-equilibrating 
and can be determined from the elastic conditions. 
The method derived for beams can be applied in a 
similar way to a four-boom closed tube or an 
open tube, such as might be formed in a two-spar 
wing with the top- or bottom-skin cut away, where 
the engineer’s theory of bending and torsion is not 
valid. 


Tue CycLe anp Motor CycLe SHow. 


At the twenty-fifth International Cycle and Motor 
Cycle Show, which opened at Earl’s Court, London, 
on Friday, October 21, and closes at 10 p.m. 
to-morrow, Saturday, October 29, there are exhibits 
from 28 motor-cycle firms, 39 bicycle firms, 110 
accessory and component manufacturers, and from 
nine tyre companies. The show is the second to 
be held since the war, and, like the Motor Show 
held a few weeks ago (page 370, ante), it reflects in 
many instances the efforts of British manufacturers 
to increase export business and to meet present 
shortages or restrictions in the supply of basic 
materials. The total value of the exports in this 
field of industry increased from about 18,908,000/. 
during the first nine months of 1948 to 21,609,000/. 
in the similar period of 1949. Approximately 
1,310,600 bicycles and 55,270 motor-cycles were 
exported in the 1948 period, corresponding figures 
for this year being about 1,705,800, and 51,000, 
there being a slight fall in the numbers of motor 
cycles. Some bicycles now have extra frame tubes 
to provide additional strength for usage on rough 
roads, and others have fitted stands to facilitate 
parking in towns with no kerbs. Hub dynamo sets 
and cantilever brakes are common, and the general 
tendency towards lightness has been continued by 
making full use of aluminium alloys and plastic 
mudguards. Most bicycle frames now incorporate 
the drop-out wheels to facilitate removal, though 
wing nuts on the hubs are not always employed. 
The motor cycles displayed range from the small 
two-stroke scooter and auto-cycle types to the large 
twin-cylinder machines capable of drawing heavily- 
loaded side cars. Various racing types, as well 
as an in-line twin-cylinder model with shaft drive, 
are also exhibited. Many of the larger, and at 
least one of the smaller, machines have front- 
and rear-wheel springing with hydraulic damping. 
Small- and medium-sized two-stroke engines seem 
to be increasing in popularity, some British and 
foreign makes being particularly clean and neat in 
appearance, and capable of easy inspection and 
maintenance ; crankcase and gearbox is occasion- 
ally combined in a form of unit construction, and 
many gearboxes are fitted with a pointer indicating 
the gear position. Although various refinements 
have been incorporated and greater attention given 
to riding comfort, the general price level, partly 
due to purchase tax, is still high. 

Extecrriciry Suppty in SouTH AFRICA. 

Last year, the Electricity Supply Commission of 
South Africa completed 25 years of operation and 
to mark the occasion published a booklet containing 
a record of its origin and progress. An account of 
this publication appeared in these columns last 
January.* The twenty-sixth annual report, which 
deals with the activities of the Commission up till 
April, 1949, has now appeared, but in view of our 
comparatively recent article, which dealt with both 
the constitution and scale of operations of the 
authority, it is not necessary to summarise its con- 
tents in any detail. In one aspect, the most impor- 
tant matter recorded is the death on December 2, 
1948, of Dr. H. J. Van der Bijl, F.R.S., who had been 
Chairman of the Commission from its establishment 
in 1923, and to whose ability and energy its success 
has mainly been due. He has been succeeded 
as Chairman by Mr. A. M. Jacobs, M.A. The 








* See ENGINEERING, vol. 167, page 62 (1949). 








454 





ENGINEERING. 


Oct. 28, 1949. 








leading position which the Commission occupies 
in the electricity-supply business of South Africa is 
indicated by an extract from the 1946-47 Industrial 
Census, taken by the Department of Census and 
Statistics, which is included in the report. This 
gives the total installed capacity of generating plant 
in the country as 2,205,099 kW. The Commission’s 
own plant at the end of 1948 had a total capacity of 
1,461,000 kW. These figures do not relate to 
exactly the same periods, but they indicate that the 
Commission is responsible for some two-thirds of the 
generating plant of the country and it is to be 
remembered that it does not own or operate the 
supply systems of large cities, such as Cape Town or 
Pretoria. The history of the Commission is one of 
continuous progress. During 1948, a 40,000-kW set 
was installed at Congella Power Station at Durban ; 
a 25,000-kW set at Colenso in Natal; and two 
1,000-kW Diesel sets at Worcester near Cape Town. 
Like supply authorities elsewhere, the Commission 
is finding it difficult, or impossible, to obtain prompt 
deliveries of generating plant, but the rate at which 
demand is growing is indicated by sets on order or in 
course of erection. It is expected that a 33,000-kW 
set at the Vaal Station of the Rand undertaking will 
go into operation this year, and in the same period a 
further 40,000-kW set for Congella should be 
delivered. Other plant on order includes a 25,000- 
kW set for Colenso; three 20,000-kW sets for the 
Hex River Station; three 33,000-kW sets for the 
Vaal Station ; and one 20,000-kW set for Witbank 
in the Transvaal. Hex River is a new station, 
situated some 70 miles from Cape Town, and is being 
built to help to meet the growing load in that area. 
Another new power station, with an initial capacity 
of 60,000 kW, is to be built at Umgeni, in the Durban 
area, and plans are contemplated for stations at 
East London, in the Southern Transvaal and at 
Port Elizabeth. This great increase in generating 
capacity naturally involves corresponding extension 
of the distribution system. There are 407 miles of 
major transmission line under construction and a 
further 603 miles projected. Delays in the delivery 
of material, particularly of insulators from overseas, 
are retarding progress. 





LETTERS TO THE EDITOR. 
UNIVERSITIES AND THE FUTURE 
OF ENGINEERS. 


To THE Eprror OF ENGINEERING. 

Str,—I have read with great interest your leading 
article on the above subject, on page 395, ante. 
While I agree with many of your comments, there 
are two important points on which I strongly contest 
the validity of your conclusions. 

The first issue is your endorsement of the view 
that the universities are at present providing at 
least 90 per cent. of the graduates needed in industry. 
This calculation, no doubt, arrives at the small 
deficiency after allowing for the high industrial 
activity of the present time and is based on a con- 
tinuance of the present state of affairs, under which 
probably less than a quarter of those normally con- 
sidered to be professional engineers have received 
a university education. I believe that the most 
important question facing the profession is whether 
this should continue. All the other major industrial 
countries of the world have either reached, or are 
rapidly approaching, conditions under which almost 
all professional engineers will be graduates. How- 
ever successful we may have been in the past, it is 
dangerous to suggest that this country should cling 
to a much lower standard. 

It is clearly impossible that the present universities 
should be asked to multiply their output of engineers 
several] times, and I therefore come to yaur criticism 
of proposals for “‘ monotechnic colleges ’’ (by which, 
I assume, is meant colleges -based on either the 
Zurich E.T.H. or the Massachusetts Institute of 
Technology) on the grounds that “it would be 
impossible to keep the instruction sufficiently wide 
and basic inm- such colleges.” I suggest that this 
statement is quite arbitrary: the danger you men- 
tion exists for institutes of technology, as it does for 
the engineering departments of conventional univer- 
sities, but it is surely defeatism to suggest that the 
wise leadership needed to overcome it will not be 





forthcoming. I venture to suggest, admittedly on 
the basis of limited observation, that not only is 
the academic standard of the Ziirich college superior 
to that of any British university, but the basic 
training in engineering science and the facilities for 
parallel study in “‘ humanistic ” subjects are excelled 
by few: possibly only by Cambridge. 

You claim that, in contrast to the institute of 
technology, the descent of the university into 
‘instruction for to-morrow,” rather than for the 
future, is prevented by “‘ criticisms from those both 
teaching and studying in other faculties.” I doubt 
whether these influences are at ail potent in a non- 
residential university and I am not convinced that 
the teaching at existing universities is based as 
broadly as it should be. It may be worth recalling 
that the American universities, which went even 
farther than ours on the road of specialisation, are 
now returning to a broader training in engineering 
science and a proportion of non-technical subjects. 
This change seems to have come about, not from 
outside criticism, but from the experience of pro- 
fessional engineers and engineering educators. 

Yours faithfully, 
C. L. CHAMPION. 
1, Ashburn-place, 
London, S8.W.7. 
October 18, 1949. 





30-TON UNIVERSAL TESTING 
MACHINE. 


To THE Eprror OF ENGINEERING. 


Str,—I have read with interest the account of 
the very fine 30-ton Avery universal testing machine, 
which appeared in your issue of August 12, on page 
165. Although, in this case, the requirements 
of the Royal Aircraft Establishment were so special 
that an individually-designed machine was, no 
doubt, essential, the article has brought to my mind 
advantages offered by standardisation in testing- 
machine design. 

These machines are nearly always required by 
their users to possess certain particular features ; 
the inspection department of a works, for instance, 
might look for rapid testing of specimens all nearly 
of the same size, whereas a university or research 
establishment requires much greater adaptability 
and, especially, space between colamns to accommo- 
date a wide variety of experimental material. 
At first sight, it might seem that these conflicting 
requirements would effectively prevent standardisa- 
tion of testing machines. Certainly, it would not 
be satisfactory if manufacturers decided on rigid 
adherence to a single design; however, the com- 
ponent parts of these machines could be stan- 
dardised and assembled in various ways to suit 
customers’ requirements. 

The main components of a modern hydraulic 
machine are the pump, control and dynamometer 
assembly, the main cylinder, the rods and columns, 
and the base and crossheads. The main variables 
imposed by the customers’ needs are the load range 
and the maximum width and length of specimen 
to be provided for. It will be seen that, by designing 
a comparatively small number of standard inter- 
changeable components, it should be possible to 
build up machines capable of covering a very wide 
range of duties. This would result, no doubt, in 
a certain waste of material, but in precision machines 
the cost of labour is far more important and it is 
likely that an overall economy would result. 

Yours faithfully, 
J. A. L. MatHEson, 
Dean, Faculty of Engineering. 
The University of Melbourne, 
Engineering School, 
Melbourne, N.3, Australia. 
October 11, 1949 





AUTOMATIC TELEPHONE EQUIPMENT FOR CANADA.— 
The town of Brantford, Ontario, which was the scene 
of Alexander Graham Bell’s first public demonstration 
of the telephone, has been provided with an automatic 
exchange, the equipment for which was manufactured 
by Standard Telephones and Cables, Limited, Connaught 
House, Aldwych, London, W.C.2. A bronze statue, 
which was recently unveiled by a daughter of the 
inventor, stands in the portico of the exchange building. 





THE INTERNATIONAL 
ASSOCIATION FOR 
HYDRAULIC STRUCTURES 
RESEARCH. 


Tue third Reunion of the organisation known on 
the Continent as the Association Internationale de 
Recherches pour Travaux Hydrauliques (A.I.R.T.1.) 
and in the English-speaking countries as the 
International Association for Hydraulic Structures 
Research (I.A.H.S.R.), was held in Grenoble, 
France, on September 5, 6 and 7. The techni:»| 
sessions were held in the Ecole Nationale Supérieure 
d’Electricité et d’Hydraulique, situated in the 
Avenue Félix-Viallet, Grenoble, which was placed 
at the disposal of the Association by the Director, 
Professor Félix Esclangon, and were attended by 
about 200 members, representing some 27 countries. 
The President of the Association, Professor L. G. 
Straub, of the University of Minnesota, was unable 
to be present, and in his absence the presidential 
chair was occupied by Professor E. Meyer-Peter, of 
the Ecole Polytechnique, Ziirich. 

The formal opening of the congress took place 
on Monday, September 5, but the delegates who 
had arrived earlier had the opportunity to take 
part in two interesting excursions, one to the hydro- 
electric stations at Génissiat and Seyssel, and the 
other to the power plants of Sautet-Cordeac, on 
the river Drac, and Chambon, on the Romanche. 
The Génissiat dam and power station, situated on 
the Rhéne, is now nearing completion, the two 
smaller turbo-generators (1,750 kW each) being 
already in operation ; these run at 600 r.p.m. The 
six large machines will have a capacity of 65,000 kW 
each and will run at 150 r.p.m. The turbines are of 
the Francis type. Transmission is at 220,000 volts. 

The subjects prescribed for discussion at the four 
technica] sessions were, respectively, ‘‘ Surge Tanks,” 
on the morning of September 5, under the chair- 
manship of Professor L. Escande, of Toulouse, and 
Professor Meyer-Peter ; “‘ Waves,” in the afternoon, 
with Ir. J. Th. Thijsse, of Delft, and Professor P. 
Danel, of Grenoble, as chairmen ; ‘‘ Losses of Head,” 
on September 6, when the meetings were presided 
over by Professor Fortier, of Paris, and Professor L. 
Tison, of the University of Ghent; and, on the 
morning of September 7, ‘‘ Transport of Material,” 
under the chairmanship of Mr. A. Nizery, of Paris, 
and Professor G. de Marchi, of Milan. In all, 34 
papers were presented. Our report will include a 
review of the papers in each of the four sessions. 

The only formal occasion during the Reunion 
was the official] dinner, followed by a garden party, 
held at the Hotel Lesdiguiéres on the evening of 
September 6, and even in this case the formality 
was only relative. Throughout the meetings the 
weather was extremely warm, and the heat on 
this particular evening made many of the diners 
glad to discard their coats at an early stage in the 
proceedings. The chair was taken at the dinner by 
Mr. Georges Gariel, President of the committee which 
had been formed in Grenoble to arrange the celebra- 
tion of the 600th anniversary of the accession of the 
Dauphiné Province to the Crown of France. Mr. 
Gariel was supported by Professor Esclangon and 
by the Mayor of Grenoble, and by his brother, Mr. 
Maurice Gariel, manager of the Neyrpic hydraulic 
research laboratory, who is the present President 
of the Association of Foreign Students (past and 
present) at the University of Grenoble. In his 
speech after the banquet, Mr. Maurice Gariel 
mentioned that this Association was 50 years old 
on that day, September 6, and welcomed the partici- 
pants in the Reunion as “temporary foreign stu- 
dents ”’ to ‘‘ the Oxford of France.” 

A programme of visits fully occupied the remain- 
ing time of the members during their four days in 
Grenoble and extended to September 10. The first 
excursion, as mentioned above, was to the dams 
and hydro-electric power plants in the Isére valley, 
on September 4. On the evening of the following 
day, visits were made by separate parties to the 
works of the Etablissements Bouchayer-Viallet, 
makers of hydraulic pipelines, valves, etc., and those 
of Messrs. Neyret-Beylier, electrical and mechanical 
engineers, which have been largely reconstructed 
and re-equipped since the liberation of France. 
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The most extensive visit arranged in Grenoble 
itself was that to the Neyrpic hydraulic research 
laboratory, under the guidance of Professor Danel 
and his staff, on the afternoon of Tuesday, Septem- 
ber 6. Practically the whole of the members took 
advantage of the opportunity, but, though it was 
necessary to divide them into a large number of 
small parties, the composition of which changed 
repeatedly, the whole operation was carried out 
with admirable precision and each member was able 
to see the items of most interest to him. 

The name “‘ Neyrpic,” it should be explained, is 
an artificial one, indicating the identities of the 
Neyret-Beylier and Piccard-Pictet firms—both of 
Grenoble—who set up the establishment. The 
laboratories cover an area of more than 35,000 
sq. m., of which 9,700 m. is roofed over, and it was 
stated that more than 100 researches were currently 
in progress. The work which was open to inspection 
was arranged in 17 groups of experiments and 
research, covering high-head and low-head hydro- 
electric power plants ; studies relating specially to 
the dams and power stations on the Rhéne ; irri- 
gation; the transport and deposit of material ; 
studies of losses of head and turbulence in pipes ; 
marine hydraulics ; the hydraulics of air transport ; 
the calibration of current meters; the hydraulic 
design of docks and locks; and the testing of 
compounds, such as turbines, pumps, valves, hy- 
draulic brakes, etc. Several of these groups covered 
a considerable variety of experiments, many of 
them on such a scale as to justify fully the foresight 
of the sponsoring firms in devoting so large an area 
to the laboratory. In the case of the researches on 
hydro-electric power plants, for example, researches 
were seen in progress on different types of flood 
evacuators, the emptying of diversion galleries, and 
the design of dams, intakes and forebays. The 
sections of the laboratory devoted to the transport 
of material were occupied not only with investi- 
gations of the natural conveyance of material by 
the flow of rivers, and studies of density currents 
and the removal of silt from reservoirs, but also 
the suspension and transport of fine particles in 
pipes. The researches on locks and docks were 
mainly directed to the problem of preventing 
vessels from being washed against the walls and 
ends by the flow of water through the filling and 
emptying culverts. In the department of marine 
hydraulics, systematic studies were in progress on 
oscillatory sea movements, waves, currents and 
tides, and the design of tidal power plants. The 
calibration of current meters is being undertaken in 
a special laboratory, on behalf of the General Tech- 
nical Division of the Electricité de France. 

On the conclusion of the technical sessions, a large 
party of the members left Grenoble in motor 
coaches on a three-days tour to Toulouse and back. 
The route lay down the valley of the Rhéne, through 
Viviers, to the hydro-electric power station at 
Mondragon. The works under construction extend 
from Donzére to Mondragon, a distance of about 
20 km. The power station is situated at Mondragon, 
the water supply to the station flowing through a 
canal which starts at a bend of the river near the 
village of Donzére, the head being 22 m. When 
completed, the station will contain six 50,000 kVA 
units. The turbines are being supplied by the 
Société Alsthom-Charmilles and by Messrs. Escher 
Wyss, and the alternators by Messrs. Alsthom et 
Jeumont. From Mondragon, the party proceeded 
via Nimes (where the opportunity was taken to visit 
the Roman Pont du Gard), Montpellier and Car- 
cassonne to Toulouse, where they were received at 
the Ecole Nationale Supérieure by the Director, 
Mr. L. Escande, and conducted over the hydraulic 
research and the aerodynamic laboratories. The 
researches in progress related principally to river 
flow, but investigations in marine hydraulics are 
also undertaken. The hydraulic laboratory has the 
considerable advantage of being able to draw 
virtually unrestricted supplies of water from the 
River Garonne, under a natural head, thus saving 
much of the cost of pumping and greatly facilitating 
researches in such subjects as the formation of 
standing waves in channels, which require large 
volumes of water. 


(To be continued.) 





FIGHTING FIRE AT SEA.* 
By Caprain Hanotp J. Burke, U.S.N.R. 


Suir design has been perfected to a point where, 
through compartmentation, watertight bulkheads 
practically assure an unsinkable vessel, but, too often, 
ships that are capable of overcoming most of the ews 
of the sea are victims of fire. It is the aim of this 
paper to indicate the possibilities and limitations of 
the various fire-extinguishing agents, and to offer some 
practical advice on the actual extinction of fires at sea. 
No single fire-extinguishing medium will control 
every type of fire. The most common agents are 
water, carbon dioxide, foam, dry powder, and steam. 
There are several disadvan connected with the use 
of water : it is productive of a large “ run-off ” which, 
in a ship, might create an unacceptable free-surface 
condition with all the attendant e' on trim and 
stability ; water damage may far exceed the actual 
fire damage ; water has a corrosive effect on fire mains 
and fittings, and pumping equipment of adequate 
capacity and pressure is a | ; and water, in a 
solid stream, has comparatively little heat-absorbing 
value because of the small surface exposed to the fire. 

The last-mentioned disadvantage led the United 
States Navy, in the recent war, to turn to the develop- 
ment of equipment that would discharge water in a 
finely-diffused homogeneous mass. If every pound 
of water applied on a blaze were turned into steam by 
absorbing the heat of the fire, 973 B.Th.U. would be 
removed from the burning mass for every pound of 
water applied ; but, because heat absorption is possible 
only through the surface area, a solid stream of water 
issuing from a 1-in. smooth-bore nozzle as a solid stream 
will have, as a column, a theoretical surface area of 
slightly more than 37 sq. in. per lineal foot. If this 
same amount of water were finely diffused in the form 
of water fog, the total area available for heat absorption 
would be increased thousands of times. 

Surface tension causes water to bridge over pores 
in the texture of burning material and prevents pene- 
tration to a point where the heat of deep-seated fires 
can be absorbed. Recently, wetting agents have been 
developed that will reduce the surface tension of water 
to a point comparable with that of kerosene. As a 
result, it is possible to obtain much greater penetration 
and wider surface spread. One-tenth of 1 per cent. 
by volume of wetting agent mixed with ordinary water 
will produce an effective reduction of the surface ten- 
sion. ‘‘ Wet water” for fire fighting may be available 
by premixing and storing for use, but this is not a 
practical method for shipboard use. The use of propor- 
tioning devices which will feed the concentrate into the 
water stream in correct amounts is the best method 
to use afloat. ‘‘ Wet water” will extinguish certain 
fires that plain water cannot control; for example, 
fires in baled cotton and in certain flammable liquids. 

Carbon dioxide is an excellent fire-extinguishi 
medium for many types of ship fires. It is discharged 
as a gas on the fire, and thus introduces no liquid into 
the vessel. It is non-corrosive and non-toxic. It 
will not damage even the most delicate material or 
machinery. It does not deteriorate, and may be 
stored for indefinite periods. As a non-conductor of 
electricity, it is safe to use around energised electrical 
equipment. As a gas, it can penetrate into voids and 
spaces in and around cargo in a manner not possible 
with other extinguishing media, and probably it is the 
quickest extinguishing agent in common use. It is 
effective on fires in carbonaceous matter, flammable 
liquids, or electrical equipment. 

In a recent paper entitled ‘“‘ Modern Tankers,” by 
Messrs. H. F. Robinson, J. F. Roeske, and A. S. Thaeler, 
the authors stated that carbon-dioxide total flooding 
systems were removed from naval vessels because of 
the hazard to the ships’ crews. The reason stated is 
slightly inaccurate and leaves an erroneous impression. 
These systems were removed from vessels wherein the 
air for combustion was taken from the space protected. 
Since a carbon-dioxide total flooding system extin- 
guishes fire by diluting the oxygen content of the air to 
@ point where combustion cannot be supported, it also 
makes inert the air for combustion in propul- 
sion machinery, thereby — ship to stop. e 
possibility of losing maneuvrability in time of action 
was a risk that the United States Navy was unwilling 
to accept. This led to the replacement of total flooding 
systems with hose-reel systems which would furnish 
adequate gas for local application. When heavy 
concentrations of CO, gas dilute the oxygen content 
of the atmosphere to a point that will not support 
combustion, there is likewise insufficient oxygen to 
support life, which requires a minimum of 16 per cent. 
oxygen. However, ample safeguards are installed in 

perly designed CO, systems to eliminate life hazards. 
-action and time delay devices provide 
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proper notice and allow sufficient time to evacuate 
occupied spaces before gas discharge. The principal 
isadvan: to the use of carbon dioxide lies in the 
fact that only a limited quantity can be carried on board. 
Its great field of usefulness lies in hold protection. 
Within the past few years, elaborate tests have been 
made by the United States Government to study the 
effectiveness of carbon dioxide and other extinguishing 
agents for shipboard fires. There was a total of nine 
tests carried out on two Liberty ships, one series 
dealing with fuel oil and another with cotton in bales. 
Some of the tentative conclusions reached from these 
tests are given below. It was found that many fires 
in baled cotton can be ontingnenes completely by reduc- 
ing the oxygen content of the algo atmo- 
sphere to a reasonably low figure for a reasonable length 
of time. Out of a total of nine test fires, six were 
extinguished by reducing the oxygen to concentrations 
ranging from 4-4 to 1-9 cent. in conjunction with 
soaking periods ranging from 12 to 69 hours. Baled 
cotton is one of the most difficult fires to extinguish, and 
it is reasonable to expect that, for the general run of 
cargo fires, the test record of six complete extinguish- 
ments out of nine trials would be materially increased. 
Even if the detrimental effects of steam upon the 
value of the cargo are completely ignored, its practical 
use as a medium for obtaining and maintaining an 
oxygen depletion in the space on fire is open to serious 
doubt. The tests indicate that steaming for periods of 
one to four hours does not reduce the oxygen concen- 
tration to less than 8 to 10 per cent. Continuous 
steaming for 17} hours reduced the oxygen to 3} per 
cent., but a large portion of this possibly was the 
result of burn-out from closure. When steam is shut 
off, an almost immediate and considerable vacuum is 
created in the space, which causes fresh air to be drawn 
into the hold in considerable quantities. This fresh 
air increases the rate of combustion in the space, if the 
fire is not out at the time. The quantity of steam 
required to produce an inert atmosphere is larger than 
the steaming capacity of many vessels, and tests so 
far have not proved that steam is an effective extin- 
ishi nt. 
eo fire source can exist undetected for hours, 
days, and weeks in large deep masses of bulk materials 
such as baled cotton. An inert atmosphere maintains 
this dormant state and, in proportion to its inertness, 
retards, and prevents spread. Upon admission of 
sufficient air, a single undetected fire source, still well 
insulated by the surrounding bulk, can rekindle and 
cause re-ignition. When unloading in inert atmo- 
sphere, tarpaulins placed over the cargo materially aid 
in maintaining the gas blanket thereunder, provide a 
good working platform, and prevent re-ignition from 
embers emmek from any fired cargo being removed. 
ing unloading operations, a CO, hose reel and a 
small water line equipped with fog nozzles are useful for 
local application. In the case of flammable liquids, 


hing | CO, is remarkably fast and effective in extinguishing 


flame. When there is reasonable airtight integrity, 
it will not dissipate rapidly. Fires in machinery 
spaces, pump rooms, boiler rooms, and bi are 
handled readily with CO, systems, and portable CO, 

inguishers are effective in combating galley fires. 
Since this extinguishing agent is a non-conductor of 
electricity, it is of great value in the protection of 
electrical equipment. 

Foam for fire fighting is obtainable in two forms— 
chemical or powder, and mechanical or liquid. The 
chemical or powder type of foam generation requires a 
foam generator. This is a mechanical mixing chamber, 
consisting of a base with inlet and outlet water connec- 
tions and a Venturi approximately midway between 
them. Directly over the Venturi is a hopper into which 
the dehydrated chemical is poured. The suction created 
by the Venturi draws the powder into the flowing water 
stream in the base and a chemical reaction takes place, 
and CO, is generated. Owing to the high surface 
tension of the mixture, the gas generated is a “a 
in a tough film, forming tiny bubbles of foam-like 
iy Somme pe Expansion occurs as soon as the mixture 
is formed and the hose attached to the outlet side of 
the generator may be considered as part of the generat- 
ing mechanism. For that reason, the hose should be at 
least 100 ft. long, to permit time for full expansion. 
Because friction created by the velocity of the mixture 
flowing oe the discharge hose rapidly breaks 
down the bubble structure after maximum e ion 
is achieved, the length of hose should not ex 150 ft. 

Since the generator is usually portable, it can be set 
up within the proper distance of the fire. If it is set 
up on weather decks, the wind will tend to blow the 
chemical powder about, with the result that the deck 
in the vicinity will be covered with slippery foam, 
endangering the footing of personnel. Furthermore, the 

erator requires constant and uninterrupted feeding 
with the chemical at the rate of about two 50-lb. cans 
per minute. Mechanical or liquid foam is somewhat 
similar in appearance to chemical foam. It is not 
generated by chemical action, but by the mechanical 
entrainment of air and a stabiliser into a solution with 
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water.” Foam stabiliser is fed into a water stream. at 
the rate of 6 per cent. by volume. Air entrainment 
and foam generation occur at the discharge nozzle. 
This proportion can be varied if the design of the 
mechanical equipment is modified accordingly, but 
practically all gear of American manufacture used in 
connection with mechanical foam is intended for the 
6 per cent. proportion, which was the United States 
Navy standard established during the late war. 

There are several methods of mixing the liquid 
foam stabiliser with water. It may be pre-mixed, 
but this will be found unsuitable for marine use, since 
it introduces additional unnecessary weight into a 
vessel ; it may be injected into a fire main or hose line 
through the use of suction proportioners or proportioner 
pumps ; or it can be added to the water stream by using 
a pick-up tube fitted to the special foam nozzle. The 
lower end of the pick-up tube is inserted into a can of 
liquid stabiliser, and the Venturi action of the water 
flowing through the nozzle then draws the liquid out of 
the can and into the water stream. 

The proportioner pump proved to be of inestimable 
value in protecting aircraft carriers of the United States 
Navy. The device consists of a water turbine with a 
direct-connected rotary gear-pump in a common hous- 
ing. The turbine may be inserted in a portable hose 
line or in a fixed fire main. The pump delivery is 
proportionate to the water flow through the turbine. 
To maintain a 6 per cent. proportion, the gear-pump 
is designed for one-sixteenth of the capacity of 
the rotor. Increased discharge results in increased 
velocity and a corresponding increase in the number 
of revolutions in both the rotor and the gear-pump. 
The suction side of the gear-pump is connected to a 
tank of liquid foam ‘stabiliser. The discharge from 
this pump enters the water stream at a point beyond the 
water turbine, so that the liquid beyond this point 
consists of 94 per cent. by volume of water and 6 per 
cent. of stabiliser. The pressure loss in the water 
turbine at a flow of 1,000 gallons per minute does not 
exceed 22 Ib. per square inch. 

Mechanical foam is generally satisfactory for ship- 
board use, because it can be handled conveniently 
through piping and fittings suitable for water systems. 
The hose layout used may be of any desired length ; 
the only factor to consider is the friction loss, which 
can be considered the same as that of water. To 
produce foam, there must be water (fresh or salt are 
equally satisfactory), a liquid foam stabiliser, and air ; 
and they must be in the proper proportion and inti- 
mately mixed. Introduction of the stabiliser into the 
water is a function of the proportioning device or is 
accomplished through pre-mixing. The addition of 
the air and the generation of foam are accomplished 
by the nozzle, which is designed to entrain the air. 

The flexibility of mechanical foam equipment pro- 
vides a means of quantity foam generation that is 
particularly useful in fighting serious cargo fires in 
tankers. Once a foam blanket has been established, 
the vaporisation of the liquid is sealed off and the metal 
boundaries around the fire then may cool normally to a 
temperature below the re-ignition point. If this is to 
be accomplished, however, care should be taken to 
specify a foam stabiliser that has a relatively low 
expansion. There are two schools of thought on the 
manufacture of foam-stabilising liquids. One aims to 
produce a tough, thick, cohesive foam blanket that 
will remain intact for a long period. To achieve this 
result, the product has a relatively low expansion, in the 
ratio of about four to one. The other seeks to produce 
foam with a high expansion, so that a greater volume 
will be available and thus permit quicker covering of 
the surface area. Under certain conditions, high- 
expansion foam has considerable merit, but the product 
tends to break down rapidly, the foam blanket has no 
permanence, and often it is too light to prevent the 
vapour pressure from piercing it. Furthermore, the 
natural up-draught of a flammable liquid fire tends to 
draw high-expansion foam up with it and to prevent 
the formation of a blanket. For shipboard use, low- 
expansion foam is considered more satisfactory. 

A relatively new development is the dry chemical 
fire-extinguisher. This consists of a steel cylinder 
containing a specially processed chemical in powdered 
form and an expellent, usually carbon dioxide, com- 
pressed in a separate cartridge, which, when ruptured, 
releases the pressure n to discharge the 
powdered chemical from the cylinder through a hose 
attachment. These extinguishers usually have greater 
range and afford a better shield to protect the tor 
from radiated heat. The powdered chemical may be 
bicarbonate of soda or a similar chemical, processed 
with certain powdered lubricants to promote free flow. 

Much of the success of the Navy’s fire-damage control 
during World War II can be attributed to the effective- 
ness of the self-contained breathing apparatus that 
was designed for fire fighting. The idea of using the 
peroxides of alkali metals in self-contained breathing 
apparatus has held the imagination of scientists for 
many years, but, until the development of the Navy 
oxygen rescue breathing apparatus, it has never been 





ible to manufacture a workable unit. The Type A, 
which later became the Type A-1 and then, in a com- 
mercial version, the Chemox apparatus, used a mixture 
of the peroxides of sodium and potassium originally. 
These chemicals evolve oxygen, remove pa So dioxide, 
and retain exhaled moisture. Thus, adequate oxygen, 
dry and free from carbon dioxide, is inhaled, insuring 
complete respiratory protection in any atmosphere, 
with clear lenses in the facepiece of the apparatus. 
The wearer exhales into the canister containing the 
peroxide, where free oxygen is liberated, and a 
hydroxide is formed by the action of the exhaled 
moisture. The second reaction between the hydroxide 
and the exhaled CO, produces a carbonate, leaving the 
oxygen freed from the CO,. Investigations indicated 
that the mixed peroxides of sodium and potassium were 
not as efficient as potassium tetroxide alone. 

Na,O, (sodium peroxide) contains 146 cub. cm. per 
gramme of available O,, while K,0, (potassium 
superoxide) contains 236 cub. cm. per gramme under 
the same conditions. Therefore, K,O, is used now, 
since it will evolve more oxygen than a mixture of the 
Na,O, andthe K,0,. In addition, a copper oxychloride 
catalyst is added to the bottom layer of the chemical 
in a small quantity to hasten the reaction. Actually, it 
is not possible to obtain all this oxygen for respiratory 
purposes, but sufficient is evolved to insure a minimum 
service life in the apparatus of 45 minutes at hard work. 
The canister is made up of five layers of chemical with 
the bottom layer (which first reacts with the exhaled 
breath) containing the catalyst mixed with the K,0,. 
Extensive investigation has shown that the maximum 
efficiency is obtained with this construction. The 
canister weighs approximately 4 lb. and the complete 
apparatus, with canister inserted, approximately 134 Ib. 
Another effective pice of equipment was the all-purpose 
nozzle, which will furnish water in the form of a solid 
stream or as fog, or shut off the flow entirely. The fire 
fighter using this nozzle can select instantly any one 
of the three conditions. 

Every properly equipped fire party should be fur- 
nished with a portable oxy-acetylene cutting outfit, 
for cutting away debris or for cutting holes through 
steel decks for the application of fire-fighting agents 
from directly above a compartment on fire. Fire 
parties should be provided with special fire clothing 
to protect them while fighting fire ; ts which permit 
the wearer to have a reasonably secure footing even on 
oil-covered steel decks, a light plastic helmet to guard 

ainst head injuries in smoke-obscured spaces, gloves 
of leather, lined with wool, or of other design suitable 
to provide heat protection, and heat shields which 
may be attached to the helmet. An asbestos suit may 
protect the wearer from flame for a minute or two, 
but it certainly does not give any prolonged heat 
insulation. Furthermore, if asbestos suits are hot and 
are struck with a water stream, water penetrating 
through the fabric will result in the generation of 
steam on the interior of the suit; fatalities have 
occurred from this cause. Asbestos suits give a false 
sense of security and, in practical fire fighting, are not 
nearly as effective as heavy woollen garments. 

Proper pumping capacity for fire-fighting should be 
one of the primary concerns of the naval architect. The 
production of a good water-fog pattern requires a nozzle 
pressure of about 60 to 100 lb. per square inch. The 
capacity of fire pumps should be adequate to provide 
for about six streams at about 150 gallons per minute 
each on each deck level simultaneously and, in addition, 
any other water needed for fire protection-equipment. 
Every vessel should have a separate Diesel-driven 
fire pump capable of furnishing at least 1,000 gallons 
of water a minute at a pressure of 125 Ib. per 
square inch. This pump, for emergency purposes 
only, should be located as far forward as possible and 
should have its own sea chest. An independent vertical 
fire-main riser, with a manifold of six 24-in. hose valves 
on each deck level, should be installed for this pump, 
because vital engineering spaces may become involved 
in the fire, or conditions may force the crew to abandon 
them. The provision of emergency Diesel generators 
and electrically-driven fire pumps does not alter the 
desirability for the independent Diesel-driven fire 
pump, since all of the machinery spaces including the 
auxiliary flats, may become untenable during a fire. 

As the extreme bow of a ship is usually tenable 
during a fire, it is to this point that crew members 
and are often driven during a fire and it 
therefore follows that the bow of a ship affords a reason- 
able base for fire-fighting operations if all other designed 
protection is useless. The U.S.S. Franklin, when 
bombed close to the shores of Japan during World War 
II, was dead in the water for a period of time. All of 
her auxiliary machinery was inoperable, except a 
Diesel-driven emergency fire pump located well forward. 
This engine, supplied by a built-in 50-gallon tank of 
Diesel fuel oil, continued to operate and furnished 
fire streams until the engineering plant could be 
restored to operation. It was a big thotor ultimately 





in saving the ship. Next to the bow location, the 
extreme stern is probably the safest point on a ship 


during a fire, particularly if the vessel retains an, 
manceuvrability. 

The proper design and proportioning of fire main- 
is important. The use of 90-deg. elbows and shar; 
bends should be avoided. Interior fire mains are 
subject to rapid obstruction by sea growth, tubercula 
tion, and scale. In certain parts of the world, thi: 
condition is more aggravated than in others. During 
the late war, clogging of fire mains became a problem in 
naval vessels operating in the South Pacific. To pre 
vent rapid deterioration of fire mains, the United 
States Navy resorted to treating their interior with a 
plastic coating, with highly satisfactory results. Too 
often, a fire main in a vessel is of adequate dimensions 
at the time of installation but in a very short time 
may become fouled to such an extent that the effective 
waterway is reduced to less than a quarter of its original 
size. Valves, checks and fittings used in fire mains 
should be made from material not easily corrodible. 

Fire hose should be rubber-lined double-jacketed 
canvas. Hose for weather decks and intended for use 
in the superstructure may be 2} in., while hose intended 
for use below the main deck or in small compartments 
or staterooms in the superstructure should be 1} in. in 
size. Hose valves preferably should be 2} in. through- 
out the vessel, but, where 1}-in. hose is used below the 
main deck or in fairly small spaces, a two-way gate 
valve should be attached to the 2}-in. hose-valve outlet 
so that will supply two 1}-in. hose lines. The nozzle 
reaction from a stream discharged from a 2}-in. hose 
line would be so great that it becomes almost impossible 
for an individual to operate such a hose satisfactorily, 
particularly on the deck of a ship at sea. However, 
the stream from a 1}-in. hose can be handled easily by 
a single fire-fighter under almost any condition. 

Certain features of ship construction are so important 
that they cannot be over-emphasised. Modern naval 
design should give due consideration to the principles 
of fire-resistive and fire-protective construction and 
every effort should be made to insure the proper 
protection of vertical arteries, and the installation of 
proper draught stops and fire bulkheads. The neces- 
sity for self-closing or automatic doors is well recognised, 
but not so obvious is the fact that concealed spaces 
provide arteries through which fire may travel unde- 
tected and where it cannot be reached by hose streams. 
This false work cannot be deleted entirely from naval 
construction, but there should be some simple and 
quick means of opening it up for examination. Care- 
ful consideration and thought should be given to 
the practicability of keeping metal bulkheads cool 
by the application of water. Since less than a fifth 
of a gallon of water ae square foot per minute will 
prevent steel from softening, or eliminate heat inputs 
that would be dangerous and contribute toward the 
ey Sree spread of fire, perhaps water curtains can 

designed that will provide adequate fire stops and 
at the same time, through drainage or recirculation. 
avoid accumulation of free water within the ship. 

Nothing can take the place of training. One of 
the paramount considerations of successful fire fighting 
is to instill in the personnel confidence in their equip- 
ment and in their ability to use it successfully. This is 
a basic function of training. During the recent war, the 
United States Navy was confronted with the tremendous 
task of training over two million men in fire fighting. 
This was necessary because, starting with Pearl 
Harbour, fire became one of the major offensive wea- 
pons of the war. Ship mock-ups were built on shore, 
of reinforced concrete lined with bricks, the interior 
being arranged with floor plates, ladders, decks, railings, 
piping, etc., accurately reproducing the interior of a 
ship. Each mock-up consisted of forecastle, fireroom, 
and engine-room arranged so that they could be loaded 
with combustibles and ignited. To simulate fires in 
the machinery spaces, Diesel oil was pumped into the 
bilges and ignited. Students were required to attack 
the fire under the leadership of an instructor, recruited 
from one of the municipal fire departments. It was 
amazing to observe the effectiveness of this programme. 
The fear of fire was taken out of the minds of naval 
personnel. They acquired confidence in their ability 
to use the equipment successfully, and as a result, 
when ships took fire, the crews stood and fought the 
fire. 

During World War II, fire teams of the United 
States Navy had remarkable success in controlling 
tanker fires. They developed a technique that resulted 
in an average salvage of about 70 per cent. of the cargo 
and ship. The factor that makes a tanker fire severe 
is the terrific radiation, which prevents a fire party 
from getting close enough to the burning surface of 
the tanker cargo to apply foam. The United States 
Navy fire fighters ed the tanker from the wind- 
ward under the protection of high-capacity water-fog 
nozzles. The water-fog absorbed the heat so rapidly 
that, after a few minutes, it was possible to secure a 
footing on the deck. Continued application of the 
water fog further absorbed the heat until it was 
possible, in safety, to reach the ullage holes or hatches 
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and to discharge foam down them to the burning oil. 
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Fig. 1. 


TRIPOD STANDARD. 


OLD GASHOLDER AT FULHAM. 


Tue North Thames Gas Board recently opened up | 
for repair and inspection what is believed to be the | 
oldest working gasholder in the world. Situated at | 
the Fulham Gas Works, London, it was built in 1830 | 
by the Imperial Gas Company, and has been in constant | 
use ever since ; at the present time it is employed as a | 
relief water-gas holder. Various aspects of its construc- | 
tion are shown in Figs. 1 to 3, a view of a tripod | 
standard, and a small area of the crown, together with | 
adjacent installations, being given in Fig. 1. At the | 
time of its construction, the design of the gasholder | 
was regarded as advanced in both constructional | 
methods and size, having a capacity of 225,000 cub. ft., | 
whereas the average size of holder built at that time was | 
about 40,000 cub. ft.; it had already been suggested | 
by Sir William Congreve that the maximum safe size | 
was 20,000 cub. ft. 

Evidence as to the identity of the engineers who were | 
in charge of the construction is scarce, but reference has 
been found to a Mr. Ward, Junior, and a Mr. Wright, 
who miy have been responsible. Whatever their | 
names, they undoubtedly produced a structure which 
has proved sound and which, from an engineering 
point of view, is of considerable interest. The gas- 
holder was built only 17 years after gas was first sup- 
plied for public use in London, in 1813. It was re- | 
sheeted in 1882 and has since received minor repairs, 
but the main structure is still the original one. 

The tank is of brick and puddle construction, having 
a diameter of 102 ft. and a depth of 32 ft., the latter 
dimension being shown on the original drawings as 
31 ft. 8} in. The diameter is approximately double 
that of any gasholder which had previously been con- 
structed. The bell is 100 ft. in diameter with a depth 
of 29 ft. 6 in., though the latter dimension is shown as 
30 ft. 4 in. on the drawings ; it is located by 12 upper 
guide carriages and 24 lower guide carriages. The 
upper carriages consist of double-flanged rollers, work- 
ing on the edges of flat guides which are carried on 
cast-iron tripod standards mounted on the perimeter 
of the tank. One of these tripods, together with its | 
guide and roller, is shown in Fig. 1. It is made from 
a number of separate castings which are bolted to- 
gether. Fig. 2 shows in greater detail the flanged 
roller and the manner in which it is mounted on 
the perimeter of the bell. The lower carriages are 
of simpler construction and comprise cast-iron eye- 
shaped sliopers which work on wrought-iron guide 
rods, of circular cross section, attached to the top 
and bottom of the tank. Wrought-iron sheets are used 
in the construction of the bell, those forming the crown 
being 13 s.w.g. and double-riveted, while those which 
cover the sides are 12 s.w.g. and single-riveted. The 
crown frame is made with forged wrought-iron struts 
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Fic. 3. Jornt OF INTERNAL FRAME. 


and tie-rods, with a cast-iron centre column. Fig. 3 
shows part of the framework with the outer sheets 
removed, and it is interesting to notice the care which 
was taken in marking the various parts for correct 
assembly. These markings, which are faintly visible 
in the illustration, consist of combinations of dots, 
circles, crosses and lines which are duplicated on the 
parts of the framework members which fit together. 
The use of square-headed hand-made bolts is also 
shown in Fig. 3. Interest in this gasholder has been 
aroused by the opportunity to take internal photo- 
graphs and make drawings of the construction while 
the crown is being repaired. It was stated by the 
North Thames Gas Board that the holder is to be put 
into service again as soon as these repairs have been 
completed. 





ELECTRIC GENERATING PLANT FOR PALESTINE.— 
A 30-MW alternator stator, weighing 84 tons, the rotor 
of the same machine, weighing 22 tons, and an 11/115-kV 
transformer, weighing 58 tons, were recently dispatched 
by the General Electric Company, Magnet House, Kings- 
way, London, W.C.2, from the Royal Albert Docks to 
Haifa for installation in the power station of the Palestine 
Electric Corporation in that town. As there are no 
facilities for handling such heavy loads at Haifa, a 
special lift cargo vessel, the Steamer Empire Wallace, 
was chartered. This is one of four similar vessels, which 
were equipped with turbo-electric propulsion by the 
General Eiectric Company during the war. 





MATERIALS-TESTING REACTOR FOR THE UNITED 
STates.—Engineering News-Record of October 6 states 
that the chemical] plants division of the Blaw-Knox Con- 
struction Company, Pittsburgh, Pennsylvania, U.S.A.,are 
to design and prepare detailed specifications and cost 
estimates of a materials-testing reactor for the United 
States Atomic Energy Commission. The plans are to be 
complete by late 1950. The reactor will be used to 
test various reactor-construction materials under intense 
neutron bombardment, and will also contribute to the 
development of atomic power plants and atomic engines 
for the propulsion of ships and, possibly, aircraft. It is 
intended to instal the reactor at a new reactor-testing 
station at Arco, Idaho, U.S.A. 
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AIRPORT DEVELOPMENT IN 
AUSTRALIA. 


Tue Australian Department of Civil Aviation has 
prepared plans which will necessitate the expenditure 
of nearly 141. million during the next three years on 
the improvement and extension of 134 airports in the 
Dominion. Of these airports, 28 are in Western 
Australia, 27 in Queensland, 26 in New South Wales, 
16 in Victoria, 13 in South Australia, nine in the 
Northern Territory, seven in New Guinea, and two in 
Tasmania. In addition, there are five Government- 
owned flying-boat bases and numerous emergency 
landing grounds, as well as 235 municipally- or privately - 
owned aerodromes. As a safety measure, at least two 
airports will be provided near all the capital cities, 
one for heavy commercial traffic and other radio- 
controlled aircraft, and the other for light aircraft not 
under radio control. Many of the country airports, 
which do not have to cope with the heavier aircraft 
and are not used frequently, will only consist of gravel 
runways or even grass fields. 

The terminus of the world’s longest air routes, as 
well as of the inter-state air routes of Australia, will 
be the Kingsford Smith airport at Mascot, Sydney. 
This airport, which is situated on the Botany Bay 
foreshore, less than seven miles from the centre of the 
city, will initially cover about 70 acres, although it 
will be possible to extend it to 140 acres. The first stage 
of reconstruction of this airport, which is designed to 
cater for Sydney’s needs for at least the next ten 
years, includes the laying of one 8,000-ft. runway 
and of three others with lengths of 6,200 ft., 5,600 ft., 
and 5,000 ft. All these runways will have over-runs 
of several hundred feet at each end. Cook’s River 
nearby will be diverted, thus shortening its length and 
changing the position of its mouth. Excavation for 
this purpose is already in progress and the spoil is 
being placed in the old channel, so that eventually the 
8,000-ft. runway will stretch across the original river 
bed. The second stage of reconstruction at Mascot 
provides for the extension of one runway to 10,000 ft., 
with provision for further extension to 15,000 ft. This 
runway will be used by aircraft landing by instruments 
in bad weather and parallel to it will be a duplicate 
runway the use of which will save time when landings 
and take-offs have to be made in low visibility. On 
completion, the new runways will be capable of dealing 
with the largest aircraft and will be suitable for the 
operation of jet air liners. A secondary airport for 
light machines is being built at Bankstown. 

The Essendon airport in Victoria is only seven miles 
from Melbourne. It was at first intended under plans 
of improvement drawn up in 1942, to provide facilities 
comparable to those of the La Guardia airfield, New 
York. The revised project, now being carried out, 
provides for the construction of three runways, one of 
which is 4,800 ft. long and 150 ft. wide. This runway 
is constructed of concrete. A second runway, 6,100 ft. 
long, has had to be constructed of crushed stone 
and bitumen owing to the shortage of cement. Both 
these runways have now been completed, while the 
third, which is to be 4,400 ft. long, is under construc- 
tion. It is considered that these three runways, with 
their linking taxiways, will serve requirements for 
the next 10 years. In addition, a secondary airport 
is being built at Moorabbin, 15 miles south-west of 
Melbourne, for the use of private non-radio-controlled 
aircraft. 

Near Adelaide a new airport is being built at West 
Beach to serve as the main South Australian air-line 
terminal, leaving Parafield for club and private flying. 
At Brisbane, Eagle Farm is the regular major Queens- 
land airport and Archerfield the second airport, for 
light machines. 

It has been pointed out that this extensive programme 
of airport modernisation and expansion in Australia 
is justified by a consideration of the traffic densities 
that are being dealt with. The recent weekly move- 
ments for 13 major European airports were 325 on the 
average. During the same period, however, 614 radio- 
equipped aircraft alone were dealt with at Mascot, 
and only four less at Essendon. 





BATTERY MANUFACTURE.—We have received from 
Messrs. Holsun Batteries Limited, 137, Victoria-street, 
Londop, S.W.1, who are responsible for the dis- 
tribution and servicing of ‘‘ Dagenite ’’ batteries, an 
illustrated brochure entitled ‘“‘ Signal Service ” which 
describes the war-time production of these batteries 
by the associated firms of Messrs. Pritchett and Gold 
and E.P.S. Company, Limited, and Messrs. Peto and 
Radford. It also outlines some of the steps leading to 
their development of “ Porvic,” the flexible micro- 
porous acid-resisting plastic material made from a poly- 
styrene base to replace the wooden separators between 
battery plates. This material was originally produced 
to meet difficulties created by the war-time shortages of 
the timber needed for separators, but a new factory is 





being built at Dagenham for its production. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. “* GOULISTAN.”’—Single-screw cargo vessel, carry- 
ing twelve passengers, built and engined by Messrs. John 
Readhead and Sons, Limited, South Shields, for the Strick 
Line, Limited, London, E.C.3. 29th vessel for these 
owners. Main dimensions: 511 ft. 7} in. (overall) by 
62 ft. by 33 ft. 7 in. to upper deck ; deadweight capacity, 
11,000 tons on a draught of approximately 26 ft. 6 in. 
Triple-expansion steam reciprocating engines with low- 
pressure Bauer-Wach turbine, and four oil-fired boilers, 
to develop 6,000 i.h.p. and a service speed of 14 knots. 
Launch, September 22. 

S.SS. “‘ CHaMpPavaTI” and ‘‘ Rourpas.”—Twin-screw 
shallow-draught vessels, to carry 15 first-class and about 
900 deck passengers each, built and engined by Messrs. 
Harland and Wolff, Limited, Belfast, for the Indian 
coastal trade of the Bombay Steam Navigation Company, 
Limited, Bombay, and the Indian Co-operative Naviga- 
tion and Trading Company, Limited, Bombay, respec- 
tively. Main dimensions: 230 ft. (overall) by 38 ft. by 
19 ft. 3 in. to shade deck ; gross tonnage, about 1,200 each 
vessel. Both ships fitted with two-shaft arrangements of 
Parsons single-reduction geared turbines, to develop 
2,000 s.h.p. at 285 r.p.m. in service, and two three-drum 
Yarrow-type water-tube boilers. Trial trips, Champ- 
vati on September 27, and Rohidas on September 29. 

S.S. ‘“‘ NORTHERN QUEEN.’”’—Single-screw trawler, 
built by Messrs. Cook, Welton and Gemmell, Limited, 
Beverley, Yorkshire, for the Associated Fisheries, 
Limited, London. Main dimensions: 178 ft. (between 
perpendiculars) by 31 ft. by 16 ft.; fishroom capacity, 
15,150 cub. ft.; gross tonnage, about 650. Triple- 
expansion engines and one multitubular oil-fired boiler, 
supplied and installed by Messrs. Charles D. Holmes and 
Company, Limited, Hull. Launch, October 10. 

M.S. “ SreInGcRIM STaNGE.”—Single-screw oil tanker 
built by Sir James Laing and Sons, Limited, Sunderland, 
for Skibs A/S Arnstein (Messrs. Harald Stange & Co. 
A/S), Oslo, Norway. Second vessel of an order for two. 
Main dimensions: 475 ft. (between perpendiculars) by 
67 ft. 44in. by 37 ft. 4in.; deadweight capacity, approxi- 
mately 15,400 tons on a summer draught of 28 ft. 114 in. 
Four-cylinder oil engine supplied by Messrs. William 
Doxford and Sons, Limited, Sunderland, to develop a 
speed of 12} knots. Trial trip, October 12. 

M.S. “* NorDPOL.”—Single-screw cargo vessel, built 
by Messrs. Hall, Russell and Company, Limited, Aber- 
deen, for H. Kuhnles Rederi A/S., Bergen, Norway. 
Main dimensions: 405 ft. 6 in. (overall) by 60 ft. by 
37 ft. 6 in. to shelter deck ; deadweight capacity, about 
7,800 tons on a draught of 23 ft. 10 in. Barclay Curle- 
Doxford three-cylinder opposed-piston reversible oil 
engine developing 2,600 b.h.p., constructed by Messrs. 
Barclay, Curle and Company, Limited, Glasgow, and 
installed by the shipbuilders. Trial trip, October 14. 

M.S. “ SAMUEL CLEGG.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for the 
North Thames Gas Board, London. Main dimensions: 
260 ft. (between perpendiculars) by 39 ft. 6 in. by 
18 ft. 6 in. ; deadweight capacity, about 2,700 tons on a 
draught of 17 ft. 1 in. British Polar eight-cylinder 
vertical two-stroke single-acting trunk-piston direct- 
reversible Diesel engine, to develop 1,180 b.h.p. at 
225 r.p.m., fitted by the North Eastern Marine Engineer- 
ing Company (1938), Limited, Sunderland. Speed in 
service, 10} knots. Launch, October 19. 

M.S. ‘“‘ COROMANDEL.”—Single-screw cargo vessel, 
carrying twelve passengers, built and engined by Messrs. 
Barclay, Curle and Company, Limited, Glasgow, for the 
Peninsular and Oriental Steam Navigation Company, 
London, E.C.3. Main dimensions: 485 ft. by 62 ft. 6 in. 
by 40 ft. 9 in. to shelter deck; deadweight capacity, 
10,000 tons on a draught of 27 ft. 3 in. ; gross tonnage, 
9,000. Barclay Curle-Doxford six-cylinder opposed- 
piston solid-injection oil engine, to develop 6,800 b.h.p. 
at 116 r.p.m. on service. Speed, 15 knots. Trial trip, 
October 20. 

S.S. “ Irish HazeE..”—Single-screw cargo vessel, built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. Irish Shipping, 
Limited, Dublin. Fifth vessel built for these owners. 
Main dimensions: 420 ft. (between perpendiculars) by 
57 ft. 34 in. by 37 ft. to shelter deck ; deadweight capacity, 
8,900 tons on a draught of 25 ft. 1in. Triple-expansion 
engines coupled to a Bauer-Wach exhaust turbine, and 
three oil-fired boilers. Service speed, 124 knots. 
Launch, October 21. 

M.S. “ FeLires.”—Single-screw oil tanker, built by 
Messrs. John Crown and Sons, Limited, Sunderland, to 
the order of The Anglo-Saxon Petroleum Company, 
Limited, London, E.C.3, for the N.V. Nederlandsch- 
Indische Tankstoomboot Maatschappij, The Hague, 
Holland. Main dimensions: 315 ft. (between perpen- 
diculars) by 46 ft. 1 in. by 17 ft. 6 in. to harbour deck ; 
deadweight capacity, 3,100 tons on a summer draught of 
16 ft. Six-cylinder single-acting Diesel engine, con- 
structed by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-upon-Tyne. Launch, 
October 21. 
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LABOUR NOTES. 


Tue receipt by Britain of orders from the United 
States for the building of new ships was described as 
unlikely by Sir Frederick Rebbeck, when he spoke at 
the launching of the Shaw Savill liner Runic at Belfast 
on October 21. Sir Frederick, who is chairman and 
managing director of Messrs. Harland and Wolff, 
Limited, the builders of the new vessel, referred to the 
action of the United States Government in increasing 
their subsidy to American shipbuilders from 50 per cent. 
to 60 per cent., as a result of the devaluation of the 
pound. He reminded those present that he had stated, 
when his firm received inquiries from the United States 
about new ships, that he thought nothing on earth 
would allow the American nation to build their ships in 
this country. They did not mind building our motor 
cars, or making other products for us, but they did not 
want us to do anything for them except to incur a very 
big debt which would keep us in slavery to them for 
years. 


Recalling the recent visit of Major-General Philip 
Fleming, chairman of the United States Maritime 
Commission, to the Harland and Wolff shipbuilding 
yards at Belfast, Sir Frederick stated that General 
Fleming asked many questions and that Queen’s 
Island was a splendid place for the building of ships, 
but he then returned to the United States and told 
President Truman that the subsidy to American ship- 
builders must be increased. The future of the industry 
was anything but promising and they would have'to 
work out their own salvation. There had been no 
order of any magnitude for British shipyards for nearly 
a year and there did not appear to be any prospect of 
one. Four or five years ago, orders could not be kept 
away, order books became choked, a shortage of labour 
arose, and everybody fell into less perfect ways of 
working as a result. These troubles did not make for 
cheap ships. It seemed to him that, if shipowners and 
shipbuilders could regulate the flow of new ships, their 
difficulties would be overcome to some extent. Although 
nearly 20,000 men were at present employed in the 
Belfast shipyards, vessels were being delivered at the 
rate of one a month without new orders coming along 
at the same rate. 








Problems arising from high shipbuilding costs, and 
the need for continually increasing efficiency in the 
industry, were referred to at the launch, on October 21, 
of the British India Steam Navigation Company’s 
motorship Mombasa, which is in process of construction 
by Messrs. Henry Robb, Limited, at their Leith ship- 
building yard. Mr. Henry Robb Junr.,deputy managing 
director of the company, when proposing the toast of the 
new vessel, stated that enormous advances had been 
made in the technique of ship construction during 
recent years. Whatever might be said about costs, 
many of which were outside the direct control of the 
shipbuilders, the industry had never been more effici- 
ently organised for economic production than it was at 
the present time. Technical ability, manual skill, 
craftsmanship, and the use of mechanical equipment, 
had all reached a high level of efficiency. 





All this efficiency would be needed, however, and 
other things in addition, Mr. Robb continued, if the 
industry was to be able to reduce the price of ships in 
the face of the increased costs of production which had 
already taken place, and of others with which the 
industry was threatened. At the same time, mere 
efficiency, improved design of ships and machinery, and 
increased use of mechanical equipment, would not 
suffice, by themselves, to achieve the low price levels, 
which all would like to see, unless they were accom- 
panied by a corresponding attitude of mind concerning 
the demarcation of work and similar matters. These 
latter had created difficulties which added materially 
to shipbuilding costs and mitigated against the success 
of the industry. 





The unusual course of offering suggestions respecting 
a claim for increased wages before formal negotiations 
have been commenced, has been taken by the Engineer- 
ing and Allied Employers’ National Federation. A 
statement issued on October 21 by Sir Alexander Ram- 
say, director of the Federation, said that a letter had 
been sent to the Confederation of Shipbuilding and 
Engineering Unions declaring that “it would be im- 
possible to reconcile with national policy, equity, or 
the interests of the nation’ the proposed request of 
the Confederation for an all-round wage increase of 
20s. a week for the engineering employees. The Con- 
federation represents 37 affiliated trade unions having a 
combined membership of ey 2,500,000 
adults. The proposed claim for 20s. a week would 
directly affect about 1,250,000 of these and it is con- 
sidered that the remainder would be affected indirectly 
to varying extents. The employers estimate that the 
immediate cost to the engineering industry of meeting 


the claim in full would amount to about 1001. millions 
yearly and that the ultimate cost to industry general! 
would be a great deal more. 





Three main reasons for asking the Confederation to 
reconsider their claim were given by the Engineerin 
and Allied Employers’ National Federation in thei: 
letter. These were, firstly, that the policy of wage 
restraint advocated by the Government in the Whit: 
Paper on “ Personal Incomes, Costs and Prices ”’ anc 
supported by the central organisaticns of employer 
and workpeople remains unchanged; secondly, that 
the purpose of devaluation of the pound was to reduc: 
the price of exports, which would be defeated by an 
increase in production costs; and, lastly, that th: 
balance of profits remaining after heavy taxation and 
ni depreciation would in no way meet the claim. 
The Federation made it plain that they did not disput« 
the right of the trade unions to put forward any claims 
they wished, but that it was necessary to draw attention 
to these important considerations. Sir Alexander’s 
statement declared that the suggestions of the Federa- 
tion do not affect the negotiations for a new wage 
structure in the engineering industry by which the Con- 
federation of Shipbuilding and Engineering Unions 
hope to raise the existing basic rates of craftsmen and 
labourers. Those long-term negotiations constitute an 
entirely separate issue. 





Comments on the proposals for wage increases in 
the engineering industry are made by Mr. W. B. Beard, 
O.B.E., general secretary of the United Patternmakers’ 
Association, in the October issue of the Association’s 
Monthly Trade Report. He points out that, at 
present, the time rate for fitters is only 15s. a week 
above that for labourers, whereas, in 1914, fitters 
received just twice. as much as the highest-paid 
labourers. To increase the present time rate for 
labourers, and thereby to reduce the 15s. differential 
for fitters still further, would have a serious effect on 
the industry. The problem was complicated by the 
existence of numerous semi-skilled classes, whose 
rates were based on additions to the rates for labourers. 
To raise the wages of the labourers, without giving 
increases to these grades also, would create further 
trouble and reduce efficiency. There was, also, the 
problem of those who, like patternmakers, received 
rates higher than the rates paid to fitters. 





The whole purpose of the suggested wage structure, 
now under consideration by the engineering employers, 
was to allow for the adjustment of all these rates. 
The proposals provided for an increase in the rate for 
labourers of at least 4s., and for one of 13s. in that 
for fitters, thereby creating a gap sufficient to allow 
for the many semi-skilled grades between labourer 
and fitter. The proposals at least provided a basis for 
discussion and gave an opportunity to both sides to 
deal with the many problems which existed in the 
industry. The whole question, however, had become 
clouded by the success of the Amalgamated Engineering 
Union in obtaining a decision, through the Confedera- 
tion of Shipbuilding and Engineering Unions, to 
superimpose on the wage-structure application a 
demand for an additional 20s. a week. Mr. Beard 
concludes: ‘‘ At any time, application for what 
amounts to 33s. per week increase for the fitter would 
be extremely difficult to establish in full, but in time 
of economic stress, with devaluation and all that it 
entails, such applications appear to be unreal, to say 
the least.” 





Certain questions arising on the award concerning 
the rates of colliery winding enginemen have 
been referred by the Minister of Fuel and Power to the 
National Reference Tribunal for the coal-mining 
industry, of which Lord Porter is the chairman. When 
announcing this decision on October 21, the Minister 
stated that it was in accordance with the recommenda- 
tion of the National Arbitration Tribunal, who have 
recently investigated the grievances of the enginemen. 





Traffic-receipt income of the British Transport Com- 
mission continues to decline, according to statistics 
issued by the Commission last Saturday. The total 
income of British Railways from this source for the 
four weeks ending on October 9 last amounted to 
25,108,0001., against 26,324,000]. received during the 
corresponding four weeks in 1948, constituting a fall in 
revenue of 1,216,000. The heaviest decline was in 

mger fares, the amount of which fell from 
9,722,0001. received during the four weeks ending on 
October 3, 1948, to 8,962,000. for the four weeks 
ending on October 9, 1949. Revenue received for the 
first 40 weeks of 1949 totalled only 251,286,000/., com- 
red with 257,287,0001. for the corresponding period 
ast year, a decline of 6,001,000/. Passenger fares 





alone fell by 6,996,0001. 
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YIELD-PILLAR TECHNIQUE IN 
DEEP COAL MINING.-—I.* 


By Haswety Auper, E. L. J. Porrs and 
ARTHUR WALKER. 
(Concluded from page 436.) 

Tue east roadways have been driven a distance of 
800 yards. Fig. 9 is the reproduction of a photograph 
showing typical roadway conditions in the fore 
winning; there is no distortion of the steel-arched 
girders and no sign of roof weight, except over a 
distance of 20 yards, as described below. In the back 
winning there is evidence of slight pressure, wooden 
packing pieces between the girders and the roof are 
somewhat crushed and, where the arches were not in 
contact with the sides, they have flattened slightly and 
bent to make contact, but the roadway remains in 
very good condition. There is no appreciable floor 
lift in either of these winnings. At the point where 
the South winnings were turned away, the width of 
the East back winning was reduced from 15 yards to 
4 yards for a distance of 10 yards on each side of 
No. 5 stenton. This was done to facilitate the con- 
struction of an air crossing later on and also for experi- 
mental purposes. This reduction in width increased 
the width of the separating coal pillar from 17 yards 
to 26 yards and differences were soon observed. The 
induced cleavage planes in the roof of the fore place 
were farther apart than previously, and changed in 
direction to nearly parallel with the face. No damage 
to roadway supports occurred immediately, but six to 
eight weeks later the roadway girders in the fore 
place were badly distorted over a distance of 20 yards, 
commencing at 19 yards beyond No. 5 stenton. This 
bending of the arches extended 5 yards outbye later 
on, and the girders over a distance of 20 yards were 
subsequently renewed. Fig. 10 shows the bending of 
the girders described above. When the pillar yields, 
one abutment of the 48 yards wide pressure arch acts 
on the solid coal at some distance from the left side 
of the fore place, and the other at some distance from 
the right side of the back place. When the pillar 
does not yield, the smaller abutment loads, due to a 





* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne, on Thursday, September 1, 
Abridged. 
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; 15-yards wide pressure arch, do not result in the coal 
sides yielding to the same extent and the loads, there- 
fore acting close to the coal sides, are sufficient to 
cause the roof to shear there, producing the conditions 

j usually found when attempting the drivage of wide 
| places at depth by normal bord-and-pillar methods. 
| Where the back winning was driven 4 yards in width 
| the roof at the face was unbroken, there was no 
induced cleavage in the roof and the roadway has 
remained in good condition. 

The two South winnings were driven as el 
entries and it was decided that the width of the 
| separating coal pillar might be varied for experimental 
| purposes. At the outset, these winnings were 17 yards 
E width and the width of the separating coal pillar 





was 14 yards. Conditions in both winnings were good 
while they were driven a distance of 50 yards and 
it was decided to decrease the width of the pillar 
further by increasing the widths of the winnings. This 
was done gradually until the pillar was 11 yards, 
when the face conditions deteriorated and the roof 
of the fore winning was fractured. The fractures were 
parallel with the face and at intervals of 7 ft., and were 
similar to those frequently observed on longwall faces. 
It was deduced that the lower limit of effective pillar 
width had been reached and the width of the pillar 
was increased to 14 yards. The roof at the face was 
afterwards unbroken. 

A pillar width of 14 yards was maintained between 
No. 1 and No. 2 stentons with good face conditions, 
and between No. 2 and No. 3 stentons the pillar width 
varied from 11 yards to 14 yards. In both places 
slight fracturing of the roof occasionally occurred, but 
no breaks parallel with the face, similar to those 
described above, were seen. Floor lift in the face 
area gave rise to difficulty in undercutting the coal in 
this pillar. There was slight distortion of the steel 
arches in the roadway at about 18 yards back from the 
face of the fore winning, and sybsequently roadway 
conditions deteriorated and girders had to be renewed 
over a total length of 117 yards of roadway where the 
experiments had been made. Typical conditions at 
the time when repairs were made are shown in Fig. 11. 
These experiments suggested that, in the prevailing 
conditions, a separating coal pillar 11 yards in width 
was too weak to carry the roof load due to the strata 
within the pressure arch, part of which was thrown 














Fig. 11. 


Roapway CONDITIONS IN SoUTH 
Fore WINNING. 


on to the roadway supports owing to crushing of the 
ilar. 

x It was then decided to increase the width of the 
separating coal pillar to 26 yards by diverting the 
back winning at No. 3 section. Face conditions 
showed a marked improvement when the pillar width 
was 17 yards, and afterwards the roofs remained sound 
and unbroken and the extent of floor lift decreased. 
The effect of the improvement of the conditions was 
reflected by the progressive increase in the output 
per manshift from 2-25 tons to 3-30 tons (including 
ripping) while driving between No. 3 and No. 4 
stentons. 

It was felt that, at 26 yards wide, the pillar was very 
near the upper limit of effective pillar width, and, 
because of the extensive damage to the roadway 
entailed by the previous experiments to determine the 
lower limit, it was decided to defer further experiments 
until the winnings had reached No. 7 stenton, at one 
pillar distance from the boundary, where possible 
roadway damage would not have such an adverse 
effect on development. A pillar width of 26 yards 
was accordingly maintained from No. 4 to No. 7 
stenton, and conditions were very good in both 
winnings. The back winning was again diverted at 
No. 7 stenton to increase the pillar width to 38 yards 
at No. 8 stenton. 

When the winnings had been driven 50 yards past 
No. 7 stenton and the width of the separating pillar 
was about 33 yards, a change in roof conditions was 
observed. The induced cleavage was less well defined 
and roof breaks occurred in both places. The fore 
winning was passing through a series of small dip 
faults and the breaks were parallel with the line of 
these faults. In the back winning no faults were 
present and the roof breaks were parallel with the 
direction of drivage, at intervals of 1 ft. to 3 ft. apart 
and inclined about 12 deg. from the vertical towards 
the separating coal pillar. Roof breaks of this nature 
had never been seen previously in these winnings and, 
whereas roof conditions had always tended to be 
slightly better in the back place than in the fore 
place, the supports in the former now showed more 
signs of roof weight than did those in the latter. 

Drivage of No. 8 stenton was commenced from both 
winnin, After the stenton had been driven 8 yards 
from the side of the back winning, it was stopped 
because of bad roof conditions. The stenton was 
holed over from the fore winning and the roof remained 
sound while it was driven, but the floor of the 8 yards 
driven from the back winning was broken and lifted 
about 12 in. It was expected from previous experience 
on the east fore winning, near No. 5 stenton, that 
roadway conditions would deteriorate some time later, 
but this has not occurred and it appears that too short 
a distance was driven with a pillar wider than 33 yards 
for the full effects to be shown. It is intended to 
experiment later with a wider separating pillar when 
other winnings are 160 yards from a boundary, but 
there is little doubt that it can be inferred that a 
separating pillar 33 yards in width is too strong to 
yield effectively in the prevailing conditions. From 





what has been said, it will be recognised that an essen- 
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tial factor of yielding pillar technique is that the 
pillar must be designed so that sufficient yield takes 
place to transfer the main roof load, but adequate 
strength is provided to support effectively the residual 
load due to the strata contained within the pressure 
arch. In the conditions prevailing where these experi- 
ments were made, it is apparent that the effective 
pillar width for this purpose would be greater than 
11 yards and less than 33 yards, the most satisfactory 
width being near the upper limit, for obvious reasons. 
The range of effective width is surprising and has an 
important advantage in that considerable tolerance is 
afforded in the application of this technique where 
variations of pressure may occur due to natural or 
mining conditions. 

As already stated, the main roof load is transferred 
to solid coal-barriers at the sides of these roadways 
and, to ensure the stability of the roadways, it is essen- 
tial that these barriers should be of adequate width 
to sustain the abutment load imposed in the prevailing 
circumstances. It is postulated from observations that 
the minimum width of such pillars to be effective 
should be the mean of the extreme width across the 
panel and the width of the maximum pressure arch. 
The extreme width across the winnings described 
above was about 50 yards, and the estimated width 
of the maximum pres ure arch 110 yard , and provi ion 
has been made for barrier pillars 80 yards in width 
to be maintained at both sides of each panel for as long 
as the roads are in use. 

Two room entries were driven from the east side 
of the south winnings, described above, for the purpose 
of extracting the coal by means of lifts or rooms. The 
roadways were 12} yards apart between centres, and 
connected by stentons at 33-yards intervals. Both 
roadways were 6 yards wide for the first 200 yards, 
the coal pillar between them was 6} yards wide, and 
in each roadway stone was ripped from the roof and 
packed at the sides to make the finished roads 6 ft. 
wide and 6 ft. high. For a further distance of 130 yards 
the width of the roads was reduced to 4 yards, no 
ripping of the roof being made, and the width of the 
pillar was increased to about 84 yards. The roof 
remained unbroken at the face of these entries, except 
for fracturing of the immediate roof bed, 2 in. to 4 in. 
in thickness, on isolated occasions, and a fracture 
which extended farther into the roof on one occasion 
over a distance of 7 yards. The face of the entry in 
which this fracture occurred was about 10 yards in 
advance of the other entry and the width of the 
separating coal pillar was 9 yards; the width of the 
pillar was reduced to 7 yards by increasing the widths 
of each entry by 1 yard and fracturing was eliminated. 
Conditions remained good on these roads during the 
extraction phase described below and are, in fact, 
comparable with the conditions experienced on similar 
roads at shallow depths. 

In the area of coal which the entries, described above, 
had made available for extraction by rooming, the 
seam thickness decreased from 3 ft. to 2 ft. Owing 
to the height of the coal-cutting machine, it was 
necessary to undercut in the stone below the seam 
where the seam was less than 2 ft. 6 in. in thickness. 
Under these conditions, it was decided to utilise this 
area for experiments to determine the optimum widths 
of rooms and pillars for full extraction. 

Fig. 12 is a plan of the entries and the experimental 
rooms. The first two rooms (A and B, Fig. 12) were 
driven in the area where the thickness of seam was 
2 ft., and the undercutting was in the stone below the 
seam. The rooms were separated by a coal pillar 
6 yards in width, the room faces were kept level with 
each other as they were driven, and the roofs of both 
were sound and unbroken. When the room B had 
been driven 63 yards from the entry it was stop 
and after the room A had advanced a further 11 yards 
its roof was fractured across the face over a width of 
4 ft. When the roof supports were withdrawn after 
the machines had been removed, the roofs of both 
rooms remained sound and unbroken except for a 
slight -fall where the above-mentioned fracturing had 
occurred. Rooming was then commenced for full 
extraction where the thickness of the seam was 2 ft. 6 in. 
Rooms C and D were driven together and the room 
faces were kept level with each other. The rooms 
were 15 yards wide and were separated by a pillar 
18 yards wide. In these rooms a width of 4 yards 
of roof at the right side of each room was supported ; 
behind the face area, the supports were withdrawn and 
the roof allowed to collapse across the remaining width 
of 11 yards. Conditions were good at the face, but 
the supports adjacent to the collapsed area were rather 
heavily loaded and slight lifting of the floor occurred 
in the supported track at the right sides of the rooms 
at some distance back from the face. 

When the 18-yards coal pillar between rooms C 
and D was retreated, the lifting of the floor in room D 
was increased in the vicinity of the retreating face. This 
lifting of the floor was markedly reduced as a result 
of a modification of the method of support, whereby 
the area of supported roof was reduced. The pillar 
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was retreated to the entry without any trouble due to 
roof weight. Room E was driven 12 yards in width 
so as to leave a coal pillar 18 yards wide between it 
and room D. Roof conditions were good and there 
was not the heavy pressure on the supports adjacent 
to the collapsed area which had been experienced in 
rooms C and D. There was no appreciable lifting of 
the floor in the room while it was being driven, but 
slight lifting occurred while the pillar was being 
retreated. Conditions were good while working on 
retreat and the experiment showed that a room width 
of 12 yards, with a pillar width of 18 yards, gave 
better working conditions than did a width of 15 yards. 
To maintain the same relationship of room to pillar, 
room F was driven 10 yards wide so as to leave a pillar 
15 yards wide between it and room E. Conditions in this 
room were better than inroomsC, DandE. The pillar 
between E and F is now being extracted on retreat. 
Another experimental room, G, in Fig: 12, 5 yards in 
width, has been commenced and will have a pillar 
10 yards wide between it and room F. If considered 
necessary for information, a further room 10 yards 
wide will be driven so as to leave a 10-yards pillar 
between it and G. 

When full extraction by rooming is first commenced, 
the transferred load will be small an‘ will increase to 
@ maximum as the extracted width is increased. The 
build-up of the transferred load will affect the relation- 
ship between the width of extraction and the width 
of pillar, and the experiments now in progress are 
designed to furnish data to determine the relationship 
of excavation to pillar in the initial stage and up to the 
maximum transferred load. The maximum load will 
be reached when the width of the excavation exceeds 
the width of the maximum pressure arch and will 
determine the number of rooms to be operated simul- 
taneously from a pair of entries. If the width of the 
rooms and pillars operating at one time be substan- 
tially less than the width of the maximum pressure 
arch, the working area will be clear of regions of 
concentrated abutment pressure and the roof loads 
to be dealt with will be much less than the weight of 
the overlying strata. 

The experiments indicate that it is possible to reduce 
the main roof load over a limited distance in deep 
workings by yield-pillar technique. By this means 
the scope of application of room-and-pillar methods, 
which lend themselves to high efficiency of production, 
can be extended considerably. 





YIELD-PILLAR TECHNIQUE IN 
DEEP COAL MINING.—II.* 


By Haswett Atper, E. L. J. Ports and ARTHUR 
WALKER. 

Tue application of photo-elasticity to the analysis 
of stresses in engineering problems is well known. The 
possibility of using photo-elastic methods of analysis 
as a means of elucidating problems relating to rock 
pressures, in particular round underground excava- 
tions, is one which has attracted engineers both in 
America and on the Continent. The analysis of stress 
distributions in models simulating underground condi- 
tions was probably first initiated in Germany, but has 
received greater attention in America from elasticians 
anxious to assist the mining engineer in what is his 
greatest problem, strata control. Two reportst have 
recently been issued by the United States Bureau of 
Mines on Underground Stress Analysis, in which 
mathematical analysis and photo-elastic model tests 
are referred to, in the case of pillars and circular and 
oval openings. Previously, in 1940, Sinclair and 
Bucky indicated the application of photo-elastic 
analysis to mine pillar and tunnel adie, in a 
paper to the American Institute of Mining and Metal- 
lurgical Engineers.{§ Frocht refers to the work of 
Bucky and Sinclair in the mining field, in his most 
recent edition of Photoelasticity.|| In this country, 
what is believed to be the first reference to photo- 
elasticity, as a means of investigating the probable 
stress distribution round underground excavations, 





* Paper read before Section G of the British Associa- 
tion at Newcastle-on-Tyne, on Thursday, September 1, 
1949. Abridged. 

t Report of Investigations 4387. ‘‘ Stress Analysis 
Applied to Underground Mining Problems, Part II— 
Stress Analysis Applied to Multiple Openings and 
Pillars.”’ United States Bureau of Mines. 

t Technical Publication No. 1140. American Institute 
of Mining and Metallurigcal Engineers. ‘‘ Photo- 
elasticity and its Application to Mine-Pillar and Tunnel 
Problems,” by David Sinclair and Phillip B. Bucky, 
1940. 

§ ‘A New Optical Method for the Determination of 
the Principal Stress Sum,” by D. Sinclair. Proceedings 
of the Tenth Semi-Annual Eastern Photoelasticity Con- 
ference, December, 1939. Cambridge, Mass. 

\| Photoelasticity, by Max. M. Frocht, vol. II, Sect. 
7.13, pages 224, 225 (1948). 
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is contained in a paper by Phillips and Walker on 
“* Control of Longwall Roadways by Means of Packs,” 
read before the Institute of Mining Engineers.* Phillips 
and Walker illustrated their paper with photograplis 
of two models, showing the stress concentrations in the 
double and single-packing system, in order to show the 
prensa load in the vicinity of roadways, the 
load transference being controlled by means of yielding 
packs. The practical application of these principles 
was an undoubted success in many mines in this 
country. The work which has been carried out in 
this country on strata control, and on the properties of 
coal measure rocks, has shown that these strata behave 
as elastic materials to a striking degree. There have 
been remarkable instances verifying this conception, 
such as that given by Humphreys after the Bamborough 
Main disastert, in which a “‘ bump” or pressure burst 
occurred underground. 

The control of strata in the vicinity of —- a! 
workings is a study of the control of the natural forces 
in the strata, disturbed by the process of excavation, 
and so redistributed by proper control as to prevent 
the occurrence of high intensity loading at roadway 
boundaries by transference of load either on to the 
solid coal or a consolidated waste remote from the 
excavation. The painstaking observation required has 
been adequately described, and it is not suggested that 
any photo-elastic analysis could supersede such prac- 
tical research, but that it would assist in the elucidation 
of such problems, by indicating the probable stress 
distribution under particular conditions. 

The object of this paper is to illustrate the eonfirma- 
tion of the yielding pillar principle by photo-elastic 
analysis, and the results of such analysis in two cases 
described in the paper in which the yielding pillar 
technique was applied. The technique used to conduct 
this series of experiments has been adequately described 
in other publications. The apparatus should be 
referred to briefly, however, in order to indicate the 
new manner of loading applied to the models and in 
mang to the two latter models which were fairly 
arge, being 12 in. wide and 5-5 in. high. The polari- 
scope used was imported from America and manufac- 
tured by the Polarizing Instrument Company, Inc., 
New York. The instrument is of 8} in. aperture, and 
has been modified considerably since its installation. A 
hydraulic loading device has been incorporated (Fig. 1) 
which is mounted on a steel frame between the light 
source and polarising units and the analyser and projec- 
tion units. This hydraulic loading arrangement enables 
a model 15 in. by 10 in. to be loaded in compression 
betwen two accurately faced plattens. The plattens 
can be raised or lowered, to accommodate models of 
different dimensions, on the four vertical posts which 
are threaded to take suitable tapped bushes holding 
the plattens in position. The upper platten, against 
which the load is applied from the ram below, is held 
by eight nuts, two on each post. A deflection ring is 
mounted between the upper and central plattens, the 
ring having been calibrated and the load measured by 
micrometer. The model is placed between the lower 
platten, which is the ram face, and the central platten, 
the applied load being measured on the micrometer 
immediately above the model. 

The whole device is mounted on rails so that the 
units can be pulled away from the polariscope, when 
inserting and loading the model. It was found most 
convenient to photograph the stress fringes, with a 
quarter-plate camera, and to trace the isoclinics on 
** Kodatrace” attached to a Perspex back plate fitted 
to the camera. The principal stress distributions are 
derived graphically from the isoclinics. The material 
used for the first series of experiments was a Bakelite, 
BT. 61.893, which has been extensively used in 
America for photo-elastic analysis. The material is 
expensive but has given very good results. For the 
larger models C.R. 39 was used, which again gave 
satisfactory results but is optically less sensitive than 
the BT. 61.893. 

The first series of experiments was designed to pro- 
vide substantive evidence that variation in the amount 
of yield in a pillar between two independent roadways 
will affect the stress distribution so that the main load 
will be transferred to abutments on the outer flank of 
each roadway and not be concentrated at the roadway 
sides. 

The model illustrated in Figs. 2 and 3 represents the 
drivage of two room entries each 4 yards wide, the 
pillar width being 84 yards and the two entries acting as 
independent roadways. In the model, rigid pillar sup- 

rt was simulated by constructing the model so as to 
sar the pillar within the material itself. The loading 
was completely symmetrical (Fig. 3 shows the zero iso- 
clinics), the fringe order being identical around each 





* “ Control of Longwall Roadways by Means of Packs,” 
by D. W. Phillips and L. Walker, Trans. Inst. Min. Eng., 
vol. 96, Part 3 (1938). 

+ Bamborough Main Colliery, South Yorks. Report on 
Causes of and Circumstances Attending the Upheaval of 
Floor on April 24, 1942, by H. J. Humphreys (H.M.S.0.). 
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roadway. From the principal stress distribution it 
can be seen that the readways act independently as 
far as the stress distribution is concerned, the principal 
stress being concentrated at the sides of the excavations. 
In order to illustrate the effect of the complete 
removal of the pillar, the pillar was cut out, making 
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an excavation 164 yards wide, and the same load was 
applied to the model. The resulting change in the 
principal stress distribution illustrates (Fig. 4) the 
effect of infinite pillar yield, as the pillar support has 
been removed. The concentration of the principal 
stress distribution at abutments remote from the edge 
of the excavation indicates the transference of the 
main load away from the excavation. The stress 
fringes indicate a high stress intensity at the sides of 
the excavation. 

The variation in pillar yield in the succeeding models 
was arranged by inserting a pillar of material which 
would provide increasing resistance under similar load. 
The models were not intended to simulate actual com- 
parative physical values between roof, seam and floor, 
but to provide a basis for comparison of the resulting 
change in the stress distribution. 

A pillar of wood was inserted and the reduced yield 
resulted in a redistribution as shown in Fig. 5. The 
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width of the pressure arch is reduced, the stress con- 
centration moving nearer to the edge of the excavation. 
The intensity of the stress, from the fringe values, is 
decreased at the outer side of the roadways when com- 
pared with model 1, Fig. 2, and also considerably 
reduced on the inner sides. The zero isoclinics are 
illustrated in Fig. 6, the slight curving of the central 
isoclinic being due to a slight eccentricity in the loading 
over the pillar. 

An increase in the pillar rigidity was effected in this 
model by introducing a pillar of Bakelite BT 61.893. 
In the stress fringe illustration, Fig. 7, the stress in 
the pillar itself can be observed, showing the increasing 
concentration at the pillar edges. The fringe value 
above the pillar edge is increased to probably the 
6th order and is reduced at the rib side near the solid. 
The principal stress distribution is deflected nearer to 
the excavation as the effective resistance of the pillar 
is increased. 
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In the final stage in this series of experiments, a 
metal pillar (Duralumin) was introduced. The deflec- 
tion of the principal stress distribution round the 
excavation is similar to that experienced in the previous 
models. The zone of high stress concentration is again 
nearer to the edge of the excavation. The increase in 
stress at the edges of the pillar, as indicated by the 
fringe order, is greater than in any of the previous 
models. Resulting from this series of experiments, the 
transference of the stress concentration away from the 
excavation is indicated by the introduction of a yield 
pillar. The introduction of rigid support within the 
excavation increases the intensity of the stress in the 
area of the support. There is indication from the 
photo-elastic analysis that, the greater the yield, the 
less is this intensity in the area above and adjacent 
to the excavation. The series of models discussed 
could also be described as artificially increasing the 
width of pillar and hence increasing its strength and 
successively reducing its ability to yield. In the twc 
models to be discussed, an attempt has been made to 
simulate the features exhibited in the underground 
experiments previously described. The models were 
made in separate roof and floor sections, and the rib 
sides, being solid coal and considered to be more rigid, 
were represented by Duralumin inserts, the height of 
the seam. The waste packs were formed from balsa 
wood and the intermediate coal pillar by the Bakelite 
material forming the model itself, C.R. 39. 

The two models represented to scale the change in 
conditions resulting from a variation in the inter- 
mediate yield-pillar width from 17 yards to 33 yards. 
Thus, from the rib sides of the excavation and towards 
the yield pillar, the sequence of support was as follows : 
2 yards pack (balsa), 4 yards main roadway, 7 yards 
pack (balsa), 2 yards ventilation roadway, 17 yards 
or 33 yards pillar (Bakelite) and the same support 
and roadway widths to the opposite rib side. The 
models thus represent what has been described as 
the best condition for yield-pillar control at a 17-yards 
pillar width, and a 33-yards width, at which main road- 
way conditions deteriorated. It will be remembered 
that, with a pillar width of 11 yards, the pillar was too 
weak to carry the load of the strata within the pressure 
arch and excessive yield resulted, and that, with a 
33-yards pillar, the pillar was considered to be too strong 
to yield effectively. 

The pillar width (Fig. 8) is 17 yards and the strese 
distribution across the roadways and pillar indicates 
that the main pressure arch extends across the panel 
and rests on the solid coal rib, with subsidiary pressure 
arches across the main roadways, and inside abut- 
ments resting on the pillar edge. The stress-fringe order 
indicates a high intensity of stress in the main abutment 
zone, and a lower stress intensity on the minor abut- 
ment on the pillar edge. This condition coincides 
exactly with conditions observed underground and 
seems to verify the arguments put forward for the 
use of a yield pillar to transfer load to a position on the 
flanks of the panel, away from the roadways. 

The pillar width was increased to 33 yards and the 
resulting analysis revealed a stress distribution which 
completely agrees with the assumed distribution from 
the conditions experienced underground. The stress 
distribution immediately above the centre of the pillar 
(Fig. 9) is almost undisturbed, showing the reduction in 
yield over the wider pillar, the principal stress distribu- 
tion being similar to that in Fig. 2, the main roads 
acting independently and the stress concentrated on 
each side of the excavations. The stress distribution is, 
however, greatly changed from the previous case and 
indicates clearly the lack of yield in the wider pillar, 
with the consequent concentration of the stress near 
the roadway and rib side, a distribution which would 
result in inferior roadway conditions underground. 
The stress-fringe order indicates a high stress intensity 
at the rib side on the solid coal, with a very slightly 
lower intensity on the pillar edge. 

These experiments serve to substantiate the principles 
applied in the underground experiments which have 
been described. The initial series of models indicated 
clearly the ability to control the stress distribution in 
the vicinity of an excavation by yield of the intervening 
pillar. The photo-elastic results are encouraging and 
indicate the applications to which it could be applied 
with respect to strata control underground. The final 
two models, which are based on actual experience under- 
ground, provided an ideal opportunity to compare 
photo-elastic laboratory analysis with the resulte 
observed underground. It is suggested that they have 
served a useful purpose and confirmed the resulte 
achieved in the mine where the yield pillar technique is 
being developed. The field is wide for the application 
of such laboratory research to mining engineering pro- 
blems, both in strata control and in the design of sup- 
ports. These initial results, based on an actual mining 
problem, substantiate that, where a knowledge of the 
stress distribution is desired in relation to a particular 
underground scheme of development, photo-elastic 
tests on models simulating the conditions underground 
would serve to guide the mining engineer to a solution. 





* AVRO”? JET AIR LINER. 


CANADIAN members of the Hawker-Siddeley Group, 
Messrs. A. V. Roe (Canada), Limited, of Malton, 
Toronto, Ontario, have constructed a jet-propelled 
transport aircraft, the ‘“‘ Jetliner,” for short-stage and 
medium-stage air routes. Considerable interest and 
discussion have been stimulated by the “ Jetliner. In 
this country, the air-transport industry in general 
favours the propeller-driven aircraft for the shorter 
routes, in which the time spent in ground operation, 
climb, descent and waiting to land forms an appre- 
ciable proportion of the total scheduled time of the 
journey; the fuel consumption of the jet-engine 
under these conditions is heavy. There is, however, a 
school of thought, to which Messrs. A. V. Roe (Canada) 
belong, which contends that the higher speed of the jet 
aircraft allows more mileage per year per aircraft to be 
flown; hence a smaller fleet of aircraft can be used, 
with correspondingly reduced overhead expenses and, 
it is claimed, the overall economy is greater. Whether 
this is indeed the case can only be determined in 
operation, and Messrs. A. V. Roe (Canada) have shown 
much enterprise in initiating this interesting venture. 

Detailed information on the performance of the 
Jetliner is not available, as the aircraft flew for the 
first time on August 10 this year. Powered by four 
Rolls-Royce Derwent 5 jet engines with a static rating 
of 3,600 Ib. thrust each, the Jetliner is designed to 
carry 50 passengers over “inter-city” stages up to 
500 miles, with fuel reserves for taxi-ing, take-off, 
diversion to an alternative airport, waiting to land, 
approach, and landing, at a cruising speed of 427 m.p.h. 
at a height of 30,000 ft. to 35,000 ft. The maximum 
all-up weight is 60,000 lb. Without any fuel reserves, 
the still-air range of the Jetliner is calculated to be 
1,400 miles. The Jetliner has been designed to operate 
from standard airport runways of 4,000 ft. to 5,000 ft. 
long; and, to ensure adequate take-off thrust when 
—— from aerodromes at high altitudes or in hot 
climates, the Derwent engines are provided with a 
water-methanol injection system. 

A conventional layout and a moderate wing loading 
of 52 Ib. per square foot have been used. The Jetliner 
is a low-wing monoplane with a single dorsal fin; 
the tailplane is set high on the fin to avoid the jet 
exhausts. The gross wing area is 1,157 sq. ft., the 
span is 98 ft. 1 in., and the aspect ratio 8-31. The 
overall length of the fuselage is 82 ft. 9 in., and the 
diameter, over the parallel cabin portion, is 10 ft. 
The inner and outer jet engines are grouped closely in 
one nacelle on each side of the aircraft, this nacelle also 
housing the main undercarriage units. In the normal 
cabin arrangement, 40 to 50 passengers can be seated 
in double armchair seats with a central aisle. Up 
to 60 passengers can be carried by using five seats 
abreast, leaving an aisle width of 19 in. The two 
entrance doors, for passengers and crew, are on the 
= side of the fuselage; a starboard loading door 
or the rear baggage compartment can be provided. 
For emergency exit, the cabin has four escape-hatches 
which open inwards; a separate escape-hatch is 
provided for the crew. The pilot’s windscreen 
structure is a high-strength aluminium-alloy casting. 
The three centre panels of the windscreen are of sand- 
wich construction, with a vinyl core which ensures 
that, if the windscreen becomes damaged, pressure in 
the cabin will not be lost. Electrical de-icing for the 
windscreen is provided. Direct-vision windows can be 
opened for landing in bad visibility. 

The fuselage, of circular cross-section, is built up 
from four units, the nose, the centre-section fuselage, 
which is integral with the centre-section wing, the rear 
centre-section fuselage, and the rear fuselage, into 
which is built the lower part of the fin. The cabin is 
charged to a differential pressure of 8-3 lb. per 
square inch at 30,000 ft. Pressure bulkheads are 
provided in front of the instrument panel, separating 
the nose-wheel compartment from the pressure cabin, 
and between the rear centre-section and the rear 
portion of the fuselage. In the passenger cabin, the 
fuselage formers are spaced at about 20-in. centres ; 
the stringers are fixed outside the former-flanges, thus 
avoiding cut-outs in the frames. The centre-section 
floor panels between the seats are removable for 
servicing the flying and engine controls, electrical con- 
duits and junction boxes, and-ventilation ducting. All 
floors are robustly constructed for the carriage of 
freight, and are removable. 

The wing is built in three sections, with detachable 
wing tips. The centre-section wing, built into the fuse- 
lage centre-section, carries the engine nacelle and the 
undercarriage and is of conventional two-spar con- 
struction, with chordwise ribs and heavy-gauge skin ; 
the front and rear spars have twin booms and plate 
webs. The outer wings are attached to the centre- 
section by continuous butt-strap joints. In the outer 
wing, two spars are used, but, instead of concentrated 
spar booms, a heavy-gauge skin, reinforced with 
stringers, takes the bending loads and furnishes the 
required torsional stiffness in an economical manner. 











In each outer wing, two integral fuel tanks are formed 
in the space between the front and rear spars, the inner 
tanks extending between the first and seventh rib, and 
the outer tanks between the seventh and fourteenth rib, 

The all-metal ailerons are internally mass-balanced, 
They are not aerodynamically balanced, and, to assist 
the pilot in operating the ailerons, a hydraulic power- 
booster scales up the pilot’s effort in the ratio of 
5 to 1. In emergency, if the pilot wishes to cut out 
the hydraulic booster, he can open a by-pass valve. 
A manually-operated trimming tab is provided. The 
ailerons are attached by a piano-hinge to the upper 
surface of the wing, giving a completely-sealed top 
surface. Hydraulically-operated split landing flaps 
extend between the aileron and the outer-wing joint 
with the centre-section wing, and across the centre 
section. The centre-section flap can also be used as 
a dive-brake, and additional dive-brakes are fitted on 
the aft part of the nacelle. The pilot sets the desired 
position of landing flaps by means of an electrical 
pre-selector and an actuating switch, which brings the 
hydraulic system into operation. Approximately ten 
seconds is required for full extension or retraction. A 
separate actuator-switch operates the dive- brakes. 

The fixed tail-surfaces are of two-spar stressed-skin 
construction. The fin is built in two parts, the lower 
fin being integral with the rear fuselage. The tailplane 
is attached to the lower and upper parts of the fin by 
high-tensile steel pins through steel end-fittings on the 
fin, parallel to the tailplane spars. The elevators and 
rudder are of unusual design. Each consists of two 
surfaces ; the rear surface is operated manually, while 
the forward part forms an auxiliary surface and is 
power-operated automatically by means of an electric 
motor through a screw-jack. Over the whole range of 
control movement, uniform “feel” is achieved. The 
elevators are provided with electrically-operated trim- 
mers, but manual operation through cables is also 
possible. In the case of the rudder, the only occasion 
on which the auxiliary rudder is likely to be required 
is when an engine fails, and a large rudder movement 
is needed to counteract the resultant yawing-moment. 
To guard against the possibility of electrical-power 
failure, the auxiliary rudder can be operated by an 
emergency handcrank. A rudder trimmer is provided, 
manually operated over the normal range of manual 
rudder-surface operation; but, when the auxiliary 
rudder surface is in action, the trimmer is operated 
electrically. Wing and tail-surfaces are fitted with an 
electrically-heated de-icing system, which consists of 
resistance wire embedded in pads attached to the 
leading edges of the outer wings, tailplane, and fin. 
A safety device protects the pads from burning out 
during ground tests of the system. 

Rudder, elevator and ailerons are controlled through 
push-pull tubes of aluminium alloy, supported in roller 
guide-bearings. The manual trimmer controls are 
operated through stranded-steel cables. Dual control 
is provided for first and second pilot, with conventional 
aileron handwheels mounted on cranked control 
columns. The rudder pedals, which are pivoted below 
the floor, also actuate the wheel brakes. A “‘ Pioneer ”’ 
P.B. 10 automatic pilot, specially adapted for use on 
high-speed transport aircraft, is provided. The engine 
controls also are of the push-pull type, operated from 
a central pedestal on the flight deck through bell cranks 
and levers. 

The mountings for the Derwent 5 engines are welded 
structures of chrome-molybdenum steel tube. The 
accessories driven by the engines are carried on an 
accessories gearbox, mounted on the front spar between 
the engines. The engine cowlings are attached to the 
mountings, the upper half forming a permanent struc- 
ture with access doors for slinging the engine and for 
servicing the upper part of the accessory gearbox. 
The lower half of the cowlings consists of two large 
doors, swinging sideways, and one door swinging to 
the rear, with quick-release fasteners flush with the 
panels. This gives good accessibility to the engines and 
accessories, and allows a quick engine-change by 
uncoupling the jet-pipe, drive-shaft, and connectors, 
detaching the engine from the mounting, and lowering 
it directly on to the engine-trolley. The two engine- 
bays in each nacelle are separated by a fireproof bulk- 
head ; each bay is divided into two compartments, also 
separated by a fireproof bulkhead. The rear com- 
partment, which contains the hot part of the engine, 
is lined throughout with stainless-steel sheet and 
sealed against the entry of fuel or oil. Each engine-bay 
is provided with a methyl-bromide fire-extinguishing 
installation, allowing two operations to any engine. 
A separate carbon-dioxide fire-extinguishing system 
is fitted in the gearbox compartment. 

The total fuel capacity of the Jetliner is 2,300 
gallons, of which 1,320 gallons is carried in the inboard 
wing tanks and 980 gallons in the outboard tanks. 
Each group of two engines is normally fed from the 
inboard tank on the same side of the aircraft, fuel from 
the outboard tanks being transferred continuously to 
the inboard tanks. It is possible, however, to feed the 
engines from any tank. Booster pumps deliver fuel 
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to the engines at 6 Ib. to 8 lb. per square inch pressure, | some of the radio equipment are fed direct. Three-phase 


but the engines can function with the booster pumps 


| 400-cycle 115-volt alternating current is provided by 


out of action. Capacitor-type fuel-quantity gauges are | direct-current mctor generators, operating some of the 
provided, accurate to within 2 per cent., and a warning | flight and engine instruments and radio equipment. 
light shows when the weight of fuel on one side of the | Power for the instruments, generally, is derived from 


aircraft is greater than on the other; the pilot can 
then select the appropriate fuel tanks for re-trimming 
the aircraft. Refuelling connectors, incorporating 
tank-selector valves, are provided under each wing, 
allowing pressure-refuelling to be carried out at a 
rate of 200 gallons a minute. 

The Jetliner has a tricycle undercarriage, hydraulic- 
ally operated, with twin wheels and liquid springing 
on all units. The hinge attachments for the main 
undercarriage units are carried by the rear centre- 
section spar ; the main wheels retract forwards between 
the front and rear spars, and lie between the inboard 
and outboard jet pipes when fully retracted. The 
nose- wheel unit retracts forward into the nose compart- 
ment, in front of the forward pressure bulkhead. The 
undercarriage can be retracted in approximately 8 
seconds. The nosewheel is self-centring and _ self- 
trailing, but it can also be steered from the flight deck by 
means of hydraulic jacks controlled by electric actu- 
ators. Hydraulic brakes, with differential action for 
steering, are fitted, the hydraulic-fluid lines and power 
source being duplicated as a precaution against hy- 
draulic failure. . 

The high-pressure hydraulic system operates under- 
carriage, brakes, nose-wheel steering gear, landing 
flaps, dive brakes, and the aileron power-booster. 
The power source is provided by two constant-pressure 
variable-displacement engine-driven hydraulic pumps, 
either of which will operate the system. There is, also, 
an electrically-driven hydraulic-power jack as a 
stand-by in the event of the main system failing, 
which will operate undercarriage, landing flaps, and 
aileron power- booster. 

The electrical system is of the single-wire earth- 
return type. Two engine-driven direct-current genera- 
tors furnish the 28-5-volt electrical supply, from which 
the lighting, relay controls, some instruments and 





| a three-phase 400-cycle 26-volt supply through a trans- 


former connected across the 115-volt supply. For 
the galley, and the wing and tail-surface de-icing 
systems, two engine-driven alternators give a three- 





phase 400- to 700-cycle 208-volt supply ; these alter- 
nators have voltage regulation and temperature | 
protection, and a special arrangement ensures satis- | 
factory operation at the extreme ends of the engine- | 
speed range under full load. For operating the de-icing 
system, the voltage is stepped up to 600 volts by a/| 
transformer. Two batteries, connected in series to | 
supply 24 volts, are stowed on the floor of the flight | 
deck behind the second pilot’s seat, and a change of | 
batteries can easily be carried out through the forward | 
entrance door. All the generator controls, relay con- | 
trols and fire-detection controls are grouped in an air- | 
conditioned accessories compartment, aft of the flight | 
deck on the starboard side of the fuselage. Nearly all | 
the electrical circuits, which pass through a master | 
terminal board, can be tested from this compartment. | 
The wiring is enclosed in an aluminium conduit sys- | 
tem, with the exception that, where the wiring leads 
to an electrical unit carried on anti-vibration mount- 
ings, plastic-tube or flexible-aluminium conduits are 
used. In the undercarriage electrical system, flexible 
water-proof wiring is used. Circuits fed by the 28-volt 
direct-current and the 208-volt alternating-current 
supplies are protected by circuit-breakers ; the other 
circuits are protected by fuses. 

The radio equipment for which facilities are pro- 
vided comprises a high-frequency transmitter-receiver, 
a very-high-frequency communication transmitter- 
receiyer, dual automatic radio-compasses with radio- 
magnetic receivers, a marker-beacon receiver, and an 
isolation amplifier chassis, including an interphone 
amplifier and separate loud-speaker amplifiers for the 





first and second pilots. In addition, there is provision 


for two very-high-frequency navigational receivers, two 
glide-path receivers, and an additional marker-beacon 
receiver to complete the duplication of radio-naviga- 
tional equipment. All the radio equipment is grouped 
on the port side in a ventilated compartment, just aft 
of the control cabin, and is enclosed by two quickly- 
detachable panels. The various units can be with- 
drawn on sliding racks into the passage way. The 
high-frequency-communication aerial is the conven- 
tional wire type. The radio-compass sense-antenne 
are fitted in a low-drag mast projecting forwards. All 
other aerials are fitted flush with the contours of the 
aircraft. 

The cabin air-conditioning system supplies a con- 
stant flow of temperature-controlled and pressure-con- 
trolled air, which enters through intakes on the wing, 
filtered or unfiltered, and passes to the two cabin 
superchargers, one on each auxiliary gearbox; each 
supercharger has a capacity of approximately 60 lb. 
per minute of air, at an altitude of 30,000 ft., against a 
cabin differential pressure of 8-3 lb. per square inch. 
If one supercharger ceases to operate, the other super- 
charger can maintain an air flow of 60 lb. per minute 
to the cabin up to an altitude of 13,500 ft. Cabin 
pressure is automatically controlled by a discharge 
valve, sea-level pressure being maintained to an 
altitude of 21,500 ft. Above this altitude, cabin pres- 
sure begins to fall off and at 30,000 ft., the pressure 
within the cabin is equivalent to that at 4,000 ft. The 
rate of change of cabin pressure during climb and 
descent can be selected by the pilot. For conditioning 
the temperature of the cabin air, a combustion heater 
with a capacity of 200,000 B.Th.U. per hour, and heat 
exchangers and a cooling turbine, are provided in the 
accessory compartment. Thermostats in the air ducts 
and in the cabin automatically maintain the air tem- 
perature at a level which can be selected by the 
stewardess. The conditioned air es from the 
supply ducts to wall ducts between the Fibreglass heat- 
insulating and sound-insulating blanket and the cabin 
trim-cloth. Air enters the cabin through a grille, 
incorporated in the baggage racks above the passen- 
gers’ heads, and is exhausted through grilles in the 
floor, passing beneath the cabin floor to the discharge 
valve on the bottom of the fuselage. Each passenger 
is provided with an adjustable cold-air inlet. The 
ventilation for the flight deck enters through a separate 
duct and is controlled by the pilot. 





ENGINEERING EDUCATION IN MANCHESTER.—TWwo 
pamphlets have been issued by the Manchester and 
District Advisory Council for Further Education, 
Education Offices, Deansgate, Manchester, 3. The first 
is a student’s guide to the full-time and part-time day 
and evening courses available in the leading branches of 
engineering in the district in and around Manchester. 
The second booklet is on somewhat similar lines, but deals 
with post-advanced lectures in electrical and mechanical 
engineering. Both pamphlets relate to the present 
(1949-50) session, and copies may be obtained on applica- 
tion to the honorary secretary of the Council at the 
address given above. 

*“* RHYTHMATIC ’” CONTROL OF STREET LIGHTING AT 
BIRKENHEAD.—The control of a portion of the street 
lighting of Birkenhead by the Rhythmatic system of the 
Automatic Telephone and Electric Company, Limited. 
Liverpool, was inaugurated by the Mayor (Alderman, 
L. G. Davies) on Monday, October 3. This marks the 
second stage of a programme which will ultimately 
include the whole of Sub-area 3 of the Merseyside and 
North Wales Area Electricity Board, which covers 230 
sq. miles and includes Birkenhead, Wallasey and Chester. 
The present installation comprises 160 standards, carry- 
ing either high-pressure mercury-vapour or gas-filled 
lamps, which are controlled by current generated by 
a 20-kW, 815-cycle alternator at the Craven-street sub- 
station. Signals from the same generator can also be 
used for shedding load. 





HuMAN HEaT TOLERANCE.—In Mechanical Engineering 
for September, 1949, a summary is given of experiments, 
reported at the recent semi-annual meeting of the 
American Society of Heating and Ventilating Engineers, 
on the ability of human beings to withstand heat. The 
experiments were carried out at the University of Cali- 
fornia, student volunteers being enclosed in a ventilated 
heat chamber and submitted to temperatures ranging 
from 140 to 240 deg. F. During four tests, the investiga- 
tors found that their subjects could stand temperatures 
ranging from 237 to 242 deg. F. from 20 to 26 minutes, 
the average tolerance limit being 23-5 minutes. As the 
temperature-range was progressively lowered, longer 
exposure times were tolerated ; in four tests between 
199 and 203 deg. F., an average tolerance time of 33 
minutes was obtained, while over the lowest temperature- 
range tested, 140 to 142 deg. F., the limit of human 
tolerance, in the two cases tested, was found to be 63 and 
64 minutes, respectively. 
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INDUSTRIAL ELECTRIFICATION 
AND NATIONAL PRODUCTIVITY.* 


By C. T. MELLING. 


Tue Anglo-American Council on Productivity state 
in their first report that a rising trend of mechanisa- 
tion is essential to a British economy of expanding 
scope and magnitude. In these days, mechanisation 
usually means electrification and the extent to which 
electrical power is available is a broad indication of 
comparative power. There is apparently available in 
the United States at present about 7-5 h.p. per opera- 
tive, which is two or three times the figure in this 
country. This simple comparison is, however, by no 
means a satisfactory picture of the relative industrial 
possibilities in the two countries. In America there is 
a greater readiness to replace old plant by new, while 
a high degree of mass production justifies a greater 
specialisation of tools than where craftsmanship is the 
criterion ; it is, therefore, the electrical energy con- 
sumed by industry which should be considered. 

An examination of the Annual Statistical Returns of 
the Electricity Commission shows the rapid increase in 
the sale of electricity for power purposes that took 
place between 1921 and 1948. It also shows that 
major variations from the normal trend occurred during 
the industrial set back of 1926, the relative prosperity 
of 1928-29, the depression following the 1931 financial 
crisis, and during the steady recovery between 1934 and 
1939. Following the post-Munich period, the re- 
tooling for war production and the migration of certain 
industries from vulnerable areas, there was the major 
upset of the outbreak of war and, from then onwards, 
a rapid increase culminating in 1943 and 1944 in the 
preparations for victory. Subsequently, there was a 
decrease in war production and, after victory, it was to 
be expected that many months would be required for the 
change-over of plant to full peace time operation. 
The latest figures, however, have not borne out the 
anticipation that the industrial use of electricity would 
increase when peace-time conditions were restored. 
Nevertheless, if this increase is not maintained we 
shall fall behind in our national prosperity and standard 
of living. 

It would be wrong, however, to draw gloomy con- 
clusions from these statistics, as the position indicated 
by them is complicated by the fact that the figures 
for power usage do not include private generation. 
Many factories have installed private generating plant 
during the last two or three years, owing to the need 
for load spreading and the reduction in peak demands. 
In addition, many economies have been made in the 
use of electricity in factories, partly to meet load- 
spreading obligations and partly because of the drive 
for improved fuel efficiency. Between 1934 and 1939, 
there was an increase in the number of industrial 
workers and the kilowatt-hours per employee may 
therefore be considered a better indication of the 
productivity of the country. The 1935 Census of 
Production gave a figure for industrial production (all 
trades) of about 1,250 kWh per employee per annum. 
In 1948, the corresponding figure was about 2,100 
kWh. In the United States, about 7,000 kWh or 
more were consumed per employee in the same year, 
but this figure is given with the proviso that the data 
are inadequate for strict comparison. The utilisation 
per employee in some British factories is comparable 
with the average figure in the United States. 

A still better measure of productivity is the output 
of manufactured goods per worker. Here again a 
strict comparison is impossible, but there seems no 
doubt that in some industries, particularly those where 
mass-production methods are appropriate, the output 
per worker in the United States is two, three and even 
five times what it is here. A recent publicationt shows 
that, between 1907 and 1937, the output per man-hour 
increased by about 65 per cent. in the United King- 
dom, compared with 140 per cent. in the United States. 
Until 1920, however, the increases per man-hour were 
comparable in the two countries. The reasons for this 
unsatisfactory comparative position are complex. The 
material solutions are greater mechanisation and the 
greater industrial utilisation of electricity. The 
national interest also clearly demands a greater availa- 
bility of the best practice and a greater willingness on 
the part of the more backward factories to adopt 
modern plant and technique. . 

In those factories which have modern productive 
plant, it is essential to increase the number of effective 
hours of use per week of such machines as a means 
of increasing production and reducing the incidence of 
overhead expenses. In this connection, the use of 
electricity can help by reducing the time wasted in 
starting up and, during subsequent operations, by 





* Address as chairman of the Utilisation Section of the 
Institution of Electrical Engineers, delivered on Thurs- 
day, October 13, 1949. Abridged. 

+ Comparative Productivity in British and American 
Industry, by L. Rostas, Cambridge University Press. 





employing fetching, carrying and conveying pro- 
cesses, which will enable the operative to keep his 
machine in full effective production. The electrical 
and production engineer may also effect economies by 
improving the grouping, alignment and space factor of 
the machines, thus enabling greater production to be 
obtained from the same area. Electric operation, by 
its greater regularity and ease of control, makes it pos- 
sible to speed up production. The electrical control of 
processes and the development of automatic control 
are other ways in which electrical engineers can increase 
output; and electricity can make a further contri- 
bution in improving amenities, particularly in factory 
lighting, with consequent possibilities of improved 
output and quality. 

The cure for our present troubles is not a short-term 
problem, but requires a long-term programme for the 
improvement in utilisation and the greater development 
of electrical export industries, because there is no 
doubt that it will be in those industries that. future 
prosperity lies. We must also provide a sound home 
market for utilisation apparatus and appliances, in 
addition to generation, transmission and distribution 
plant, in order to provide scope for extending manu- 
facturing programmes by enabling British manufac- 
turers to increase their present exports and develop 
new apparatus and appliances. A further contribution 
is to develop, within the present limits of plant avail- 
ability, all aspects of utilisation, particularly those 
requiring research and development in manufacture. 
The greater utilisation of off-peak supplies is of value 
not only to the economy of the country, but in the 
improvement of the possibilities of exporting electrical 
apparatus. There is a need for a permanent record of 
experience and practice, which will assist those engineers 
who do not share in the same advantage in their 
day-to-day work. 

Industrial electrification is a continving process and 
not merely a matter of re-equipment. It requires 
constant vigilance to find examples of the best practice 
and to apply them elsewhere ; to analyse existing pro- 
cesses ; to discover the electrical solutions of the com- 
ponent problems and to apply them wherever practic- 
able. This case examination in industry requires an 
approach from the point of view of the producer. The 
process is dictated by the nature of the available raw 
material and its transformation into the completed 
manufactured article. Electricity provides only the 
tool by which this transformation is achieved. Its 
cost is generally a very small fraction of the total cost— 
say, 1 to 3 per cent. in most manufacturing industries. 
On the other hand, the traditions and processes of 
industries are well established, and an understanding 
of the particular industrial practice is therefore a first 
requirement if productivity is to be improved. 





MINE SIGNALLING HANDBOOK.—A booklet, recently 
issued by the Automatic Telephone and Electric Com- 
pany, Limited, Strowger Works, Liverpool 7, describes 
in detail and gives full instructions for the installation 
and maintenance of complete signalling systems in mine 
shafts, staple shafts and haulage ways. Mining tele- 
phones are also dealt with and the adjustments that may 
be necessary on all this apparatus are described. The 
booklet is intended to be read in conjunction with the 
relevant Acts of Parliament and with the rules and 
regulations of the Ministry of Fuel and Power, in com- 
pliance with which all the apparatus has been designed. 
The ground is fully covered and the booklet should be 
most useful to mining electrical engineers. The price 
is 5s. net. 





UPPER-ATMOSPHERE RESEARCH IN THE UNITED 
StTaTEs.—The New York Times for August 14, reports 
that a new series of tests to determine the nature of the 
atmosphere up to 75 miles above the earth’s surface has 
been started by the United States Air Force, using 60 
** Aerobee ” rockets. These rockets were designed by 
the Aerojet Engineering Corporation and the Douglas 
Aircraft Company, and developed under the technical 
supervision of the Applied Physics Laboratory, of John 
Hopkins University at Silver Spring, Maryland, U.S.A. 
The Aerobee is a liquid-fuel rocket, about 20 ft. long, a 
little over 1 ft. in diameter, and with three stabilising 
fins. It can reach an altitude of more than 75 miles, 
and has attained a speed of nearly 3,000 m.p.h. Elec- 
tronic instruments, with a total weight of about 200 Ib., 
will be carried, some of them self-recording and some of 
the telemetering type, for measuring temperature, 
pressure, humidity, radio-propagation characteristics, 
etc. ; the instruments will be released with ribbon-type 
parachutes at the zenith of the rocket’s flight. The 
programme is being carried out under the direction 
of the Geophysics Laboratory of the Air Material Com- 
mand, at Cambridge Field Station, Cambridge, Massa- 
chusetts, U.S.A. The data from these investigations 
will ultimately be used in the design of guided missiles, 
and in determining the relation between solar activity 
and weather changes. 
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NOTES ON NEW BOOKS. 


The Elementary Theory of Stressed Skin Construction, 
By W. 8. Hemp. An Aircraft Engineering Mono. 
graph. Bunhill Publications Limited, 12, Blooms- 
bury-square, London, W.C.1. [Price 2s.] 


In this excellent 3l-page pamphlet, a non-mathe. 
matical summary is presented of the principles of struc- 
tural analysis on which the stressing of aeroplane 
structures is based, and the lines along which detailed 
calculations should be carried out are indicated. ‘The 
author of the paper is senior lecturer in the Depart- 
ment of Aireralt Design at the College of Aeronautics, 
Cranfield. The booklet is divided into six parts, the 
first of which sets out the problems and methods of 
theory of structures, in which the author reviews 
generally the determination of load or stress distribu- 
tion, deflection, and stability problems. The second 

rt is an “ appreciation ” of stressed-skin construction, 
in which are discussed the parts played by the skin, 
stringers, and frames in carrying the applied loads, 
In the third section, the elementary theory of stress 
distribution in a stressed-skin structure is considered, 
together with equilibrium conditions, the effects of 
skin buckling and plasticity, the stressing of the 
fuselage, the two-spar wing, and the multi-spar wing. 
Departures from the elementary theory, discussed 
in the fourth section, include considerations of interna!- 
stress distribution, the torsion of a rectangular tube, 
concentrated loads on rings, and cut-outs in the struc- 
ture. In the fifth part of the paper, the author deals 
with the calculation of deflections ; it may be noted 
here that, though the Oxford Dictionary does allow 
both “ deflection” and “ deflexion”’ to be correct, it 
would be better if only one spelling had been used. 
Finally, the problems of elastic stability are con- 
sidered, with reference to struts, the flexural buck- 
ling of stringers, torsional instability, the buckling of 
plates, and, briefly, to the behaviour of skins after 
buckling. This monograph can be recommended to 
the young aircraft stressman and to students. 





Scientific Survey of North-Eastern England. The British 
Association for the Advancement of Science: Local 
Executive Committee, King’s College, Newcastle- 
upon-Tyne. [Price 10s.] 

Aw incidental result of the practice of the British 

Association, of holding their meetings in a different 

centre each year, has been to add to topographical 

literature a succession of valuable surveys of local 
features and industries, written for the most part by 
local experts who are thoroughly familiar with the 
background and the essential details. The present 
volume, prepared by the Publications Sub-committee 
of the local executive who organised the 1949 meeting 
in Newcastle, and produced under the general direction 
of Mr. Peter C. G. Isaac, B.Sc. (Eng.) and Miss Ruth 
E. A. Allan, B.Sc., is an admirable example of how a 
handbook of this nature should be compiled. Both 
geographical and industrial considerations made it 
desirable to extend the survey beyond the basins of 
the Tyne and Wear, so that references are made to 
parts of Cumberland and Westmorland, and to the 
northern portion of Yorkshire; hence the somewhat 
general term, “‘ North-Eastern England,” in the title, 
although the chief concentrations of population lie in 

Northumberland and Durham. Following a foreword 

by Sir John Russell (this year’s President of the British 

Association) and an introduction by Professor G. H. J. 

Daysh, F.R.G.S., of King’s College, University of 
rham, the book is divided into five main sections 

dealing, respectively, with the natural history of the 

region, with regional settlement, with the industries of 
the region, with agriculture and fisheries, and with 

Newcastle-upon-Tyne itself. This last section is 

comparatively brief, containing only a paper on the 

geographical setting of the city and another on its 
economic status, but a great deal of additional infor- 
mation was provided in a separate booklet, of more 
convenient size for the pocket. Of the sections 
concerned with natural history and regional settlement 
it is sufficient to say here that they provide a succinct 
but adequate survey of features and trends that 
require to be studied if a proper understanding is to be 
achieved of the district and of its strongly-characterised 
people. From the engineering point of view, naturally, 
there is more of technical interest to be found in the 
section on industries, which contains nine articles, each 
by a specialist. The industries dealt with are those 
of iron and steel, shipbuilding, marine engineering, 
mechanical engineering, electrical engineering, civil 
engineering, and chemicals; with the addition of 
chapters on “extractive industries” and “‘ other 
industries.” Lists of selected references are given to 
facilitate more extended study, and a pocket at the 
back of the book contains a general map of the district, 
to a scale of approximately ten miles to the inch, and 





a special map designed to illustrate Mr. M. R. G. 


| Conzen’s contribution on “‘ Modern Settlement.” 














Nov. 4, 1949. 


ENGINEERING. 





=... 








CHARACTERISTICS 
AND. PERFORMANCE OF THE 
JENBACH OIL ENGINE. 


By Proressor 8. J. Davies. 


In the development of combustion chambers for 
oil engines in this country, comparatively little 
attention has been given to engines of the true 
ante-chamber type, of which, on the other hand, 
large numbers have been constructed by Continental 
engine-builders. Ante-chamber engines “‘ are distin- 
guished by the fact that the combustion chamber is 
divided into two parts, the ante-chamber and the 
main chamber, separated by a constricted passage ; 
further, that the fuel is injected into the ante- 
chamber and part only of it is burnt there; the 
remainder, through the difference of pressure set 
up by the initial combustion in the ante-chamber, 
is forced at high velocity through the constricted 





valve closes against a flat seating. The injection 
pressure is 1,920 Ib. per square inch. During the 
tests various fuels were used but the engine was 
lubricated throughout with Mobiloil A. 

Fig. 1 is a side-view of the engine, with the induc- 
tion inlet and filter, the valve cover, the fly-wheels 
and the side cover removed. Fig. 2, on page 466, 
shows a longitudinal section. The general construc- 
tion give a smooth outer form, to facilitate cleaning ; 
all moving parts, including the fuel pump, are fully 
enciosed, leading to efficient and clean lubrication 
and thus reduced wear. As normally built, the 
engine employs evaporative cooling and, in order to 
give the necessary water volume without excessive 
breadth of the engine, the water space is continued 
over the complete crankshaft housing. Apart, 
therefore, from the cylinder head and cover, the main 
engine body is in the form of a rectangular box. 
The fuel tank, when this is carried directly on the 
engine, is arranged to fill the space above the valve 
cover and thus, except in the longitudinal direction, 














is provided by asingle cam. This cam is carried in a 
double-walled casting which includes also the pins 
for the control lever. The camshaft is driven from 
the crankshaft by gear wheels with inclined teeth ; 
these wheels are outside the main bearings. With 
this arrangement, the valve gear and the drive for 
the fuel pump are in the same vertical plane, and 
all can thus be accommodated in a narrow space at 
the side of the main housing, thus leading to a 
narrower engine. By arranging the planes of the 
lubricating pump, the fuel pump, and the valve gear 
outside the main bearings, the latter are brought 
nearer to the crankpin, with a reduction in the 
crankshaft bending stresses. 

The governor is placed at the side of the space 
containing the valve drives and fuel pump; it 
projects inwards into the crankcase, in a space clear 
of the running gear. It is driven by gear wheels, 
seen in Fig. 1, at twice the crankshaft speed. 
The speed range, as stated above, is from 800 
and 1,500 r.p.m. and the lever to bring about 
a change of speed is carried over the rear cover. 
It acts through a rod, parallel to the cylinder 
axis, carried through the crankshaft casing to the 
governor. The speed lever is provided with rough 
and fine settings. Camshaft bearings, governor and 
governor rod are assembled separately and erected 
into the engine as a complete component. 

Fig. 4, page 466, shows a horizontal section 
through the cylinder head and through the ante- 
chamber. There are two holes, of 5-2 mm. (0-2 in.) 
diameter, connecting the ante-chamber to the main 
chamber, the axes of these holes being set to include 
an angle of 94 degrees and in a plane at 23 degrees to 
the plane of the piston head. During compression, 
a considerable swirling is set up in the air com- 
pressed into the ante-chamber and, after combustion 
has been initiated, the motion of the burning charge 
streaming out through these holes leads to its good 
distribution in the air in the main chamber. In 
those cases in which evaporative cooling is imprac- 
ticable and cooling by thermo-syphon tank is 
undesirable, a water-circulating system is arranged 
with a radiator, which is placed against one of 
the flywheels, and a ventilating fan, attached to the 
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passage into the main chamber where it mixes with 
the air and is burnt. The mixing is thus brought 
about by the indefinite turbulence, as distinct from 
definite swirling, caused by the violent passage into 
the main chamber of the partially burnt fuel.’’* 
Engines embodying this type of combustion cham- 
ber, and designed by Professor Hans List, consulting 
engineer, and his colleagues, are now being produced 
at the Jenbacher Werke, Jenbach, Tirol, Austria. 
Certain of these engines were recently subjected to 
comprehensive tests by the author in the labora- 
tories of the Technische Hochschule, Graz. In the 
present article, the design of the engine is first 
described ; an account is then given of the tests, 
and the design is discussed in relation to the results 
of the tests. 

The engines used for the tests were single-cylinder 
four-stroke horizontal units of type JW 15. The 
cylinder bore is 115 mm. (4-53 in.) and the piston 
stroke 145 mm. (5-14 in.). In the engine upon 
which the principal tests were made, the compression | 
ratio, which was measured after the tests were 
completed, was 24:1. The normal power is 8 brake 
horse-power at 800 r.p.m., rising to 15 brake horse- 
power at 1,500 r.p.m. The valve timing is as 
follows: inlet, opens 18 deg. before T.D.C., closes 
41 deg. after B.D.C. ; exhaust, opens 46 deg. before 
B.D.C., closes 5 deg. after T.D.C. The fuel-injection 
equipment was supplied by Messrs, Friedmann and 
Mayer, Hallein, Austria, and works on the jerk-pump 
principle. The injection nozzle has a single-hole, 
0-7 mm. (0-027 in.) in diameter, and the injection 








* Proc. Inst. Mech. E., 1932, page 685. 





SrpE VIEW OF ENGINE WITH FLYWHEEL AND COVERS REMOVED. 


does not project beyond this rectangular box. The 
cover carrying the air filter is a casting, but both the 
end cover of the crankcase, through which the con- 
necting-rod and piston may be removed, and the 
side cover (removed in Fig. 1) are sheet-steel pres- 
sings. The various parts are built into components 
and, as may be realised from a study of Figs. 1 and 2, 
removal of the three covers, respectively, permits 
the separate removal of the valve gear, the fuel 
pump and the connecting rod and piston com- 
ponents ; with the flywheels removed, approach to 
the main bearings is possible. The side cover 
embodies a smaller cover which, when removed, 
renders it possible to adjust or to remove the fuel 
pump only. This smaller cover carries the control 
lever, used in starting and stopping the engine. 

The crankshaft is a drop-forging, with hardened 
bearing surfaces on the crankpin, and is carried in 
roller bearings. There are two flywheels which 
carry balance weights. The connecting rod is also 
a drop-forging; the big-end bearing is of lead- 
bronze and the small-end bearing is of bronze. The 
piston is of light alloy, this material being chosen to 
reduce the inertia forces. The wet cylinder liner 
is made tight in the housing by rubber rings. The 
running parts are lubricated by a plunger pump 
driven by an eccentric carried by the crankshaft 
outside the main bearing. The lubricating oil is 
led through a hole in the crankshaft to the big-end 
bearing, thus avoiding the use of piping which may 
lead to leakage or breakages. The oil is filtered 
at entry to the pump. 

As may be seen in Fig. 3, page 466, the drive for the 
push-rods actuating the valves and for the fuel pump 


flywheel, draws cooling air through the radiator. 
Operation by convection usually suffices for the 
| water circulation although, when necessary, a water- 
| circulating pump can also be bolted to the main 
| housing and driven by friction wheels from the 
| flywheel. 

Interesting combinations of the engines with 
electric generators, centrifugal pumps, and air 
compressors have been developed ; additional main 
bearings are not necessary in any of these. For the 
generation of alternating current, a wheel embodying 
the poles of the generator is substituted for one of 
the flywheels. The stator is carried in a housing 
which, bolted to the main housing, surrounds the 
wheel. Excitation is by means of a dry rectifier 
and voltage regulation is automatic. In the case 
of the centrifugal pump, the impeller is bolted to 
the flywheel while the pump casing is secured by a 
flange to the main housing and surrounds the 
flywheel. The arrangement for an air compressor 
is simple: the compressor cylinder is bolted, with 
its axis vertical, to the top of the main housing and 
its piston is driven by an auxiliary connecting rod 
from the big-end of the main connecting rod. It is 
then possible to balance completely the reciprocating 
inertia forces of the first order. Incidentally, a 
smaller engine, the JW 8, giving 4 to 8 brake horse- 
power over the same range of speed, is being 
developed. Although the bore and stroke are 
smaller, most of the parts are interchangeable with 
the corresponding parts of the JW 15. 

The engine upon which the main series of tests 
were carried out was stated to have been delivered 
directly from production, and, when the tests were 
begun, had a total running time of 39 hours. As a 
production engine, its governor was in operation 
and a stop on the fuel pump imposed a definite 
limitation to the quantity of fuel injected, and thus 
to the load which it was possible to apply to the 
engine at any given speed. After these series were 
completed, this stop was removed and progressively 
increasing loads were applied to the engine sufficient 
to exceed the ‘“‘limit of satisfactory exhaust,” 
which was taken as that load at which the exhaust 
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gases, when admitted through a stop-cock in the 
exhaust pipe into the open laboratory, first become 
visible. 

The principal data obtained from both these sets 
of conditions are given in Table I, from which it 






































TABLE I. 

B.M.E.P., Fuel, Fuel, Ib. 
Test No. | R.p.m Ib. per B.h.p. Ib. per rB.h.p. 

sq. in. hour. | per hour. 

| } 
- 1,500 85-4 14-9 6-57 | 0-441 
A 2 1,505 | 67-9 11-88 | 5-29 | 0-446 
A 3 1,510 | 59-7 10-49 4-90 | 0-468 
A 4 1515 | 52-1 9-19 | 4-41 | 0-480 
A 5 1,495 | 43-1 7-49 | 3-86 | 0-515 
A 6 1,500 27-0 4-71 3-00 | 0-639 
A? 1,500 14-5 2-53 2-34 | 0-925 
A 8 1,505 | 4-26) 0-75 | 1-86 | 2-480 
E 9 1,510 | 85-4 14:99 | 6-54 | 0-436 
E10 1520 | 94-0 | 16-60 | 7-3 0-440 
Ell 1,485 | 102-5 17-70 7-89 0-445 
B12 1,520 106-7 18-81 9-30 | 0-494 
E13 1500 | 108-1 18-85 9-95 | 0-528 
Bl 1,245 | 85-4 12-89 5-03 0-405 
B 2 1.255 77-2 11-29 4-61 0-408 
B 3 1,240 | 68-3 9-85 4-12 0-420 
B 4 1,250 | 59-7 8-68 | 3-78 | 0-436 
B 5 1,250 | 51-6 | 7:50 | 8-42 0-456 
B 6 1,240 | 38-4 | 5-54 | 2-77 0-500 
B?7 1,235 | 28-2 | 4-05 | 2-38 | 0-587 
F 8 1250 | 85:4 | 12-40 5-13 | 0-413 
F 9 1255 | 94-0 | 13-71 5-72 | 0-416 
F 10 1,225 102-5 | 14-60 6-19 | 0-424 
Fill 1,240 | 106-7 | 16-38 6-73 | 0-438 
Cc 1 1,000 | 85-4 9-95 8-94 | 0-396 
Cc 2 995 | 76-8 8-89 3-56 | 0-401 
Cc 8 990 | 68-3 7-86 3-25 | 0-413 
Cc 4 990 | 51-2 5-90 2-60 | 0-441 
Cc 5 990 | 34-1 3-92 2-03 | 0-519 
Cc 6 1,005 17-1 2-00 | 1-48 | 0-740 
Cc 7 1,005 3-84| 0-45 | 1-05 | 2-340 
@ 8 1,015 85-4 10-08 | 4-17 0-415 
G 9 1,000 94-0 10-938 | 4:55 | 0-416 
G10 1,000 | 102-5 11:92 | 5-07 | 0-425 
@ ll 1,000 | 106-7 12-40 | 5-50 | 0-444 
Di 810 85-4 8-05 | 3-18 | 0-396 
D 2 810 76-4 7-20 | 2-86 | 0-398 
D 3 815 | 69-1 6-56 | 2-64 | 0-403 
D4 810 | 60-5 5-70 | 2-81 | 0-405 
D5 805 51-2 | 4-80 | 2-03 | 0-424 
D 6 810 42-7 | 4-02 | 1-80 | 0-447 
D7 810 28-2 | 2-66 | 1-41 0-530 
Hs | 815 85-4 8-09 | 3-28 | 0-406 
H9 | 800 94-0 8-74 3-55 | 0-406 
H10 | 815 | 102-5 9-71 | 4-05 | 0-417 
Hill 815 | 106-7 10-10 4-30 | 0-426 
H12 | 800 | 111-0 | 10-31 | 4-66 | 0-452 








will be seen that four speeds of revolution were 
chosen, namely, 1,500, 1,250, 1,000 and 800 r.p.m., 
and that, at each constant speed, the loads were 
varied from light to full. The observations necessary 
to obtain the data tabulated are brake torque, 
revolutions per minute, and fuel consumption. The 
power developed by the engine was absorbed by an 
electrical dynamometer of the torque-reaction type ; 
this dynamometer was afterwards uncoupled from 
the engine and its dimensions checked, showing 
the values of torque recorded to be without measur- 
able error. While a tachometer afforded a con- 
tinuous check of the constancy of the speed of 
revolution, the counting of the revolutions and the 
fuel consumption were simultaneously observed. 
The time to consume a measured volume of fuel 
was observed by means of a stop-watch, the counter, 
which received an electrical impulse once every 
revolution, through a contact on the dynamometer 
shaft, being switched on at the instant when the 
consumption of the measured volume of fuel com- 
menced and switched off again at the instant the 
fuel was used up. The quantities of the various 
fuels to fill the measured volume were weighed and 
from the times, as observed by the stop-watch 
during the tests, the fuel consumptions in lb. per 
hour and the revolutions per minute of the engine 
were calculated. Compensation was made for the 
leakage oil, which was collected and measured ; in 
service, this oil is returned to the supply tank. 
In the tables, the brake torques have been con- 
verted into the equivalent values of B.M.E.P. 

The series with the letters A, B, C and Din Table I 
were taken with the limitation of load referred to 
above, imposed by the stop, that is, with the engine 
as delivered; the series with the letters E, F, 
G and H were taken witb the limitation removed. 
During these tests the barometer reading was 29 in. 
of mercury and the room temperatures ranged from 
72 deg. to 83 deg. F. The fuel used in these series 
was gas oil of density 0-856 at 68 deg. F. Further 
information concerning this fuel is given later. 
Curves of specific fuel consumption, in lb. per brake 
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horse-power per hour, on a base of B.M.E.P., in Ib. 
per square inch, for all these series are given in 
Fig. 5, opposite. The limit of load applied was 
85-4 lb. per square inch and is shown in the figure ; 
it will be understood, however, that the limitation 
applied will vary slightly with speed above this 
minimum value, as will be seen later. The limit 
line indicates the ends of the curves for series A, B, 
C and D, and the beginnings of the curves for series 
E, F, G and H. There are slight breaks in the 
curves at the limit line, as might be expected, 
since the latter series were begun on the following 
day and the results are also affected by the slightly 
different characteristics of the governor with the 
stop removed. Further, in series E, as in all the 
later series, the load was carried beyond the “ limit 
of satisfactory exhaust’ and the condition of the 
surfaces of the cylinder liner and piston, as regards 
lubrication, would thus be less favourable, leading 
to higher frictional losses. 

The first comment that should be made in con- 
sidering these curves is that the maximum limited 
values taken for the B.M.E.P., in relation to the 
courses of the curves beyond this limit, are con- 
servative. The engine is new with all parts in 
adjustment, if not in too good adjustment ; in this 
condition, there is no appreciable increase in the 
specific consumptions at all speeds up to values of 
the B.M.E.P. of 100 Ib. per square inch, which 
represents a permissible overload of 4 x 100 = 
17-1 per cent. The limit of satisfactory exhaust 
may be taken as 107 lb. per square inch at all 
speeds, which is a very good value in relation to 
the normal maximum value of B.M.E.P., especially 
for a single-cylinder unit; but the specific con- 
sumption naturally shows an appreciable increase 
as this limit is approached. In considering these 








values, account should also be taken of the fact 
that the barometer reading was considerably below 
standard (Graz being at an altitude of over 1,000 ft.) 
and the room temperatures were considerably above 
standard, both circumstances leading to a reduced 
density of the air charge, with a corresponding 
reduction in the potential outputs of the engine. 

In two of the series, namely, A at 1,500 r.p.m. 
and C at 1,000 r.p.m., the load was progressively 
reduced to the smallest that could be obtained 
without uncoupling the dynamometer, special 
attention being given to the values for Tests Nos. 
A8 and C7, underlined in Table I. Curves of fuel 
consumption in Ib. per hour for these series and, 
incidentally, for series B and D, are plotted on a base 
of B.M.E.P. in Fig. 6, opposite. Extrapolation of 
the last straight parts of the curves of series A and C 
on to the base line give values of 34 Ib. and 28 lb. per 
square inch for the F.M.E.P., values which give an 
approximate idea of the internal mechanical and 
pumping losses of the engine. Motoring tests, made 
after several hours of running, gave values of 
F.M.E.P., at these speeds, of 37 Ib. and 24 Ib. per 
square inch, respectively. Under these condi- 
tions, those frictional losses which depend on 
direct loading can be expected to be less than 
when the engine is running under load. On the 
other hand, the pumping losses and the frictional 
losses derived from the inertia loading, which vary 
as the square of the speed, can be expected to be 
greater when motoring, the increase of pumping 
losses being greater at the higher than at the lower 
speed. At 1,000 r.p.m., taking the normal maximum 
load and 28 Ib. per square inch for the F.M.E.P., 

85-4 
a4 438 x 100 = 75-2 per cent. as the 
mechanical efficiency, while, at 1,500 r.p.m., the 
corresponding value, with 34 lb. per square inch, is 

85-4 
85-4 + 34 


this gives 


x 100 = 71-5 per cent., normal values 
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for engines of this type. Certainly, in view of the 
results in Fig. 5, a higher value than 85-4 Ib. 
per square inch could be taken as the maximum 
B.M.E.P.: 100 Ib. per square inch, for example, 
would raise these values to 78-2 and 74-6 per cent., 
respectively. This is a single-cylinder engine, so 
that the mechanical losses are higher than would be 
the case in a multi-cylinder engine ; they naturally 
affect adversely the specific consumptions. Bearing 
this in mind, the values of the specific consumptions 
as recorded over this wide range of speed and load 
must be regarded as very satisfactory. 

The next series of tests, J, was made, with the 
limitation imposed on the B.M.E.P., after the series 
A to D and before the series E to H, and had as 
object the investigations of the normal full-load 
performance over the complete range of speed. 
The results are given in Table II, while Fig. 7 shows 
four curves plotted from the data of this table. 
The top curve shows that all values of B.M.E.P. 
fall within the range 85 lb. to 90 lb. per square inch, 
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60 70 80 90 
while the curve of specific consumption shows the 
values to fall within the range 0-4 Ib. to 0-45 Ib. per 


brake horse-power per hour, and that they do not 























TABLE II. 

l 
| BME. Fuel, | Fuel, Ib. 
Test No.| R.p.m. | Ib. per | B.hp Ib. per | per b.h.p. 
| sq. in. | our, | per hour. 

! 
A! 1,550 | 85-0 | 15-35 6-86 | 0-446 
J 2 1,495 85-4 14-85 6-54 0-440 
x 3 ‘380 87-1 14-00 5-93 | 0-424 
J 4 1,305 88-3 13-40 5-60 | 0-416 
J 5 1,185 88-3 12-12 5-00 | 0-412 
I 6 1,090 88-9 11-27 4-61 0-409 
ej 980 89-3 10-17 4-11 0-405 
I 8 890 89-6 9-28 3-74 | 0-403 
I 9 805 88-9 8-32 3-34 0-401 
710 735 | 88-3 | 7-54 3-02 | 0-401 





exceed 0-42 from the lowest speed up to 1,300 r.p.m. 
These results are consistent with the satisfactory 
results recorded above. The curve of brake horse- 
power is almost a straight line and this and the 
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curve of fuel consumption in lb. per hour enable 
direct readings of brake horse-power and consump- 
tion to be obtained at any given speed. 

Two tests were next made of the governing. In 
the first, the engine was set at a load approaching 
full and the load was then progressively reduced 
to the least that could be imposed by the dynamo- 
meter. The points on the curve, series K, in Fig. 8, 
give the speeds observed at various values of the 
B.M.E.P. The curve is regular in form, showing 
that the governor acted consistently throughout. 
The speed rose progressively from 990 to 1,076 
Ir.p.m., an increase of 7-6 per cent. The second 
test consisted in the sudden removal of the nearly 
full load of 82 lb. per square inch, with the engine 
turning at 1,502 r.p.m. The engine soon settled 
down at 1,560 r.p.m., an increase of 3-9 per cent. 
over the former speed. These results are clearly 
satisfactory. 

(To be continued.) 
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Scientific Foundations of High Vacuum Technique. By 
Dr. SavuL DusHMAN. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
{Price 15 dols.]; and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 120s. net.] 

THE growth in scope and change of emphasis in 

high-vacuum technology during the past ten years, 

coupled with the recession in the writing and 
publication of scientific books during the war, has 
left an obvious gap in the literature. It is not 
surprising, therefore, that several books on aigh- 
vacuum technique have been published in the 
past two or three years. Most of these have been 
of a relatively minor nature ; Dr. Dushman’s book, 
by contrast, is a major and more erudite work, the 
excellencies (and shortcomings) of which are to be 
sought in the character and unique experience of 
the author, for whom the book has come to be the 
crowning achievement of a lifetime’s study. Dr. 

Dushman has spent the greater part of his career 

in surroundings most conducive to work, both 

active and contemplative, in the field of high- 
vacuum physics. In the laboratories of the General 

Electric Company, at Schenectady, where he is now 

Assistant Director of Research, he had the good 

fortune to be closely associated with Irving Lang- 

muir at the time when the manufacture of incan- 





.|descent-filament lamps was beginning to become 


rather more of a science than an art, and when the 
investigation of the difficulties in lamp manufacture 
was pointing the way to a complete new field of 
physics and chemistry. 

Since high-vacuum technique in the author’s 
laboratory has been concerned primarily with sealed- 
off apparatus, it is not surprising that the book deals 
most directly with the things of importance to the 
technique of such devices. In this lies its strength. 
Its weakness lies in the fact that, though the 
fundamentals are there, the engineer working 
with continuously evacuated equipment is often 
left to seek, interpret and apply them to his own 
problems with little guidance from the author. 
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The subject matter which has been treated is of two 
broad kinds : first there is a full but conventional 
text on the production and measurement of low 
pressures, which will be of very wide use. The 
second, and larger part of the book provides a 
thorough dissertation on the reactions of gases and 
solids, so far as these are of importance from the 
viewpoint of vacuum technique. The straignt- 
forward engineering problems—valves, taps, seals, 
vacuum relays, water-flow relays, constructional 
methods, etc.—are outside the scope of the book and 
are not mentioned. 

After presenting those aspects of the kinetic 
theory of gases which are essential for a reasonable 
appreciation of the processes which occur in high- 
vacuum systems, Dr. Dushman devotes a chapter 
on the flow of gases through pipes and orifices. 
This subject, which is as important to vacuum 
technique as are Ohm’s law and Hooke’s law in 
other branches of engineering, is treated with a 
lucidity which will be refreshing to those who have 
tried to obtain a clear conception of the meaning of 
“conductance” from the older texts. For Dr. 
Dushmean, mechanical pumps and, to a lesser extent, 
diffusion pumps are means to an end, and the pump 
designer will regard his treatment of these subjects 
as descriptive rather than fundamental. In general, 
the conclusions of other workers are given without 
comment or criticism by the author himself. No 
fewer than 32 different diffusion pumps are described 
and illustrated, but, in contrast with this generous 
profusion, some of the more difficult problems are 
not treated at all thoroughly ; for example, it would 
have been interesting to see an authoritative proof 
that a steam-jet ejector really can entrain as many 
water molecules as escape from it. Again, it is not 
universally agreed that the speeds of diffusion pumps 
fall to zero at very low pressures, yet many speed 
characteristics giving this impression are repub- 
lished in the book, without any serious attempt being 
made to show where the difficulty lies. 

Dr. Dushman himself has made many contribu- 
tions to the technique of pressure measurement, 
and his treatment of viscosity gauges, thermal 
conductivity and ionisation gauges is as complete 
as would be expected. All the important modifica- 
tions of the Knudsen gauge have been carefully 
described, though the familiar doubts about effect 
of accommcdation coefficient on the sensitivity 
of this gauge for different gases are by no means 
resolved. In passing, it may be doubted whether 
many workers in the field of continuously-evacuated 
equipment will agree with the quotation from the 
author’s classical paper on the ionisation gauge: 
“* Before using the (ionisation) gauge for measure- 
ments, it is absolutely necessary to bake out the 
tube at a high temperature.” 

The last chapter of the more general part of the 
book deals with the familiar problem of leak detec- 
tion. During the past three or four years, several 
extremely sensitive leak-detection instruments, 
such as the mass spectrometer, the palladium-tube 
ionisation gauge and the so-called ‘‘ halogen leak 
detector,” have been developed successfully. Much 
of the development work was carried out in the 
General Electric Company’s laboratories and these 
instruments are adequately described. The almost 
equally important problem of gas-flow control, 
however, is not stressed. 

The remaining part of the book, dealing in a very 
detailed manner with the reactions of gases and 
solids—adsorption, clean-up, degassing, evapora- 
tion—is treated with the confidence and authority 
of one who, with his own hands, has carried out so 
many experiments of the type he describes. It is 
here that the original contributions of the author 
and his colleagues, and their impact on research 
in the valve and lamp industries, are most clearly 
seen. Dr. Dushman’s treatment of adsorption is 
most generous, though sometimes it induces a feeling 
of remoteness; for example, a good deal of the 
160 pages devoted to “‘the adsorption of gases at 
high and low pressures on charcoal, silicates and 
cellulose ” is intended to establish the mathematical 
and physical bases of the different theories of adsorp- 
tion. The relation of adsorption to vacuum physics 
then follows as a corollary rather than as the prin- 
cipal subject. In this, of course, Dr. Dushman 


follows the general trend in the literature; for 


instance, there has never been a systematic study 
of the effects of adsorption on the accuracy of 
vacuum gauges, though there can be little doubt 
that adsorption phenomena are an embarrassing 
reality in measurements on any kind of vacuum 
system, static or dynamic. Though the precise 
mechanism of ‘‘ clean-up” is not very fully under- 
stood, it is a process which, like the degassing of 
metals, lends itself to experimental study. Dr. 
Dushman’s discussions on these subjects are very 
factual and practical, and it cannot be questioned 
that the wealth of data and references in these 
chapters on gas/solid reactions will be instrumental, 
sooner or later, in giving the active worker a vital 
clue in some obscure or puzzling investigation. 

In selecting the material for the book, Dr. Dush- 
man has been exceedingly diligent; he gives 
references to the writings of more than 800 authors, 
and uses material from about 2,000 papers. In 
selecting and presenting the more fundamental 
extracts from such an enormous mass, he has 
frequently used long verbatim quotations from 
origina] papers and has often, very generously, given 
the authors’ conclusions rather than his own opinion 
of the work. An unfortunate consequence of this 
liberality in verbatim quotation is that it reveals, 
in a most marked way, the great profusion of units 
which have been used by different workers. Some 
editing in this respect certainly would have been 
advantageous. A second, though perhaps less 
important, consequence is the resulting hetero- 
geneous mixture of literary styles ; but Dr. Dushman 
is too enthusiastic over his subject to be pedantic 
over questions of style. His book will be welcomed, 
not least by those from whom he quotes, as a an un- 
biassed account of most of the fundamental work 
in vacuum physics that has been published so far. 





Analytical Mechanics of Gears. By PROFESSOR EARLE 
BUCKINGHAM. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 10 dols.]; and McGraw-Hill Publishing Com- 
pany, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 858. net.) 

THERE is hardly a machine eler ent which provides 

a more fascinating study than do gears ; neverthe- 

less, they have received much less analytical atten- 

tion than they deserve. This book is a notably 
successful attempt to give, as the author modestly 
claims in the preface, a ‘‘reasonably complete 

analysis of the mechanics of gearing.” It is not a 

text-book on gear design. Gears can be designed 

by using established data, without even realising 
the actual shape of the teeth; an analysis by an 

authority like Professor Buckingham, however, is a 

foundation upon which to assemble the design 

data for future development. Although the size of 

the book is quite respectable—it extends to 542 

pages, without the index—the treatment may be 

reasonably termed concise. It is an advanced 
treatise which presumes a firm mathematical back- 
ground ; if intermediate stages in the derivation 
of the equations had been given, the work would 
probably comprise several volumes, and still more 
could have been filled with mathematical tables. To 
ensure correct application of the formule, every case 
is illustrated by examples, which, incidentally, de- 
monstrate to the reader that he should not be afraid 
of formule that do not invite numerical evaluation. 

The material falls naturally into three distinct 
sections. The early chapters give an analysis of 
conjugate gear-tooth action, and resulting gear- 
tooth profiles of the several types of gears. The 
next section, forming the preponderant part of the 
book, is exclusively devoted to the involute form 
for gear-tooth profiles, and includes the “ involu- 
tometry ”’ of external and internal spur gears, helical 
and spiral gears, the various forms of worm gearing, 
straight and spiral bevel gears, and hypoid gears. 

The last section is an analysis of gear teeth in action, 

and deals with friction losses and load-carrying 

capacity of all mentioned types of gears; while 
calculations form an important part of this section 
also, the text is somewhat more descriptive than in 

the previous sections. To describe a new book as a 

“classic” is, perhaps, unwise in the absence of 

sure knowledge of what others may be in process 

of compilation, but Professor Buckingham’s work 
offers a strong inducement to take that risk. 
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LOCAL OVERSTRAINING 
OF METALS. 


By Dr. F. Laszxo.* 
(Concluded from page 440.) 


CERTAIN permanent distortions of conductors 
made of non-ferrous metal occur occasionally in elec- 
trical machines. An interesting study was involved 
in the development of a synchronous motor of some 
5,000 h.p. running at 3,000 r.p.m. It was intended 
to use the rotor of a standard turbo-alternator, 
making it self-starting by a damper cage of appro- 
priate cross-sectional dimensions consisting of the 
damper bars a and two end rings b, as shown in 
Figs. 13 and 14, opposite, both made of cadmium- 
bearing copper of high electrical conductivity. The 
damper bars passed along the whole length of the 
longitudinal grooves of the shaft, their ends being 
fitted into the dovetailed grooves of the rings 6 
and silver-soldered there. The cap c, of austenitic 
steel, was fitted with the minimum clearance around 
ring 6. 

The current developing in the damper cage on 
starting the rotor is very heavy for a short period, 
causing high temperatures to develop all over the 
cage, especially in the rings. The rise in tempera- 
ture of the caps c is negligible during this period. 
The actual conditions may be represented by 
assuming a uniform high temperature to exist in 
the ring 6 and a uniform low one ip the capc. The 
coefficients of thermal expansion of 6 and c are 
comparable; but a bimetallic body with compo- 
nents of very different thermal expansions, sub- 
jected to uniform heating, could be substituted for 
the actual arrangement and the effect would be the 
same. 

After a few seconds, the motor reaches 3,000 
r.p.m., the damper current and the resultant 
heat generation are suppressed, and the ring 6 
cools down practically to the temperature of the 
cap c. Since ‘the ring 6 has increased in cross- 
sectional area, it has also become circumferentially 
shortened, and a considerable gap opens between 
b and c on cooling. Ring 5, however, has not been 
designed to carry its own centrifugal force plus 
that of the ends of the damper bars a. Plain 
damper rings might have responded to such condi- 
tions by permanent extension, uniform over their 
circumference, so that their excessive centrifugal 
load would have found some backing on the caps c. 
Since the soldered joints did not prove strong 
enough, the dovetailed intersections prevented the 
ring 6 from uniform stretching between adjacent 
damper bars and led to crack formation across d 
which made the rotor unserviceable. 

To eliminate the swelling of the rings 6, the 
design was modified so that they were centred by 
shrinkage upon carriers mounted on the shaft, and 
finished on their outer surface with such a gap 
between them and the cap c that contact would not 
occur under starting conditions. The new rings 
were made of high-strength copper-base alloy, so 
that they were able to carry the centrifugal forces 
involved without assistance. A considerably in- 
creased cross-sectional area was necessary on 
account of their reduced conductivity. 

High-temperature conditions in power and chemi- 
cal engineering may cause considerable temperature 
gradients over great wall thicknesses, and these, in 
turn, may lead to local overstraining and undesirable 
after-effects. Fig. 15, opposite, represents the thick- 
walled forged-steel casing of a steam turbine which 
was the object of an investigation in 1924. The lag- 
ging was not in position during the first trials. On 
starting, with.the usual rate of warming up, the 
temperature gradient became so great across the 
wall of the casing as to cause swelling of the inner 
layers, which the heat had reduced considerably in 
yield strength. When the turbine cooled down, the 
joints of the casing opened, as indicated by the 
dotted lines in Fig. 15, so much that the steam 
escaped on restarting. After rejointing, fitting the 
lagging, and reducing the rate of warming up on 
starting, the casing proved satisfactory. Since that 
time, the knowledge of how to handle such pro- 
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blems has advanced greatly, but this simple example 
appears to be still worth mentioning, and not merely 
from the historical point of view. 

Consider a shaft running with a slight eccentricity 
and approaching the side of its housing until contact 
occurs. If the eventual rubbing causes wear suffi- 
cient to remove the eccentricity, making the contact 
continuous over the whole circumference of the 
shaft, warping will not develop; otherwise, even 
an initially slight seizure, localised over a short arc, 
quickly heats that portion, with the consequence of 
high compressive stresses and local expansion. In 
this case, seizure tends to increase the initial eccen- 
tricity of the shaft, so that self-accelerated warping 
takes place in the direction of the initial eccentricity. 
If seizure then ceases and the temperature of the 
affected part of the circumference drops to that of 
the cooler part of the shaft, its previous swelling 
may cause a residual inverse warping ; that is, the 
originally protruding part causing the seizure may 
become the most concave portion of the surface. 
The actual issue depends, of course, on the duration 
of the seizure, its mean pressure and frictional 
velocity relative to the dimensions of the shaft, 
the resistance of the material to plastic deformation 
at the temperatures encountered, and the cooling 
taking place simultaneously with the seizure. These 
factors control the radial gradient of the compressive 
stresses during seizure and the penetration of the 
swelling (radially inwards). A very slender shaft 
would probably not be affected by a light seizure 
of short duration, but a heavy shaft might become 
considerably warped by sufficiently high and sus- 
tained contact pressure. The customary allowance 
for eccentricity due to inaccurate turning is appa- 
rently sufficient to develop such warping. 

The shaft shown in Fig. 16 on this page, seized 
in the gland, on the test floor, so that a deflection 
of about 0-036 in. was noticed at that section 
when the shaft was checked in a lathe. Fig. 16 
refers to the unimpaired shaft, and the subsequent 
warping is indicated by a chain-dotted secondary 
centre line, originating from the affected section A A. 
The straightening of high-speed rotating shafts 
which have warped in service is a somewhat critical 
problem, and as they usually warp again after 
the customary straightening operations, this may 
involve renewed local overstraining and leave 
behind residual stresses not symmetrically distri- 
buted over the circumference. The shaft in question 
was reconditioned by reverse plastic bending at the 
section A A, which was preheated by gas heating 
coils. The shaft was deliberately over-corrected so 
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that the origina] high spot was again given a distinct 
eccentricity ; then the shaft was put into a lathe 
and slowly rotated, gas heater coils being applied 
again to the section A A. With the shaft continually 
rotating, a temperature of 900 deg. F. was main- 
tained for some hours, and by progressive throttling 
of the gas supply it was then cooled slowly, over 
12 hours, to room temperature. The over-correction 
was eliminated by this operation, and a slight 
deflection obtained finally, so that the area that had 
initially caused the seizure became concave. The 
shaft was made true by turning, beginning at the 
section AA and working towards the right-hand 
end in Fig. 16. This method, which combines 
moderate temperature for stress relief with rotating 
bending, proved perfectly satisfactory. Study of 
the shaft shown in Figs. 4 to 6, on page 437, ante, led 
to the application of the above method of stress 
relief. 

In the maintenance of machinery, few troubles 
due to seizure and crack formation have been 
recorded with copper-base alloys; but it may well 
be asked whether the true reasons for difficulties 
are always recognised in practice. The following 
investigation was carried out after a power station 
had been seriously affected for some years by crack 
formation due to seizure, necessitating frequent 
repairs. A combined hydro-electric power and pump- 
ing plant was erected for supplying the peak load of 
an electric power system. Four in-line sets were 
installed, each consisting of a water turbine and 
generator which was coupled, in turn, through a 
Féttinger hydraulic torque converter to a centri- 
fugal pump. When the power system was heavily 
loaded, the torque converters were disengaged, the 
water turbines operated, and power from the 
generators used for the system. At intermediate 
loads, some of the units were stopped while others 
were allowed to “float”? on the line. When the 
system was only lightly loaded, the torque con- 
verters were engaged, water discharged from the 
turbines, and the generators used as synchronous 
motors to drive the pumps, transferring water from 
the downstream side of an adjacent water-power 
plant of standard type up to a high-altitude storage 
Teservoir. 

During these operations, seizure occurred fre- 
quently at the points b, c, d, p and q on the turbine 
rotors (Fig. 17, on page 470). Since these were 
cast of a special brass (58 per cent. of copper, 0-5 per 
cent. of iron, 1 per cent. of aluminium, 2 per cent. of 
manganese, remainder zinc) and were periodically 
exposed to ammonia in the atmosphere, hundreds of 
cracks opened all over the parts which were locally 
overstrained by seizure. Calculation showed that 
the clearances at b, c, d, p and q might easily become 
an “interlocking” action when, on putting the 
set into pumping operation, the water was not 
discharged quickly enough from the idle turbine. 
The rotor revolved in a water ring, thus causing a 





great rise in temperature within a short time. The 





housing was made of cast iron with a considerably 
smaller coefficient of expansion than that of the 
rotor, and was not heated to the same extent. If 
seizure occurred at only one of the points indicated, 
vibrations were set up which encouraged scoring at 
other points also, sometimes even at e. Without 
increasing the clearance, which would have reduced 
the hydraulic efficiency, further scoring was pre- 
vented by adding an automatic device which 
ensured the quick discharge of water from the 
turbine as soon as the guide vanes were closed, 
this being the first stage of the operation of putting 
the set into pumping service. 

Severe scoring occurred at a in one of the turbines. 
This was attributed to an axial shock which, in 
certain circumstances, could have been imparted to 
the turbine with an impact of up to 2,200 ft.-Ib. by 
the Féttinger transformer. When the set was put 
into pumping operation and the pump had been 
speeded up to synchronism by means of the torque 
converter, a mechanical gear clutch was operated 
so that the two rotors of the torque converter 
became positively coupled and the torque con- 
verter short-circuited during the pumping period. 
Each time the shock occurred, it was accompanied 
by severe vibration of the whole set. The clutch 
was operated by a hydraulic piston, and since a 
copious water supply made excessive acceleration 
possible—which was one of the factors necessary 
for the generation of impact—a throttling orifice 
was inserted into the water channel, thus eliminating 
any further trouble. 

If no external force is applied to a body, cracks 
due to local overstraining by uneven heating should 
be confined to the zone subjected to residual tension ; 
otherwise their progress may continue beyond that 
zone. The rotors of the water turbines were sub- 
jected to moderate static external stresses—that is, 
to centrifugal stresses only ; but the running rotor 
was frequently exposed to atmospheric ammonia, 
so that parts of its surface layer became “‘ notched ” 
by tiny corrosion cracks. These originally had a 
depth of a few hundredths of an inch only, and were 
visible only in parts of the surface layer clearly 
marked by scoring. It was found, however, that a 
number of cracks originating in zones subject to 
more severe stresses extended into the adjacent 
material which was not affected by scoring, but 
which was exposed to increasing service stresses. 
At the same time, the cracks became deeper, 80 
that they must be regarded as a potential cause of 
failure after a fairly long period of service. 

Because of the considerable tension in the surface 
of the rotors at a (Fig. 17), the corrosion cracks 
which developed there in one of the rotors progressed 
much more quickly and more deeply into the un- 
affected material than those considered above. Since 
the extension of such cracks causes stress relief of the 
adjacent material to increasing distances, only 24 of 
the much greater number of the original tiny corro- 
sion cracks at a penetrated deeply (up to 4-5 in.) into 
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the unaffected material, as indicated by cross- | 
hatching in Fig. 17. 

Deeply-penetrating cracks are indicated also at 
p and e, but these originated in weld deposits due 
to the combined tension set up by shrinkage and 
centrifugal forces, and the exposure to the atmo- 
spheric ammonia. Though they are not associated 
with local overstraining, it seems to be appropriate 
to give a short description of them. The welded 
repairs were carried out by the foundry before the 
delivery of the casting to the turbine builder, and 
the repair was a first-class job in every respect ; but 
it was apparently necessary that rotors, repaired by 
welding to a greater depth than local overstraining 
by peening could correct, should have been given, 
in addition, a stress-relieving anneal, since their 
stresses in service were fairly close to the limit of 
safety regarding the formation of corrosion cracks. 
These cracks gradually penetrated much beyond 
the welded zone. Nearly all the cracks discussed 
above started and extended in symmetrical planes 
of the rotor. 

While the position is fairly favourable with both 
plain carbon and alloy steels where workshop pro- 
cesses are concerned, crack formation due to local 
overstraining by uneven heating is frequently found 
in the course of machinery maintenance. Brakes 
of modern design, with small-diameter discs and 
toggle-operated shoes, are especially liable to 
such deterioration. The mechanism of the crack 
formation is fairly complex. Overstraining takes 
place repeatedly, that is, it is of fatigue character. 
Atmospheric oxygen is a very effective corrosive 
agent if acting in combination with seizure; but 
it may be queried whether atmospheric nitrogen 
has much effect where seizure of ordinary carbon 
steels is concerned.* Owing to the repeated local 
overstraining of brake drums and discs, the cracks 
tend to extend gradually inwards. Such cracks 
may develop also in the heavy rotors of water 
turbines if brake shoes are applied to them. 

Another typical example is the crack formation 
in the journals of railway axles, as indicated in 
Fig. 18, herewith. This has not yet been studied 
thoroughly. No doubt, the journal suffers local 
overstraining by non-uniform heating when the 
lubrication of the bearing fails. If the journal is 
soon afterwards slightly reduced in diameter by 
turning, cracks do not develop in subsequent ser- 
vice ; and it may be expected that rolling of the 
critical surface layer (that is, the mechanical appli- 
cation of local overstraining) would have the same 
result. Apart from this, cracks often develop in 








* Technische Mitteilungen Krupp, vol.4, page 74 (1936). 
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service. The mechanism of the opening of these 
cracks is also connected with some kind of local 
corrosion. 

Finally, mention will be made of an investigation 
which revealed that the distortion of brake discs may 
cause swelling and crack formation in more or less 
remote components. When toggle-action brakes, 
operating as shown diagrammatically in Fig. 19, 
herewith, were fitted to the tramway cars of a very 
hilly city, the design was cramped owing to the 
limitation of the length of the axles. As shown in 
Fig. 20, herewith, the brake disc d was cast integ- 
rally with the spokes 6, and thus with the whole 
wheel centre, comprising the hub a, the spokes 5, 
andthe rime. The other brake disc e was supported 
from the hub a in the usual manner. After a 
moderate length of service, some spokes began to 
break, as shown by the line fin Fig. 20. The brakes 
were severely loaded, and Loth discs showed numer- 
ous cracks of the type indicated in Fig. 21. 

To account for the fracture of the spokes, the 
following reasoning is suggested. If disc d is 
severely heated, the integrally connected parts of 
the spokes share in the resulting heat expan- 
sion. The combined resistance of rim c and tyre h 
to tangential extension involves a considerable 
plastic shortening in the “free ” and thin section g 
of the spokes. While the brake disc d and the 
spokes 6 are at ambient temperatures only, the 
spokes are subjected to residual tensile stresses 
which are greatest over their thinnest section g, 
and these are superimposed on the stresses due to 
the rim load. After the assembly of tyre A and 
before such overstraining occurs, the spokes are 
subjected to residual compressive stresses, in addi- 
tion to those due to the service load. Since the 
service load is pulsating, the stresses in the over- 
strained parts g of the spokes vary between con- 
siderable tension and compression. The periodic 
application of tensile stresses to g, in combination 
with the inevitable surface defects of such castings 
and some degree of atmospheric corrosion, were 
considered responsible for the fatigue failure of the 
spokes. 

This reasoning was subsequently verified by 
experiment, in consequence of which the above 
design was replaced by the standard type, in which 
the disc d was made a separate component, mounted 
on the hub a like the disc e. The limited length of 
the axle did not prove to be an insurmountable 
obstacle. 

It would be very convenient if materials less 
liable to expansion and to subsequent crack forma- 
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tion were available. A small coefficient of expansion 
and high (creep-) yield stress at elevated tempera- 
tures appear to be the properties most to be 
desired ; but, in many cases, features are peremp- 
torily demanded of a metal that are incompatible 
with high creep-yield resistance or small thermal 
expansion. As regards the latter property, the 
lower limit of the range occupied by metals may 
hardly be regarded as small. Alternatively, trials 
with porous metals, produced by sintering, are a 
possibility. The pores may also be filled with 
solid matter having a considerably smaller thermal 
expansion than the parent metal. Graphite may 
serve in many cases. 

As a porous metal, cast iron has proved its 
ability to suppress crack formation due to local 
overstraining by uneven heating, by its use in 
foundries as a material for moulds. Cast-iron brake 
shoes also have an excellent record of resistance to 
crack formation. Cast iron, however, is probably 
not the best possible combination of ferrite, pearlite 
and graphite for this purpose ; combinations pro- 
duced by sintering, with high proportions of gra- 
phite, may offer special advantages. On account of 
the great variety of possible applications, a number 
of ferrous and non-ferrous metals and alloys deserve 
careful investigation in the porous state, nor 
should their indirect application be disregarded ; 
for instance, some lubricating effect and possible 
increased life of the rifling of gun barrels may result 
from making the contacting surfaces of the pro- 
jectiles or the driving band of graphite-bearing 
porous metal, as has been done with some bearing 
metals. 

Finally, it seems obvious that crack formation 
after several rapid drops in temperature, in random 
aggregates of metals the individual crystals of which 
are anisotropic in their thermal expansion,* is due 
to local overstraining by uniform heating developing 
in various directions and degrees in any one crystal. 
The tendency to crack formation may be expected to 
be reduced by the use of porous aggregates of such 
crystals, the pores of which might be filled with 


graphite. 





60-MW HyDROGEN-COOLED GENERATOR AT LITTLE- 
BROOK.—The first hydrogen-cooled generator to be 
installed in this country was put into service under 
normal operating conditions at the Littlebrook, Kent, 
station of the British Electricity Authority on Monday, 
October 17. This set, of which a description was given 
on page 559 of our 165th volume (1948), has a capacity 
of 60 MW and is the first of two, which have been con- 
structed by the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17. The set has 
recently been operating air-cooled until sufficient steam 
was available to take a load which would make hydrogen 
cooling economical. The second set also is now on site. 








* W. Boas and R. W. K. Honeycombe, Nature, vol. 
153, page 494 (1944). 
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PRINCIPLES OF POWER 
STATION LAYOUT. 


By F. W. Lawron, M.I.Mech.E., M.LE.E. 


NEARLY every power station engineer is familiar, 
through long association, with the academic, tech- 
nical and economic bases of design and operation, 
the calculation of heat balances and fuel and water 
problems, all these being capable of fairly accurate 
solution by subjecting the relevant data to a suitably 
constructed economic frame of reference. Site 
surveys, choice of levels, structural and architectural 
design, electrical fault discrimination and protection, 
supervisory control, all of which are of great tech- 
nical interest, can be solved in like manner. There 
are also interesting technical problems associated 
with high steam temperatures, high voltages and 
high-speed turbines, as well as an abundance of 
chemical and metallurgical investigations. Practic- 
ally all these subjects have been dealt with at length 
in technical journals and in papers read before the 
leading engineering institutions. The subject of 
layout, however, seems to have been almost entirely 
neglected, yet every power station has to have a 
layout whether accidentally or deliberately planned. 
It is only necessary to look round to discover the 
infinite variations in the layout even of similar plant 
and thus to appreciate that the subject has not 
received the serious attention that has been accorded 
to more scientific subjects. 

It may therefore be of interest to inquire if there 
are any “first principles ’’ that can be applied to 
power station layout that will stand the test of time, 
as, for example, Ohm’s law and Newton’s laws of 
motion have done in the realms of science. There 
is, it is clear, at least one law emerging from Euclid’s 
classic researches, which may be applicable to power 
station layout, i.e., “‘ A straight line is the shortest 
distance between two points.” Hitherto, the layout 
of power stations has been considered such a personal 
affair that any attempt to apply first principles 
evolved from the hard school of experience was likely 
to be hotly debated by modern designers ; whereas 
character—or lack of it—is well illustrated in the 
general layout. To an experienced power station 
engineer it is possible, by looking over a plant, 
to recognise so many characteristics of a layout that 
the consulting engineer or designer can be named 
with reasonable precision, just as easily as works 
of art by, say, Corot or Raphael, can be recognised. 
by an artist, An artist can be taught craftsmanship, 
and the laws of composition, but not how to become 
a genius. Much the same can be said of an engineer. 

Euclid’s statement that a straight line is the 
shortest distance between two points may be taken 
as @ first principle, but it will be found to be one of 
the most difficult to apply in practice. This prin- 
ciple postulates a layout of the utmost simplicity, 
directness and economy. Indeed, it will be found 
that unless the entire project is planned initially as a 
complete whole, it will be impossible generally to 
apply it. The function of a satisfactory layout is 
to enable the plant to be operated safely and econo- 
mically with the minimum personnel. The plant 
must also be arranged so that swift action can be 
taken effectively in emergency. These conditions 
again embody the principle of the simple straight 
line. Operators should not therefore be widely 
separated by distance or difference in floor levels. 

In modern power stations in which large turbine 
and boiler units are installed, as in America, there 
is a distinct tendency physically to separate the 
stokers from the turbine drivers, all personal contact, 
so valuable in emergency, being lost either owing to 
the distance or difference in operating floor levels 
or both, telephones or indicators being relied upon 
for contact in all circumstances. With a single 
boiler and turbine arrangement and no inter- 
connecting steam or feed mains, the turbine and 
boiler comprise a composite interdependent unit ; 
and a turbine plant fault may necessitate the 
immediate cessation of the steam supply. The 
closest co-operation between the turbine driver 
and stoker is therefore desirable for speedy action, 
and, since human nature has scarcely altered during 
the period of recorded history, co-operation is better 
secured by personal contact than by separate and 
remote action. 
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The author has carefully examined the relative 
costs of arranging remote or close operating positions 
for the control of the boilers and turbines in two 
different schemes, and has found that these costs 
are practically the same in these particular cases. 
In the matter of layout, as in technical considera- 
tions, the economic frame of reference is a compro- 
mise between capital and operating costs at every 
stage of development, proper regard being paid to 
safety and speed of operation. Unless these factors 
are taken into consideration in the planning stages 
and each is weighed in the balance, it is unlikely 
that a@ first-class layout will emerge. Every item 
of plant and equipment, however unimportant, 
should therefore have a place allocated to it at the 
outset ; otherwise some degree of confusion will 
almost inevitably result. 

While it is true that site levels and restrictions 
compel variations in layout, these limitations are 
rarely fatal to a reasonably good arrangement, 
particularly so far as satisfactory operation is 
concerned. A simple layout, however, although 
not spectacular, is far more difficult to arrange 
than a complicated one. A complicated arrange- 
ment can arise from a project that has evolved 
piece-mea] rather than from one that has been 
planned as a whole from the start. For simplicity 
alone, a station composed of uniform sizes of turbo- 
alternator plant and boilers both arranged on the 
unit system is ideal. The thermal characteristics of 
such a station can also be assessed with accuracy, 
and the operating results under varying conditions 
forecast with precision. 

A station of this type may be criticised by the 
economist unless all the plant is ordered at the 
same time; if, for example, some years elapse 
between the installation of the first and last 
machines, advantage cannot be taken of im- 
proved designs or better heat cycles that may have 
been evolved in the interval. From the operating 
point of view uniformity of plant design simplifies 
control, operating mistakes are less likely, and 
familiarity with one machine and one boiler means 
familiarity with all. Uniform plant should, there- 
fore, be installed throughout a particular power 
station unless there are overwhelming financial 
reasons against this course. A power station can 
be regarded as one large machine, if composed of a 
number of uniform units of plant. This seems 
particularly desirable when it is realised that no 
less than 295 separate stations are connected to the 
British Grid system and that all are centrally con- 
trolled. 

It is also possible, and is, indeed, often cheaper, 
to reduce the height of the turbine operating floor 
from the basement by providing pits for the circu- 
lating water and extraction pumps. Thus the 
turbine room operators can be saved from daily 
climbing not less than 16 ft. high stairways. The 
designer may consider this a minor point, but the 
operator would scarcely agree. Moreover, the 
distance between the turbine driver and the auxi- 
liary plant attendants on the basement level is 
reduced to a@ minimum. The maintenance of a 
uniform operating floor level in both boiler house 
and turbine room is highly desirable, and where 
this has been done it is appreciated by the operators. 

There is much in common between a suitable 
layout and economics. For example, short pipe 
lines, minimum number of valves, centralised control 
points, few but direct and well-placed stairways, all 
save capital and operating costs. Standardisation 
of slope and width of stairways is now in process, 
but the number and position of these is governed 
by the layout and cannot be standardised. A simple 
and straightforward arrangement of stairways and 
gangways is most desirable. It is quite easy to get 
lost in a labyrinth of gangways that seem to lead 
nowhere in particular; and many of which may 
turn out to be redundant in actual practice, or lead 
to a dead end which should be avoided. Before 
putting in any stairway or gangway it is therefore 
well to ask “‘Is this really necessary?” Every 
unnecessary platform has to be paid for, maintained 
and cleaned. 

The number and position of windows in the 
superstructure is another matter that seems in 
many cases to be left either to chance or to some 





esthetic whim of the architects. The cost of 





windows versus brickwork is generally negligible, 
but the more windows installed the higher will be 
the cost of cleaning and maintenance. It is therefore 
reasonable to install windows only where they are 
necessary. If this is done, it is surprising how many 
windows can be eliminated. 

Cable runs inside the stations are often left for con- 
sideration after much of the civil engineering work 
has been designed and in some cases constructed. 
Only by planning in the early stages of the project 
can @ suitable and economic arrangement be made 
and proper provision allowed, and even the smallest 
and most insignificant cables should be so considered. 
The Cinderellas of power station layouts are the 
cables, the pipework, blowdown tanks, vacuum 
plant and air compressors. Few seem to care 
what is to happen to these poor relations of the 
prime mover. Then there is, of course, the lighting, 
heating and ventilating—the poorest relation of all. 
The building has generally been erected and the 
plaster and floors finished when someone starts 
cutting it about to accommodate the internal wiring 
and auxiliary services. Then someone decides that 
an extra lavatory must be provided for the operating 
staff, and more cutting away is the result, or may 
be the oil and brick stores have been forgotten. 
All these apparently insignificant matters are 
regarded by many as subsidiary to the main tech- 
nical design. They do, however, deserve con- 
sideration in the early stages of planning project. 

An array of instruments in a power station may 
look spectacular, but they cost money to purchase 
and maintain ; and should any of them be unreliable 
or inaccurate they become a positive danger. Only 
essential instruments n for the safe and 
efficient operation of the plant should therefore be 
provided. 

If these few observations have persuaded the 
reader to pause and consider layout with fore- 
thought instead of as an afterthought, they will 
have accomplished all that was intended for them. 





LECTURES ON Som MeEcHANICS.—Four public lectures 
on “The Elements of Soil Mechanics in Theory and 
Practice ” are now being held in the Faculty of Engineer- 
ing of King’s College, Strand, London, W.C.2. The 
first was held on November 3 and the remaining three 
will be delivered by Mr. J. K. T. L. Nash, on Thursdays, 
November 10, 17 and 24. Admission is free without 
ticket. 





CoaL-WEIGHING TENDERS.—British Railways are to 
equip nine locomotive tenders with coal-weighing appa- 
ratus, as a result of successful experiments with two 
tenders of this type which were constructed by the 
former L.M.S. Railway (see ENGINEERING, vol. 164, 
page 129 (1947)). The specially-fitted tenders will not 
remain attached to the same locomotives, but will. be 
changed frequently so that all types of locomotives 
may be tested from the point of view of coal consumption 
attributable to traffic duties, lighting-up, shed duties, 
shunting, standing, etc. 





CENTENARY OF BUCHANAN-STREET STATION, GLASGOW. 
—On November 1, 1849, the Caledonian Railway 
Company’s Buchanan-street terminus at Glasgow was 
apened for traffic. At that time the station provided 
services to Coatbridge, Carstairs, Edinburgh, and 
Carlisle and the South; London was reached in 12} 
hours. The station has been extended on several 
occasions during the past 100 years, and in 1937 the 
last of the old timber roof, some of which had stood since 
1849, was replaced by a roof supported on steel girders. 





WEATHER-RESISTANT PLYWOOD.—Messrs. Venesta, 
Limited, Vintry House, Queen-street Place, London, 
E.C.4, recently have produced a laminated wood, known 
as “ Permaply,” which is stated to be impervious to 
any climatic conditions as well as the attack of white ants 
or beetles. The plywood is treated during manufacture 
so that the plies are effectively protected from moisture, 
dryness and heat, and it is claimed that this represents 
an advance over the resin-bonded type of plywood in 
which the wood plies have a shorter life than the resin 
bonding. Pieces of Permaply, subjected to rigorous 
outdoor tests over periods of up to three years, have 
remained in precisely the same condition as when they 
were new. and the material can be used without being 
painted. It is stated to absorb very little moisture 
under damp conditions and has a bard surface somewhat 
resembling that of teak, so that it is suitable for labora- 
tory bench tops and draining boards ; one of its major 





uses is as shuttering for concrete. 
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POWER TRANSMISSION IN THE 
TEXTILE INDUSTRY. 

A Woot Textile Fuel Efficiency Conference was 
held at Huddersfield on Tuesday and Wednesday, 
September 20 and 21, under the auspices of the Wool 
Textile Delegation and the Ministry of Fuel and Power. 
In the course of the proceedings a paper on electrical 
and mechanical power transmission was read by 
Mr. H. Matthews, who said that in order to deal effec- 
tively with the urgent need for an increase in output 
of textile goods it had been necessary to review existing 
conditions, both in plant layout and systems of driving 
machinery. As steam was becoming of less importance 
the responsibility for providing the necessary power 
had fallen on the electrical industry which, working in 
close co-operation with the mechanical engineers, had 
found it possible to introduce efficient systems with out- 
puts to satisfy managements with old-type machinery. 

In certain sections of the industry group driving was 
worth serious consideration, especially where a steam 
engine had to be replaced, in which case it was a simple 
matter to cut the shafting at suitable points and to 
insert motors in combination with the various mechani- 
cal drives available. Group driving also permitted 
great flexibility in machine layout, the buildings could 
be of lighter construction and in large mills individual 
sections could be operated at will according to the 
demands. Various methods of driving the line shafts 
could be used. The cheapest, most efficient, most 
silent and easiest to maintain was the V-rope. Helical 
gearing, worm gearing and geared motor drives could 
also be used ; and all had their good points. 

On the other hand, by employing individual drives on 
textile machines much gearing, shafting and belting 
could be eliminated. Lighting conditions could also be 
improved, spinning and production made more regular, 
while the economy obtainable from running only the 
particular machine required was obvious. One of the 
most difficult machines to drive individually was the 
spinning mule, owing to the violent fluctuations of 
power in each drawing cycle. Motors with special 
rotors were now, however, available, which followed 
the speed characteristics of the mule. At the com- 
mencement of the draw a peak load of 18 h.p. was 
reached, which fell to 3 h.p. when backing off. The 
speed of the mule pulleys fell by some 17 per cent. 
on peak load and for this reason the belts slipped when 
such a machine was driven from a constant-speed line 
shaft. With individual drive, on the other a. the 
motor s dro in synchronism with that of the 
mule as the bead ene can accelerated immediately 
to full speed as the load decreased. Thus belt slip 
was eliminated and the yarn was of more even quality 
throughout. A remote push-button control station 
mounted on the machine enabled the spinner to 
start, stop and “inch ” the carriage in any position. 

Spinning and hoisting frames could be driven by 
either V-belts or flat belts on existing fast and loose 
pulleys. If the former method were adopted the stan- 
dard type of motor had in some instances too high a 
starting torque, so that if the frame started with a jerk 
broken ends might result. To overcome this, a special 
motor had been designed to give a smooth accelerating 
torque, so that the frame could be started without 
snatch. A more economical method was to retain the 
fast and loose pulleys and to drive them from a flat 

alley on the motor, which was mounted on a bracket 
fixed to the frame end. In this case standard motors 
could be used. The same form of drive could be 
applied to gill boxes, roving frames and other prepara- 
tory machines, although it was often thought better to 
run these as a group. Individual drives either through 
flat belts or V-ropes, however, made a much tidier 
job. For carding and scribbling sets the choice between 
individual and group driving depended on the layout 
of the machines and the available gangway space. If 
the mules were individually driven it was easy to 
dispense with a long line shaft, and the removal of the 
bevel gears to the cross line shaft then enabled two to 
four sets to be driven as a group. 

Milling and scouring machines, while often group- 
driven, had been fitted with separate motors for a con- 
siderable time. It was very rare for all the machines 
to be on full load simultaneously, so that by using 
group driving the output of the motor could be smaller 
than the sum of the outputs of individual motors. In 
the finishing shed, on the other hand, it was unusual 
to find all the machines working at one time so that 
economies resulted from having individual motors 

In recent years a great step forward had been made 
in the application of variable-speed drives to textile 
machines with resulting improvements in quality, output 
and versatility. These drives could be classified as 
either mechanical, electrical or hydraulic, and included 
under the first heading ratchets and cone pulleys ; under 
the second direct-current motors, the Ward Leonard 
system, alternating-current slip-ring motors with 
variable rotor resistances, alternating-current com- 
mutator motors and control by electronic methods ; 
while under the third hydraulic couplings of various 
types could be employed. 
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STABILISATION OF SOFT TRACK 
FORMATION BY SAND PILING. 


THE civil engineer’s department of the Eastern 
Region, British Railways, are trying out an unusual 
method for stabilising a track formation which is 
composed of soft clay. Ths method, known as “ sand 
piling,” consists of driving a 9-in. diameter steel spud 
into the formation, withdrawing it on reaching a speci- 
fied depth, and filling the hole with rammed sand. 
A pattern of such sand piles is formed around the 
sleepers in the affected area. 

The work is being carried out on the former Great 
Central main line, at a point north of Aylesbury, 
between 42} and 43 miles from the Marylebone terminus. 
At this point on the line there is a shallow cutting, the 
maximum depth of which is 15 ft., near the site of the 
former Waddesdon Manor station. For a length of 
350 yards, the track showed the usual signs associated 
with a soft-clay formation: “ heaving” of the cesses 
and the 6-ft. way, and “ pumping” of sleepers had 
necessitated a s restriction of 50 miles an hour. 
Shear-strength tests of the clay revealed over-stressing 
under live loads at depths up to 6 ft. below the sleepers. 
A thin layer of soft oolitic limestone was found almost 
throughout the length, varying in thickness up to 9 in., 
and in depth from 3 ft. to 6 ft. below the sleepers. 
Below this rock, the Kimeridge clay was unweathered 
and firm. Complete excavation of the soft clay 
down to rock level and replacement by sand were 
considered, but rejected as too costly. It was decided 
to treat half the length by sand piling only, while 
the track was left in position; the other half is being 
excavated to 2 ft. 6 in. below rail level, then filled 
with a layer of sand 1 ft. thick, followed by new slag 
ballast, and finally by sand piling with the track in 
position. The track is afterwards lifted 6 in. above its 
original level, and the new formation and sand layer 
have a crossfall of 1 ft. from cess to cess. 

Various patterns of piling are being tried out; the 
densest pattern has seven piles per sleeper—five between 
each adjacent pair of sleepers and one at each end. 
A pattern of four piles in every alternate sleeper space 
was found to be unsatisfactory and was superseded by 
four piles in every sleeper space. The spud is driven 
to a depth of 5 ft. or to the rock layer, whichever is the 
lesser. By Saturday, October 8, when work com- 
menced, plant had been assembled at the site and on a 
temporary siding. A wide space on the up side greatly 
facilitated the marshalling of the plant; it was also 
used for dumping the spoil from the excavated length. 
Possession of both lines was arranged on four Sundays, 
for 20 hours each, commencing at 10 p.m. on October 8. 
The contractors worked two shifts. Main-line trains 
were diverted via Princes Risborough. On the first 
two Sundays, the track on the length to be excavated 
was removed by a 10-ton steam crane and stacked on 
wagons. Excavation was then carried out, using two 
No. 19 R.B. dragline excavators and two “D4” 
bulldozers. Subsequently, sand which had _ been 
unloaded during the previous fortnight from lorries, 
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on to the down-side slope of the cutting, was bulldozed 
into position. A ‘“ D7” bulldozer was used on the up 
side to spread the spoil, to assist in spreading sand, and 
to spread a 6-in. layer of ballast. 

At the same time, work on the length to be treated by 
sand piling only was started. One 3-ton and three 
5-ton steam cranes were rigged with fixed leaders and 
No. 5 McKiernan-Terry steam hammers, to each of 
which was attached a 9-in. diameter tubular-steel spud 
8 ft. long. The accompanying illustration shows 
two of the hammers in use. The best average rate of 
piling throughout 16 hours so far obtained is 20 piles per 
hour for each crane, but rates of over 30 per hour 
have been attained. As was expected, the track 
heaved as the work proceeded, the average rise being 
2in. The rock layer was encountered at depths varying 
from 3 ft. to 5 ft., and was missing altogether in some 
places. The drainage system will be renewed in the 
ordinary way during weekdays, using precast concrete 
channel drains. The work is being carried out by 
Messrs. W. and C. French, Limited, Buckhurst Hill, 
Essex, under the supervision of Mr. J. I. Campbell, 





M.I.C.E., civil engineer, Eastern Region, British 
Railways. 
THE Roores Group TRAINING SCHEMES.—The 


Manufacturing Division of the Rootes Group, Devonshire 
House, Piccadilly, London, W.1, have issued an illustrated 
brochure describing their training schemes for boys 
leaving school. Training facilities are offered in the 
production of motor-cars and commercial vehicles, and in 
coachbuilding. There are two categories of training-— 

pupilage and apprenticeship. All students start in the 
Pupil and Apprentice School at Coventry, and most of 
them return to the school during their training for 
individual advanced instruction. 





RAILWAY CROSSINGS AT NEWCASTLE.—The complicated 
layout of crossings at the east end of Newcastle Central 
Station was renewed during the first four consecutive 
Sundays in October, the work involving the disconnecting 
and replacement of 25 track circuits, and the temporary 
diversion of some rail traffic. To reduce maintenance 
costs at this busy centre, rails of manganese cast steel 
were used ,as for the three previous renewals in 1912, 
1924 and 1938. Crossing check rails and wings were 
incorporated in the castings and the flangeways were 
ramped to raise gradually the bottom of the grooves 
at each side of the intersections so as to minimise hammer- 
ing and subsequent battering of the crossing noses. The 
steel used weighed over 70 tons and comprised 93 castings 
which were laid on 2-in. thick oak packing on supporting 
timber beams in line with the rails. The beams were 
bedded in fine tar macadam covering a thick layer of 
consolidated stone ballast and the whole of the steelwork 
was first assembled for inspection at the manufacturer’s 
lay-out ground. Mild steel inserts at each side of the 
various joints facilitated the final fixing of track circuit 
and traction bonds. 
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PROPERTIES OF ENGINEERING 
MATERIALS.* 


By Proressor GriBert Cook, D.Sc., F.R.S. 


(Concluded from page 444.) 


Tue theory of elasticity, based on the validity of 
Hooke’s Law, has given a complete and exact soluton 
of certain practical problems of stress distribution, 
fully confirmed by experiment on materials obeying 
that law, as many do within close limits. It has n 
the foundation of all calculations of strength and load- 
bearing capacity. Modified and adapted in various 
ways, often accompanied by assumptions brought in 
to make a calculation possible, there has, nevertheless, 
always been a feeling of confidence in the actual 
existence of the simple linear stress-strain relationship 
from which the method springs. So far as the purely 
mathematical treatment is concerned, no other postu- 
late is required apart from this Law and the simple 
fact of continuity. Even so, the ra of problems 
for which it has been possible to obtain complete solu- 
tions. 

In constructing a mathematical theory of plastic 
deformation, there is no foundation that has anything 
like the security and simplicity of Hooke’s Law; but 
the analytical treatment is attracting in increasing 
degree the interest of mathematicians and to an 
extent that seems likely to rival that of classical 
elasticity. For the engineer, what is most needed is 
experimental knowledge of the behaviour of actual 
forms of construction under t-elastic conditions. 
It has been found, for example, in connection with 
the strength of gun tubes, that the deformation can 
be predicted with considerable accuracy by making 
a few simplifying assumptions regarding the stress 
distribution in the over-strained regions. In the field 
of structural engineering, the investigations carried 
out by Professor J. F. Baker and his colleagues into the 
stability of rigidly jointed frames, loaded beyond the 
elastic limit, may well lead to radical changes in 
methods of structural design. Much is now known 
about the creep of metals under simple stress condi- 
tions, but when we pass to states of compound stress, 
our knowledge is little more than rudimentary. This 
is the main problem of creep at the present time, and 
the determination of the laws relating the character 
of the deformation to the stress system applied and 
the temperature is of vital concern in matters of design 
for high-temperature conditions. The difficulties 
confronting the inquirer in this field are very great, 
for there seems to be little evidence of the existence 
of any simple laws governing the process. 

While some of the fundamental problems of deforma- 
tion and flow are not yet fully solved, those relating to 
fracture are much less understood. In normally brittle 
materials, such as ordinary cast iron, we think of 
fracture taking place when the tensile stress reaches a 
certain limit. The type of fracture I am referring to 
here is that of simple separation, and not that involving 
shear, which is associated with crushing. It seems 
natural to imagine that, to cause two parts of a test 
bar to separate, a pull will be required along the axis ; 
and, since cohesion is due to molecular attractions, 
which we assume to be statistically uniform, we feel 
justified in regarding a constant value of the tensile 
stress as the criterion for such fracture. Little experi- 
mental work, however, has been done to confirm this 
conjecture. There are serious difficulties in carrying 
out accurate strength tests on brittle materials; but 
that the problem is not by any means as simple as this 
argument might suggest has been demonstrated by the 
remarkable experiments carried out by Professor P. W. 
Bridgman. He has shown that it is possible to 
produce clear and undoubted tensile fractures in 
cylindrical specimens of brittle materials of many 
kinds, although they are exposed only to hydrostatic 
pressure on the sides and compressive forces on the 
ends. Assuming perfect continuity of the material, 
the stresses set up could only be compressive through- 
out. That a tensile fracture could occur was at 
variance with what appeared to be common sense, 
and the results were received with some incredulity. 
It may be observed, however, that, although the 
loading was compressive in all directions, this would 
not be true for the strains; and, in fact, it was shown 
that extension must have taken place along the axis, 
in which direction the compressive stress was least, by 
virtue of Poisson’s ratio. Fracture might therefore be 
thought to occur when a limiting value of such strain 
was reached. This would imply an acceptance of an 
“extension” theory of fracture, reviving the old 
controversy, but would at least be intellectually con- 
ceivable. It is, in all probability, entirely wrong, for 
it has been pointed out that the basic assumption of 
continuity, from which it was inferred that no tensile 





* Presidential address to the Institution of Engineers 
and Shipbuilders in Scotland, delivered in Glasgow on 
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stress could exist, was unwarranted ; that in all these 
brittle materials minute flaws and fissures known as 
“* Griffith cracks ” invariably exist, and the admission 
of fluid pressure to even one of these small surface 
cracks would set up at the root a tensile stress in an 
extremely high degree of concentration, over-balancing 
entirely, so to speak, the general compressive stresses 
set up by the surface actions. The argument is 
poe A and, qualitatively at least, is satisfying, 
though it is probably impossible to reach confirmation 
by actual measurement. 

The physical interest of the fracture of normally 
brittle materials is greater than its engineering import- 
ance, for such materials are rarely employed under 
conditions in which factors of safety are sus to 
be low. Of much greater concern to the engineer is 
the occurrence of brittle fracture in normally ductile 
metals. Its importance has been greatly intensified 
in association with the development of welding in 
large structures. Faced with a problem of this nature, 
the line of attack naturally chosen by the engineer is 
to devise tests that will simulate as nearly as possible 
the conditions that are believed to exist. Thus, where 
fluctuating stresses are set up by the loading, fatigue 
tests under similar fluctuating stress will determine the 
ability of the material to sustain them. Impact tests 
of various kinds have been develo for the same 
reason, to determine the liability to fracture by shock. 
Behind the procedure is the hope of some measurement 
that will be directly applicable to design. 

The physicist, on the other hand, has been accus- 
tomed to trace back the behaviour of material in 
the mass to that of the ultimate particles of which 
it is composed, and it is natural, therefore, that he 
should regard the process both of deformation and 
fracture in metals as related directly to molecular 
mechanics. It must, indeed, be recognised that the 
ultimate source of all mechanical properties resides in 
the molecular structure, every advance in knowledge 
of which should contribute to their understanding. In 
the study of crystalline slip to which plastic deforma- 
tion is due, the contribution has been most striking. 
The idea, for example, of dislocations within the crystal 
lattice, and the manner of propagation worked out 
mathematically by Sir Geoffrey Taylor, shed much light 
on the hitherto unexplained mechanism of slip. The 
confirmation of this theory by the extremely beautiful 
technique devised by Sir Lawrence Bragg, whereby 
crystal structure, its formation, and deformation have 
been simulated on a large and visible scale by means 
of aggregations of small bubbles of uniform size, must 
rank as one of the most striking demonstrations in 
physical science of recent times. 

No problem related to the strength of materials 
has been studied more thoroughly or investigated by 
experiment more extensively than that of fracture by 
fatigue. Much is therefore known about the conditions 
leading to this type of fracture, its relationship to the 
magnitude of the stress and number of cycles applied, 
the effect of stress concentration, of the surroundings 
in relation to corrosion, of temperature and of various 
kinds of treatment, mechanical or thermal, to which 
the material has previously been subjected. The 
structural changes that accompany the onset of 
fatigue have also been examined by X-ray methods. 
All this knowledge, however, has been obtained in 
the laboratory, using small specimens, and the data 
furnished by the tests have been regarded, naturally, 
as characteristics of the material that could be used 
with confidence wherever the material might be 
employed. It has been found that such confidence 
may not be fully justified and that limiting stress 
ranges leading to fracture may diminish substantially 
as the size is increased, giving rise to some doubt 
regarding the reliability of the ordinary small-scale 
fatigue test. Investigations are now in progress, 
employing machines capable of applying stresses in the 
fatigue range to large specimens in an endeavour to 
study and measure this effect. 

The influence of size on some of the strength properties 
of metals is one of the most interesting and important 
subjects still awaiting explanation. Its importance is 
manifest, for it bears directly on the fundamental 
principle underlying all testing procedure. The prin- 
ciple of similarity enables us to assert that, in bodies of 
similar geometrical form, the effect of external loads 
conforming to that principle is to produce stresses 
of the same magnitude at corresponding points, and, 
in particular, the same value of the maximum stress. 
For example, the stresses set up in a thick-walled 
vessel by an internal pressure of given intensity are 
quite independent of the size so long as geometrical 
similarity, in this case represented by a fixed ratio of 
bore to outside diameter, is maintained. Very careful 
measurements of the elastic deformation of such vessels 
have provided no evidence whatever for questioning 
this conclusion. Quite apart from our ability to 
calculate the stresses in this particular case, we can 
invoke the principle of similarity to assert that in such 
similar tubes, whatever their size, the maximum stress 
is the same for the same internal pressure. We might 





feel justified, therefore, in predicting that the pressure 
required to cause permanent deformation would be the 
same, whatever the size; but we find that this is not 
true in the case of mild steel, a very appreciable 
increase being found as the size is reduced. The 
ordinary tensile test, carried out with special care on 
specimens precisely similar in shape but of different 
oosdan: has shown no size effect whatever and it 
must be concluded that the conditions promoting 
failure are different when the stress is not homo- 
geneous. Since this observation was made, further 
evidence has accumulated to confirm the deduction 
that the critical stress value or function existing when 
failure occurs depends in some way on the amount of 
material exposed to a stress varying little from the 
maximum. In fatigue also, the size effect appears to 
be associated only with non-unifcrm stress distributions, 
such as occur in bending, and in stress concentrations 
due to discontinuities in shape. 

A size effect of a very striking kind, and of great 
importance in its consequences, is observed in the 
fracture of notched bars by bending. Some years ago, 
an interesting series of experiments on this subject 
was carried out by the late Professor B. P. Haigh, at 
the Royal Naval College, Greenwich. The results do 
not seem to have provoked the discussion which their 
importance justified, nor does their implication seem 
yet to have been fully realised. Briefly, the experi- 
ments consisted in the slow bending to fracture of 
notched specimens of Izod profile and proportions, 
ranging in size from the standard specimen to one ten 
times the linear dimensions. The tests were carried out 
with the most scrupulous care to maintain geometrical 
similarity in the form of the specimens, and in the 
arrangements for supporting and loading them. 
Special precautions were taken to secure uniformity 
in the esis from which the largest specimen was 
machined, and, to avoid any variability in material, the 
smaller specimens were cut from the unbroken and 
unstrained parts of the large one. The only known 
variable was size. It is important to notice that the 
test was a static one, no complications being introduced 
from uncertain factors associated with the dynamics of 


impact. 

To quote the words of Professor Haigh himself: “‘ It 
was found that the standard 10-mm. sample broke in the 
ductile manner that might be expected in a mild steel 
of toughened quality, bending through a large angle, 
before it eventually tore apart in the characteristic 
horned form of fracture. The larger pieces broke 
in more brittle manners, cracking suddenly after bend- 
ing through angles that were smaller in the larger 
than in the smaller sizes. The largest sample bent 
through only a very small angle before it cracked 
violently in a manner that revealed extreme brittleness, 
that has been surpassed in structural steels only when 
still larger pieces have been broken in subsequent studies 
. -. The practical observation confirmed by this 
investigation and equally by further tests in other 
samples is of far-reaching importance. Large notched 
bars are necessarily brittle, even at ordinary tempera- 
tures, no matter how toughly ductile the metal may 
appear when tested in standard small-sized pieces.” 

There is no record, as far as I am aware, that Professor 
Haigh discussed the physical aspects of the problem 
raised by this experiment. The law of similarity would 
predict that the deformation, as measured by the angle 
of bend, would be the same under corresponding 
loads, whether that deformation was due to elastic or 
to plastic strain. This was confirmed by the measure- 
ments of load and deflection up to the point when 
separation began, and it is justifiable to infer that, at 
any given angle of bend, the strains, and the stresses at 
corresponding points, would be the same. There was 
strong evidence from the diagrams obtained that 
“tearing” at the bottom of the notch began in all 
cases at approximately the same stage in the deforma- 
tion, indicating that this form of separation was 
directly related to the amount of plastic strain, and 
offered no challenge to the principle of similarity. 

It was in the behaviour following the initial separa- 
tion that size played so decisive a part. Why, when the 
dimensions are large, whould a small ductile crack 
suddenly followed, on further loading, by a completely 
brittle fracture, whereas, in a small piece of the same 
material under precisely similar action, 3uch brittleness 
is entirely absent? A satisfying answer has not yet 
appeared, though we should not regard this as throwing 
any doubt on the validity of the principle of similarity. 
Deductions from the principle can only be made with 
complete confidence when the conditions of similarity 
are satisfied in all respects. In this case, the require- 
ment that all linear dimensions must be in the same 
ratio is clearly not satisfied by the shape of the apex of 
the initial “‘ tear” or crack. The question may be one 
of stability, depending on the relationship between the 
elastic energy in the neighbourhood of the notch and 
the dimensions of the crack; but, while a size effect 
might be predicted on this basis, it would still leave 
unexplained the greater readiness with which a ductile 
tear passes into a brittle fracture as the size increases. 
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NEW IRON FOUNDRY FOR MESSRS. 
RANSOMES SIMS AND JEFFERIES. 


WHEN Messrs. Ransomes Sims and Jefferies, Limited, 
Orwell Works, Ipswich, decided to erect a new and 
modern iron foundry, much thought was given, in 
choosing the site, to road and rail transport facilities, 
the accessibility of raw materials in relation to pro- 
cesses, the availability of man-power, and other matters 
of a like nature. The site eventually chosen, which is 
in an industrial development area at Nacton, on the 
Ipswich borough boundary, is a most suitable one; 
it adjoins a main road, the railway is near by, and there 
is ample land for expansion. An aerial view of the 
foundry is shown in Fig. 1, herewith. The buildings 
occupy an area of 130,000 sq. ft., and comprise wood 
and metal pattern making shops, a core shop, a general 
iron foundry, a foundry for turning out plough shares 
and other chilled-iron casti for agricultural 
implements, a — house, storage bins for raw 
materials, and railway sidings. As will be seen in 
Fig. 1, the latter extend the whole length of the foundry 
frontage. Alongside the sidings are the storage bins, 
and adjoining these is the — house containing 
eight cupolas in two groups of four, one group serving 
the general foundry and the other the share foundry. 
The stacks of the eight cupolas may be seen pro- 
truding from the cupola-house roof on the right in 
Fig. 1. 

Extending beyond the cupola house are the share 
and general foundries; these are the long white 
buildings fitted with cowls or roof ventilators and 
extending from right to left across Fig. 1. The three 
longer bays in the upper part of the illustration consti- 
tute the general foundry, and the four shorter bays 
adjoining them the share foundry. Connecting the 
two foundries is a central bay housing knock-out 
stations and sand-preparation and other plants. The 
four-bay structure towards the left in Fig. 1, extending 
at right angles to the foundry buildings, consists of the 
patternmaking and core shops, while below these, and 
in line with the foundry buildings, are the pattern and 
mould stores. On the extreme left of the factory, in 
Fig. 1, is the “ amenities” block, housing canteens, 
kitchens, a first-aid department, and shower baths and 
wash places for the use of the 300 persons employed 
on the premises. A concrete approach road, runni 
towards the upper left-hand corner in Fig. 1, has been 
constructed by the firm to link the new factory with a 
main road leading into Ipswich. 

The general layout of the Nacton foundry having 
been indicated, the sequence of operations and the 
rincipal shops may now be described in greater detail. 
ncoming goods wagons containing the raw materials 
for the foundry are hauled along the railway siding 
by a 44/48-h.p. Diesel shunting locomotive, supplied 
by Messrs. Ruston and Hornsby, Limited, Lincoln. 
This is fitted with a constant-mesh forward and reverse 
gearbox, giving the locomotive speeds of 3, 44 and 
7 miles an hour, and a maximum haulage capacity of 
175 tons. The wagons on entering the foundry yard 
pass, without being uncoupled, over a 60-30 ton 
weighbridge installed by Messrs. Samuel Denison and 
Son, Limited, Leeds. The shunting locomotive then 
hauls the wagons under a 3-ton electric crane run- 
ning on a gantry 200 ft. in length, 20 ft. in height, 
and having a span of 45 ft. The crane is equipped 
with an electric magnet for unloading pig iron and 
steel scrap, which are discharged into bins at the side 
of the track. For sand and limestone, a grab is substi- 
tuted. Sand is deposited, through flap doors, into 
a large brick-built store. The limestone is placed 
in bins, coke is stacked by a portable conveyor, and 
ganister is shovelled directly into a covered bin. 

Raw materials for melting are taken from the 
storage bins into the adjoining cupola house in rect- 
angular containers specially designed for conveyance 
by elevating trucks and termed “‘ stillages” ; some of 
these are mounted on four rubber-tyred wheels. The 
stillages are picked up and carried by 2-ton electric 
elevating trucks of the firm’s own make and, on 
arrival at the cupola house, the materials are weighed 
and hoisted, while remaining in the stillages, to the 
cupola charging stage, 16 ft. above ground level. This 
is accomplished by means of a 2-ton Aabacas electric 
hoist. A runway serves the full length of the cupola 
charging stage and this enables the stillages to be 
lowered adjacent to any one of the eight cupolas. 
Sand is also conveyed to the various departments of 
the foundry by electric trucks, with the exception of 
the core shop, which has storage bins, filled directly 
from motor lorries. 

The cupolas, four of which are shown in Fig. 2, on 
page 478, have been built and installed by Messrs. 
E. A. Roper and Company, Keighley. They are hand- 
charged and, of the four furnishing metal for the 
chilled-iron share foundry, two have internal diameters 
of 4 ft., and an output of 2} tons an hour, and two an 
internal diameter of 4} ft. and an output of 3 tons an 
hour. Each cupola is in use on alternate days, that is to 
say, two cupolas out of the group of four are in service 
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on one day and the other two are in use on the subse- 
quent day. The same rule applies to the cupolas 
supplying metal to the general iron foundry. In this 
case also two of the cupolas have an internal diameter 


ing | of 4 ft., but the other two have an internal diameter 


of 5 ft., and have a correspondingly higher output than 
the 4} ft. cupolas of the share foundry. Of the two 
general iron-foundry cupolas in daily service, one 
produces grey iron and the other is used for making 
high-duty 22-ton tensile iron or white iron. This 
enables the general foundry to produce castings having | 
a wide variety of composition and depth of chill. 

Cores for the plough shares and other castings are 
made in a well-designed shop, one bay of which is 
shown in Fig. 3, on page 478. This shop is staffed 
mainly by girls, and a large percentage of the cores 
are produced in pneumatic squeezing machines, 
designed and manufactured by the firm. Down the 
centre of the bay, as seen in Fig. 3, is a steel band 
conveyer, 93 ft. in length and 2 ft. wide, running at a 
speed of 6 ft. per minute and driven by a }-h.p. motor. 
It has been supplied by the Steel Band Conveyor and 
Engineering Company, Limited, Birmingham. The 
completed cores, produced at the rate of 480 an hour 
per machine, are placed on the conveyor and taken 
direct to gas-fired continuous core-drying stoves in an 
adjoining shop. These stoves were supplied by the 
Foundry and Engineering Company (West Bromwich), 
Limited, and are of their “Acme” type, thermo- 
statically controlled. The smaller cores are given a 
heating cycle of one hour and the larger cores a 14-hour 
cycle. 

As previously stated, the general foundry consists of 
three bays. These comprise a mechanised bay, 
a bay for medium-sized jobbing castings, and a heavy 
bay for the manufacture of castings weighing up to 
30 cwt. The latter is fitted with two 5-ton electric 
overhead travelling cranes. Each bay has a span of 
45 ft. and a length of 275 ft. The mechanised bay, 
a view of which is given in Fig. 4, on page 478, contains 
four pairs of U-shaped roller conveyors, on which 
the moulding boxes are placed side by side when ready ; 
each pair of U-conveyors has a casting or pouring 
station and a knock-out. As shown in Fig. 4, molten 
metal is brought direct from the cupolas in ladles 
suspended from a 5-cwt. runway. Four different 
types of moulding machines, all of them arranged in 
pairs, serve the mechanised bay. They comprise 
two Pneulec-Herman pneumatic machines, two jolt- 
squeezing machines made by the British Moulding 
Machine Company, Limited, Faversham, three pairs 
of Colman squeezing machines, and two special 
machines of the jolt-strip type of Messrs. Ransomes’ 
own design and manufacture, used for the production 
of lawn-mower rollers. In addition, two large Pneulec 
roll-over machines, complete with overhead sand 
hoppers, are being installed. Used sand from each 
of the four knock-out stations is taken by an under- 








ground trough-belt conveyor, passed under an electro- 
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magnet for the removal of any remaining pieces of 
iron and thence into a sand-reccnditioning plant. 
From this the sand is taken, again by belt conveyor, 
to eight 4-ton hoppers, which supply the moulding 
machines. From the four knock-out stations the 
castings are conveyed in stillages to the foundry 
fettling shop, where cleaning is carried out in rumblers 
or in Wizard barrel-type shot-blasting machines, 
supplied by the Constructional Engineering Company, 
Limited. A third alternative is to clean the castings 
in a rotary-table shot-blasting machine, which incor- 
porates a slowly-rotating horizontal turntable on 
which the castings are arranged for treatment. Larger 
castings, produced in hand-made moulds in the other 
bays of the general foundry are fettled in a Tilghman 
sand-blasting room. 

The share foundry, a general view of which is shown 
in Fig. 5, on page 478, consists of four bays, each of 
45 ft. span and 150 ft. in length. In this foundry the 
moulds are produced on pneumatic squeezing machines, 
designed and manufactured by Messrs. Ransomes. A 
row cf the iron chills used in the moulds for pro- 
ducing share castings is seen in the foreground in 
Fig. 5. The moulds when completed are placed 
side by side on the lateral casting racks shown in Fig. 5 
and metal from the cupolas at the end of the building, 
on the extreme left in the illustration, is brought to- 
the rack in a ladle suspended from the 5-cwt. runway 
shown. The shares are batch-cast, the general average 
being 35 castings per batch. The metal mixture is 
tested before pouring. A sample test-piece is cast, 
quenched and broken, and the depth of chill judged 
by the fracture. An average of 280 of these tests is 
made every day. The rough chilled castings, after 
knocking out, are placed in stillages and conveyed 
to the share fettling shop by 2-ton electric elevating 
trucks. The method of continuous pouring and 
fettling ensures that all castings made each day are 
_ counted, inspected and gauged on that same 

y. 

The points of shares and similar implements are 
subject to fairly rapid wear in service, the rate depend- 
ing, of course, on the type of soil encountered ; hence: 
the importance of correct gauging to enable a worn 
part to be easily and quickly renewed during tilling 
operations in the field. After fettling, the castings 
from both the general and the share foundries are 
taken on stillages by electric trucks to the dispatch 
bay, a covered yard 125 ft. in length, seen projecting 
from the main foundry building on the upper left-hand 
side in Fig. 1. Here the stillages are hoisted by a 
3-ton crane into Scammell mechanical-horse trailers, 
which convey the castings to the firm’s Orwell Works. 

The water supply for the whole foundry is obtained 
from an artesian borehole 310 ft. deep, constructed’ 
by Messrs. J. J. Gosling and Company, Ipswich. A 
Sumo submersible automatically-controlled pump, 
capable of delivering 5,000 gallons an hour, has beem 
installed and a 4-in. ring main supplies the factory. 
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2-8-2 LOCOMOTIVE FOR 2-FT. GAUGE RAILWAY. 


HUNSLET ENGINE COMPANY, LIMITED, LEEDS. 
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2-FT. GAUGE LOCOMOTIVE FOR 
SOUTH AFRICA. 


Tue photograph and drawing which are reproduced 
in Figs. 1 and 2, on this page, show an interesting 2-8-2 
locomotive for the 2-ft. gauge railway of the Eastern 
Provinces Cement Company, South Africa, which has 
been built by the Hunslet Engine Company, Limited, 
Leeds, 10. The makers point out that the design of 
locomotives of appreciable power to run on tracks of 
such a narrow gauge is difficult, and on the 2-ft. gauge 
system of the South African Railways has led to the 
use of articulated locomotives; in the present case, how- 
ever, a 2-8-2 locomotive has been designed which has 
a tractive effort of 15,200 lb. at 85 per cent. boiler 
— although the axle loading is limited to 6} tons. 

t is intended for limestone traffic, hauling 400-ton 
trains on the level and controlling them down 1-in-50 
grades. Curves of 230-ft. radius are to be traversed 
at low speed, with the gauge of the curves widened by 
4 in. to § in. There are also grades of 1 in 45 to 1 
in 50 combined with a double reverse curve, and 
the locomotive has to be suitable for climbing in 
reverse or forward gear, without, of course, the inner 








firebox crown being uncovered by water and without 
priming. In some places on the line, when hauling a 
maximum load, the train is on three curves simul- 
taneously. The rigid wheelbase of the locomotive is 
9 ft. 9 in.; the total wheelbase of engine and tender 
is 39 ft. 4§ in., and the total length over buffers is 
46 ft. 3g in. The total weight on the coupled wheels 
is 24 tons, and the ratio of adhesive weight to tractive 
effort is 4 : 1 (based on the tractive effort at 75 per cent. 
boiler pressure—13,420 Ib.). 

To ease the movement of the locomotive on curves, 
the tyres on the intermediate coupled wheels are made 
thinner than the South African Railways standard 
for 2-ft. gauge. The rails on which the locomotive will 
run weigh only 35 lb. per yard—hence the limitation 
of 64 tons on each axle. Steam brakes are used on the 
locomotive, and vacuum brakes on the wagons, and 
owing to the danger of line-side fires, the boiler and 
cylinders had to be large enough for adequate power 
to be maintained without a high firing rate. Soft coal 
is normally used, and a spark arrester has been fitted. 

Because of exceptionally poor water, particular 
attention was given to the design of the boiler. There 
are three blow-off cocks, a large manhole in the 
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bottom of the boiler barrel, and many hand-holes and 
wash-out plugs. The working pressure is 180 lb. per 
square inch. Water is delivered through a top-feed, 
and the inner Belpaire firebox is of copper. The 
grate, 4 ft. 5 in. long and 3 ft. 5} in. wide, is provided 
with a simple arrangement of rocking bars ; its area is 
15-5 sq. ft. The boiler is fitted with 138 steel smoke 
tubes, 1$ in. in outside diameter, which provide a 
heating surface of 886 sq. ft.; the firebox heating 
surface is 64-5 sq. ft. Balanced flat slide valves 
above the cylinders are actuated by Walschaerts valve 
gear, which gives a full forward-gear travel of 3§ in. 
and a maximum cut-off of 80 per cent. Valve lap is 
} in., and the slip of the die-block in full gear is only 

in. The cylinders are 13} in. in diameter, with a 
piston stroke of 18 in. The wheels are placed inside 1-in. 
plate frames, and are driven by coupling and connect- 
ing rods through fly-cranks. The principal dimensions 
are shown in Fig. 2, except that the overall width is 
7 ft. The weights, empty and in working order, 
respectively, are 30 tons 6 cwt. and 34 tons for the 
engine, and 9 tons 13 cwt. and 24 tons 10 cwt. for the 
tender. The fuel capacity is 6 tons, and the water 
capacity 2,000 gallons. 
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BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 

Glossary of Terms for Timber, Plywood and Joinery.— 
A revision of B.S. No. 565-1938 covering “ Terms and 
Definitions Applicable to Hardwoods and Softwoods ” 
has now been issued. The title of the 1949 edition 
has been amended to “ Glossary of Terms Applicable 
to Timber, Plywood and Joinery ” to indicate precisely 
the field covered by the publication. This field is 
substantially the same as that of the 1938 edition, but 
every term has been examined and revised where 
necessary. Many additional terms have been included 
with a view to improving the usefulness of the gl 
A short list of abbreviations commonly used in the 
timber trade and in specifications has been added in 
the form of an appendix. Attention is drawn to the 
fact that alternative terms in general use are printed 
in brackets, after the relevant definition, in the glossary, 
and these terms are also included in the index. The 
compilers of the glossary hope, however, that these 
terms will gradually fall into disuse in favour of the 
recommended standard terms. [Price 5s., postage 
included. ] 

Acceptance Tests for Compressors and Exhausters—A 
new specification, B.S. No. 1571, covering acceptance 
tests for positive-displacement compressors and ex- 
hausters, has been issued for the purpose of specifying 
the conditions under which guarantees given by manu- 
facturers shall be verified. It is pointed out that such 
tests will be , in general, to verify guarantees 
given for output or capacity, power consumption and 
speed. Deviations of the test conditions from the 

tee conditions within which the tests are applic- 
able are noted in the publication and guidance on 
and temperature measurement is given. A 
recommended form of test report is also included, 
together with diagrammatic arrangements of the test 
layouts for the four types of machines covered. The 
specification is to be followed by another which will 
deal with acceptance tests for aerodynamic or turbo- 
type compressors and exhausters. [Price 2s. 6d., 
postage included.] 





CONTRACTS. 


Messrs. RUSSELL NEWBERY AND COMPANY, LIMITED, 
Dagenham; Essex, have obtained from the Ministry of 
Supply a contract for 50-kW Diesel-electric alternator 
sets incorporating their type “‘ E 6 ” engine. 

"The Admiralty have made arrangements to take 22 
Reserve-Fleet ships in hand for refitting by contract. 
These include tbree destroyers to be dealt with, respec- 
tively, on the Clyde, at Southampton and on the Tyne; 
three frigates, one to be refitted at Liverpool, the second 
in London, and the third in South Wales; six corvettes, 
three of which will be refitted at Liverpool, two in South 
Wales and one on the Tyne ; three boom defence vessels 
to be put in hand in South Wales; three minesweepers 
to be refitted, the first at Southampton, and the second 
and third in London; a trawler to be dealt with at 
Southampton and three minelayers, one to be refitted in 
London and two others in Lowestoft. 


The British Electricity Authority, Great Portland- 
street, London, W.1, have placed contracts for generating 
station, switching and transforming station and trans- 
mission equipment, during the past month, amounting, 
in the aggregate, to 1,445,9401. These include prelimin- 
ary civil-engineering works at Roosecote Marsh power 
station, Barrow, with J. GERRARD AND Sons, LIMITED ; 
66-kV main switchgear for Deptford East station, and 
3-3-kV and 415-V switchgear for Plymouth “ B ” station 
with the METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
LimITeD ;_ grit-arresting plant for Brimsdown “B” 
station with PRaT-DANIEL (STANMORE), LIMITED; and 
66-kV and auxiliary cables for Bankside station with 
BRITISH INSULATED CALLENDER’S CABLES, LIMITED. 





THE INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—The next examinations for the graduate- 
ship and associate-membership of the Institution of 
Heating and Ventilating Engineers will be held in London 
and the provinces on Saturday, April 22, 1950. We 
have been requested to state that new applicants must 
submit a completed proposal form for membership by 
December 31, 1949, if they wish to be considered for the 
1950 examinations. Applicants who have been accepted 
as examination candidates must submit an examination 
application form before February 28, 1950, or, in the 
case of overseas candidates, January 31, 1950. Further 
particulars regarding the examinations may be obtained 
on application to the secretary of the Institution. 75, 
Eaton-place, London, S.W.1. 





BOOKS RECEIVED. 


Machine Shop Theory and Practice. By ALBERT M. 
WaGENER and HaRLAN R. ARTHUR. D. Van Nostrand 
Company, Incorporated, 250, Fourth-avenue, New 
York 3, U.S.A. [Price 2-80 dols.] Macmillan and 
Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 21s. net.] 

Die Geschichte der Bauingenieurkunst. Ein Obderblick 
von der Antike bis in die Neuzeit. By HANs STRAUB. 
Verlag Birkhauser, Elisabethenstrasse 15, Basle, 
Switzerland. [Price 22-50 Swiss francs.) 

Steamers of the Thames and Medway. By FRANK BuRTT. 
Richard Tilling, 106, Great Dover-street, London, 
S.E.1. [Price 12s. 6d.] 

University of London. University College. Calendar. 
Session 1949 to 1950. The Secretary, University 
College, Gower-street, London, W.C.1. [Price 8s. 6d., 
post free.] 

Municipality of Singapore. Electricity Department. 
1948. Annual Report. The Municipal Electrical 
Engineer, Municipal Office, Singapore. 

Department of Scientific and Industrial Research. Road 

Research. Road Note No. 6. Damage to Roads 
Caused by the Drought of 1947. 
Office, Kingsway, London, W.C.2. [Price 9d. net.} 

The Maritime History of Russia. 1848-1948. By 
MaIRIN MITCHELL. Sidgwick and Jackson, Limited, 
44, Museum-street, London, W.C.1. [Price 31s. 6d. 
net.) 

Ministry of Supply. Report of the Committee for Stan- 
dardization of Engineering Products. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 9d. net.] 

Ministry of Education. Science Museum. Aeronautics. 
Heavier-than-air Aircraft. Their History and Develop- 
ment as Illustrated by the National Aeronautical Collec- 
tion in the Science Museum. By M. J. B. Davy. 
Part II. Catalogue of Exhibits with Descriptive 
Notes. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 3s. net.] 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. V/T 101. Elec- 
trical Resistance of Water Mains with Particular 
Reference to the Asbestos-Cement Type. By W. J. 
DarRBy and E. Fawsserr. [Price 3s. 6d.] No. 
V/T 102. Design and Performance of Power-Frequency 
Amplifiers with RC Tuning and Variable Selectivity. 
By Dr. G. Mote. [Price 68s.) No. V/T 103. Design 
and Performance of D.C. Amplifier for the Survey of 
Stray Currents on Buried Water Systems and Cable 
Systems. By Dr. G. Moe. [Price 6s.] No. G/T 225. 
Rates of Rise of Restriking Voltage Measured on Some 
British Supply Systems. By L. GosLanp. [Price 
4s. 6d.] No.N/T 47. Effect of Tension on Magnetiza- 
tion Curves. By K. H. Stewart. [Price 6s.] No. 
Z/T 79. Micro-Second Phenomena in the Steel 
Welding Arc. By Dr. L. H. Orton and J. C. NEED- 
HAM. [Price 7s. 6d.] Offices of the Association, 
Thorncroft Manor, Dorking-road, Leatherhead, Surrey. 

Onited States National Bureau of Standards. Miscellaneous 
Publications. No. 193. Laboratory and Service Tests 
of Hand Luggage. By EDWARD T. STEINER, ROBERT B. 
Hopsps and ELIZABETH R. HOSTERMAN. 
15 cents.) No. 194. Research and Development in 
Applied Optics and Optical Glass at the National Bureau 
of Standards. A Review and Bibliography. By IRVINE 
C. GARDNER and C. H. Hanner. [Price 15 cents.] 
The Superintendent of Dx ts, U.S. Goverrment 
Printing Office, Washington 25, D.C., U.S.A. 

Brassey’s Naval Annual. 1949. Edited by ReEar- 
ADMIRAL H. G. THURSFIELD. Sixtieth annual edition. 
William Clowes and Sons, Limited, Little New-street, 
London, E.C.4. [Price 30s. net.] The Macmillan 
Company, 60, Fifth-avenue, New York 11, U.S.A. 

Proceedings of the Seventh International Congress for 
Applied Mechanics. 1948. Introduction and Volumes 
1 to 4. The Organising Secretary of the Congress, 
Imperial College of Science and Technology, Prince 
Consort-road, South Kensington, London, S.W.7. 
{Price 100s.] 

The Fundamentals of Electro-Magnetism. By PROFESSOR 
E. G. CULLWICK. Second edition. Cambridge Univer- 
sity Press, Bentley House, 200, Euston-road, London, 
N.W.1. [Price 18s. net.] 

Organic Chemistry for Students of Engineering. By Dr. 
F. R. Storr. J. M. Dent and Sons, Limited, 10, 
Bedford-street, Strand, London, W.C.2. [Price 2s. 3d.] 

An Introduction to the Design of Timber Structures. By 
PHILLIP O. REECE. E. and F. N. Spon, Limited, 22, 
Henrietta-street, London, W.C.2. [Price 16s. net.] 

Internal-Combustion Engineering. Revised and edited 
by A. T. J. Kersey. Third edition. Blackie and Son, 
Limited, 66, Chandos-place, London, W.C.2. [Price 
22s. 6d. net.) 

Tandem Compound Locomotives. A Historical Review. 
By P. M. Katta-Bisnorp. Kalla-Bishop Books, 4, 


H.M. Stationery 





Temple Fortune Court, London, N.W.11. [Price 
5s. 6d.) 
Introduction to Industrial Metallurgy. By PROFESSOR 


LESLIE AITCHISON. Macdonald and Evans, 8, John- 
street, Bedford Row, London, W.C.1. [Price 30s. net.] 








PERSONAL. 


Mr. H. BELLMAN, M.I.Mech.E., A.M.I.E.E., has retire:! 
from the position of Chief Mechanical Engineer, Indi. 
Store Department, Office of the High Commissioner for 
India, London, after a total service of 28 years. 

Mr. ALISTAIR J. FRAZER, B.Sc. (Lond.), A.M.I.C.E., 
formerly general manager of Messrs. Clark and Standfiel, 
Limited, consulting engineers, 11, Victoria-street, 
London, S.W.1, has been appointed managing director 
of the company. 

Dr. E. C. ROLLASON, research manager and delegate 
director, Murex Welding Processes Limited, Waltham 
Cross, Hertfordshire, has been elected chairman of th: 
Programme and Journal Committee of the Institute o! 
Welding and re-appointed the Institute’s representativ« 
on the Joint Committee for Materials and their Testing. 

Mr. R. A. HaMNETT has been appointed Divisional 
Engineer, Exeter, Chief Civil Engineer’s Department. 
British Railways, Southern Region, in succession to 
Mr. N. E. V. BRapy. 

Mr. B. Harpy Smiru, A.M.I1.E.E., assistant to the 
electrical engineer (power and lighting), British Railways, 
Eastern and North Eastern Regions, retired on October 8. 

Masor W. G. ASKEW, M.C., has resigned his post as 
assistant editor of the Institute of Metals publications to 
become Editor of Chemistry and Industry. The vacancy 
on the staff of the Institute of Metals has been filled by the 
appointment of Mr. N. B. VAUGHAN, M.Sc., F.I.M., who 
has been given the position of editor of the Institute’s 
publications. Mr. Vaughan has previously served on 
the staff of the Institute. 

Mr. HoracE SHANKLAND, local director of national 
sales of the Dunlop Rubber Company Limited, has 
retired after completing 52 years of active service in the 
tyre industry. 

Mr. L. WAINWRIGHT, of 88, Ridgeway-road, Sheffield, 
2, has been appointed Midlands and Northern England 
representative of Grimston Electric Tools Limited, 
Progress-way, Purley-way, Croydon. 

Mr. DONALD GorDON, deputy governor of the Bank of 
Canada, is to succeed Mr. R. C. VAUGHAN as President 
of the Canadian National Railways. He will take over 
his new duties on January 1, 1950. 

Mrs. C. F. Treper, who was recently awarded the 
degree of Doctor of Science of the University of Cam- 
bridge, has been appointed a reader in the Engineering 
Department of the University. 

Mr. C. A. M. THOMSON has been appointed London 
area technical representative for Messrs. Austin and 
Long (Sales), Limited, precision engineers and tool- 
makers, Heather Park-drive, Wembley, Middlesex. 

Mr. J. G. BALL, B.Sc. (Birm.), has relinquished his 
position of senior metallurgist to the British Welding 
Research Association to join the staff of the Atomic 
Energy Establishment of the Ministry of Supply, Harwell, 
as Principal Scientific Officer. 

Mr. B. T. HouLpEN has been awarded the Ph.D. 
degree of the University of London and the Diploma 
of Imperial College. He has joined the research staff 
of the British Non-Ferrous Metals Research Association, 
81-91, Euston-street, London, N.W.1. 

Mr. H. D. Brook, B.Sc. (Leeds), has been transferred 
from the Royal Aircraft Establishment, Farnborougb, 
Hampshire, to the Chemical Section, Post Office Elec- 
trical Engineering Department, Fordrough-lane, Bir- 
mingham, 9. 

Mr. R. W. Fox.e£xz, C.B., M.I.C.E., Engineer-in-Chief, 
Crown Agents for the Colonies, 4, Millbank, London, 
S.W.1, is now visiting East Africa, for the purpose of 
establishing closer liaison between the Crown Agents 
Office and Colonial administrations. 

An agreement to manufacture each other’s products 
has just been signed by Messrs. J. COLLIS AND Sons, 
LmwirepD, mechanical handling engineers, Regent-square, 
Gray’s Inn-road, London, W.C.1, and the LAKE SHORE 
ENGINEERING COMPANY, manufacturers of conveyors, 
Michigan, U.S.A. 

Messrs. THE BRITISH THOMSON-HOUSTON COMPANY, 
Luarep, Rugby, announce that their new Birmingham 
office, at Geoffrey Buildings, John Bright-street, Birming- 
ham, 1, will be opened on November 7. The premises 
are more commodious than those at present used. The 
telephone number remains unchanged, namely, Midland 
6335. 

THE MINISTRY OF CIVIL AVIATION have now begun 
their move from their headquarters at 336, Strand, 
W.C.2, to a new building in Theobalds-road, W.C.1, to be 
called Ariel House. The move will be carried out in 
stages and will be completed by the beginning of 
December. In addition to the old Ariel House, the 
Ministry will be vacating their offices at Inveresk House, 
Strand, W.C.2, 10, Fleet-street, E.C.4, and Cornwall 
House, Stamford-street, S.E.1. The London head- 
quarters staff will then be concentrated at Theobalds- 
road ; 19-29, Woburn-place, W.C.1, and Tolcarne-drive, 
Pinner, Middlesex. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Paradoxically, devaluation far from 
having opened the gates to a flood of new business from 
countries overseas has resulted rather in a stemming of 
orders 80 far as steel exporters here are concerned. 
Apparently the measure was adopted at a time when 
many prospective buyers had sufficient stocks to enable 
them to hold their hand pending the clarification of the 
market position. There are many symptoms of the 
growing power of purchasers after a lengthy sellers’ 
market, and makers are alert to the probability of less 
facile trading conditions in the future. Re-rollers are 
particularly vulnerable at the moment, and it seems likely 
that it will be difficult for a number of them to take up 
their full export quota for Period 4. During the market’s 
hesitation, business contracted under bi-lateral trade 
agreements will alone constitute the main bulwark for 
some works. Home orders for small bars under 3 in. 
diameter and light sections are scarce. Heavy sections 
and bars are also in rather poor demand, but plate makers 
are very busily engaged on substantial orders. Sheet 
makers are almost swamped with orders for both black 
and galvanised items. 


Scottish Coal.—The seasonal improvement in produc- 
tion is being well maintained at the pits, and outputs 
approach closely to the target standard of 500,000 tons 
a week, The decision of the miners in Fife to work every 
Saturday until the end of the year has led the way 
towards a better output, but the full effect is spoiled by 
high absenteeism at the week-ends. Over the division 
this ranged recently from 16 per cent. in the Lothians 
to 24 per cent. in Central East. The increased tonnages 
available for distribution have to a large extent offset the 
effect of wintry weather heralded by the first falls of 
snow. Space-heating is common in factories and offices, 
but, as yet, the quantity of fuel consumed is moderate, 
and industrial undertakings generally are meeting the 
major portion of their requirements from current de- 
liveries. The domestic demand expands, but, here also, 
stocks remain practically intact. The proportion of 
round coal has increased correspondingly with colliery 
outputs, and the demands from railways, among other 
users of this grade, are readily met. Electricity works 
hold substavtial stocks, which are scarcely touched so 
far despite peak loading of generating capacity at certain 
periods in the day. Gasworks likewise are comfortably 
placed at present. The quantity of gum for disposal has 
increased, but although difficult, in places, a clearance 
is being effected. The export trade is benefiting from 
devaluation and the improved colliery outputs. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Increased export prices for 
coal to several foreign countries was the main topic 
of interest on the Welsh steam-coal market last week. 
The decision caused no undue surprise as the Possibility 
of a rise had been discussed in coal-exporting circles since 
the adjustment in currencies. The local division of the 
National Coal Board have been putting off requests from 
exporters for quotations for new business, but now these 
are being given. Indications, so far, put prices of the 
better grades up, on an average, by 10s. a ton though they 
range from 7s. 6d. to 12s. 6d. and 15s. is mentioned in 
one case. Portugal, Spain and Switzerland, it is under- 
stood, are among the markets concerned. Meanwhile, 
it is reported that certain grades of coal have been raised 
by between 2s. 6d. and 10s. a ton to several countries, 
which include Finland, Iceland, Italy, France, Belgium 
and Scandinavia. Tentative inquiries for coal, emanating 
from the United States, have attracted much interest. 
These are the outcome of the continued strike there, 
the position of which is said to be very uncertain. Ameri- 
can importers appear to be chiefly interested in anthra- 
cites though they have also sought information about 
steam coals. The former are extremely scarce and it is 
doubtful whether any can be spared, but it is felt that 
there is a better possibility for steams. Patent fuel is 
actively employed and cokes are well booked and firm. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was a steady demand from home 
consumers and a fair volume of orders was placed. The 
export market, however, did not maintain its recent 
activity and there was a falling off in the volume of 
business transacted. Steel-sheet makers continue to be 
heavily booked but there are signs of an easier demand in 
the scrap iron and steel market. 





INTERNATIONAL ELECTRODEPOSITION CONFERENCE.— 
The Fourth International Electrodeposition Conference, 
in which the Electrodepositors’ Technical Society is to 
Participate, will be held in conjunction with the American 
Electroplaters’ Society at Boston, U.S.A., from June 11 
to 15, 1950. Particulars may be obtained from the 
American Electroplaters’ Society, P.O. Box 168, Jenkin- 
town, Pennsylvanie, U.S.A. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Supplies of raw materials are adequate 
and there are comfortable reserves of coal and coke and 
an ample supply of coke-oven gas. Staggered hours of 
working, to conserve electricity, are not yet in operation, 
but it has been necessary on two or three occasions during 
the week to enforce power cuts owing to heavy cells 
for electricity during the cold weather. Steel and allied 
works are all busily employed, and the backlog of orders 
is such that the effects of a quieter demand for steel are 
not being fully felt. The Regional Board of Industry 
is taking steps to cause an extension of the practice of 
establishing joint consultative committees at works to 
discuss the problems and difficulties of managements and 
employees. Those which have been in operation for 
some time have done good work and have tended to 
increase output. Steelmakers express concern at the 
proposed increase in the price of fuel oil, by more than 
30 per cent., to over 91. per ton. The new prices will be 
the highest that consumers have had to pay since costly 
alterations to steel furnaces were made to enable fuel 
oil to be used instead of gas. The effect of the increase 
will be to augment the fuel-oil bill to Sheffield firms by 
tens of thousands of pounds a year. 


South Yorkshire Coal Trade.—The demand for coal is 
strong and inland requirements are so heavy that there 
is insufficient coal to permit of the full acceptance of the 
growing export trade offered. Allocations for export 
are fully taken for some few weeks ahead and there is 
also a brisk bunker demand. Steel and engineering 
works have fairly satisfactory reserves of coal and coke. 
Locomotive’ hards for the railways are in strong demand, 
and all industrial steams are eagerly sought. Opencast 
coal is providing a big proportion of the fuel consumed by 
electricity works. Coking coal is in big demand, and the 
make of hard coke is improving. Patent fuel is active 
and firm. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—While interest continues to centre 
very largely on the economic crisis and an undertone of 
uncertainty still pervades the iron and steel market, 
the needs of home and overseas customers for North-East 
Coast products are heavy and the volume of business now 
passing exceeds anticipations. Im some branches of 
industry plants are not operating to the capacity limit 
but, on the whole, works are very actively engaged and 
are providing large distributable tonnages of material. 
Continental competition, however, is intense and increas- 
ing. Stocks of foreign ore at users’ yards are substantial 
and recent imports of iron and steel scrap have been on 
a very impressive scale. In the third quarter of the year 
nearly 60,000 tons of scrap, from overseas, were unloaded 
on Teesside and large quantities are now due for delivery. 
The rising output of crude steel is favourably influenced 
by the abundance of raw materials. The various descrip- 
tions of semi-finished steel are in ample supply and the 
shrinkage in the demand for billets is a reflection of con- 
ditions at the re-rolling mills. Shipbuilders are receiving 
more generous steel allocations than for some time. 


Foundry and Basic Iron.—Better supplies of ordinary 
foundry pig iron are obtainable, but while consumers 
experience less difficulty in covering their requirements 
they still have to make considerable use of the ample 
available tonnage of good cast-iron scrap. The whole 
output of Teesside basic iron continues to flow into imme- 
diate use at makers’ own conuming departments. 


Hematite, Low-Phosphorus and Refined Iron.—The 
improvement in distributable tonnage of East-Coast 
hematite continues, but deliveries do not yet cope fully 
with the demand. Outputs of iron low in phosphorus 
are steadily absorbed and manufacturers of refined iron 
are managing to deal satisfactorily with the immediate 
requirements of their regular clients. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers are actively engaged on running 
contracts but can assure reasonable early attention to 
new orders for some classes of output. The tonnage 
accumulations of steel have hed large dimensi 
The demand for maximum parcels of sheets and plates 
is unabated and the fear is increasing that the capacity 
output of mills may be far from sufficient to enable the 
satisfactory handling of the delivery authorisations that 
have been issued. On the other hand, pressure for bars 
and sectional material has eased considerably owing to 
the expanding use of foreign products. 








UNITED STATES IMPORTS OF CANADIAN ZINc.—The 
United States Bureau of Mines has announced that 
imports of slabs of zinc into their country totalled 
93,283 tons during 1948. Canada was responsible for 
83 per cent. of this total. 





NOTICES OF MEETINGS. 


—_—_—_—— 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meetings. 





INSTITUTION OF ELECTRICAL ENGINEERS.— Measure- 
ments Section: Monday and Tuesday, November 7 and 
8, 2.30 p.m. and 5.30 p.m., Victoria-embankment, W.C.2. 
Symposium on ‘‘ Ferromagnetic Materials.”” South Mid- 
land Centre :, Monday, November 7, 6 p.m., James Watt 
Memorial Institute, Birmingham. “ Electrical Weigh- 
ing,” by Dr. H. I. Andrews. Mersey and North Wales 
Centre: Monday, November 7, 6.30 p.m., Royal Institu- 
tion, Colquitt-street, Liverpool. ‘‘ Motor Uniselector 
and Its Application in Tel ications,” by Mr. 
W. H. Grinsted. Hast Midland Centre: Tuesday, 
November 8, 6.30 p.m., Electricity Showrooms, Derby. 
“ Domestic Appliances,” by Mr. H. Hobbins. Southern 
Centre: Wednesday, November 9, 6.30 p.m., Royal 
Hotel, Weymouth. ‘‘ Q-Meter Methods of Impedance 
Measurement,” by Dr. A. J. Biggs and Dr. J. E. Houldin. 
Utilization Section: Thursday, November 10, 5.30 p.m., 
Victoria-embankment, W.C.2. “ Electricity in the Cot- 
ton Industry,” by Mr. F. W. Cox and Mr. W. E. Swale. 


SocreTy OF ENGINEERS.—Monday, November 7, 5.30 
p.m., Geological Society, Burlington House, Piccadilly, 
W.1. “ An Explanation of Current Building Costs,”’ by 
Mr. William E. Humphrey. 


INSTITUTION OF MECHANICAL ENGINEERS.—WNorth- 
Eastern Branch: Monday, November 7, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne. “Influence of Port Valve 
Design on Volumetric Efficiency of Compression-Ignition 
Engines,” by Mr. C. B. Dicksee. North-Western Branch : 
Thursday, November 10, 6.45 p.m., Engineers’ Club, 
Manchester. “‘ Rotary and Oscillating Seals,” by Mr. 
T. E. Beacham, and “ Reciprocating Seals,” by Mr. F. H.. 
Towler. Institution: Friday, November 11, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. “‘ Engineering 
Implications and Economics of Surface Preparation of 
Mild Steel Prior to Fabrication,” by Mr. W. A. Johnson. 
bile Division: Tuesday, November 8, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. “‘ Piston <As- 
semblies for Road Transport Oil Engines,” by Mr. J. L. 
Hepworth. 


JUNIOR INSTITUTION OF ENGINEERS.—North-W estern 
Section: Monday, November 7, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“‘ Ward-Leonard Control of 
Planing Machines,” by Mr. J. Blackburn. Institution: 
Friday, November 11, 6.30 p.m., 39, Victoria-street, 
S.W.1. Chairman’s Address: ‘“‘ The Inventor and the 
State,” by Mr. Geoffrey W. Tookey. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 8, 5.30 p.m., 85, Minories, E.C.3. “Boiler Feed 
Water Treatment,” by Mr. H. Hillier. 


INSTITUTION OF CHEMICAL ENGINEERS and PHYSICAL 
Society (Low Temperature Group).—Tuesday, November 
8, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. Symposium on “ Heat Transfer at 
Low Temperatures.” 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 8, 5.30 p.m., Great George-street, S.W.1. “‘ Direc- 
tional Traffic Surveys,” by Mr. J. I. Whitehead. Mid- 
lands Association: Thursday, November 10, 6 p.m., 
James Watt Memorial Institute, Birmingham. ‘ Ceylon 
and the Irrigation Ergineer,” by Mr. F. R. G. Webb. 
Yorkshire Association: Friday, November 11, 6.30 p.m., 
Wortley Hotel, Scunthorpe. ‘‘Iron Ore Working ip 
Lincolnshire,” by Mr. C. B. Bailey. 


RoyaL AERONAUTICAL SocreTy.—Tuesday, Novem- 
ber 8, 7 p.m., 4, Hamilton-place, W.1. ‘“ Resonance in 
Aerodynamics,” by Mr. R. A. Shaw. 


INSTITUTE OF PHysics.—Scottish Branch: Tuesday, 
November 8, 7 p.m., University, Glasgow. ‘‘ Heat 
Pumps,” by Professor James Small. 


RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
November 9, 3 p.m., Whitehall, S.W.1. “ Aircraft 
Design, Development and Production,” by Sir Frederick 
Handley Page. 

NEWCOMEN SocreTy.—Wednesday, November 9, 5.30 
p.m., Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, S.W.1. Annual Meeting. ‘“‘ Semmer- 
ing Railway, Austria, 1851-52,” by Mr. F. J. G. Haut. 


IRON AND STEEL INSTITUTE.—Thursday and Friday, 
November 10 and 11, 10 a.m. and 2.30 p.m., 4, Grosvenor- 
gardens, S.W.1. Autumn Meeting. For programme, see 
page 420, ante. . 

NortTuH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 11, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘What the Ship- 
owner Thinks,” by Mr. John R. Hobhouse. 

RoyaL INSTITUTION.—Friday, November 11, 9 p.m., 
21, Albemarle-street, W.1. ‘Flame Spectra,” by Dr. 
A. G. Gaydon, 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMpris Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


£410 0 
For Canada £4 5 0 
Subscribers receiving incomplete copies through 

te are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 
The charge for advertisements classified under the 
i of “ Appointments ”  “ Situations 
Wanted,” “ Tenders,”’ etc., is 8s. for the first four lines 
or under, and 2s. per line to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 

ion, otherwise it may’ be ienporaibis to outnis 
proofs for approval. 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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COMBINED CYCLIC AND 
STATIC STRESSES. 


Tr has long been recognised that, with alternating 
loads, a structural component may fail under 
stresses which are appreciably smaller than the 
ultimate strength of the material obtained in a 
static test, and that the magnitude of the stress 
required to produce failure decreases as the number 
of cycles of stress is increased. Sir William Fairbairn 
was the first to state, as a result of tests undertaken 
nearly 90 years ago, that there is a limiting stress 
which can be applied an infinitely large number of 
times without causing fracture. Since then, numer- 
ous experiments have been conducted for the 
purpose of discovering how quickly the curve of 
stress, plotted against the number of cycles of load, 
approached the asymtote. The results show that, 
for ferrous metals, the endurance limit can be 
established with sufficient accuracy on the basis 
of from 6 million to 10 million cycles of stress, 
though a much larger number of cycles is needed 
for non-ferrous metals. Following the classical work 
of A. Wohler and J. Bauschinger on both reversed 
and varying stresses, W. Gerber proposed a parabolic 
law, and J. Goodman proposed a straight-line law 
relating the range of stress with the mean stress ; 
but the subject does not readily lend itself to such 
generalisation, owing to several contributory factors, 
of which the frequency of application of load on the 
endurance limit is one, though this appears to be 
of no practical account when the load is applied at a 
frequency of less than 5,000 cycles a minute. A 
factor of greater importance is the effect of sharp 
changes in cross-section of a specimen, since endur- 
ance tests show a reduction in strength due to the 
stress-concentration at such places. The reduction 
is usually much smaller than would be expected from 





the value of the calculated factor of stress concen- 
tration, and the explanation of this discrepancy is 
commonly attributed to the fact that, due to plastic 
flow, the actual stress at the place of high stress- 
concentration is less than the computed stress. 

As Dr. H. J. Gough, C.B., F.R.S., and his former 
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have, in various ways over a period of years, added 
considerably to the knowledge of the subject, it was 
gratifying to find the results of this work reviewed 
by him, on Friday, October 21, in his presidential 
address to the Institution of Mechanical Engineers, 
with special reference to ‘‘ Engineering Steels Under 
Combined Cyclic and Static Stresses.” The experi- 
mental work was arranged on comprehensive lines, 
in that it involved the development of new types 
of high-speed testing machines and experiments on 
several kinds of steel met with in practice. It was 
decided at the outset to divide the investigation into 
two stages. In the first of these stages, reversed 
bending and reversed torsional stresses only were 
studied as a preliminary survey of the behaviour of a 
representative selection of engineering steels, 
covering a wide range of compositions, heat- 
treatments, and tensile strengths. In the second 
stage, the number of variables was extended 
to include static bending and static torsional 
stresses. 

Before the research was begun, it was known in 
regard to the cyclic variables that no general relation 
between the range of plane bending stresses and the 
range of shearing stresses for combined fatigue 
stress could emerge, consistent with any acceptable 
criterion of elastic failure, if the criterion postulated 
a single-value relationship between the fatigue 
limit for reversed bending stress and the fatigue 
limit for reversed shearing stress. Special study 
of the point disclosed two results of fairly general 
application. The first was that the resistance to 
combined fatigue stresses of ductile steels, when 
these were tested in the form of solid or hollow 
cylinders, free from stress-concentration effects, is 
represented by a quadrant of anellipse. The second 
was that the resistance of cast irons, and of ductile 
steels when a stress-concentration effect is present, is 
represented by an elliptic arc. This identification 
of the geometrical form of the relation under consi- 
deration should be of great value for design pur- 
poses, because the determination of the value of 
the end points of the curve is all that is required to 
calculate the fatigue strength of the intermediate 
combinations of bending and torsional stresses. 

Another point of interest is the marked variation 
in sensitivity to the presence of a notch, as was 
illustrated by a family of seven curves exhibiting 
the fatigue-strength reduction factor over a com- 
plete range of combined stresses, from reversed 
bending to reversed torsional stresses. The curves 
vary between two main types, represented by a 
nickel-chromium-molybdenum steel, on the one 
hand, and a 3 to 3} per cent. nickel steel on the 
other. The former, which has the highest tensile 
strength of the group, was the most sensitive to 
reversed bending stresses, but less sensitive than 
others to reversed torsional stresses, while the 
latter material showed much the same degree of low 
sensitivity under all combinations of stress. 
These variations of sensitivity, Dr. Gough points out, 
cannot be accounted for by a single consideration of 
ultimate strength, ductility, chemical composition 
or form of micro-structure ; and it is unlikely that the 
simple assumptions of the present theory of elas- 
ticity will prove to be applicable or helpful. 

Certain questions of manufacture enter into the 
problem, as is perhaps best illustrated by reference 
to the series of tests undertaken to study the influ- 
ence of tensile strength, composition, and heat- 
treatment upon fatigue strength. On plotting the 
ultimate tensile strength against the fatigue ranges 
under reversed bending, and also reversed torsional 
stresses of certain ductile steels, the curves of 
reversed bending against ultimate tensile strength 
are of the familiar type, the slope falling as the 
ultimate tensile strength increases. All the points 
on this curve represent very good fatigue resistance ; 
even the value of the endurance ratio for a nickel- 
chromium steel is 48-6 per cent. This curve is 
noteworthy in that it affords a convenient measure 
by which to examine the other variables involved. 
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Thus, a specimen of 0-4 per cent. carbon steel, both 
in the normalised and the spheroidised conditions, 
gives fatigue strengths which fall below the curve, 
neither structure having any clear relative advan- 
tage in this regard ; but a specimen of 0-9 per cent. 
carbon steel, tested in the pearlitic condition, 
develops very poor fatigue properties. Again, the 
effect of embrittling a specimen of 3} per cent. 
nickel-chromium steel produces a definite, though 
quite small, reduction in fatigue strength. 

In the second stage of the investigation, it was 
required to impose on the specimens static bending 
and static torsional stresses, in addition to the 
reversed bending and reversed torsional stresses 
previously explored. The intrinsic fatigue proper- 
ties of the material tested, under various combina- 
tions of all four stress variables, were determined, 
using solid specimens. To obtain data relating to 
the influence of some practical forms of discontinuity 
of section, it was decided, after consultation with 
the aircraft-engine industry, to carry out a similar 
programme of tests on three series of specimens, 
each containing an oil hole, or a small transition 
fillet, or a complete set of splines. Dr. Gough’s 
conclusions on the influence of superimposed static 
stress, of similar or dissimilar type, singly or in 
combination, on the fatigue limits under simple 
reversed bending and torsional stresses, merit 
detailed study, since the results determine the two- 
dimensional framework on which this system of 
combined stresses is erected. The effect of super- 
imposing quite high values of static stresses of the 
same kind is definite but small, and this is an impor- 
tant characteristic from the standpoint of general 
design. Indeed, as far as engineering steels are 
concerned, the effect of the mean stress is much less 
than is often assumed. In the case of a dead-mild 
steel, to take an extreme example, the results show 
that the elastic limit and the yield point of the 
material were exceeded and the ultimate tensile 
strength was closely approached, with the result 
that very considerable deformation of the material 
was recorded. Yet, until the maximum stress of 
the cycle was nearly equal to the ultimate tensile 
strength, the drop in the fatigue strength, although 
quite definite, was surprisingly small. Neither the 
“Gerber parabola” nor the linear “modified 
Goodman relation” predicts the fatigue resistance 
of this material. An X-ray study of deformation 
characteristics of metals indicates that the damage 
suffered is probably directly attributable to the com- 
bined effects of the applied range of stress and the 
damage caused to the crystalline structure by the 
en due to the maximum stress of the 
cycle. 

Reviewing the complete series of one set of results, 
it is found that the data are satisfactorily regular and 
consistent and can be used with confidence, by 
interpolation, to deduce the safe range of reversed 
bending or reversed torsional stress under any 
required combination of superimposed static stresses 
within the wide limits investigated. In view of this, 
that part of the combined stress field may be re- 
garded as having been satisfactorily surveyed for 
design purposes in regard to the S65A steel; and 
the same general trend of results would probably be 
exhibited by other high yield-ratio alloy steels of 
this type. The effect of the addition of one static 
stress, or a combination, is quite definite and 
regular, but the amount of the reduction caused, 
even by static stresses which are high in relation to 
the ultimate strengths of the material, is relatively 
small; the effect of superimposing static bending 
stress on cyclic torsional stress is more damaging 
than that of static torsional stress imposed on 
cyclic bending stress. A further and more impor- 
tant conclusion emerges from tests in which the 
values of the static stresses are held constant and 
the fatigue strength is determined under various 
combinations of cyclic bending and torsional 
stresses. It is seen that the effect of superimposing 
up to very considerable values of static bending and 
torsional stress merely affects the actual values of 
the end points of the curves. It seems fairly certain 
that, making allowances for small variations in the 
physical properties of the steel from batch to batch, 
there is nothing in the tests to throw serious doubt 
on the general applicability of the ellipse quadrant 
within a wide range of stresses. 





THE APPLICATION OF THE 
RESULTS OF RESEARCH. 


So much has been written about research that 
some readers may be pardoned for thinking that 
there is nothing more to be said; the application 
of the results of research, for instance, was recently 
dealt with by Sir Arthur Fleming in his presidential 
address to Section G of the British Association. 
A presidential address, however, constitutes an 
occasion for the consideration of broad principles 
rather than the minutie of their application, and 
a recent conference convened by the Federation of 
British Industries gave better opportunity for the 
discussion of practical steps towards the imple- 
mentation in the commercial field of the contribu- 
tions towards improved methods, and improved 
efficiency, which the work of research departments 
and research organisations provides. In spite of 
unfavourable comparisons with the United States, 
recognition of the importance of research is now 
widespread in this country. 

As long ago as the year 1934, Sir Henry Tizard, 
in his presidential address to the Educational Science 
Section of the British Association, said ‘‘ everyone 
believes in scientific research, without knowing quite 
what it means.” Whether the intervening years 
have given to many of those who control the finance 
on which research must be based a better under- 
standing of what it really is may be doubted, but 
they have certainly not lost faith in its importance ; 
they continue to support it generously. Sir Henry 
touched on this subject again when he was president 
of the British Association in 1948 ; in the course of 
his address, he said “‘there is a vast amount of 
knowledge waiting to be used. No new discovery, 
in any field, is likely to have so quick and beneficial 
an effect on British industry as the application of 
what is already known.” 

The conference convened by the Federation of 
British Industries was held at Ashorne Hill, near 
Leamington Spa, from March 11 to 14, and was 
organised by the Industrial Research Committee 
of the Federation. The full report of the proceed- 
ings has now been published. Five sessions were 
held and one of these was directly concerned with 
the subject under discussion, “Application of 
Results of Research to Production.” The subjects 
of other sessions, however, bore on the same matter ; 
one, for instance, dealing with ‘The Relationship 
between the Research Department and Manage- 
ment.” No surprise will be felt that no simple 
formula was produced by means of which the length 
of the gap between the birth of a new idea and its 
industrial application could be reduced. Sir Andrew 
McCance, in the discussion on Sir Arthur Fleming’s 
address, suggested that this period was normally 
about 25 years. This may be true for ideas, or 
inventions, which ultimately almost revolutionise 
some branch of practice, but on a more modest scale 
there are certainly developments made in the 
research departments of enterprising firms which 
are applied in practice in a much shorter period. 

It may be assumed that the members of the con- 
ference when discussing the application of the results 
of research to production did not confine their 
attention to such fundamental steps in progress as 
the substitution of the reciprocating engine by the 
steam turbine ; such an advance must necessarily 
take a long time in view of the commercial issues 
involved. Apart from such cases, however, there is 
often resistance to change on the factory side which 
may appear indefensible to the research worker, but 
which is merely a natural reaction to proposals which 
would entirely upset a manufacturing programme 
which is working satisfactorily. Failure to take a 
proper overall and long-term view of the situation 
is, however, not confined to production men. 
Research workers are also capable of losing sight 
of the general by undue concentration on the par- 
ticular. Dr. J. R. Park, for instance, drew attention 
to the risk that a technical man might become en- 
grossed by the possibility of reducing power con- 
sumption when actually reduction in capital cost or 
labour offered a greater overall saving. 

So far as it is possible to draw any general con- 
clusion from a report which includes papers read 
by ten contributors, and summaries of discussions 





or individual remarks by more than 50 speake: 

it is that the work of research departments is mo: 
likely to be fruitful when close and continuous co:- 
nection is maintained with those who are responsib) 
for applying results in practice. As Mr. L. J. Davies, 
of the British Thomson-Houston Company, sai, 
the research department should “strive for the 
closest and continual co-operation with the design 
engineers and factory managers, so that the research 
men are not cloistered but mix with men of other 
departments at all levels of the organisation for 
which they are working.” There is no doubt about 
the soundness of this advice but its application may 
not lead to such an immediate application of resulis 
as the research department might consider desirable. 
No doubt a works manager concerned with the pro- 
duction of some type of apparatus would, as far as 
his duties permitted, be interested in research work 
directed to the improvement of the product, but 
that is not to say that he would desire to see his 
manufacturing programme upset by new designs. 

The real value of the continuous contact which is 
desiderated is that the works organisation should 
take an interest in the work of the research depart- 
ment and have a general knowledge of its proceed- 
ings so that any new proposals which it may have 
to make will at least be considered sympathetically. 
One obvious way of maintaining contact between 
research and production is by means of com- 
mittees representing the two sides. Mr. F. H. 
Saniter, of the United Steel Companies, said “‘ there 
is a fashion to disparage the formation of committees, 
and I agree there are many in existence which are a 
sheer waste of time,” but does not apply to all 
committees, and Mr. Saniter explained the duties of 
those in his own organisation which were concerned 
with maintaining contact between management and 
research. Again, Mr. O. W. Humphreys, of the 
General Electric Company, said that in his organi- 
sation “‘ a series of special committees, including the 
managers of the factories and sales departments 
with their technical advisers, senior people from the 
laboratories and representatives of the particular 
research group concerned, met from time to time to 
review projects in progress, to plan future work, and 
to determine the order of priority.” 

It is clear from the results obtained by the 
company here referred to, that this system works 
well. The whole matter of the application of the 
results of research is apt to be looked at with a 
somewhat distorted vision. It may take twenty- 
five years for a really fundamental development 
to obtain full industrial and commercial acceptance, 
but research departments are not solely engaged 
on basic problems. Mr. Humphreys suggested 
that if by ‘‘ research ” the pursuit of new knowledge 
was intended, then probably not more than 30 per 
cent. of the activities of an industria] research 
laboratory was engaged in “research.” The re- 
mainder was concerned with development work. 
Consideration of any branch of engineering, or 
indeed, of any branch of applied science, over the 
last ten, or even five, years, will show that the 
period between the working out of anew method, ora 
new piece of apparatus, and its utilisation in practice 
is nearer five years than twenty-five. 

There is an aspect of the work of joint committees, 
representing research, management and sales, which 
was incidentally touched on in a session of the 
conference which dealt with ‘“‘ Publications, Pub- 
licity, Information and Intelligence.” Mr. Hum- 
phreys said ‘‘ senior managerial colleagues in the fac- 
tories are usually busy men . . . what they want is 
not a scientific treatise but a clear statement of the 
problem, a very brief summary of our investigations, 
and clear-cut conclusions.” It is obviously desirable 
that non-research members attending a committee 
which is to concern itself with research problems 
should be provided beforehand with general informa- 
tion about the matters to be discussed. If it is to 
be understood, its composition demands not only 
proper knowledge of the subject, but some literary 
ability. To quote Mr. Humphreys again, few 
members of our scientific staffs have the innate 
gift of expression” required. Many will never 
acquire it, but some improvement would result if 
more attention were paid to training in the English 
language as part of scientific and engineering 
courses. 
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NOTES. 


Tue Institution oF Crvit ENGINEERS. 


Mg. V. A. M. Roserrson, C.B.E., M.C., Chief 
Civil Engineer of the Southern Region, British 
Railways, was inducted into office as President of 
the Institution of Civil Engineers by his predecessor, 
Sir Jonathan Davidson, C.M.G., at a meeting held 
at the Institution, Great George-street, London, 
S.W.1, on Tuesday evening, November 1. Before 
doing so, Sir Jonathan presented to Sir Edward 
Appleton, K.C.B., F.R.S., Vice-Chancellor of the 
University of Edinburgh, the James Alfred Ewing 
Medal for 1948, the award of which was reported 
on page 303 of our 167th volume (1949). As was 
remarked at that time, it was singularly appropriate 
that Sir Edward, who was then about to relinquish 
his post as secretary of the Department of Scientific 
and Industrial Research, should be the recipient of 
this award, since he had just been appointed to 
succeed to the position which Sir Alfred Ewing had 
occupied with such distinction. Sir Jonathan 
Davidson also presented the Coopers Hill War 
Memorial Prize to Mr. C. B. H. Colquhoun, an- 
nounced the names of those who were to receive 
Telford Premiums and other Institution awards, 
and then proceeded to induct Mr. Robertson into 
the presidential chair. A vote of thanks to the 
retiring President, proposed by Mr. H. F. Cronin, 
C.B.E., M.C., and seconded by Mr. J. Rawlinson, 
M.Eng., was carried by acclamation. Mr. Robertson 
then delivered his presidential address. If such an 
address required a title, he said, he would call it 
“Twenty Years’ Development in Civil Engineering 
on the British Railways,” for 20 years had passed 
since Mr. W. W. Grierson, a former chief engineer 
of the Great Western Railway, served the Institution 
as President. Mr. Robertson’s address dealt with 
some of the more important changes, since that 
time, in the civil engineering practice of British 
railways ; more especially, with the supersession 
of bull-headed rails by the flat-bottomed type, the 
welding of rails and pre-assembly of track, the 
reconstruction of engine sheds by the use of precast 
concrete components, the unification of loading 
gauges, and loads on bridges. As we propose to 
reprint the address, it is not necessary to review 
here Mr. Robertson’s treatment of all these facets 
of his subject, but some of the figures which he gave 
in comparing the bull-headed and flat-bottomed 
types of rail are sufficiently striking to deserve 
special mention. The two standard types of flat- 
bottomed rail adopted by the British Railways 
weigh, respectively, 109 Ib. and 98 Ib. per yard, 
the former being the type for use on lines carrying 
heavy and fast traffic, hitherto laid with 95-lb. 
bull-headed rail. By comparison with the bull- 
headed 95-lb. rail, said Mr. Robertson, the 109-Ib. 
flat-bottomed type was 59 per cent. stronger verti- 
cally and 136 per cent. stronger horizontally ; each 
mile of track laid with it required 16,900 fewer 
components, including fastenings ; and experience 
showed, over a typical stretch of railway, that it 
maintained good “‘ top” and “line ” for 15 months, 
whereas, with bull-headed rails, the corresponding 
period was only six months. By the end of 1949, 
he added, 1,021 miles of track would have been laid 
with the new flat-bottomed rails. At the conclu- 
sion of the address, which was illustrated with a 
number of comparative lantern slides, shown side 
by side on two screens to show the developments 
of the past 20 years, a vote of thanks to the President 
was formally moved by Mr. A. S. Quartermaine, 
C.B.E., seconded by Mr. Leopold Leighton, and 
carried by acclamation. 


STANDARDISATION OF ENGINEERING PRODUCTS. 


The opinion that more progress is possible in 
reducing the number of varieties of engineering 
products, and that this would be of great benefit to 
industry in general as well as to the engineering 
industry itself, is expressed in a report to the 
Minister of Supply by the Committee for Standardi- 
sation of Engineering Products, issued on Novem- 
ber 1 by H.M. Stationery Office at the price of 
9d. net. The Committee, of which Sir Ernest 
Lemon was chairman, was appointed in November, 
1948, with instructions “to investigate, in con- 





sultation with the British Standards Institution and 
appropriate organisations, the methods by which 
manufacturers and users of engineering products 
determine whether any reduction in the variety of 
products manufactured is desirable ” and 
“to report . . what, if any, further measures 
should be taken by industry or by the Government 
to ensure that such simplifications as are determined 
are put into effect.” The Committee recommend, 
inter alia, a considerable strengthening of the per- 
sonnel and resources of the British Standards 
Institution, and possibly some extension of its 
present powers, to facilitate the extension of stan- 
dardisation ; these recommendations are being put 
into effect, according to a reply by the Minister to 
a question asked in the House of Commons on 
October 31. It is recommended also that industry 
should strive to achieve greater specialisation by 
firms, and simplification of types of products, apart 
from the more general adoption of British Standards. 


INSTITUTION OF MECHANICAL ENGINEERS. 

Two papers on Lancashire boilers were presented 
at a meeting of the Institution of Mechanical 
Engineers, in conjunction with the Steam Group of 
the Institution, on Friday, October 28. The first 
was “The Thermal Efficiency of a Hand-Fired 
Natural-Draught Lancashire Boiler,” by Mr. T. F. 
Hurley, O.B.E., B.Sc. (Eng.), and Mr. W. J. Sparkes, 
B.Sc., A.M.I.Mech.E.; and the second was “‘ The 
Influence of Certain Factors on the Performance of 
a Lancashire Boiler,” by Dr. E. G. Ritchie, 
A.M.I.Mech.E., and Mr. N. Y. Kirov, M.Sc. Work 
carried out at the Fuel Research Station was the 
subject of the first paper. Trials were conducted 
on a Lancashire boiler fitted with an integral super- 
heater but no economiser. The boiler was provided 
with a type of smoke-eliminator firedoor which 
admitted secondary air above the firebed. This 
fitting improved the efficiency of the boiler, although 
it originated in work carried out during the war with 
the sole object of reducing smoke emission from 
Scotch marine boilers. Smoke-eliminator doors 
allowed the fireman a greater tolerance for the 
thickness of the firebed : from 5 in. to 7 in. thick. 
Using Northumberland “‘ singles,” a fuel which tends 
to produce heavy smoke, the boiler thermal efficiency 
was 72 per cent.; using the same coal crushed to 
‘*smalls,”” the efficiency was 71-6 per cent. The 
optical density of the smoke was reduced generally 
to zero, due to the admission of secondary air. It 
was found that the combustible gases emitted with 
black smoke accounted for 14 per cent. of the heat 
in the fuel, and as the smoke density increased from 
zero to ‘‘ black”’ there was a rapid fall in efficiency 
from 72 to 60 per cent. With regard to excess air, 
maximum efficiency was obtained with about 35 per 
cent. of excess air; when 20 per cent. less than 
optimum was supplied, the efficiency was reduced 
by as much as if the excess air were increased by 
100 per cent. Running the boiler at various loads, 
it was found that the efficiency was a maximum at 
about 70 per cent. of full load, but it fell only 
slightly over a fairly wide range. The authors 
concluded that if proper control were exercised over 
the manner in which coal and air were introduced, 
a hand-fired boiler would have an efficiency which 
would be difficult to improve by changing the 
method of firing. Dr. Ritchie and Mr. Kirov 
reported on a programme of research carried out 
by the British Coal Utilisation Research Association, 
under the guidance of the Shell-type Boiler and 
Firing Equipment Committee. The boiler was 
fitted with a stoker of the moving-grate coking type. 
The object of the investigations was to determine 
the effect of excess air on the distribution of heat 
transfer and, in particular, to correlate excess air 
and boiler exit-gas temperature. They were carried 
out over a range of excess air, as surplus combustion 
air (infiltrated air has comparatively little effect) 
from 25 to 125 per cent. It was found that in- 
creased excess air causes an increase in the flue gas 
loss due both to an increase in gas weight and to an 
increase in exit-gas temperature. For each 10 per 
cent. increase in excess air, the exit-gas temperature 
rose by about 16 deg. F., and the efficiency dropped 
by 2 per cent. On the other hand, it was found 
that the effect of an economiser was to reduce 
materially the influence of excess air on efficiency. 
Regarding the rate of evaporation, the general con- 





clusion was that the load on Lancashire boiler plant 
might well be reduced to 60 or 70 per cent. of the 
normal maximum rating, as the saving in coal, due 
to the boilers working at maximum efficiency, would 
more than offset the cost of adding to the number 
of boilers installed. 


British Rattways’ First Gas-Tursine Loco- 
MOTIVE. 

The Western Region, British Railways, announce 
that the first gas-turbine locomotive for this country, 
which has been built by Messrs. Brown, Boveri and 
Company, Limited, Baden, Switzerland, and the 
Swiss Locomotive and Machine Works, Winterthur, 
will shortly be dispatched to this country. A 
photograph we have received confirms the general 
appearance which was evident from the drawings 
published on page 36 of our 167th volume (1949). 
The locomotive is mounted on two six-wheel bogies, 
the undriven centre wheels of which are smaller than 
the outer wheels, which are coupled to traction 
motors. According to the information available 
at the time the previous article was published, the 
tractive effort is 31,500 Ib. at starting and up to 
about 21 m.p.h., and is 12,400 Ib. continuously 
at about 64 m.p.h. The adhesive weight is about 
77 tons. The continuous net output was expected 
to be 2,500 h.p., and the maximum continuous 
speed 90 miles an hour. It will be recalled that 
the first gas-turbine locomotive in the world was 
built by Messrs. Brown, Boveri, and has been used 
in France as well as in Switzerland. The locomotive 
for this country was ordered by the former Great 
Western Railway, who also placed an order with 
the Metropolitan-Vickers Electrical Company, Limi- 
ted, for another gas-turbine locomotive, to be built 
in this country. The trials which will be carried 
out on British Railways will be watched with great 
interest. 


PRESENTATION OF THE First JET AERO 
ENGINES. 

On Wednesday, October 26, Messrs. Power Jets 
(Research and Development), Limited, presented 
to the nation the two original Whittle engines which 
powered the first successful jet-propelled aeroplane, 
the Gloster E 28/39. The Minister of Supply, the 
Rt. Hon. G. R. Strauss, M.P., received the engines 
on behalf of the nation, at a ceremony at the Science 
Museum. As recorded on page 397, ante, one of these 
engines, the “‘W1X,” is to be presented to the 
American nation by Britain ; the sister engine, the 
““W1,” which powered the Gloster E28/39 on its 
first official flight, although the W1X was the first 
to become airborne, on an unofficial] flight, remains 
permanently in the Science Museum. The W1 bears 
the following inscription: ‘‘This engine powered 
the Gloster-Whittle E28/39 aircraft in the world’s 
first successful jet-propelled flight trials at R.A.F. 
Cranwell on 15th May, 1941. It is one of two 
identical engines, WI and WIX built for Power Jets 
Limited, to Sir Frank Whittle’s design, by the 
British Thomson-Houston Company, Limited, Rug- 
by. Presented to the Nation by Power Jets (Re- 
search and Development) Limited, and received by 
the Science Museum on 26th October, 1949.” 


Borer Expiosion aT YorK Power STArTION. 

Early on Thursday, October 27, an explosion 
occurred in one of the low-pressure boilers at the 
Foss Islands station, York, in the North Eastern 
Division of the British Electricity Authority ; it 
caused one fatality and several injuries, as well as 
considerable damage to the boiler-house and engine- 
house roofs and switchgear, and the collapse of a 
crane. The boiler, which was installed in 1929, 
was capable of supplying 59,000 Ib. of steam per 
hour at a pressure of 200 lb. per square inch and a 
temperature of 600 deg. F'., and had three steam- 
water and three mud drums. The explosion took 
place in the centre mud drum and caused a rip 
along the longitudinal seam. It does not appear 
that the accident was due to faulty repair work and 
the drum had not previously given any trouble or 
shown signs of leakage. A metallurgical examina- 
tion is therefore being made to determine the cause. 
As a result of the explosion the station is com- 
pletely shut down, but by cutting out the damaged 
3°3-kV switchgear and by recommissioning the 
remainder, as well as by repairing the 45-MVA 
circuit between Osbaldwick and Melrosegate and 
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the 20-MVA circuit between Melrosegate and Foss 
Islands, which were also affected, supply was 
restored to consumers in York late in the evening 
of October 27, except to one small direct-current 
feeder. Day and night work was undertaken to 
shore up the crane and a start has been made on 
clearing the debris. When this has been removed 
it will be possible to confirm the view that the high- 
pressure boilers and the 20-MW Brush-Ljungstrom 
set can soon be generating again at full capacity. 
Nos. 1 and 2 boilers and No. 1 machine, the capacity 
of which is 3,500 kW, will probably be permanently 
out of commission. 


Tue Norta-East Coast INstrruTIon OF ENGINEERS 
AND SHIPBUILDERS. 


The annual report of the North-East Coast 
Institution of Engineers and Shipbuilders shows 
that the total membership at July 31, 1949, was 
1,964, of whom 666 were members and 658 were 
associate members. During the year, honorary 
Fellowship of the Institution was conferred upon 
Lord Eustace Perey, Rector of King’s Gollege, 
University of Durham, and upon Sir James Lithgow, 
Bt. ; and Mr. F. W. Dugdale and Dr. A. Pickworth 
were elected Fellows. Awards for papers included 
that of the Engineering Gold Medal to Mr. H. G. 
Yates, M.A., for his paper on ‘“‘ Vibration Diagnosis 
in Marine Geared Turbines”; the Shipbuilding 
Medal to Mr. R. W. L. Gawn, O.B.E., R.C.N.C., for 
his paper on “Cavitation of Screw Propellers ” ; 
and the M. C. James Medal to Mr. F. G. van Asperen, 
Dipl. Ing., for his paper entitled ‘‘ More Diesel 
Varia.” The 1949 Weighton Medal was awarded 
to Mr. P. W. Ayling, B.Sc., a student of naval 
architecture, for his work submitted in the examina- 
tion for his pass degree at the University of Durham. 
As previously announced, the Institution Scholar- 
ship for 1949 was awarded to Mr. Alan Grant 
Kershaw ; a grant of 1001. to Mr. George Robert 
Snaith, to enable him to study for the degree of 
B.Sc. in Naval Architecture at King’s College ; and 
the first of two post-graduate research scholarships, 
of 2501. per annum for two years, offered in 1948, 
to Mr. A. G. Ginty, B.Sc. The new marking towers 
on the measured mile at Newbiggin are now in use 
and, it is stated, have enabled many ship trials to 
be carried out during the session, a number of them 
during the hours of darkness, at distances up to 
11 miles from the coast. 


EXCHANGE OF STUDENTS FOR TECHNICAL 
EXPERIENCE. 


On page 39 of our 167th volume (1949), we sum- 
marised the report on the first year’s working of the 
International Association for the Exchange of 
Students for Technical Experience, the establish- 
ment of which arose out of a conference held at 
Imperial College, London, in January, 1948. That 
conference was held under the chairmanship of Mr. 
J. Newby, Superintendent of Vacation Studies at 
Imperial College, who eventually added to his many 
activities that of general secretary of the new 
Association. In the latter capacity, he has now 
issued a second “‘ annual” report—annual in name 
only, however, as the period that it covers is from 
January to the end of October, 1949; this is in 
accordance with the decision that future reports 
shall be published in November of each year. 
Despite the shorter period, it is recorded that the 
number of students who took advantage of the 
facilities for exchange rose from 920 in 1948 to 
1,236 in the period covered by the second report. 
Twelve universities or university colleges co- 
operated in the scheme, which now extends to 11 
countries ; Czechoslovakia, formerly a member 
State, no longer takes part in the exchanges. Dur- 
ing the period reviewed, Britain sent out the largest 
number of students (285) and Finland came second 
with 171. Britain also received the largest number 
(314), with Sweden second (288); France and the 
Netherlands tied for third place, each receiving 123. 
Mechanical engineering students were the most 
numerous class sent and received, electrical engineer- 
ing students coming second in numbers. Particu- 
lars of the Association, and of forthcoming exchange 
arrangements, may be obtained from Mr. Newby 
—— College, South Kensington, London, 








THE 17TH INTERNATIONAL 
NAVIGATION CONGRESS. 


THe 17th International Navigation Congress, 
organised by the Permanent International Associa- 
tion of Navigation Congresses from its headquarters 
in Brussels, was held in Lisbon between September 
10 and 19, and was followed by a week of excursions 
to places of technical interest. Though the title 
of the Congresses suggests that they are concerned 
with the science and practice of navigation, this is 
so only indirectly, the real purpose being rather 
with harbour and river works, and the control and 
improvement of navigable waterways: the sense 
of “navigation,” in fact, which resulted in the 
labourer on the original canal works being termed 
a “‘navigator”’ and so, eventually, a ‘“‘navvy.” 
From the engineering point of view, therefore, the 
proceedings are of interest mainly to civil engineers ; 
although the considerable extension, in various 
countries, of hydro-electric power generation has 
now brought into prominence the problems arising 
from the construction of dams in river valleys. 

The proceedings of the 17th Congress were 
organised in two main sections, dealing respectively 
with Inland Navigation and Maritime Navigation. 
In the first section, the questions for consideration 
related to the acceleration of transport on inland 
navigable waterways, and covered, among other 
topics, the construction of the waterways and their 
ports, towage, the design and powering of inland 
craft, the practical details of organisation and 
administration, and the standardisation, on an 
international basis, of the waterways and craft. 
On the constructional side, attention was devoted 
to the means of dealing with large differences of 
head, and of economising in the consumption of 
water; the design and functioning of storage 
reservoirs, the use of water for power generation, 
and the study of water flow by means of models. 
In Section II, the subjects for discussion included 
the control of natural and artificial channels and 
estuaries, recent observations on and new methods 
of regulating flow, and the use of models in these 
connections ; and, in relation to the design and 
operation of ports, the provision of facilities for 
loading, discharging and storing fuel oils, fire risks 
arising from the storage and handling of oil, and 
the transport of oil inland from ports. 

In addition to these genera] topics on which papers 
were invited, various communications were sub- 
mitted on specific subjects, comprising new develop- 
ments in the design and construction of locks ; the 
protection of embankments and of the beds of 
channels in inland and maritime waters, and of 
weirs ; the economic value of large inland navigable 
waterways, and methods of developing inland water 
transport ; protective works to limit erosion on 
open coasts; the disintegration of mortar and 
concrete in sea water, and the means of preventing 
it; methods of providing for a crossing of a land 
traffic route over a ship canal ; and the penetration 
of waves and ocean swells into harbours, including 
consideration of the means of predicting and con- 
trolling their action. For each of the sections 
(both of ‘‘ Questions ” and ‘‘ Communications ”’), a 
general reporter was appointed, who prepared a 
résumé of the papers, etc., submitted, all the original 
papers and the several rapports being circulated in 
advance. The official languages of the Congress 
were English and French, and the verbal contri- 
butions to the discussions were translated, at the 
technical sessions, immediately after delivery. It 
was rather unfortunate, from the point of view of 
those members whose interest in the proceedings 
was general rather than narrowly particular, that 
the scope of the programme made it necessary to 
hold two meetings simultaneously on several occa- 
sions ; but this could not have been avoided without 
either curtailing the programme or considerably 
increasing the duration of the Congress, both of 
which would have been attended by evident dis- 
advantages. As it was, comparatively few of the 
members were able to avail themselves of the 
excursion by air to Madeira, which followed the 
week of general excursions mentioned above, even 
though most of the arrangements had been made, 
and the requisite payments deposited, before the 





widespread devaluation of currencies which followed 
that of the £ sterling. 

The importance attached to the Navigation Con- 
gress in Portugal was sufficiently demonstrated }\ 
the fact that the President of the Republic, Hi: 
Excellency Marshal Antonio Oscar Fragoso Carmoni , 
accorded it his patronage and presided at the openin:: 
session, held in the Council Chamber of the Nationa | 
Assembly—the Parliament House of Portugal—in 
the Palacio de 8S. Bento. The President-General 0: 
the Congress was the Minister of Public Works 
Senhor Jose Frederico Ulrich; and the Secretar, 
General of the Congress was Senhor Duarte Abecasis 
who occupies the same position in the Ministry 0: 
Public Works and, in addition, that of Directo: 
General of Hydraulic Services. At the invitation 
of the Portuguese Government, each of the member 
countries represented on the Permanent Inter- 
national Association of Navigation Congresses was 
afforded the opportunity to send an official delega- 
tion, as were also the Central Commission for the 
Navigation of the Rhine and the Suez Canal Com- 
pany. Including the two last-named, and Portugal, 
there were 25 of these official delegations, some 
being of considerable size; France, for instance, 
sent 29 engineering officials and Spain, 19. The 
British Government representatives were Sir Thomas 
Gilmour Jenkins, K.C.B., Permanent Secretary of 
the Ministry of Transport, and Sir Cyril Kirk- 
patrick, past-President of the Institution of Civil 
Engineers and a former member of the Centra] 
Rhine Commission. The British contingent of 
members of the Congress included Sir Reginald Hill, 
K.B.E., chairman of the Docks and Inland Water- 
ways Executive of the British Transport Commis- 
sion, who had the distinction of being the only 
British member to preside at a technical session. 

Apart from the opening session, which, as stated 
above, was held in the Palacio de S. Bento, all of the 
technical sessions, and the formal closing session, 
were held in the Instituto Superior Tecnico, a fine 
range of modern buildings, the central block of 
which contains a meeting hall of more than sufficient 
capacity to accommodate the entire Congress, as 
well as a smaller hall and a series of rooms well 
adapted for use as secretarial offices, etc. Prior 
to the formal opening of the Congress by President 
Carmona, therefore, it was possible to hold there, 
in the morning of Saturday, September 10, a meeting 
of the Permanent International Association, fol- 
lowed by a meeting of the Permanent Council, the 
Congress Committee and the various Sectional Com- 
mittees. The formal opening of the Congress took 
place in the afternoon of the same day. 

The Minister of Public Works, Sr. Ulrich, opened 
the proceedings at this first meeting of the Congress 
by expressing the appreciation of the Committee 
and the members of the honour conferred upon them 
by the President. President Carmona, in his 
address, welcomed the Congress to Portugal and 
expressed the hope that, although the time at their 
disposal was so short, they would be enabled to see 
something of the country and of the engineering 
developments completed and in progress. Their 
discussions on the major engineering problems set 
out in the papers, he was confident, would be of 
permanent value. Coming together thus, in a spirit 
of goodwill and disinterested collaboration, bringing 
their store of experience to bear for the advance- 
ment of technical knowledge, they should be able to 
contribute something of enduring value to the 
clarification of the problems of civil engineering. 
The President then declared the Congress open. 

Dr. Robert de Naeyer, Secretary General of the 
Belgian Ministry of Public Works and President of 
the Permanent International Association, in res- 
ponse, expressed the thanks of the Congress to the 
President of the Republic; similar acknowledge- 
ment being made by the official representatives of 
Spain (Sefior José Hidalgo de Quintana), the United 
States (Major-General Philip B. Fleming), France 
(Professor André de Rouville), Great Britain (Sir 
Thomas Gilmour Jenkins) and Italy (Professor 
Marco Visentini). 

In the evening, the members of the Congress 
attended a reception and dance given by the 
Municipality of Lisbon, being received by Lieut.- 
Colonel Salvagéo Barreto, chairman of the City 








Counsell. (To be continued.) 
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M.V. “ LAMMERMUIR.”’ 


WILLIAM DOXFORD AND SONS, LIMITED, SUNDERLAND. 








PROPELLING MACHINERY FOR 
M.V. ‘* LAMMERMUIR.”’ 


Messrs. WittiamM Doxrorp anp Sons, LIMITED, 
Sunderland, completed recently a _ three-cylinder 
opposed-piston Diesel engine designed specifically for 
installation in the Lammermuir, a 185-ft. motor trawler 
which is being built by Messrs. John Lewis and Sons, 
Limited, Aberdeen. A photograph of the engine is 
reproduced above, from which it will be seen that, in 
general, it incorporates the usual features of a standard 
Doxford unit. It has a bore of 440 mm. while the lower 
and upper piston strokes are 820 mm. and 620 mm., 
respectively, giving a combined stroke of 1,440 mm. 
It is designed to develop a service power of 1,100 shaft 
horse-power at 145 r.p.m. and during shop tests, when 
Pool Diesel oil having a gross calorific value of 18,750 
British thermal units per pound was used, a fuel con- 
sumption of 0-37 to 0-38 lb. per brake horse-power per 
hour was obtained. 

During the design stage, special attention was paid 
to accessibility and durability. The bedplate, columns 
and entablature are built up from welded steel plate 
and a large door is fitted to each crankcase to give access 
to the crank chambers for inspection and adjustment 
of the main and connecting-rod bearings. The cylinder 
jackets and upper and lower pistons are cooled by dis- 
tilled water in accordance with the manufacturer’s usual 
practice, the cooling water being taken to the top 
pistons through flexible rubber tubes and to the bottom 
pistons by a series of hollow swinging links. Each 
cylinder is fitted with two fuel valves and the fuel pumps 
are situated at the after end of the engine just above 
the flywheel. The scavenge pump is fitted to the port 
side of the engine and is operated through a system 
of levers. As will be seen from the illustration, the 
control gear is situated at the forward end of the 
engine. This arrangement has been adopted as the 
starboard side of the trawler engine room will be 
occupied by the trawl-winch engine andgassociated 
Hyland hydraulic unit. The weight of the engine 
complete with flywheels, thrust block, fuel pumps, 
scavenge pump and all necessary pipes, fittings and 
gratings is 85 tons, and in working order the overall 
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length is approximately 20 ft. 9} in., the maximum 
| height 21 ft. 3 in., and the width, excluding the scavenge 
| pump, 8 ft. 113 in. 

It should, perhaps, he pointed out that the building 
of this smaller engine is not a new departure for Messrs. 
Doxford as two similar units were constructed by the 
firm in 1928. These engines had three cylinders with 
a bore of 400 mm. and a combined stroke of 1,300 mm., 
and developed 650 brake horse-power at 130 r.p.m. 
and 950 brake horse-power at 160 r.p.m., respectively. 
The former was fitted to the Freshmoor, an oil tanker, 
while the latter, after having been shown at the New- 
castle exhibition of 1928, was installed in the Lady 
Wolmer, and it is understood that both engines are 
still in use. 

The Lammermuir is being built for the joint owner- 
ship of the St. Andrew’s Steam Fishing Company, 
Limited, Hull, the West Hartlepool Steam Navigation 
Company, Limited, and Messrs. J. Marr and Son, 
Limited, Hull. The vessel, which was launched from 
the Torry shipyard of Messrs. John Lewis and Sons, 
Limited, on October 22, has a length of 185 ft. between 
perpendiculars, a moulded breadth of 32 ft. and a 
moulded depth of 16 ft. 9 in. When completed, the 
trawler will carry sufficient fuel to enable her to be at 
sea 40 days and operate, therefore, in distant fishing 
grounds. The fish hold will have a capacity of 18,000 
cub. ft. and will be fitted with a cooling plant for 
extracting the heat from the fish. The steering gear, 
which is being supplied by Messrs. Donkin and Com- 
pany, Limited, Newcastle, will be of the electro- 
hydraulic type. The trawl winch is being supplied by 
Messrs. J. Robertson and Sons (Fleetwood), Limited, 
Fleetwood, and the winch driving unit, which is of 
the hydraulic type, by Messrs. Hyland, Limited, 
Wakefield. The hydraulic pump, as previously men- 
tioned, will be situated in the engine room and will 
be driven by a 270-h.p. Diesel engine. The captain 
and officers will be accommodated within the bridge 
superstructure amidships and the crew in a deckhouse 
and below the main deck at the after end of the 
vessel. There will be no living accommodation inside 
the forecastle, which will be used entirely for fishing 








requirements. 





BROADCASTING TECHNIQUES 
AND ECONOMICS. 


e . 

In the course of an address as chairman of the 
Radio Section of the Institution of Electrical Engineers, 
which was delivered on Wednesday, October 19, Mr. 
R. T. B. Wynn described how the engineering branch 
of the British Broadcasting Corporation was devising 
techniques to meet the present economic and man- 
power limitations and to improve the overall efficiency 
of the service. In the smallest broadcasting system 
it was now essential to be able to switch freely between 
several different and sometimes widely separated 
programme sources on the input side, and also to switch 
the output to a varying number of geographically 
separated transmitting stations. On the Home 
Service transmissions there was an average of 46 
programme sources for daily distribution to 49 destina- 
tions, and until the outbreak of the war, the necessary 
switching and amplifying equipment was all installed 
in a control room sometimes several floors from the 
nearest programme source or studio. This arrange- 
ment, though particularly suitable from the engineering 
and maintenance standpoints, was cumbersome for 
routine broadcasting, since in an emergency those 
responsible for programme presentation in the studio 
had not quick access to the engineers in the control 
room. To overcome this drawback, and to increase the 
liaison between the programme and engineering sides, 
the scheme known as “continuity working” was 
introduced. 

In “ continuity working,” all the programme sources 
were passed through a control centre continuously- 
manned by a presentation announcer and a technical 
operator, both being normally provided with loud- 
speaker reproduction of the programme as heard by 
the listening public. The operator was in a separate 
“continuity room” to which all the programme 
sources needed were connected, and it was his sole 
responsibility to switch in or dial the required sources 
at the appropriate times. The presentation announcer 
worked in an adjacent studio, and, besides filling the 
periods between programmes with recordings or interval 
signals, decided how to treat any broadcast which 
exceeded the scheduled time, and other operational 
difficulties. Studios were the most common form of 
programme source, and each had an adjacent control 
cubicle for handling studio output and the auxiliary 
services. The desks and equipment in these cubicles 
incorporated automatic control gear and were arranged 
for the minimum of skilled manipulation. An error 
at the control desk could not switch a studio rehearsal 
to a broadcast transmission, since this would involve a 
separate switching action at the main control or 
continuity room. Microphone points in the studios 
had their own amplifiers, and standby units could be 
instantly switched in without robbing other micro- 
phones of theirs. 

From the control centre, the programmes were distri- 
buted over the United Kingdom by a complex land-line 
network passing through programme-switching centres 
to the radiating transmitters. In such systems the 
most common and obvious way of correcting trans- 
mission faults was to employ a large number of operators 
to check and monitor the programmes at different 
points in the network. This essential monitoring 
service was expensive and tedious in this form, and 
failed to make full use of the technical skill of a com- 
petent engineer. Automatic monitors were therefore 
being tried out, it being assumed that an engineer 
normally at the studio or programme source would 
confirm that the programme quality was satisfactory, 
and that subsequent monitoring need have less rigid 
supervision or could be carried out by the automatic 
equipment. 

Two types of automatic monitor had been developed 
by the British Broadcasting Corporation. One, known 
as the Minor was suitable when the programme being 
checked was physically close to its source, or when 
the reception from both could be brought close together 
by radio over a line without repeaters, as when the 
transmission link was all in one building. It incor- 
porated two distinct audio-frequency chains, one being 
supplied with the input known to be satisfactory, 
and the other with the input to be checked. The 
two chains were identical, each consisting essentially 
of a pre-distortion network, an amplifier and a rectifier 
delivering a pulsating direct current; this was modu- 
lated and therefore gave a direct-current output in 
accordance with the electrical nature of the particular 
programme being injected. The direct-current outputs 
from each chain were “ balanced ” against each other 
in a direct-current comparator; no output was pro- 
duced by this when both injected programmes were 
identical, but an alarm was sounded if its output 
exceeded a certain predetermined value. The other 
automatic monitor, known as the Major, had been 
devised to overcome the difficulty of monitoring a 
programme remote from its source, though this was 
sometimes done by receiving the programme back by 
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radio, and monitoring with the Minor. In the Major, 
the pulsating direct-current voltages modulated an 
audio-frequency tone which was then transmitted 
over a line with repeaters, special precautions being 
taken to minimise phase distortion during transmission. 
The tone was demodulated at the receiving end, and 
the resulting direct-current voltages fed to the com- 
parator, as with the Minor. When an alarm sounded, 
the necessary action was taken by staff already 
employed on essential but intermittent duties, such as 
maintenance or dealing with inquiries from other 
control rooms. : 
High-power transmitting stations were costly to 
build and operate. There was, however, a tendency to 
spend too much on standby plant and precautionary 
measures, and though this policy was often sound, 
it ought not to raise costs to an uneconomic limit, 
even at the risk of occasional trouble. Running 
costs had been steadily reduced as new stations were 
built, and the annual cost per kilowatt radiated from 
Skelton was 107-961., as compared with 263-441. and 
281-92/., respectively, for the older Start Point and 
Droitwich stations. Even so, the over all cost of the 
electrical energy consumed at a large transmitting 
station could approach 100,000/. per annum, though 
the supplanting of high-tension motor generators by 
mercury-are rectifiers in new lay-outs had reduced 
some of the running costs considerably. Energy costs 
for the British broadcasting system as a whole rose from 
0-833d. per kilowatt-hour in 1945 to 0-95d. per kilo- 


watt-hour in 1948, so that it became increasingly im- | 
portant to raise the over all power conversion efficiency | 


figure. This was expressed as the ratio of high-fre- 


quency carrier-power supplied to the aerial, to the| 


power taken from the mains, and though it rose from 
20 to 40 per cent. over the last 15 years, further im- 
provement was still necessary. Staff costs were com- 
parable with energy charges, and in some instances 
averaged between 36 and 42 per cent. of the total 
running costs. Much attention was therefore given 
to the design of plant and station lay-out with the 
object of reducing the duty positions requiring constant 
attention or supervision. To cover sickness, holidays, 
etc., each duty position now required 1-6 men per shift, 
or 4-8 men per position for a 24-hour short-wave 
station. 

In attended low-power transmitting-stations, capital 
and running costs were made up differently from those 
in the high-power stations. Capital costs for building 
did not fall linearly with the power output, and the staff 
costs per kilowatt radiated could exceed all other 
expenditures taken together, since shifts of skilled 
staff were required for even small outputs. The 
unattended forms of lower-power station, although pre- 
senting special design and operational problems, there- 
fore offered considerable economies over the attended 
types; a few of the dual-transmitter forms were in 
service for the medium waves at unattended stations 
and radiated powers of 1 or 2 kW. Each of the two 
transmitters was designed for its own precision drive 
equipment, and was supplied with a programme on a 
separate line network from a studio centre sufficiently 
close for high quality monitoring by radio reception. 
The two transmitters were normally used on alternate 
days, and if one failed, the other was switched in from 
the nearby studio centre. These arrangements postu- 
lated installed spares up to 100 per cent., some of 
which were seldom used, and could possibly be better 
employed elsewhere. In the multi-unit transmitter 
recently developed, and being tried out at some 
unattended stations, ten units operated in parallel from 
a duplicated radio-frequency drive source and fed 
into a common aerial circuit of 14 kW output. Each 
unit comprised a power pack, modulator and radio- 
frequency modulated amplifier, and was designed to 
fall out of circuit should it fail. Hence even if two of 
them fell out of commission, there would be only a 
20 per cent. drop in the radiated power, a fall which 
could not be detected by most listeners. 

It was essential for unattended transmitters to 
operate in precise frequency synchronism with others 
radiating the same programme, and special apparatus 
had been developed for constantly and automatically 
adjusting their frequency to the central reference stan- 
dard of 200 kilocycles per second carrier from Droit- 
wich. It was proposed to establish a maintenance base 
near the centre of each group of about six such trans- 
mitters, and the testing equipment normally kept at 
each manned station would be carried in a maintenance 
van. In general, the maintenance staff would replace 
faulty units completely, and bring them to base for 
examination and repair. Although monitoring at the 
unattended stations could be carried out by installing 
a nearby receiver linked by music circuit to the nearest 
manned station, this entailed the use of an additional 
circuit; moreover, there was no certainty that a 
fault would be noticed before the next routine checking 
time. It was to overcome such disadvantages, coupled 
with the need for reducing duty positions, that led to 
the development of the automatic monitoring equip- 
ment already referred to. 
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MESSRS. BLAW KNOX, LIMITED, LONDON. 
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94-H.P. LAND GRADER. 


Tue development of the Overseas Food Corpcration’s 
East-African groundnuts scheme increased consider- 
ably the need for simple, robust and efficient land- 
clearing equipment of British manufacture. Standard 
items of equipment, such as bulldozers, angledozers 
and heavy tractors were used at first, but these were 
found to be not entirely suitable for the heavy duties 
involved in land clearance, especially when used in 
regions remote from normal supplies and services, 
where a large proportion of the available labour was 
only unskilled or semi-skilled. A certain amount of 
American equipment was sent out for use under the | 
scheme and proved more satisfactory, having been | 
designed specifically for land-clearing. This involved | 
the expenditure of dollars, and, in any case, such 
equipment was in great demand for the clearing and 
reconstruction of war-devastated areas, and was, 
therefore, not available in sufficient quantities at 
the right time. In consequence, the Overseas Food 
Corporation decided that equipment would have 
to be made available from Britain’s own resources ; 
they arranged for the Sherman tanks available in this 
country to be converted into heavy tractors, and the 
implements for use with them to be developed at the 
same time. The first of these tasks was undertaken 
by Messrs. Vickers-Armstrongs Limited, Broadway, 
London, 8.W.1, and up to the present time several 
hundred Sherman tanks have been converted into 
*Shervick ” tractors; one of these was described 
fully in ENGINEFRING, vol. 165, page 513 (1948). The 
second task, that of developing the necessary imple- 
ments, was carried out by Messrs. Blaw Knox, Limited, 
Euston-road, London, N.W.1, who produced a tree- 
feller, a stump-remover and a root-rake. Large 
quantities of these equipments have been built and 
shipped to Africa. 

Meanwhile, Messrs. Blaw Knox have continued 
their development of land-clearing machines and imple- 
ments, and recently have produced a new motor grader, 
known as the BK-12. A photograph of this machine 
is reproduced in Fig. 1, on this page, and drawings are 
shown in Figs. 2 and 3, opposite. The grader carries 
a toothed scarifier for loosening the ground, together 
with a 12-ft. blade for moving the earth so loosened, 
and can be used for a variety of work including ditching, 
bank cutting and road making. In many countries 
where the great distances between towns make it 
uneconomic to provide roads with tarred or concrete 
surfaces, graders are constantly at work making or 
re-levelling unsurfaced highways. 

As may be seen from the accompanying illustrations, 
the motor grader is a six-wheeled vehicle with a back- 
bone-type frame which divides at the rear into two 


1. 


| arms, above which are located the engine and the 
|driver’s cab; the blade and scarifier are attached 
beneath the frame between the front and rear wheels. 
The engine is an A.E.C. type A 202 K Diesel, having six 
cylinders and developing 94 brake horse-power at 
1,700 r.p.m. Direct fuel injection is employed and 
electric as well as hand starting is provided. Power is 
| transmitted from the engine to the four rear wheels 
| through a Meadows 16-in. clutch and an eight-speed 
gearbox, giving road speeds of 2-24, 3-55, 4-35, 6-88, 
12-02 and 19-08 m.p.h. at 1,600 r.p.m. in the six 
forward gears, and 2-99 and 4-74 m.p.h. in the two 
reverse gears. From the final-drive pinion on the gear- 
box layshaft, the drive is taken vertically downwards 
through an idler pinion to a gear of larger diameter 
which is connected to a bevel gear by a shaft rotating 
in roller bearings. The bevel gear meshes with a crown 
wheel attached to a transverse shaft also running in 
roller bearings, and carrying a pinion which drives the 
final gear. This is located centrally on the final-drive 
shaft, the two halves of which are bolted to it; there 
is no differential action. The driving wheels are 
mounted in tandem and each pair is chain-driven from 
the final-drive shaft, the chains being enclosed in 
welded cases which form oil baths. 

When the machine is in use, it is necessary to control 
the scarifier depth, the blade circling motion, the side- 
ways blade shift, the blade lift and the front-wheel 
tilt to suit the particular type of work in progress, 
the front wheels being tilted to resist the tendency of 
the vehicle to swing sideways when it is used with the 
blade set obliquely to the direction of travel. Power 
for controlling these motions is provided by a sub- 
sidiary gearbox situated across the vehicle in front 
of the driver, and driven by a power take-off from the 
main gearbox. The subsidiary gearbox is fitted with 
six shafts projecting from the front and arranged to 
drive the various control assemblies. Two spur gears 
are carried on each shaft, rotating independently of it, 
and separated by a dog clutch moving on a splined 
centre portion of the shaft. The two gears, each form- 
ing part of a chain of six intermeshing gears, are driven 
in opposite directions so that the shaft may be given a 
forward or reverse motion by engaging the dog clutch 
with one or the other, this motion being controlled in 
each case by one of six external gear levers. The four 
inner shafts brought out from the power-distribution 
gearbox are coupled to shafting which runs to the 
control assemblies for scarifier depth, blade circling, 
blade shiffgand front-wheel tilt. Where necessary, 
this shafting is square and telescopic to allow for any 
movement of the assemblies, and Hardy-Spicer univer- 
sal joints are incorporated at bends. 

The blade-lift assembly is driven from the two outer 
shafts, each of which operates a lifting arm through 
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reduction gearing fitted to the front of the distribution | 


box. These arms are connected to the blade-carrying 
assembly so that the two ends of the blade can be 
raised or lowered independently, the range of movement 
being from ground level to 18 in. above the ground. 
The blade is fitted to a large-diameter internally- 
toothed ring, which may be rotated through any angle 
by the blade-circling control, this consisting of a small 
pinion meshing with the ring and driven through 
reduction gearing. The ring is carried on a floating 
V-shaped frame the apex of which is pivoted near the 
nose of the grader, so that the blade is free to swing 
into the positions determined by the controls. The 
centre-shift control is used in conjunction with the 
controls for blade lift, and causes one end of a tie-rod 
to move through an arc across the vehicle. The other 
end of the rod is attached to one side of the blade- 
carrying assembly and the result of operating the centre- 
shift control is to swing the blade out to one side of the 
vehicle or the other. The amount of side-shift obtain- 
able is 36 in. to right or left. The angle of the blade 
to the vertical may be altered within limits, 13 positions 
being provided, and this adjustment is made manually. 

The scarifier is 4 ft. in length and has eleven forward- 
and downward-pointing teeth, the length of which may 
be varied; in this case three positions are provided. 
It is located forward of the blade, and is carried by 
two arms swinging in a vertical plane about a transverse 
shaft near the nose of the vehicle. Raising of the 
scarifier is carried out in the same manner as for the 
blade, the lift being 9 in. from ground level. Unlike 
the blade, the scarifier cannot be swung sideways. 

As has been mentioned already, the wheel-tilting 
control is used to resist any tendency of the grader to 
swing sideways under the pressure of earth on the 
blade. The wheels are arranged so that they can be 
tilted through 30 deg. relative to the front axle, which 
is pivoted about its centre to enable the wheels to 
traverse uneven ground. 
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The main frame of the grader is of welded-steel box- | cars, which led, in turn, to greater congestion and lower 


section construction. The wheel track is 6 ft. 8 in. 
in front and 6 ft. 64 in. at the rear; the overall length 
is 25 ft. 6 in. and the turning circle has a radius of 
35 ft. 8 in. An enclosed, ventilated cab is provided for 
the operator, who has a good field of vision, and all the 
controls are grouped within easy reach. 





PUBLIC PASSENGER TRANSPORT 
IN NORTH AMERICA. 


Lorp LatHamM, chairman of the London Transport 
Executive, accompanied by Mr. A. B. B. Valentine, 
member of the Executive, and Mr. E. C. Ottaway, 
works manager ("buses and coaches), recently returned 
from a short visit to the United States and Canada 
“to study travel and industrial conditions there.” In 
a statement made on his return, he gave his impressions 
of public passenger transport in North America, or, 
as it is called there, “mass transportation.” He 
visited eight representative cities, namely, Montreal, 
Toronto, Detroit, Chicago, Oakland, San Francisco, 
Los Angeles and New York. 

The general impression Lord Latham gained was 
that public transport was engaged in an unequal struggle 
with the private car for a fair and reasonable use of 
road space. He found that road space was greatly 
reduced by the almost continuous lines of cars parked 
on both sides of the streets, often reducing the thorough- 
fare to a relatively narrow lane along which private 
cars, innumerable taxis, and heavy lorries, competed 
with streetcars and ’buses for the right of way. In the 
morning and evening peaks, “‘ near immobility has been 
reached.” In the central areas of cities, every available 
vacant site was being used for parking private cars. 
Enormous sums were being spent on tunnel roads, 
“ speedways ” and the like, which, although excellent 
in themselves, served to encourage the use of private 





speeds. 

Public transport seemed to be the Cinderella; condi- 
tions were created which made it almost impossible 
to provide an adequate service. Valiant efforts were 
being made by the transport undertakings, but the 
central problem remained—that public transport 
needed a fair and reasonable share of road space. 
Road vehicles were the principal means of public 
transport, except in New York and, to a lesser degree, 
in Chicago, and the morning and evening peaks were 
worse than in London. Movement was slower; 
standing passengers sometimes exceeded the seating 
capacity. During off-peak hours, hundreds of vehicles 
were idle. Financial difficulties were, perhaps, accen- 
tuated by the prevalent system of flat fares, which, for 
various reasons, could probably not be abandoned. 
There was an increasing trend towards the replacement 
of streetcars, i.e., trams, by "buses ; trolley-’buses were 
not greatly favoured. From 40 to 60 per cent. of the 
people used private cars to travel to work; in Los 
Angeles, which was, of course, exceptional, the estimate 
was as high as 80 percent. In London, it was estimated 
to be about 6 per cent. The gulf between these 
figures summed up the difference between public 
passenger transport in England and that in North 
America. In this country, it was an essential service 
for the public generally, whereas in America, appa- 
rently, it was becoming a service in default of other 
means of transport. 





THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians—the old students’ association of 
the City and Guilds Engineering College—will be held 
on Monday, November 14, at 12.45 p.m. for 1.5 p.m.. 
at the restaurant ‘‘ Chez Auguste,”’ Frith-street, London, 
W.1. After the luncheon, Sir Graham Savage, C.B.. 
Education Officer to the London County Council, will 
speak on “‘ Current Educational Problems.” 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ MamMakvu.”—Twin-screw cargo vessel, built by 
Messrs. Henry Robb, Limited, Leith, for Messrs. Anchor 
Shipping and Foundry Company, Limited, Nelson, 
New Zealand. Main dimensions: 175 ft. (between 
perpendiculars) by 36 ft. by 12 ft. 9 in. to upper deck ; 
deadweight capacity, 670 tons on a mean draught of 
11 ft. 6 in. Two British Polar four-cylinder two-stroke 
direct-reversible single-acting Diesel engines, together 
developing 750 b.h.p. at 375 r.p.m. and a speed of 
10 knots, constructed by Messrs. British Polar Engines, 
Limited, Govar, Glasgow. Trial trip, October 18. 


M.S. ‘“‘ ATLANTIC EMPRESS.”—Single-screw cargo 
vessel, to carry twelve passengers, built by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
for Mr. S. G. Livanos, London, E.C.3. Main dimensions : 
500 ft. (overall) by 62 ft. 3 in. by 41 ft. 6 in. to shelter 
deck; deadweight capacity, about 12,540 tons on a 
draught of 28 ft. Hawthorn-Doxford four-cylinder oil 
engine, to develop 4,450 b.h.p. in continuous service, 
supplied by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne, and installed 
by the shipbuilders. Service speed, 13} knots. Trial 
trip, October 19. 


S8.S. “‘ Runic.”—Twin-screw refrigerated-cargo liner, 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for Messrs. Shaw Savill and Albion Company, 
Limited, London, E.C.3. Fourth vessel of a series of five. 
Main dimensiuns : 561 ft. (overall) by 72 ft. by 43 ft. 44 in. 
to shelter deck; gross tonnage, about 13,900. Two- 
shaft arrangement of Parsons triple-expansion single- 
reduction geared turbines, to develop a total of 14,000 
s.h.p. at 120 r.p.m. in service, and two Foster Wheeler 
oil-fired water-tube boilers. Service speed, 17 knots. 
Launch, October 21. 


M.S. ‘* MomBasa.”"—Twin-screw vessel, to carry 8 first- 
class, 16 second-class and 120 unberthed passengers, and 
refrigerated and general cargo, built by Messrs. Henry 
Robb, Limited, Leith, for the East African coast service 
of the British India Steam Navigation Company, Limited, 
London, E.C.3. Main dimensions: 250 ft. (between 
perpendiculars) by 43 ft. by 19 ft.; deadweight capacity, 
1,200 tons on a draught of 14 ft.6in. Two British Polar 
five-cylinder marine Diesel engines, together developing 
1,600 b.h.p. at 250 r.p.m. and a speed of 12 knots, con- 
structed by Messrs. British Polar Engines, Limited, 
Govan, Glasgow. Launch, October 21. 


S.S. “ PeRsSEvs.”—Single-screw cargo liner, to carry 
33 passengers, built by Messrs. Vickers-Armstrongs 
Limited, Walker, Newcastle-upon-Tyne, for the China 
Mutual Steam Navigation Company, Limited (Messrs. 
Alfred Holt and Company), Liverpool. Main dimen- 
sions: 478 ft. by 68 ft. by 38 ft. 6 in.; deadweight 
capacity, 10,000 tons on a draught of 29 ft. 6 in. Parsons 
geared turbines, and two Foster-Wheeler boilers, develop- 
ing 14,000 s.h.p. and a speed of 16 knots, constructed 
at Barrow-in-Furness. Launch, October 22. 


M.S. ‘“‘ SYCAMORE.’’—Single-screw vessel for the 
carriage of citrus fruits, general cargo and twelve passen- 
gers, built by the Burntisland Shipbuilding Company, 
Limited, Burntisland, Fife, for the East Mediterranean / 
United Kingdom service of Messrs. Johnston Warren 
Lines, Limited (Messrs. Furness, Withy and Company, 
Limited), Liverpool. Main dimensions: 363 ft. (overall) 
by 51 ft. 3 in. by 30 ft. 9in. ; deadweight capacity, about 
4,725 tons on a draught of 21 ft. 6 in. Rowan-Doxford 
four-cylinder opposed-piston Diesel engine, to develop 
3,300 b.h.p., constructed by Messrs. David Rowan and 
Company, Limited, Glasgow. Speed, 14 knots. Launch, 
October 24. 


M.S. “ EKet.”—Twin-screw ferry vessel, to carry 
1,050 deck passengers, built by Messrs. J. Samuel White 
and Company, Limited, Cowes, Isle of Wight, to the 
order of Messrs. Elder Dempster Lines, Limited, Liver- 
pool, for service between Calabar and Oron, Nigeria. 
Main dimensions: 170 ft. (between perpendiculars) by 
30 ft. by 9 ft. 9 in.; gross tonnage, about 355. Two 
six-cylinder Diesel engines, to develop a total of 600 b.h.p. 
at 350 r.p.m., constructed by Messrs. H. Widdop and 
Company, Limited, Keighley, Yorkshire. Speed, 11} 
knots. Launch, October 25. 

S.S. “‘ VALBORG NIELSEN.”’—Single-screw cargo vessel, 
built and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for the Steamship Company 
Progress, Copenhagen, Denmark. Main dimensions: 
307 ft. (between perpendiculars) by 45 ft. 9 in. by 
20 ft. 3 in. to upper deck; deadweight capacity, about 
3,400 tons on a draught of 19 ft. lin. Triple-expansion 
engines and two oil-fired boilers, to give a service speed 
of 12 knots. Trial trip, October 25. 

M.S. “ KurpisTan.”—Single-screw tanker to carry 
petroleum in bulk, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for Messrs. Common Brothers, 
Limited, Newcastle-upon-Tyne. Main dimensions: 487 
ft. 6 in. by 59 ft. by 34 ft. 10 in. ; deadweight capacity, 
about 12,000 tons on a draught of 27 ft. 6 in. ; gross tonnage 
8,200. Harland-B. and W. six-cylinder single-acting four- 
stroke Diesel engine. Launcb, October 26. 





LABOUR NOTES. 


A puta for the reduction of unn varieties in 
industry, to enable increased production at less cost 
to be attained, is put forward in a report which was 
published by the Anglo-American Council on Produc- 
tivity, on November 1. The report is the work of a 
specialist team which visited the United States, under 
the leadership of Major-General J. S. Crawford, C.B., 
to study the advantages which accrue to producers and 
consumers from simplification in industry. Because 
of the speed and greater ease with which simplification 
can be introduced, the recommendations of the report 
are confined to this means as a major solution to pro- 
duction problems in British industry, in preference to 
other remedies, such as specialisation and standardisa- 
tion. It is suggested that the ruthless elimination of 
all unnecessary varieties, combined with the concentra- 
tion of manufacturing resources which results from that 
policy, are the principal causes of the high productivity 
and low cost, which characterise American industry. 





There is a great scope for obtaining higher produc- 
tion at lower cost by the introduction into British 
industry of the methods of simplification which have 
proved so beneficial to industry in America and the pro- 
ductivity team recommend that a nation-wide cam- 
paign should be launched immediately in all industries 
to which simplification can be applied. They consider 
that trade associations are the most suitable organisa- 
tions for introducing such a campaign and recommend 
individual firms to make a close study of the possi- 
bilities of simplification at all stages of their production. 
The report, which also emphasises the valuable part 
which the trade and technical Press has to play in the 
campaign, is published from the Council’s offices at 
21, Tothill-street, London, S.W.1, at 1s. Major- 
General Crawford stated in London, on October 31, that 
meetings of industrialists would take place in London, 
Birmingham and Glasgow, at an early date, and that 
meetings of the trade associations, probably attended 
by trade-union representatives, would follow. He 
hoped that the results of the campaign would begin to 
be felt in the early months of next year. 





The difficulties which shipbuilders and repairers in 
the United Kingdom are encountering as the result of 
increased competition from shipbuilding yards in 
Belgium, Holland, Italy, and Germany are referred 
to by Sir John E. Thornycroft, K.B.E., in his chair- 
man’s statement to the shareholders of Messrs. John I. 
Thornycroft and Company, Limited. As an example 
of the orders which are being lost to British shipyards 
in this way, Sir John states that his firm recently 
quoted a fixed price to a detailed specification for the 
reconditioning of the Gripsholm, which is owned by the 
Swedish-America Line, but the order was placed in 
West Germany. He makes the point that, so far as 
Germany is concerned, the shipbuilders and repairers 
in the United Kingdom, as a result of the taxation 
levied on their profits, are subsidising the German 
yards. 





An investigation of shipbuilding and repairing costs 
in the United Kingdom, Sir John states, is now being 
made by the United States Maritime Commission, who 
are considering what changes should be made in the 
subsidies which are paid by the United States Govern- 
ment to American shipbuilders to enable them to 
compete with foreign firms and, thereby, to retain the 
work of American shipowners in the United States. 
If it were not for the Marshall aid being given to us 
by America, and for our own food subsidies, which can 
be claimed as subsidising all industry in the United 
Kingdom, Sir John considers that a good case could be 
made for the British shipbuilding and ship-repairing 
industry to be given a fair opportunity to earn dollars 
by building and repairing ships for American ship- 
owners. The problem which confronts the American 
nation, he concludes, is whether it is more important 
to them to sell cotton, tobacco, cinematograph films, 
and so on, to us, or to maintain their shipbuilding and 
ship-repairing industry, by ensuring that that industry 
obtains practically all the work of the American ship- 
owners. 





In an effort to avoid becoming redundant, craftsmen 
in Sunderland shipbuilding yards, such as caulkers and 
riveters, are taking courses in welding at local evening 
schools. A request by Mr. F. W. Cook, a local official 
of the United Society of Boilermakers, that craftsmen 
likely to become redundant should be given instruction 
in this subject, has resulted in lessons in welding being 
provided by the majority of the shipbuilding firms in 
the town. Mr. Cook stated last Friday that he con- 
sidered instruction in welding was necessary if unem- 
ployment among Sunderland shipbuilding employees 
was to be prevented, as the demand for welding rather 
than riveting in the construction of ships was increasing. 








_ a & 


1949. 





Steel erectors belonging to the Constructiona! 
Engineering Union have been advised by their Union 
to adhere strictly to the safety regulations in force iy 
the building trade. This decision was made at a meet 
ing of the executive committee of the Union at Black- 
pool on October 26 and follows the unsuccessful claim 
of the erectors for wage increases and increases in ris} 
money for working at a height. Mr. Jack Stanley, 
general secretary of the Union, stated after the com- 
mittee meeting, that the safety regulations had been 
ignored frequently in the past to enable steel-frame: 
building to be erected more quickly. It is likely that 
insistence on the carrying out of the regulations in fuli 
will slow down building construction in all parts of th: 
country. 





An announcement made at the close of a protracted 
meeting of the Railway Shopmen’s National Council, 
held in London on October 26, stated that the National 
Union of Railwaymen had submitted a claim for sub- 
stantial wage increases on behalf of the 130,000 railway 
shopmen. In the past, some difference of opinion 
between the N.U.R. and the Confederation of Ship- 
building and Engineering Unions has been disclosed as 
to what claims should have been put forward in favour 
of these railway employees and how they should be 
pursued. Although particulars of the submission to 
the Council were not disclosed, it is understood that 
no specific sum was mentioned in the claim. The 
trade-union side of the Council decided to take that 
course as a means of reconciling the opposing views of 
the unions concerned. The reply of the Railway 
Executive is expected to be ready in about a week’s 
time. It may be recalled that the N.U.R. originally 
claimed an extra 10s. a week, and additional payment 
for Saturday afternoon work, for all their members 
including 95,000 of the railway shopmen. The Con- 
federation, on their side, have decided to present a 
demand for an increase of 20s. a week for all engineers, 
which claim would apply to the shopmen affiliated to 
the Confederation. 





The desire of the National Union of Railwaymen to 
secure an increase in the wages of the lowest-paid 
grades of railway employees and, if possible, the 
establishment of a weekly minimum wage of 51. through- 
out the railway service, has led the N.U.R. to invite 
the other unions concerned to a joint meeting to con- 
sider the proposed new claims. It is understood that 
the Associated Society of Locomotive Engineers and 
Firemen have declined the invitation on the ground 
that no useful purpose would be served by submitting 
a fresh claim to the Railway Executive. In view of 
the recommendations of the railway Board of Concilia- 
tion that demands for increases in railway wages should 
be rejected for the present, the opinion of the 
A.S.L.E.F. appears to be that their efforts should be 
concentrated in other directions, such as the establish- 
ment of a supplementary pension scheme for railway 
employees. The present attitude of the Government is 
against such pensions in the nationalised industries, 





The attitude of the Railway Clerks’ Association, on 
the other hand, is agreeable to a joint meeting with the 
N.U.R. to discuss railway-wage policy, but on the 
understanding that any new claims, or negotiations 
which take place as a result, must respect existing 
agreements between the two unions. These cover the 
rates paid to the higher ranks of the supervisory and 
clerical staffs. If the joint meeting takes place, in spite 
of the refusal of the A.S.L.E.F. to participate, and some 
measure of agreement results, a joint wage claim to 
the Railway Executive will probably follow. 





Suggestions that bad time-keeping, absenteeism and 
a large measure of labour discontent exist at the 
present time on the British Railways are contained in 
last week’s issue of the Railway Review, the journal 
of the N.U.R. The article also alleges that control is 
both remote and complicated. After stating that a 
“tragic and lethargic spirit is rampant everywhere or 
the railways” and that it is accompanied by an 
atmosphere which is “soulless, de-humanising and 
individuality-killing,” the editorial continues: “ Lack 
of interest in the work was never so rife, and bad time- 
keeping has become so prevalent that supervisors are 
worried to death about keeping the job going. Trains 
are held up for hours because of men not turning up 
for their jobs. Goods and merchandise are going 
astray, or not being delivered at all, because men are 
not interested in their work, or because of inexperi- 
enced staff in and on goods depots. Supervisors of 
all kinds, superintendents, and other higher-ups seem 
powerless to arrest this decline in railway morality. 
Men charged with supervisory duties find themselves 
loaded up with plenty of responsibility and no authority 
whatsoever.” The article adds that large numbers of 
good, trustworthy men are leaving the railways because 
of the “ soul-destroying system of remote control.” 
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Fiy CuTreER WEAR MEASUREMENT. 


DEVELOPMENTS IN GEAR 
PRODUCTION.* 


By H. Pearson. 

SoME years ago it was decided to investigate the 
effect of making changes in variable quantities in the 
hobbing of gears. To obtain closer control over the 
variables and also to minimise the cost of the test, it 
was decided at an early stage not to use a complete 
hob, but to employ a single-point cutter of the type 
shown in Fig. 1, herewith, profiled similarly to a hob 
tooth in order to mill material from a bar of steel of 
average toughness. In preliminary tests, the flat-sided 
form of cutter shown on the right in Fig. 1 was used, 
but difficulties were experienced in re-setting the 
cutter in its holder to maintain constant effective 
relief angles after sharpening operations. The alter- 
native and more costly type of cutter shown on the 
left of the same illustration was therefore adopted as 
standard. The active end of this cutter was formed 
in a hob relief-grinding machine to give relief angles 
similar to those on hob teeth. No rake was provided 
on the top face of the cutter, and this was maintained 
in sharpening by ensuring that the sharpened face was 
in the plane that contained the axis of rotation of the 
cutter. 

The condition simulated was that of finish cutting 
and the quantity determined was the rate of wear of 





* Paper presented to the Coventry Section of the 
Institution of Production Engineers, March 11, 1949. 
Abridged. 
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the inclined cutting edge. In hobbing, the most rapidly 
worn point is nearly always found to be on the curved 
part of the profile uniting the two straight parts, but 
in these tests the rate of wear of the inclined edge was 
taken as the criterion of failure. A special cutter 
holder, shown in Fig. 2, was made to suit a standard 
horizontal milling machine, and a special gauge (Fig. 3) 
was made for the purpose of measuring the wear of 
the cutting edge. 

The variables to be investigated included the material 
to be cut; the material, relief angles and top rake of 
the cutter ; the surface finish of the relieved surfaces of 
the cutter, and of its active surface ; the cutting speed, 
the rate of feed, the thickness of the cut, and the nature 
of the coolant. All the combinations of reasonable 
changes in these variables amount to a very large 
number, and even with two machines running night 
and day there still remains much work to be done. 

It was decided to use 0-5 per cent. carbon steel (En. 9) 
as the standard work material for cutting tests, norma- 
lised to give a tensile strength of about 47 tons per 
square inch. This material is relatively inexpensive 
and not specially difficult to obtain, and in the condition 
specified it has rather more than average toughness, 
although it is not particularly difficult to cut. The 
material was obtained at first in the form of a billet 
4 in. square, but, as this section was not always avail- 
able, certain tests were made on circular bar, 5 in. in 
diameter, milled as a preliminary cperation in order to 
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| provide a surface to fit on the table of the milling 


machine. 

The wear-measuring device makes three-point con- 
tact with the cylindrical surface of the cutter holder, 
and its endwise location is controlled by fixed dowels 
that rest against the end of the holder. In measuring 
the cutters, the instrument is moved radially in relation 
to the axis of the cutter holder, so that the plungers of 
the dial indicators pass over the cutting edges of the 
tool. When the inclined edge only is active, the dial 
indicator that makes contact with the tip of the cutter 
reveals any radial movement of the cutter that may 
occur while the tests are in progress. The dial indica- 
tors are graduated in ten-thousandths ofaninch. Some 
training is needed in the first instance to repeat readings 
from it to a sufficiently high degree of accuracy, but 
this difficulty soon disappears, and highly satisfactory 
results are obtained with semi-skilled labour. 

The gauge is set to zero when the cutter is new and 
a reading is taken with the same setting of the instru- 
ment after a given length of traverse of the workpiece 
past the rotating cutter. The readings are plotted 
graphically ; typical results are shown in Fig. 4, on this 
page. The records shown in the graph were compiled 
after tests made to determine the merits of “ climb 
cutting ” and, in this particular instance, climb cutting 
was shown to have an advantage in respect of resistance 
to cutter wear of rather more than 2 to 1 over the con- 
ventional method of cutting. Although subsequent 
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DEVELOPMENTS IN GEAR PRODUCTION. 
Fig. 5 
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Fic. 6. SHAVER IN MESH WITH WORK. 












































Fig. 8. ig. 9. Fig.10. 
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— 
tests have shown this ratio of superiority to be rather | 4 
optimistic, it is generally found that some advantage eo e--4 ye 
can be achieved with climb cutting, particularly when 7 l 
dealing with workpieces in high-tensile steel. The —— —_ fe 
smooth nature of the graph is a convincing demonstra- 5D F oes W 
tion that the methods of measurement were sound. 
For the main series of tests, certain valves were jn------------~-----2.gg - 7 wi 
fixed, as follows :— — - 
(1) Material w+ see 0°55 per cent. carbon —— = Z Be. MT 
steel (En. 9). (0022.«,) “ENGINEERING” 
(2) Surface finish of re- 40 to 50 micro-in., H , : . 
lieved surfaces of cutter ; _ __-9-85--->4 |hob as compared with a single-thread hob, but that 
(3) Surface finish of active 40 to 50 micro-in., Hmax. r | little, if any, more is to be gained by using more than 
aces 2 two threads. 
surf: of cutter | L , ‘ fallaci 
(4) Rate of feed ... ... 0-03 in. per revolution of | | | __It is necessary to add a warning against a fallacious 
cutter. | idea that has almost certainly influenced some users 
(5) Thickness of cut ..- 0°01 in. | 7 | of hobbing machines. With a hob of given diameter 
(6) Length of active cutting 0-3 in. f- oo — — —" |and cutting speed, the speed of rotation of the work- 
e— a | table is twice as great for a two-start hob as for a single- 
edge | UU '— - ——- —— A ‘ : a 
, | (9622.4) | | start hob, and if the machine is set up for a given feed 
Conditions 1, 4 and 5 correspond to a finishing cut on | | per revolution of the work, the cut across the width 
a large high-precision gear. | Examination of the rubbed areas of the teeth of a! of the work will be completed twice as fast in the first 


It was found that a normal 18-4-1 high-speed steel | hob that has been used for cutting the spur or helical | case as in the second. This, of course, is very effective 
is about the best of normally available materials for a| gears shows that the teeth in less than a single con- | from the point of view of production, but the fact is 
hob; no type of tungsten carbide yet tested in this | volution are more heavily worn than any others. Very | that, for a given hob life, a coarser feed can be applied 
manner has shown any perceptible superiority over it.| often, two or three teeth have suffered the most | with a single-thread hob than for a multi-thread hob, 
This may be surprising in view of the success achieved | severely, the rubbed areas extending backwards from | which leaves the advantage of the two-thread hob at 
with tungsten carbide in milling operations, but it will | the rounded parts of the tips of the teeth. On such |less than two to one. This is a point that requires 
be appreciated that milling and hobbing actions are | teeth, the wear is approximately symmetrical, whereas | careful investigation, and, up to the present, no precise 
somewhat different in character. Given a concentric| that is not the case on the majority of the visibly | conclusion has been reached. The practice in this 
milling cutter, all the teeth follow the same cutting| worn teeth. In re-sharpening the hob, it is necessary | respect, as in so many other branches of engineering, is 
path and, generally speaking, the feed per tooth can | to grind sufficient metal from the tooth faces to elimi-| apt to depend on personal preference, and, so far as 
be obtained by dividing the feed per revolution of the | nate rubbed areas from all the teeth, and, therefore, | can be seen at present, a good deal of work is necessary 
cutter by the total number of teeth. This feature does | the condition of the most heavily worn tooth decides | before any rigorous conclusions can be reached. 
not obtain in hobbing, where the heaviest duty is done | how much metal must be removed in sharpening, and| The crossed-axis shaving process has been applied 
by a relatively small number of the teeth. | ultimately, the total life of the hob. |to automobile gears for a considerable time, and 
Results of a series of tests made to determine opti-| It is the hob tooth penetrating most deeply into the | extension of the process to much larger gears has 
mum side relief angles for hob teeth are presented | blank that suffers the most wear, and in a single-thread | directed attention to its fundamental nature. Fig. 6, 
graphically in Fig. 5, on this page. It will be seen that, | hob there is only one such tooth. In a multi-thread hob, | on this page, shows a spur-type shaver set in engage- 
with cutters having a 20-deg. pressure angle, in 18-4-1 | each thread contains a tooth that penetrates the full | ment with a turbine pinion, of which the helix angle is 
high-speed steel, and operating at normal hobbing| depth into the blank and, therefore, instead of there | about 30 deg. The cross-axis angle is the difference be- 
speeds, a side relief angle of about 34 deg. gives about | being only one most heavily worn tooth, there are | tween the axis angle of the cutter and that of the pinion. 
the best cutting performance ; it is associated with a| several such teeth, one for each thread. This suggests |The pinion is mounted between centres and is driven 
relief angle of 94 deg. at the tip or front face of the that multi-start hobs may have some advantage for the | from the power head of the machine. Pressure between 
cutter, the relation between the two angles being! rough cutting of gears; for finish cutting to a high|the shaver tooth and the work tooth is obtained by 
determined by the normal pressure angle. This shows | degree of precision, they are not usually regarded with |applying braking torque to the shaver spindle, and 
that the relief angles normally used to-day are about! favour, as they cannot be made with the same high | this is effected by means of adjustable brake bands, 
the best possible for general hobbing work. Super- | degree of precision as is possible for a single-thread hob. | located on drums bolted to the shaver. Except where 
hardening of the cutters is usually found to be advan-| For the purpose of explanation, the foregoing remarks | ‘“‘ patch” or selective shaving is undertaken, constant 
tageous, particularly when the workpiece is of a high-| have been over-simplified. Taken literally, they would | load is maintained while the shaver is traversed across 
tensile nature. The life of the cutter, as measured | imply that, the greater the number of threads in a hob, | the face of the gear. 
by the length of material cut before the tool wear | the greater the advantage for rough cutting. Actually,| Contact between two teeth of a pair of helical gears, 
became 0-0005 in., was found to be greatest for a | in a single-thread hob, while the one tooth that pene- | meshed on non-parallel axes, is confined to a single 
cutting speed of about 120 ft. per minute. This is| trates most deeply into the blank suffers the greatest | point if the surfaces are geometrically accurate and 
much higher than is normally used when finishing large | wear, adjacent teeth before and after it on the thread | are not deformed by loading. Elastic compression of 
high-precision gears. As a coolant, a general-purpose | suffer not much less wear, although the worst of the | the surfaces under load causes the contact to be spread 
lubricating oil was found to result in longer tool life| worn teeth cover less than one convolution, and | over an area of elliptical form, with the major axis 
than did any proprietary brand of “ straight” cutting usually about half a convolution. This suggests that | much greater than the minor axis. The reason for this 
oil, and did not result in an inferior finish. 'there may be an advantage in using a two-thread ' can be seen by considering Fig. 7, on this page, which 
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Fic. 12. 
represents the surface of a tooth on an involute rack. | 
The line of contact of the flank of the tooth with a tooth | 
of a mating helical gear, placed above the rack and | 
situated with its axis inclined to the length of the| 
rack teeth, is a straight line AB. The inclination of | 
AB to the root line C D of the rack is about one-third | 
of the angle between the axis of the mating gear and | 
the direction of the rack teeth. | 

A gear placed beneath the rack, with one tooth touch- 
ing the underside of the flank shown, and with axis | 
inclined to the direction of the rack teeth at an angle | 
different from that of the upper gear, would have a line | 
of contact, such as, for example, A! B?, with the flank of | 
the rack tooth. If the latter were removed, the gear | 
teeth themselves would touch at the point P, which is | 
the point of intersection of A B and A! B! and, apart | 
from any deformation of the surfaces, contact between | 
the teeth would be limited to that point. It is not| 
difficult to calculate the approximate distance of a| 
point Q on A B from the nearest point on the profile 
of the tooth that contains A! B', and thus it is possible 
to calculate the dimensions of a ‘‘ zone of proximity,” 
within which no point on either tooth is distant more 
than, say, 0-000] in. from the nearest point of the| 
other tooth. This zone approximates closely to the 
contact area over which the applied load is sufficient | 
to produce a total compression of 0-0001 in. at the 
mid-point. 

It is found that, if gears of normal dimensions are 
meshed at an axis angle of about 15 deg., small flattening 
of the surfaces extends the contact into a band of | 
appreciable length. Fig. 8, opposite, gives the dimen- | 
sions of the contact areas for typical cases, as indi- 
cated by the outlines of the ‘zones of proximity ” | 
corresponding to a separation of 0-0001 inch. The | 
relative data are given in the Table herewith. The | 


Contact Areas of Typical Gears (Fig. 8). 











Width of | Helix Helix | ays | Relative 

Contact Angle of Angle of | A le Contact 
Area Tooth, Cutter, De ms | Area, 

In. | Deg. | Deg. = Sq. in. 

— - — —__— — ———_—— | 
2-5 40 35 5 | o-o77 | 
0-90 40 25 15 0-027 
2-85 20 25 5 0-085 
0-85 20 3 «| (1b 0-026 
2-74 20 15 5 0-079 





contact conditions between a gear and a cross-axis 
shaving cutter meshed with it are, of course, exactly 
the same as for a pair of helical gears, and, when such 
gears are rotated in mesh, there is at every point of | 
contact a relative sliding, parallel to the tip of the tooth | 
in conjunction with perpendicular sliding of an amount 
dependent upon the position of the point of contact 
in relation to the pitch cylinders of engagement. As 
the pitch cylinder of engagement usually intersects 
the tooth surface at or about the mid-depth of the 
tooth, the directions of resultant relative sliding vary 
from tip to root approximately in the manner indicated 
in Fig. 9, opposite, and this is confirmed by close 
examination of the surface of a shaved tooth, which 





shows fine scratches disposed generally in the form 
shown in Fig. 10. 
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Worm GRINDING BY FoRMED-WHEEL METHOD. 


Fig. 13 
Before 





Fig. 11, opposite, represents the section of the 
tooth of a shaving cutter and the mating tooth of the 
work, on a plane lying perpendicular to the common 
tangent plane of the tooth surfaces at the point of 
contact and bisecting the zone of contact. Sliding 
of the cutter tooth over the work tooth in the direction 
indicated by the arrow is expected to cause the edges 
ABCD to scrape metal from the tooth of the work. 
It will be seen, however, that conditions are anything 
but favourable to cutting. The cutting edges have 
no relief angle, and each of them is preceded by 


| another tooth of zero relief that tends to prevent 


penetration of the edge into the material of the work. 
If the form of the work tooth is geometrically correct, 
very considerable pressure will permit the cutting 
edges to scrape extremely thin shavings of metal from 
the work tooth, and the pressure on the lands behind 
the cutting edges will provide a burnishing action. 
It will be realised, however, that, even in the most 
favourable circumstances, considerable pressure is 
required to produce any perceptible effect on the 


| surface of the work tooth. 


If, however, the surface of the work tooth is not 
geometrically correct, but has local undulations, as 
always happens on teeth cut by conventional processes, 
then the teeth of the shaving cutter will act more 
effectively on high spots than on low spots. Conse- 
quently, the shaving operation has a natural corrective 
action. Irregularities in the work-tooth surface are 
attacked fairly freely, whereas those parts of the surface 
that happen to be smooth and accurate are hardly 
affected. It is found, in fact, that application of the 
shaving process to moderately rough gear teeth causes 
high spots to be shaved away comparatively easily, 
but that, once a completely shaved surface has been 
attained, it is difficult to remove more metal from it 
by shaving. This provides justification for the 
practice adopted by certain automobile-gear manufac- 
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turers of terminating the shaving process before the 
work-tooth profiles have been completely cleaned up. 

The setting of a shaving cutter at the appropriate 
angle in relation to the work is a matter of some 
importance. It may be done by the use of marking 
paint applied to the cutter, and observation of the 
contact area when cutter and work are rotated together. 
Oil-resisting marking paints that adequately serve 
this purpose are now marketed. The object is to adjust 
the angular setting of the cutter so that the contact 
areas on opposite flanks of the teeth are as nearly as 
possible opposite to each other. 

When shaving gears with face-widths many times as 
great as that of the shaving cutter, the angular setting 
is not specially critical, but, when shaving narrow 
gears, the helix angle of the shaved teeth of the work 
may be slightly different from the pre-shaving helix 
angle if the angular setting of the cutter is not correctly 
adjusted. The usual practice in such cases is to mea- 
sure the helix of trial shaved gears and, if necessary, 
to re-adjust the angular setting of the cutter to produce 
a correct result. It will be appreciated that, as the 
area of the contact zone is critically affected by the 
magnitude of the crossed-axes angle, so is the rate of 
machinability or metal removal. Tests have shown 
that the tooth thickness of a fairly low-tensile gear 
can be reduced by about 0-0002 in. in one pass of the 
cutter under fairly moderate pressure, provided that a 
crossed-axes angle of about 30 to 40 deg. is used. By 
way of comparison, about 30 passes may be needed to 
remove a similar amount of metal where the crossed- 
axes angle does not exceed 15 deg. 

For a long time past, form grinding of worm-wheel 
threads has been carried out on one flank only at any 
one time. When using the usual involute helicoid 
thread form, this permits the use of a flat-faced grinding 
wheel ; this is merely the easiest form to trim and the 
method offers great practical advantages. Any worm- 
thread form of normal size may be ground by the same 
flat-faced grinding wheel, set at the appropriate angle 
in relation to the axis of the work. Where the quan- 
tities of identical worms to be handled are small, this 
facility is of particular advantage. Where the quan- 
tities are large, however, it becomes possible to allow 
more time for preliminary adjustment of the grinding 
wheel, and, if the possibility of departing from a 
flat-faced grinding wheel is accepted, the possibility 
of using a wheel that will grind both flanks at once 
naturally comes up for consideration. 

The difficulty of trimming a grinding wheel of non- 





plane form so as to produce a specified shape on the 
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‘work, within a few ten-thousandths of an inch, is well 
recognised. Where the trimming diamond has to 
follow a curved path, its exact action can be determined 
only by actual trial, and re-adjustment or replacement 
-of former plates is usually found to be n If 
this difficulty is accepted, there arises the further one, 
in the case of a wheel for grinding worm threads, of 
determining what the section of the grinding wheel on 
an axial plane shall be in order to produce a worm 
‘thread of involute helicoid form. The form of the 
grinding wheel can be calculated and, if a trimming 
.device of the normal pantograph type is used, the former 
plate should have that same shape implied in the 
pantograph ratio. 

In a trimming device actually applied to grinding 
wheels which are used for grinding both flanks of 
a worm at once, a different kinematic principle was used. 
The diamond is carried near the end of a rod sliding 
through a sleeve pivoted about an axis perpendicular 
‘to that of the work, with a spring acting to press the 
upper end of the rod against a former plate. The 

imming motion of the diamond is effected by hydraulic 
means. The sliding rod actually carries the diamond 
projecting on each side, so that, by changing its angular 
‘position and causing the upper end of the rod to be 
pressed against a former plate symmetrically disposed 
in relation to the first-mentioned one, the second 
diamond can trim the opposite face of the grinding 
wheel. A third diamond, projecting axially from the 
-end of the rod, is used to trim the tip of the grinding 
wheel with the rod, then constrained by a former plate 
which prevents it from sliding along the sleeve. 

With this arrangement, it is not to be expected 
that production time can be halved simply because 
grinding takes place on two flanks during each pass. 
A further advantage may be expected from the proba- 
bility that the form-grinding wheel makes closer contact 
with the worm thread. Actually, the difference 
between the form wheel and the flat wheel in this 
respect is less than might be expected, but, nevertheless, 
the form wheel does show to considerable advantage. 
In one particular instance (the one illustrated in Fig. 
12), which was the profile-grinding of worm threads 
on an auxiliary shaft for the Napier Sabre engine, 
double-side grinding, in conjunction with war-time 
needs for production, caused the grinding time to be 
teduced to about a fifth of what had previously been 
accepted. 

As in most grinding operations, the finishes obtained 
en the flanks of threads, ground by either single-sided 
or double-sided grinding wheels, are directly affected 
‘by the state of balance of the grinding-spindle assembly, 
and it has been the experience that time and trouble 
spent in balancing are amply repaid by the higher 
quality of finish achieved. Figs. 13 and 14, on page 489, 
show the amount of improvement gained by balancing 
the driving members, the spindle and the grinding 
wheel itself 

The records were taken on a David Brown “ Topo- 
graph ” (Fig. 15). This instrument operates on a simple 
pneumatic principle and gives a pen record of the 
profile of the surface along a selected straight track. 
It is easily adjusted to suit any class of surface 
normally used in modern engineering practice. The 
object to be tested is mounted on the table of the Topo- 
graph, the tracer point is set on the surface to be 
tested, and the instrument produces a record 10 in. 
long and 5 in. wide in three minutes. The instrument 
is normally used for flat surfaces, but it can also be 
applied to any curved surface that contains a straight 
line along which the tracer point may traverse. The 
ratio of pen movement to tracer movement is adjustable 
between 5,000 and 20,000 to 1; in other words, a pen 
movement of 0-1 in. corresponds to a roughness depth 
of 20 to 5 micro-inches (Hmax.) according to the setting 
of the instrument. 





Forty YEARS OF ELECTRIC-FAN PRODUCTION.—The 
40th anniversary of Messrs. Woods of Colchester, Limited, 
which is an associate of the General Electric Company, 
Limited, was recently celebrated by a dinner at which 
Sir Harry Railing was the guest of honour. The firm, 
which was founded in 1909, specialises in the production 
of propeller and axial flow fans and the electric motors 
driving them. At present some 70,000 fans per annum 
are produced. 





SouTH AFRICAN RapDI0O-COMMUNICATION LINK.—An 
ultra-high frequency radio communication link has 
recently been established by Standard Telephones and 
Cables, Limited, Connaught House, Aldwych, London, 
W.C.2, to supplement the existing telephone lines between 
Port Elizabeth and Uitenhage in South Africa, a distance 
of 144 miles. The system, which was adopted owing to 
the difficult terrain between the two terminals, is of the 
“* sharing multiplex ” type and provides for 24 channels. 
The directive aerials at each end consist of half-wave 
dipoles in corner-type reflectors. They are mounted on 
125-ft. lattice towers and are connected to the terminal 
equipment by coaxial feeders. 





TEACHING OF ELECTRICAL 
MEASUREMENTS. 


In the course of an address as chairman of the 
Measurements Section of the Institution of Electrical 
Engineers, which was delivered on Tuesday, October 11, 
Professor J. Greig said that the science of electrical 
measurement had grown rapidly in recent years and 
could now be divided into sections having specialised 
technologies many of which were suitable for post- 
graduate courses. The subject, besides being present 
in every branch of electrical engineering, also covered 
the measurement of non-electrical quantities, thereby 
increasing the difficulties of preparing a well-balanced 
syllabus. A final-year course of university standard, 
however, should be concerned only with matters of 
fundamental significance and wide application; and 
specialist topics should usually be covered by post- 
graduate work, either in the university or in the tech- 
nical college. 

From the teaching standpoint, the subject as a whole 
could be considered under six headings, namely, units, 
standards and theoretical considerations ; measuring 
instruments ; methods of measurement ; factors relat- 
ing to dielectric and magnetic materials; electrical 
automatic control systems; and finally the measure- 
ment of non-electrical quantities by electrical means. 
The M.K.S. system of units, though helpful to electrical 
engineers, had little to recommend it so far as civil or 
mechanical engineers were concerned’; it was still 
uncertain to what extent it would be used in school 
text-books, and this largely determined how it would be 
introduced to university students. Laboratory equip- 
ment should now include a simple quartz-crystal fre- 
quency standard, and a temperature-controlled stan- 
dards room. Apart from certain developments in 
instruments incorporating metal rectifiers, most im- 
provements in conventional types were in matters of 
detail rather than of principle. Even so, something of 
the essential unity between certain theoretical concepts 
was occasionally overlooked during instrument courses, 
as for example that between the torque equations of 
electromagnetic and electrostatic instruments, and the 
applications of the galvanometer equation. 

The amplifier instrument was undoubtedly an im- 
portant development, especially when the negative 
feedback principle was applied. It then enabled small 
alternating voltages to be measured very accurately, 
and the amplifier voltmeter could indicate the r.m.s. 
or true mean value of voltages of the order of one 
millivolt. The design of such an amplifier was an 
interesting exercise for the student, and the under- 
standing of feedback amplifier systems was therefore 
as important in the field of electrical measuring instru- 
ments as in the field of telecommunications for which 
they were originally developed. The amplification of 
small direct-current signals was a more difficult problem 
though the sensitive magnetic amplifiers already used 
for magnifying small direct currents offered scope in 
this direction. Most students now received early 
instruction in the use of the cathode-ray oscillograph 
as a general purpose instrument, but the wave or 
harmonic analyser was another electronic instrument 
which also had to be considered. Moreover, the 
development of nuclear physics in its engineering 


aspects introduced a new field of measurements, part of | 
which might be covered during an electrical measure- | 


ments course. 

In recent years there had been an “alteration in 
emphasis on measurement techniques ” which ought to 
be reflected in university courses. Transient pheno- 
mena were more important than formerly, and the 
study of transients in networks or in power plants 
formed investigations which, for example, might be 
common to both power and measurement courses, 
Phase-angle measurements in the audio-frequency and 
radio-frequency ranges were now more important, while 
the increasing use of audio-frequency power for indus- 
trial purposes gave practical scope to several methods 
of power measurement, such as the thermal wattmeter 
and three-ammeter method, which had long been 
regarded as of only academic interest. The measure- 
ment of dielectric and magnetic properties sometimes 
presented special problems, and, with dielectrics, there 
was a wide range of high-voltage and high-frequency 
techniques. Many interesting points arose during mag- 
netic testing, such as the measurement of peak flux and 
peak magnetising current with alternating magnetisa- 
tion, but in general, measurements on open magnetic 
circuits were important from the teaching standpoint, 
since the so-called “‘ self-demagnetising ” effect of short 
magnets and cores was hard to understand without 
experimental confirmation. In the past, too much 
attention had been devoted to the closed or nearly 
closed magnetic circuit. 

Although the servo-mechanisms in electrical auto- 
matic control systems utilised processes of automatic 
measurement, only the simplest of their basic principles 
were suitable for a measurements course. Theoretically, 
servo-mechanisms and negative-feedback amplifiers 
had much in common, since the former regulated or 
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matched one quantity with reference to another |.) 
means of the “ error ’’ or difference between them. Tie 
examination of a simple servo-system, its speed of 
response, overshoot, and stability was a valualje 
exercise, and quite simple modifications of norm,| 
power equipment often served to illustrate the princip):s 
of automatic control. The development of electric! 
techniques for measuring non-electrical quantities like 
stress, temperature and illumination probably intr: 
duced the greatest difficulty in preparing a suitabic 
syllabus. Some subjects, such as the use of electric::| 
resistance strain gauges or the measurement of pre 
sure fell quite naturally into civil or mechanic. 
engineering courses, but, on the whole, there was s\ 
much diversity iz this particular branch of the subject, 
and electronics had so widened the field, that thc 
selection of material for a general measurements cour: 
became almost arbitrary and a matter of considerab|: 
difficulty. 





DEEP-SEA DIVING IN THE 
‘* BENTHOSCOPE’’. 


THE average depth of the ocean is almost three miles. 
and in some places it is more than six miles. Until 
recently, little exploration had been carried out in 
the ocean below a depth of 300 ft., with the exception 
of a few dives made during the period 1930 to 1934. 
In August, it is recorded in the October issue of the 
American journal Mechanical Engineering, a series of 
experiments was started with a new diving apparatus, 
the “ benthoscope,” which is designed for diving to 
ocean depths of more than 10,000 ft. The experiments 
were conducted off the coast of Southern California, by 
Mr. Otis Barton, the inventor of the benthoscope, and 
the Allan Hancock Foundation of the University of 
Southern California. The initial experiments are 
concerned with testing the equipment in dives to 
6,000 ft. below sea-level. The greatest depth reached 
so far, on August 16, was 4,500 ft. ; an electrical-power 
failure prevented further diving. 

The benthoscope is a cast-steel sphere, about 5 ft. in 
diameter, large enough to carry two people, and 
equipped with large wheels so that it can be pulled 
along the ocean bed. The cast-steel walls are 1} in. 
thick in the thinnest parts, but are considerably 
thicker near windows or openings. Two fused-quartz 
windows are provided, each 3 in. thick, in specially- 
designed mountings which cause window seals, of 
neoprene-plastic, to become tighter as pressure in- 
creases on the windows. One window, in the side of 
the sphere, is 5} in. in diameter, which is large enough 
to accommodate the cinematograph camera and optical 
equipment used in making observations. The other 
window, 2? in. in diameter, is in the bottom of the 
sphere, and also accommodates a cinematograph camera 
and a still camera for recording pictures of the ocean 
bed. The door through which the divers enter is 15 in. 
in diameter ; it is sealed by synthetic-rubber O-section 
rings, between two flat metal surfaces. 

In air, the benthoscope weighs about 7,000 Ib. with 
two men on board. In water, it weighs 3,000 lb. The 
cable which carries the benthoscope during the diving 
trials is composed of 136 steel wires forming a cable 
§ in. in diameter. It is woven in such a way that 
it will not rotate when it is stretched. The cable 
has been tested with a load of 10,000 Ib., and portions 
which were tested to destruction withstood a load of 
30,000 Ib. 

The equipment for conditioning the air is carried 
in the benthoscope. Oxygen is continually supplied 
from oxygen cylinders, while carbon dioxide and 
water are removed by absorption in solid soda-lime, 
which is distributed in two trays. The air is circulated 
through the trays by an electric fan, but hand fans 
are provided to guard against failure of the electrically- 
operated fan. A simple and complete system of 
communication is provided between the occupants of 
the benthoscope and the operators on the ocean surface. 
Two water-cooled floodlights are carried on the outside 
of the sphere, one above the windows and one between 
the windows. Current for these lights is fed through 
an insulated aluminium conductor which is tied to 
the cable as it is reeled out. The lights can be operated 
from within the sphere or from the surface. 

When the initial proving trials of the equipment are 
complete, it is intended to investigate a flat area, less 
than 1,000 ft. deep, near Emerald Bay, off Santa 
Catalina Island. The benthoscope will be hauled 
along the ocean bed, and in case obstacles are en- 
countered, an extra heavy cable will be used. After 
this exploration, the benthoscope is to be lowered into 
a deep canyon in the ocean floor, near La Jolla, Cali- 
fornia; the study of such canyons is expected to 
reveal valuable scientific information. 

The exploration of the ocean depths may have an 
important practical significance, for the ocean has 
great possibilities as a source of food supply and of oil 
deposits, if suitable techniques can be developed to 
exploit these resources. 
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STAND-BY DIESEL-ELECTRIC GENERATING PLANT. 


BRITISH THOMSON-HOUSTON COMPANY, LIMITED, RUGBY. 














Fic. 1. 


STAND-BY DIESEL-ELECTRIC 
GENERATING PLANT. 


As a result of the widespread power cuts which | 
were necessary in the early part of 1947 and the prob- 
ability that public generating capacity would not be | 
capable of meeting industrial requirements for elec. | 
tricity for some years, the Government gave facilities | 
for the manufacture of stand-by Diesel-electric sets | 
with a total capacity of 300 MW. The production of | 
half the engines for these sets was undertaken by 
Messrs. Davey, Paxman and Company, Limited, Col- | 
chester, while a high proportion of the larger alter- 
nators were constructed by the British Thomson- | 
Houston Company, Limited, Rugby. A view of a 
typical installation of this kind, at the Rochdale works 
of Messrs. Tweedales and Smalley (1920), Limited, is 
given in Fig. 1. 

The alternators are rated at 330 kVA and generate 
three-phase current at 400/440 volts and 50 cycles per | 
second when running at 1,000 r.p.m. They were speci- 
ally designed to permit of rapid production, and incor- 
porate simplified methods of synchronising, speed 
governing and power-factor control. It is therefore 
possible to run them in parallel with a supply system 
under the most advantageous conditions, even with 
unskilled operators. Synchronism is, in fact, easily 
effected by raising the speed of the unit until a mark 
on the tachometer is reached. The stator circuit- 
breaker is then closed, followed by the field switch, 
interlocks preventing operation in the wrong order. 
The set is then synchronised and ready to carry 
load. 

A view of the stator of one of these 330-kVA alter- 
nators is given in Fig. 2. The need for the rapid 
delivery of these set’, of which mention has already 
been made, caused a design to be adopted in which a 
maximum of punched, pressed and fabricated parts were 
used. Owing to the machining involved, the use of 
end shields was eliminated and a pedestal design 
was employed. The stator frames, which are of the 
“clamped-up” type, were not machined, and the 
stator cores were assembled between side plates round 
a central drum before being clamped by through 
bolts. The pre-machined feet were located correctly 
relative to the side plates by means of an assembly jig, 
before being welded in position. The wave-connected 


bar-type stator windings are arranged in open slots, | 


thus allowing pre-formed, pre-insulated coils to be 
used. All the end-clips were placed in position and 
soldered in one operation by lowering the end-windings 
into a solder pot. 


The rotor bodies are constructed of }-in. laminations, | 


thus enabling forgings, which could not be delivered 
speedily and required machining, to be eliminated. 
The poles are dovetailed to the rotor body, the pole 
end plates being of steel, punched to shape and having 
the rivet holes punched in them before they were 
finally bent with a die. The shafts were machined 
from stock hammered bar and the rotor bodies were 
pressed on, a few plates at a time, by an hydraulic 
press. The field coils were wound directly on to the 
insulated poles, the flanges both at the top and bottom 
being moulded in one piece. The short-circuiting seg- 
ments, which join the pole-face damper bars, were 
punched from copper plate, four of the punched seg- 
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ments being brazed to the bars at the ends of each pole. 
The protection caps for the stator end-windings are 
of sheet steel and were supplied ready for fitting. 
The perforated slip-ring covers and solid and perforated 
wrapper plates were also supplied ready for use. The 
base plates, on which both the alternator and exciter 
are mounted, were fabricated of broad-flanged beams. 
By the adoption of these modifications in standard 
design, it was possible to deliver the sets within the 
stipulated time. 

A typical diagram of connections is given in Fig. 3, 
which shows that the alternator a is connected through 
the main circuit-breaker, with its over-current trip 
coils b and its under-voltage trip coil c, to the *bus-bars d. 
These *bus-bars also receive power from the mains 
system through transformers and supply the local 
works load. The field discharge switch is shown at e 


| guilders 





Stator FoR 330-KVA ALTERNATOR. 


maintained at its set value independently of variations 
iin the supply-system frequency by rendering the speed 
governor inoperative. This is easily done by increasing 
the pressure on the control spring and thus moving 
the governor weights inwards to the stop. Under 
these conditions, however, the governor will still limit 
the speed to a safe value in the event of the circuit- 
breaker tripping. 





INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAND.—The Council of the Institution of Engineers 
and Shipbuilders in Scotland have made a number of 
awards in respect of papers read during the 1948-49 
session. These include the W. W. Marriner Premium 
to Mr. W. Heigh, and Institution Premiums to Mr. D. B. 
Cunningham and Mr. R. V. Turner. 





ROLLER-TYPE PARALLEL RULER.—A ruler, called 
the Duorole rolling parallel ruler, has been produced by 
Messrs. Hall Harding, Limited, Stourton House, Dacre- 
street, London, S.W.1, for drawing lines on any part of a 
board parallel to a given datum. With the conventional 
type, lines may be drawn parallel to the spindle axis 
only in an area governed by the length of the ruler, but 
this limitation has been overcome by fitting at each end 
an additional roller with its axis at right angles to the 
length. The ruler may therefore be moved laterally, 
while still remaining parallel to its datum position, so 
that the whole board can be covered without extending 
the datum or re-setting the ruler. 





K.L.M. Royat DutTcH AIRLINES.—For the third 
consecutive year, the K.L.M. Royal Dutch Airlines have 
declared a profit for the year 1948. Revenue increased 
from 105,671,000 Dutcb guilders in 1947 to 151,635,000 
guilders in 1948, while operating costs rose from 
83,910,000 guilders in 1947 to 129,142.000 guilders in 
1948. A sum of 19,670,000 guilders was allowed for 
depreciation and 2,335,000 guilders were deducted for 
interest. Over the year 1948, a net profit of 173,000 
(16,0001.), was shown, as compared with 
132,000 guilders in 1947. The expansion of the com- 
pany’s activities during 1948 took place mainly by 
increasing the frequencies of existing services. With 
the exception of the domestic routes, in which there was 
little change, all traffic divisions of the company showed a 
substantial increase in revenue during 1948, the largest 
proportionate increase being on the South African routes, 
where revenue rose from 3,615,000 guilders in 1947 to 
11,527,000 guilders in 1948, while the Amsterdam- 
Batavia route showed the largest income—51,755,000 
guilders in 1948, compared with 34,458,000 guilders in 
1947. During the year, the aircraft fleet was enlarged 
and brought up to date ; one L-749 Lockheed Constella- 
tion, six Douglas DC-6 and seven Convair 240 aircraft 
were added, while five second-hand Douglas C-54B 
aircraft were purchased for freight and special types of 
passenger carriage. The total fleet, on December 31, 
1948, consisted of 84 aircraft—37 Douglas C-47A and 
DC-3 aircraft, 11 Douglas DC-54 and four Douglas DC-4 
aircraft, 17 Lockheed Constellations, six Douglas DC-6, 
seven Convair 240 air liners, and two Auster aeroplanes 
for aerial photography. Still on order at December 31, 
1948, were one Lockheed Constellation, one Douglas DC-6. 








and the exciter with its field rheostat at f. The load is 


and five Convair 240 air liners. 
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Fluid Pressure Mechanisms. By H. G. Conway. Sir 


“NOTES ON NEW BOOKS. 

Vac Isaac Pitman and Sons, Limited, Pitman House, 

Parker-street, Kingsway, London, W.C.2. [Price 

25s. net.) 
Tuts is a descriptive work, dealing with the essential 
working principles of the various components of 
hydraulic and pneumatic systems, but not with detail 
design and constructional features. The author has 
classified a wide range of fluid-pressure mechanisms, 
and has adopted throughout the book a standard 
system of nomenclature and diagrammatic representa- 
tion. The book is in two parts, the first of which covers 
mechanisms such as valve elements, pressure pumps, 
“ receiving units *—i.e., motors, jacks, relays, conver- 
ters, etc.—controlling elements and selectors, automatic 
cut-outs and electric pressure-switches, pressure-con- 
trolling valves, flow-controlling valves, various miscel- 
laneous valves and gauges, and pipe fittings. The 
second part of the book deals with entire pressure 
systems, including elementary power systems, remote 
control, variable-speed and sequence systems, servo- 
mechanisms, electric control, and miscellaneous sys- 
tems. The diagrams are admirably clear, and the beok 
should be a useful work of reference for all who are 
concerned with the design and operation of hydraulic and 
meumatic systems. Aircraft maintenance engineers, 
or instance, will find much to interest them, as many 
of the examples considered relate to aircraft systems. 


Corrosion of Iron and Steel by Industrial Waters and 
Its Prevention. Special Report No. 41. The Iron 
and Steel Institute, 4, Grosvenor-gardens, London, 
S.W.1. [Price 3s. 9d. to members of the Institute ; 
5s. to non-members. } 


Tuis report has been prepared by the Industrial Waters 
(Corrosion) Sub-Committee of the Metallurgy (General) 
Division of the British Iron and Steel Research Associa- 
tion, and is a review of existing knowledge on the 
subject, prepared partly as a convenient source of 
reference, listing the principal text-books and 99 
papers published between 1928 and 1946, but also in 
part to induce readers who may have special experience 
to contribute their comments for guidance in future 
revisions. The five sections into which the report is 
divided deal, respectively, with metallic corrosion, the 
causes of corrosion, corrosion under industrial condi- 
tions, the prevention of corrosion, and the procedure 
recommended for the investigation of corrosion pro- 
blems. The literature of the subject is so voluminous 
and so widely diffused among technical periodicals 
and the journals of scientific societies that this concise 
summary will certainly be welcomed by a wide variety 
of readers. It is well written and the illustrations, 
though not numerous, have been chosen with evident 
care; several of them provide particularly striking 
examples of the dangers to which corrosion can give 
rise. An index, while not essential, would probably be 
appreciated by many readers. 





Building in Britain Today. H.M. Stationery Office, 
York House, Kingsway, London, W.C.2. [Price 
6d. net.] 

In sending us a copy of this pamphlet, the Ministry 
of Works, after explaining that its publication had been 
arranged to coincide with the “ Building Week” at 
Tunbridge Wells, expressed the hope that “ you will 
deem this impressive survey of the Building and Civil 
Engineering Industries worthy of the attention of your 
readers”; which we do, though we should hesitate to 
say that it is worth their sixpences. Its 24 pages are 
largely filled with excellent reproductions of rather 
“‘ arty ” photographs of buildings and other structures, 
building-trade craftsmen at work, apparatus at the 
Building Research Station, etc. ; and one of a Gustave 
Doré drawing stated to portray “ Back-to-back dwell- 
ings’ of the Nineteenth Century, though in fact it 
shows nothing of the sort. If, as seems possible, the 
booklet is designed to attract recruits, and especially 
apprentices, into the industry, this is a legitimate object 
—which, however, & charge of 6d. does little to promote. 
The statement, “ First published 1949,” inside the 
front cover, seems to indicate that further issues are 
contemplated ; but we would suggest, in all seriousness, 
that the advisability of printing any brochures of this 
kind should engage the immediate attention of those 
who have to effect the promised economies in Govern- 
ment expenditure. It is difficult to see how this 
example, at any rate, can justify the cost of its pro- 
duction. Incidentally, though the list of acknowledg- 
ments at the end refers to page numbers, the pages are 
not numbered. 





INSTITUTION OF NAVAL ARCHITECTS.—The date for 
the opening of the next annual general meeting of the 
Institution of Naval Architects is Wednesday, March 29. 
A summer meeting will be held at Newcastle-upon-Tyne 
on June 27, 28 and 29, 1950. 





HYDRAULIC-FEED BORING AND 
DRILLING MACHINE. 


THE accompanying illustration shows a vertical 
boring and drilling machine with hydraulic feed which 
has been introduced recently by Messrs. Kitchen and 
Wade, Limited, Arundel-street, Halifax. The self- 
contained boring head is fixed to the hydraulic-feed 
main slide, which is connected to the hydraulic cylinder 
and has a maximum vertical motion of 2 ft. 6 in. The 
cylinder provides an automatic cycle consisting of a 
quick approach, feed, quick return and stop. Adjust- 
able dogs are fitted for varying the lengths of feed and 
quick traverses, and the rate of feed is infinitely variable 
from }$ in. to 12 in. per minute. A range of four inter- 
changeable spindle snouts is available, suitable for 
bores from 2} in. to 6 in. in diameter by 14 in. in length. 

















Each snout is a self-contained unit fitted with precision- 
type taper-roller bearings immediately behind the 
cutter heads, thus ensuring consistent accuracy of 
boring. The bearings are protected against the entry 
of boring dust, a fan being fitted to each spindle in 
addition to the usual sealing devices, The single-point 
tungsten-carbide cutter is set by means of a built-in 
micrometer adjustment, and nine speeds, from 126 to 
1,440 r.p.m., are provided. The head is fitted with a 
built-in lamp to illuminate the work. The illustration 
shows the machine fitted up for fine boring, but other 
types of heads, for example, single- and multi-spindle 
drilling, boring and reaming heads, can be supplied. 
A plain box-type table can also be provided instead of 
the compound type illustrated. The machine weighs 
approximately 34 tons, and the floor area occupied is 
8 ft. by 6 ft. 





AToMic ENERGY EXHIBITION.—An atomic energy 
exhibition has been organised by the Ministry of Supply 
at the Drill Hall, Whitehaven, Cumberland, and will be 
opened to the public by Mr. C. Hinton, Deputy Controller 
of Atomic Energy Production, tomorrow, Saturday, 
November 5. It is intended to show people living in the 
neighbourhood something of what will be done at 
Windscale Works, Sellafield, which are now being built, 
and to give some idea of the aims of Government 
atomic research. 





DOUBLE SWING BRIDGE IN THE UNITED STATES.—A 
description of a proposed double swirg bridge to span 
the York River at Gloucester Point, York Town, Virginia, 
U.S.A., is given in Engineering News-Record for October 
13. The bridge, which is to be built by the Virginia State 
Highway Commission with Messrs. Parsons, Brinckerhoff, 
Hall, and MacDonald, of New York, as consultants, will 
be 3,750 ft. long, and the over-water structure will consist 
of two central swing spans, each 500 ft. long, two 390 ft. 
deck-truss spans adjacent to the swing spans, and two 
350-ft. anchor spans. The swing spans act simultane- 
ously, and will provide a clear main channel 450 ft. wide. 
When closed, the minimum clearance above water will 





be 60 ft. The bridge will carry a 26-ft. roadway. 





_ + 


CATALOGUES. 


Flameproof Electric Motors.—Details of the flameproo/ 
electric motors made by them, all of which are Buxton- 
certified to British Standard No. 229, are given in a leafict 
received from the Electrical Power Engineering Compan) 
(Birmingham), Limited, Bromford-lane, Birmingham, § 


Dust and Fume Control Equipment.—The Power-Gua: 
Corporatioo, Limited, Parkfield Works, Stockton-on- 
Tees, have published a booklet on dust and fume contro! 
and recovery equipment. It describes fabric filters 
cyclones, and associated equipment, and provide: 
technical data on the subject. 





Electric Time Systems.—A leaflet issued by the Inte: 
national Time Recording Company, Limited, 8, Berkeley- 
square, London, W.1, deals with the firm’s systems for 
indicating and recording time. The apparatus illustrated 
includes a master clock, a card time recorder, a job timer, 
a dial time recorder and secondary clocks. 


Mechanical Handling.—Messrs. Fisher and Ludlow. 
Limited, Bordesley Works, Birmingham, 12, have 
Prepared an interesting booklet entitled ‘“‘ A Survey of 
Material Handling.” It deals with the subject from the 
general rather than the technical angle, and illustrates 
typical mechanical-handling installations of their manu- 
facture. 





Fractional Horse-Power Belt Drives.—A _ catalogue 
received from Messrs. J. H. Fenner and Company, 
| Limited, Hull, gives complete information on the pulleys 
jand V-belts for fractional horse-power drives which 
| were recently introduced by the firm. The drives are 
| suitable for light machine tools, refrigerators, and many 
| other similar uses. 


Storage Bins.—Messrs. Blaw Knox Limited, Clifton 
| House, Euston-road, London, N.W.1, construct storage 
| bins for sand, gravel, coal and granular materials. The 
| bins, which are briefly described in a leaflet issued by the 

firm, are mounted on supporting structures so that motor 
| and railway trucks can be driven underneath for loading 
jata rate of 10 tons a minute. 


| Electric Heat-Treatment Equipment.—The General 
| Electric Company, Limited, Magnet House, Kingsway. 
London, W.C.2, have sent us copies of six booklets, 
each of which covers one type of electric heat-treatment 
|}equipment. The subjects dealt with are: high-tem- 
| perature furnaces; horizontal and vertical workshop 
| furnaces ; laboratory-type furnaces ; solder-bolt heater 
}and solder pots; and indicating pyrometers and tem- 
ape controllers. Full technical details and prices 
are given and all the booklets are well illustrated. 


Railway Roller-Bearing Axleboxes.—The Skefko Ball 
Bearing Company, Limited, Luton, have sent us a copy 
of a finely-produced book entitled ‘“‘ SKF Bearings for 
Railway Rolling Stock.” In addition to numerous 
photographic illustrations of electric and steam loco- 
motives and other rolling stock, to which SKF bearings 
are fitted, there are drawings of many types of bearings, 
and notes on their designs. The book also contains 
tables of dimensions for roller-bearing axleboxes and 
journals, and information on the passage of electric 
current through roller-bearing axleboxes, the determina- 
tion of bearing size, and other matters. 





STARTING UNIT FOR THE BRISTOL “‘ BRABAZON ”’ AIR 
LINER.—We understand from the Bristol Aeroplane 
Company, Limited, Filton, Bristol, that a “ Bristol ” 
2-litre automobile engine was used to provide the power 
for electrically starting the eight ‘‘ Centaurus ”’ engines of 
the Brabazon I air liner in the course of the initial flight 
trials. The starting unit consists of the 2-litre engine and 
ancillaries mounted on a lorry. When the unit is in 
operation, the engine speed is controlled at 4,000 r.p.m. 
by a sensitive governor, which keeps engine revolutions 
constant to within a few per cent.,even when the engine 
is running light and load is suddenly applied. The 
engine is coupled directly to an alternator, which is in 
turn coupled in tandem with an exciter-generator. 





PROPOSED EASTERN-AREA ROAD-TRANSPORT SCHEME. 
—In accordance with Section 63 of the Transport Act. 
1947, the British Transport Commission are considering 
the possibilities of a passenger road-transport scheme for 
the area covering Cambridgeshire, Huntingdonshire, Isle 
of Ely, Norfolk, Soke of Peterborough, East and West 
Suffolk, and parts of Bedfordshire, Buckirghamshire, 
Essex, Hertfordshire, Leicestershire, Lincolnshire, North- 
amptonsbire, and Rutland. The four largest passenger- 
transport undertakings operating in these districts are 
already controlled by the Commission. The form which 
the Eastern Area Scheme will take has not been decided 
yet, and those local authorities whose areas come within 
the limits of the proposed scheme have been informed by 
the Road Passenger Executive of the Commission that 
their representations will be welcomed. 
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CHARACTERISTICS 
AND PERFORMANCE OF THE 
JENBACH OIL ENGINE. 


By Proressor 8. J. Daviss. 
(Concluded from page 467.) 

THE next series of tests, L, was made with a view 
of measuring the volumetric efficiency of the 
engine. A constant speed of 1,250 r.p.m. was 
selected and diminishing loads from full to light 
were applied to the engine. The barometer reading 
during this series was 28-8 in. and the room 
temperature was 88 deg. F. The air to the engine 
was passed through a rotating-piston gas meter 
made by the Julius Pintsch Company, of Berlin, 








the advantage of advice and help from Dr. A. von 
Philippovich, of the Technische Hochschule, Vienna, 
an authority on the subject of fuel technology. 
Since cetane number was of first importance, the 
fuel tests decided upon had for object the deter- 
mination of the relative ignition properties of a 
range of mixtures of heavy benzol, which was selected 
as having a very low cetane number, on the one hand, 
and the gas oil which had the highest value of cetane 
number it was convenient to obtain, on the other. 
The performance of the same engine, upon which 
the test series A to L had been carried out, was then 
investigated when these various mixtures were used 
as fuels. Supplementary to this series, a fuel of 
vegetable origin, rape-seed oil, and a fuel of specially 
high viscosity, a lubricating oil, Mobiloil A, were 
also used in the engine. It would have been 



























































in a bomb calorimeter. The values for the mixtures 
of gas oil and heavy benzol, in which the percentages 
given in Table IV are those of the gas oil, were 
estimated from their specific gravities. The distilla- 
tion relationships of the heavy benzol were as shown 
in Table V. This leaves 1-5 per cent. as accounted 
for by residue and losses. 

Samples of the gas oil and of the heavy benzol 
were afterwards sent to the Bataafsche Proefstation, 
at Delft, for investigation of their cetane numbers ; 
they reported that the gas oil gave 53 and the heavy 
benzol, by mixing and extrapolation, gave the 
approximate value, — 0-5.” 

Provision was made to investigate the relative 
values of the cetane number of fuels 1 to 5 of Table 
IV by the Method B, the Throttling Test, recom- 
mended by the Institute of Petroleum.* In this 






























and the actual volumes were recorded. The | interesting to have used heavier oil fuels, but these | method, it will be recalled, an expansion chamber is 
volumetric efficiency was taken as the ratio, | could not be obtained. coupled to the induction pipe of an engine; the 
Fig. 9. Fig. 10. 
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TABLE III. ES 
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Test No. | Li. | | Ls. | 4. | 15. | 1s, = 
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Rom. .. ..| 1,268 1,200 | 1,252 | 1,250 1,230 | 1,225 a 
B.M.E.P., Ib. per | 60 
sq.in. .. ..| 86-1 | 68-3 | 52-0 | 84-1 | 17-1 | 5-7 x, - 
Volumetric effici- : (9655.«) R.P. “ENGINEERING 
ency, per cent. ... 81-0 | 81-5 | 82-2 | 82-5 | 82-7 | 83-1 
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Fig. 8, page 467, ante, shows the values of the} — — 
volumetric efficiency plotted on a base of B.M.E.P. : Calorific value, keal. per kg.* | Viscosity in Centistokes. 
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: Fuel. 20 deg. C. Number 
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walls, with change of load, are small. This would | 6. Rape-seed oil... a 0-9130~— | 9,645 | 8,975 | 106 | $2-5 45 
be a good characteristic in applications in which, at | 7- Lubricating oil, Mobiloil A 0-8830 10,801 10,101 | 7. pA 53 
constant speed of revolution, the load fluctuates Engler) tate 
between light and full. 


One of the advantages claimed for combustion 
chambers of the ante-chamber type is that they 


are relatively much less sensitive than other types | _ 


to the ignition qualities of the fuels, as expressed 
by the cetane numbers. As stated earlier, the 
tests discussed so far were carried out using gas oil 
of density 0-856 at 68 deg. F., but, in order to sub- 
stantiate this claim of insensitivity it was clearly 
desirable to test the engine with fuels covering a wide 
range of cetane numbers. If a range of samples of 
fuels of which the cetane numbers had been specially 
measured had been available, it would have been 
an obvious course to use them, but, in the present 
State of affairs in Austria, this proved most difficult 
and the tests to be described were substituted. In 


addition to the author’s own tests, however, he had 











* These calorific values expressed in kilo-calories per kilogramme are, of course, converted to val 


ues in B.Th.U. per lb. by multi- 























plying by 1-8. . 
TABLE V. 
Percentage Distillate. 
—_—— Boiling Begins. 7 
| 10. 20. | 30. | 40. | 50. | 60. | 70. 80. 90. | 98-5. 
Temp., deg. o, 140 | To 150-5 151 151-5 152-8 | 154 | 155 156-8 159 160 | 172 














On the properties of these various fuels, Dr. 
Philippovich reported as follows : ‘‘ Data concerning 
the fuels are given in Table [V. The determinations 
of the calorific values of gas oi] and of heavy benzol 
were made in a Junkers calorimeter; those of the 
rape-seed oil and of the lubricating oil were made 








inlet to this chamber is fitted with a fine control 
valve and a vacuum manometer, suitable for reading 
pressures from atmospheric down to 25 in. of mercury 

* Standard Methods for Testing Petroleum and Its 
Products, Seventh Edition, page 187; or, Proc. I. 
Mech. E., 1939, page 535. 
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below atmospheric, is coupled to the chamber; a 
test cock is fitted in the exhaust pipe of the engine. 

To facilitate the progress of the tests, a second 
engine, similar in every way to that used so far, was 
equipped with the necessary expansion chamber, 
control valve and test cock, and a mercury U-tube 
was connected to this chamber to register the 
depressions. Vessels for containing the various 
fuel samples were provided and connected through 
suitable pipes and cocks to the supply to the fuel- 
injection system. 

The engine was not coupled to a brake but ran at 
no load, the power developed in the combustion 
chamber being, of course, that necessary to overcome 
the internal losses of the engine. In the I.P.T. 
instructions, one-eighth of full load is recommended, 
or a power above this less than one-quarter load, 
which will ensure steady running. To have applied 
a brake specially to this engine would have taken 
considerable time and, as the engine ran steadily 
and gave consistent results throughout a series of 
preliminary tests, the author decided to accept the 
no-load conditions as satisfactory for the purpose. 
The water in the jacket was at evaporation tempera- 
ture and the room temperature was steady. The 
fuel valve was clean and, from the running of the 
engine, the fuel jet was satisfactory. 

The procedure in making a test was first to observe 
that the engine was running steadily and then to 
close the control valve slowly and progressively, 
reading the depression shown by the manometer, 
until the point was reached at which the engine 
began to missfire, a point which was to be observed 
quite definitely by a puff of white smoke from the 
test cock in tne exhaust pipe. The depression 
registered by the manometer at which this took 
place was recorded. The five fuels, 1 to 5, Table IV, 
were first investigated in this way and, after the 
necessary checks for repeatability, the results shown 
by the crosses on the curve O A Bin Fig. 9, page 493, 
were obtained, the ordinates being the depressions 
recorded and the base the percentages of gas oil and 
heavy benzol in the various fuels. Using 53, the 
cetane number of the gas oil, Fuel 1, and —- 9-5, 
that of the heavy benzol, Fuel 2, the cetane numbers 
of fuels 3, 4 and 5 are found from the intercepts on 
the straight line OB. Using this diagram, the 
values of the cetane numbers for the rape-seed oil 
and for the lubricating oil were also found by the 
throttling test, from the curve OAB and the 
straight line OB. The values of cetane number 
are tabulated in the last column of Table IV. 
While the accuracy of the values of cetane number 
obtained is important, of possibly greater interest 
is the clear demonstration of the wide range of 
ignition and other qualities represented by these 
fuels. 

In relation to the engine, there are three main 
questions to be investigated in connection with 
these fuels : firstly, the actual power produced and 
the thermal! efficiency to be expected ; secondly, the 
behaviour of the fuels in the combustion chamber, 
as regards the smoothness of running of the engine 
and the mechanical forces to be imposed on its 
piston and running gear; lastly, the influence of 
the fuels on the maintenance of the engine. Actual 
tests of the performance of the engine using these 
varied fuels provided evidence on the first question, 
while indicator diagrams, taken from the main 
combustion chamber, gave useful information 
concerning the ignition lag and rates of rise of 
pressure during the combustion process. The last 
question, maintenance, can, of course, be answered 
only from observation of the engine after prolonged 
periods of running, and on this the author has no 
evidence. 

Four series of tests, J, M, N and O, were run at 
maximum load, over the complete range of speed, 
with, respectively, gas oil, a mixture of 20 per cent. 
gas oil and 80 per cent. benzol, Mobiloil A, and rape- 
seed oil, as fuels. The data from the tests are set 
out in Table VI. In these tests, as in the foregoing, 
except for the alteration of the governor lever 
necessary to change the speed, no other adjustment 
was made; the timing of the injection was un- 
touched, including the limiting stop on the fuel 
pump. Curves of B.M.E.P., fuel consumption in 
Jb. per brake horse-power per hour, brake thermal 
efficiency, and the volume, in cubic millimetres, 


TESTS 





OF THE 


JENBACH OIL ENGINE. 














4omm = 7/200 Sek 
ge cna atl & OOS | 
we Mis 7 a a a wb ee Tew Me Be ee <element 
ee er ee ee ee ea ed 
bor OT fe ger Oe 172, 4M = 200 
_— 
| 78 Sat 
niall Hai " ’ mia ies Saag enn ps Vole 
63,5aké | 


~~ 
ae 
I Eichlinien 


0,715 Voe 















































Fie. 11. Exampie or Actua Inpicator DiaGRamM. 
TABLE VI. 
| | | 
| | BMEP. i Fuel Fuel, Fuel, | Brake Therma} 
Test No. Bam: |e aoe me. | B.h.p. : | Ib. perb.h.p. | cu.mm. | Efficiency, 
| Ib. persq. in. | Ib, per hour, perhour. | percycle. | per cent. 
Gas Oil. 
2 a 1,550 85-0 | 15 +35 6-86 0-446 78-1 31-1 
J 2 1,495 85-4 14-85 6-54 0-440 77°2 31-5 
ss 1,380 87-1 14-00 5-93 0-424 75-9 32-7 
24 1,305 88-3 13-40 5-60 0-416 75°7 33-4 
J 5 1,185 88-3 12-12 5-00 0-412 74°5 33-8 
I 6 1,090 88-9 11-27 4-61 0-409 74°7 34-0 
2 7 980 89-3 10-17 4-11 0-405 74-1 34-3 
J 8 890 89-6 9-28 3°74 0-408 74-1 34°5 
I 9 805 88-9 8-32 | 3-34 0-401 73-3 34-7 
J 10 | 735 88-3 7-54 | 3-02 0-401 72°5 34-7 
Mixture 20 per cent. Gas Oil, 80 per cent. Benzol. 
M1 | 1,460 73-0 | 1280 6-08 0-494 72-6 29-4 
M 2 | 1,280 73-5 10-85 5-21 0-480 71-0 30-2 
M 3 1,195 74-0 10-20 4-80 0-470 70-0 30-8 
M 4 | 1,050 73-0 \ 8-85 4-12 0-466 68-5 31-1 
M 5 940 73-0 ' 7-90 3-64 0-460 67-4 31-5 
M 6 813 73-5 6-84 3-11 0-455 | 66-6 31-6 
M7 760 72-2 | 6-33 | 2-84 0-449 65-1 32-4 
Lubricating Oil Mobiloil A. 
Ni 1,500 86-8 15-00 6-55 0-438 74°8 32-0: 
N 2 1,390 86-8 13-90 5-95 0-428 73-4 32-8 
N 3 1,335 86-8 13-36 5-66 0-424 2°7 33-1 
N4 1,195 87-0 12-00 5-05 0-421 72-4 33-3 
N 5 1,040 86-7 10-40 4-38 0-422 72-2 33-2 
N 6 950 86-7 9-50 4-00 0-421 72-1 33-3 
N 7 895 87-5 9-00 3-76 0-417 72-0 33-5 
N 8 820 87-0 8-25 3-42 0-415 71°4 33-8 
Rape-Seed Oil. 
01 | 1,530 | 78-5 13-90 6-99 0-502 | 75-8 31-5 
0 2 1,480 79-0 13-50 6-65 0-493 74-5 32-1 
0 3 1,440 79-8 13-30 6-51 0-490 75-0 32-2 
04 1,290 81-0 | 12-10 5-76 0-476 | 74-1 33-2 
O 5 | 1,170 82-0 | 11-10 | 5-19 0-468 73°5 33-7 
O 6 1,020 82-0 9-65 4-48 0-464 72-8 34-1 
07 | 90 | 82-0 8-45 3-90 0-461 | 71:8 34-2 
0 8 820 82-0 7°75 3-52 0-454 | 71-2 34-8 
| | 
TABLE VII. 
R.p.m. Rate of Pressure- 
Percentage | | Angle After 
Diagram No. Gas Oilin | Page “4 T.D.C. of me ky Engine Load. 
Mixture, | Counter. Diagram. | | Max. Press. Crank Angle. 
wink 2-5 <a s) % PP oe Twin > ac8 i Deg. Min ‘i — a4 
: 100 1,269 1,275 1,114 4 20 67-6 ) 
2 60 1,265 | 1,280 | 1,152 4 89 84-0 | bright 
3 40 1,270 1,280 | 1,167 6 48 71-1 i 
4 | 20 | 1,251 | 1,265 =| 1,131 Ss wt 94-0 
5 | 100 1,260 | 1,265 | 1,266 | 2 29 61-2 ) 
6 | 60 1,263 1,272 =| 1,259 3 42 61-2 | 87 per cent. 
7 40 1,252 1,255 1,210 4 2 59-3 | of full, 
8 | 20 1/254 1/255 1/210 6 i 59-8 | 
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of the fuel injected per cycle, for the four series, 
are plotted on a base of speed in Fig. 10, page 493. 
The curves show some interesting trends: the 
mixture gives a low B.M.E.P., as would be expected 
from the lower volumes, and still lower masses, 
injected, and a high specific consumption, which is 
not unconnected with its low calorific value; the 
high-viscosity fuels show, unexpectedly, a higher 
volumetric rate of injection than the mixture and, 
of these, the lubricating oil gives outputs and 
specific consumptions only slightly inferior to those 


“ENGINEERING” 


of gas oil, but the rape-seed oil, with its very low 
calorific value, gives a lower output than gas oil 
and very high specific consumptions. Bearing in 
mind the wide range of viscosity, the curves of the 
volumes injected cover a surprisingly narrow band. 
As regards the curves of brake thermal efficiency, 
gas oil and rape-seed oil coincide, with lubricating oil 
not greatly different; the mixture shows much 
lower values, clearly associated with the inferior 
combustion conditions following its low cetane 





number. Altogether, the series demonstrated con- 





clusively the adaptability of the design to burn 
satisfactorily fuels with this wide range of properties. 
It should be emphasised, however, that these 
results are not the optimum possible ; better results 
are to be expected if the points at which injection 
begins, and the stop of the injection pump, were 
modified to suit each individual fuel. 

The equipment available in the laboratories ren- 
dered it possible to obtain some interesting indicator 
diagrams from the main combustion chamber of an 
engine of the same type. The piezo-electric 
method of recording pressure was employed, the 
element being a quartz crystal; the indicator in 
question was developed at the Technische Hoch- 
schule, Dresden, and made by Steeg and Reuter, 
of Bad Homburg. The electrical effect of the 
pressure element was amplified and recorded on a 
drum camera in an electromagnetic oscillograph 
equipment developed by Siemens and Halske. 
Markings of time and crankshaft revolutions were 
also provided on the diagrams, of which Fig. 11, 
opposite, is typical: this is a reproduction of a 
photograph of an actual diagram, magnified in size 
by 10 per cent. On this diagram, for which gas oil 
was the fuel used in the engine, at light load, the top 
wavy trace shows time, the second trace crank-angle 
markings, O.T. and U.T. being, respectively, the 
upper and lower dead centres, while the three 
horizontal lines intersecting the curve of pressure 
are calibration lines. In checking the dead-centre 
positions, the crank-angle markings were found to 
be about 2-5 deg. late and the dead-centre position 
drawn on the diagram is shown compensated for this. 

The pressure readings were calibrated both 
statically and dynamically. For the latter, dia- 
grams were taken simultaneously on the high- 
pressure stage of a piston air compressor, running 
at 300 r.p.m., with an ordinary Maihak indicator 
and with the quartz indicator ; for the former, both 
indicators were attached to a pressure-gauge tester 
and submitted to a series of steady pressures. 
Comparison of the range of pressures shown by the 
two diagrams from the air compressor, using the 
statically-determined calibrations, showed excellent 
agreement ; the author was satisfied that the dia- 
grams taken from the engine were sufficiently 
accurate to show the desired comparisons between 
the pressure curves with the various fuels. 

Four fuels were used: pure gas oil, and three 
mixtures of gas oil and benzol in the respective 
proportions of 60 per cent., 40 per cent. and 20 per 
cent. gas oil. With each fuel, two diagrams were 
taken, one, with the engine developing a B.M.E.P. 
of 74 Ib. per square inch, and the other, with the 
engine running with the smallest possible load on 
the dynamometer. Tracings of the eight diagrams 
are reproduced in Fig. 12, while the main data relat- 
ing to the diagrams and tests are given in Table VII, 
opposite. Two readings of revolutions per minute 
are given, one measured on the engine with a revolu- 
tion counter ; the other calculated from the time and 
crank-angle markings on the diagrams. The latter 
values rule somewhat higher than the former, but 
the greatest difference is only 15 r.p.m., which, at 
1,250 r.p.m., is just over 1 per cent. ; this provides 
a useful check on the accuracy with which the crank 
angles may be measured on the diagrams. 

The values of the readings of maximum pressure 
show a remarkable consistency in each series, the 
ranges in each being about 55 lb. per square inch ; 
further, the differences between the values, with 
any given fuel, at near full load and at light load 
are small, ranging from 79 Ib. per square inch, for 
tests Nos. 4 and 8, to 152 lb. per square inch for 
tests 1 and 5. Had it been possible to observe the 
actual points of injection, the values of the ignition 
lag, or delay period, could have been found. The 
data in column 6 of Table VII, however, enable 
differences of ignition lag to be noted; the overall 
increase at light load is 4 deg. 22 min., and at nearly 
full load is 2 deg. 45 min. In column 7, the rates 
of rise of pressure on the diagrams are given, con- 
verted from the values given on the diagrams, 


as, for example, in (1): 2 = 4-75 metric atmos- 
pheres (1 atm. = 14-2 lb. per square inch) per 
degree of crank angle (KW = Kurbelwinkel). It is 


seen that, at nearly full load, the values are all of 
the same order; at light load, there is a general 
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increase which, comparing diagrams 4 and 1, 
amounts to 39 per cent. In all cases, however, the 
rates are moderate. They are consistent with the 
running of the engine, as observed by the author, 
which, with normal fuels was smooth; even with 
the fuels of lowest cetane number, the engine ran 
without the marked knocking he had expected. 
The calibration lines on the diagram correspond to 
pressures of 498 Ib. and 1,010 lb. per square inch, 
respectively. From these, measurement showed 
the compression pressure, at light load, to be about 
910 Ib. per square inch, and, at nearly full load, 
to be 980 Ib. per square inch; values that are con- 
sistent with the high compression ratio. It is 
clear from these diagrams, however, that the 
“sudden ” loading on the pistons, etc., is of a mild 
order when compared with that of certain other 
designs. These results are of great interest and 
substantiate the claim that this design of engine 
can run satisfactorily, as regards the mechanical 
loading of the pistons and running gear, when 
supplied with fuels of widely differing cetane 
numbers, 

Lastly, it occurred to the author that, with this 
indicating equipment, it was possible to check the 
uniformity of the combustion process. This was 
done by taking a series of consecutive diagrams of 
which tracings are reproduced in Fig. 13, page 495. 
Bearing in mind the division of the processes of 
combustion, and the fluctuations in the injection 
characteristics normally caused by vibrations in the 
system, these diagrams show a satisfactory uni- 
formity in the conditions. 

It is desirable to refer to the starting charac- 
teristics of the engine. The high compression ratio 
is, of course, favourable to good starting and on 
several occasions the author saw the cold engine 
started directly by hand without auxiliary aid, with 
gas oil as the fuel. The room temperatures, how- 
ever, were in the neighbourhood of 68 deg. F. With 
unfavourable conditions of temperature, or with 
bad fuels, starting may be assisted by inserting 
igniting paper into a socket in the ante-chamber. 
This aid was used with a mixture of 80 per cent. 
benzol and 20 per cent. gas oil, and the engine 
started immediately. Afterwards, with the engine 
warm, the engine was started with this mixture 
without the aid of the igniting paper. When 
starting by hand, the compression is released to 
allow the engine speed to be raised to a reasonable 
level and then, when it is desired to begin firing, 
the full compression is imposed on the engine. 

Altogether, the author found the characteristics 
of the design, and the performance of the engine in 
the tests reported upon, to be of high technical 
interest and importance in relation to the progress 
of high-speed oil engines. 
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Brassey’s Naval Annual, 1949. 
ADMIRAL H. G. THURSFIELD. William Clowes and 
Sons, Limited, Little New-street, London, E.C.4. 
[Price 30s. net]; and the Macmillan Company, 60, 
Fifth-avenue, New York 11, U.S.A. [Price 6 dols.] 

THE title page of the latest issue of the familiar 

and always welcome Brassey mentions that this is 

the “sixtieth year of publication”; a carefully 
chosen form of words, as regular students of the 
series will recognise at once, for the first volume 
appeared in 1886. War-time difficulties account 
for the discrepancy between the intervening number 
of years and the number of volumes, but it is 
gratifying to find that the hiatus has not been 
seized upon as an opportunity to make changes in 
the format or the general arrangement of contents ; 
these remain broadly as they always were, so that 
the task of those who wish to pursue naval researches 
through a succession of volumes is not complicated 
by innovations of doubtful value. Some slight 
changes are noted, but they are rather of the nature 
of additions or items of a non-recurrent character— 
for example, the excellent chapter on radar by Lieu- 
tenant W. H. Kennett, R.N.V.R., and the draft 

Royal Proclamation on the distribution of prize 

money. The plans and elevations of the principal 

British and foreign warships are still included, as 

are the pages of silhouettes and the tabular state- 

ments of fleets. Mercantile shipping figures only 
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incidentally ; properly so, we feel, for it could not 
have been covered adequately without a great expan- 
sion in the size and increase in the cost of the book. 
The portion of the book which constitutes the 
“* Annual Review ” is divided into seven chapters, 
two of which—‘* The Influence of Sea Power To-day” 
and “The United States Defence Structure ’— 
have been contributed by Admiral Thursfield. 
Lieutenant Kennett’s chapter has been mentioned. 
The remaining four are a summary of ‘ The Naval 
Year,” by Captain E. A. Altham, C.B., R.N.; 
** Foreign Navies,” by Lieutenant-Commander P. K. 
Kemp, R.N., who undertook at short notice the 
task that was to have been, once again, that of the 
late Mr. F. E. McMurtrie and has done it remarkably 
well; ‘‘Three-Dimensional Naval Defence,” by 
“Volage”; and “Naval Marine Engineering 
Progress,” by Commander (E) A. Funge Smith, 
R.N., whose subject has not been dealt with in 
Brassey since 1937, so that he has had a wider field 
to cover than most of the other contributors. 
In the reference section, there are included, as 
is customary, abstracts of the Navy Estimates and 
a reprint of the First Lord’s statement introducing 
them. The Government’s Statement on Defence, 
1949 (Cmd. 7631) is also reproduced ; and there are 
reference lists of the principal naval officials, British 
and foreign, of British Naval Missions abroad, and 
of the Naval Attachés, British and foreign. There 
are 21 illustrations on inserted plates, including 
artists’ impressions of the 65,000-ton United States 
aircraft carrier, the construction of which has now 
been suspended, and of the Russian battleship 
Sovietski Soyuz—included in the tabular statement, 
but not mentioned by Lieutenant-Commander Kemp, 
In his views on the importance of sea power, 
Admiral Thursfield is an uncompromising follower 
of Mahan and of Mahan’s more recent supporter and 
expositor, the late Admiral Sir Herbert Richmond ; 
but those who may be tempted to regard such 
opinions as old-fashioned would do well to study 
carefully his chapter on the present-day significance 
of sea power before condemning them prematurely 
as outmoded. His appraisal of the value of the 
atomic bomb as a weapon is calmly judicial and 
notably well-reasoned ; though it may be observed 
that the desire to annex territory and resources, 
which has been the motive of most previous wars 
of aggression, may not necessarily inspire the next, 
in which case the practical certainty that the 
atomic bomb will sterilise completely, to victor 
and vanquished alike, the target area in which it 
lands, loses much of its force as a deterrent of atomic 
warfare. The analogy of poison gas, therefore, is 
applicable only with reservations, though this fact 
does not affect the general validity of Admiral 
Thursfield’s contentions regarding sea power. Even 
the prospect of a sky filled with self-guiding missiles, 
busily engaged in hunting each other to destruction 
under the direction of their self-contained radar 
equipment—not an impossible development, so 
rapidly has radar advanced—does nothing to 
undermine the main principle that wars are won 
by the nations that can maintain their own supply 
services while denying freedom of movement to 
those of their adversaries ; and, where Britain is 
concerned, that movement must be by sea. 


To pursue the theme farther is a temptation, but 
there are other chapters which claim attention. 
The notes on submarine developments, though 
tantalisingly brief, are instructive; the review of 
naval affairs in the United States—now taken 
onward another stage by the reported “‘ translation ” 
of Admiral Denfeld—throws a good deal of light 
on a controversy that is somewhat difficult to follow 
from newspaper reports alone ; and the chapter on 
naval engineering, while it contains little that will 
be novel to those who have studied the post-war 
papers read before the engineering institutions 
here and in the United States, is useful in bringing 
the developments made into proper relation. 
While appreciating greatly Admiral Thursfield’s 
reference to ENGINEERING in his preface, however, 
we would suggest that Commander Smith has rather 
woven a new literary mantle for himself than 
succeeded to that of his father; Engineer Captain 
Edgar C. Smith, we are glad to say, is still wearing 
his own, with its distinctive cut, and we hope that 





he will continue to do so for some time yet. 
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THE WHIRLING SPEED OF 
A SHAFT SUPPORTED IN 
THREE BEARINGS. 


By Lorp KiToHENER. 


A sHAFT supported in three short bearings, with 
a change of diameter at the centre bearing, is a type 
which is often encountered in engineering practice. 
The exact solution of the equation for the whirling 
speed of such a shaft is laborious, but a useful 
approximation may be obtained as follows. Assume 
that the whirling speed of the portion of shaft BC, 
in Fig. 1, opposite, is higher than that of AB. If 
the centrifugal force on BC be neglected, the shaft 
may be treated as a light beam, simply supported 
at Band C, witha couple applied at B. Ifzand y 
are measured as shown, the ordinary theory of beams 
shows that, for BC at B, 
dy 
dz 
7, 


dx* 


This relationship is independent of shaft material 
or diameter. 

Equation (1) can be made more accurate by an 
approximate allowance for the way in which the 
slope at B will be slightly increased by the centri- 
fugal force on the portion BC. Before allowance is 
made for these forces, a bending moment at B in 
the portion A B will produce a certain slope in BC 
at B. By analogy with the case of a light shaft 
with an eccentric load, it may be said that this 
deflection will be increased by centrifugal forces in 
the ratio 


ly 


(1) 


1 2 
- ° ° - (2) 
N2 ( 


2NG 
where N is the whirling speed of the system shown in 
Fig. 1, and ,N, is the whirling speed of a shaft 
similar to BC alone, with its ends freely supported. 
For BC at B, equation (1) may then be replaced by, 


b= 





1- 





dy 

dz bl, 

=a - — 3) 
wy 3 ‘ 
a 


The bending moments in the two parts of the 
shaft must be equal at B, and, for both shafts, 


Bending moment io 





4. 
dy ad; 
az 
therefore, for the part A B at B, 
dy 
dz - — bla dy (4) 
~~ 3a 
az* 
Tet d, inches = diameter of portion AB; 


d, inches = diameter of portion BC; 1, feet = 
length of portion AB; /, feet = length of portion 
BC; E lb. per sq. in. = Young’s modulus of shaft 
material ; p Ib. per cub. ft. = density ; m lb. per ft. 


dq? 
= mass perfoot run = - nt A 


; I inches = second 
4x 144 


ad* . 
moment of area = —- and w radians per sec. 


2 
Also let at = ™° E — 

Nr.p.m. = the whirling speed of the whole shaft, and 
N,, and ,N,r-p.m. = the whirling speeds of A B and 
BC, respectively, considered as separate shafts with 
their ends simply supported. By equating the 
elastic and centrifugal forces on A B, its form is 
found to be given by the well-known load equation, 


dty 
r~ ahaa 
the general solution of which is 

y=Asinaz + Beosax +Csinhaz + Dcoshaz 

P (5) 

The shaft whirls when the value of « is such that 
one of the four constants, A, B, C, D, becomes 
indeterminate. 

For a shaft running in short bearings at A, B and 
C, the conditions at A (when z = 0) are that y = 0 


and = =0; and at B, (when z = /,), that y = 0. 


angular velocity. 
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Thus B, C, and D can be eliminated, giving 


sin « 1, 





y=Asinaz — sinh @ a. (6) 
sinh « 1, 
dy sin « 1, } 
= A ) - ha zp 7 
Fa om { cosas sinh @ 1, cos a (7) 
dy f sin a1, i 
= — Aa? , si + -———  sinhaz;. (8 
dz? \aeees sinh « 1, J a 
dy 
Hence an expression can be obtained for w 
dz* 


at B, when z=1,, which can be equated to (4), 














EE 


become: y = 0 and “ - =o when ~=0; and 
y=0 when z=l,. 


y REE equation (5) 
reduces to 


y = Aj ain a2 —sinhasz 


sin x1, — sinh al, 


- (cos a x —cosh ar) 1 
cos % 1, 


— cosh « 1, J 
4 = Aa — — coshaz 
dz \ 


sinal, — sinha l, 


) 
i + sinh ‘, (10 
cosa 1, — cosh a 1, pene +em aah | ” 


Fa =~ Aa? | sina 2 + sinha x 
sin o 1, — sinh «1, 
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. Fig. 1. i i cos al, — comh at, (cos % x + cos a2) | (11) 
/ Dividing (10) by (11) and equating to (4) as before, 
y ! se iad when x =: 1,, we obtain as the condition for whirling : 
pie actin Teton ieee 4.2 (cos « 1, —cosh « 1,)* + (sin «1, —sinh al) 
- y _} 1, a* ee (sina l, + sinh x l,) ek 
m---------l a 3d: ~ @ (sin & 1, +8inh & 1,) (cos a 1, — —cosh & 1) 
(se23.4) : * — (sin «1, —sinh «1,) (cos at, +cosh ot, ) 
Fig. 2. 
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giving, as the condition for whirling, | (cos? x 1, + sin*a 1,) — 2 cosa 1, cosh «1, 
ntee bi,dj_ 3 + cosh? 1, — sinh? 1, 
" = 222i > 
bi, at , (cosa, ” aaah’ corh at) | 1, d$ al, —2sinal, coshal, +2cosa@l,sinhal, 
7: a “sin aly | PR. (cos «1, coshal, — 1 


- («ina + + anh al, sinh «1 :) 
bi,d{ 3. (cotal, — cothal, 
ae = (etgemat) 

In the limiting case, when the right-hand side of 
(9) tends to zero, cot «1, = coth «1,, which is the 
same as the exact sdlution for a shaft with one long 
and one short bearing, and gives «1, — 3-927. The 
opposite extreme, when the stiffness of the portion 
BC vanishes, gives 


(9) 


cot al,—> 
al=7 
corresponding to a shaft with two short bearings, 
and intermediate values of stiffness will give values 
of «1, between x and 3-927. 

If the bearing at A, in Fig. 1, is replaced by a 
‘“‘long”’ bearing, that is, one which constrains the 
shaft parallel to its undistorted axis, the general 
equation (5) remains true, but the end conditions 


~ al, (sina 1, cosh al, — cos & J, sinh « 1,)" 
| Therefore 
bi,dt 3 
1,4, al, tanal, —tanhal,” 
The limiting cases are cos «1, cosh « 1, == 
(a l, = 4°730) and tanael, = tanhal, («l, = 
3-927), corresponding, respectively, to long and 
short bearings at B. 
The whirling speed, N,, of the portion A B alone, 
with both ends free, is given by «1, = x. 
m aw? x 144 


gEI 


1 — secal, sechal, (12) 


n* 


=qf = — 
a rn 


adi pw x 144 x 64 oo 
4 x 144 x 32-2E x wd! es 
which reduces to 
60 ad, ] 
No = —— = 133-6 — of (13) 
2a se p 





Approximate solutions of (9) and (12) can be 
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obtained graphically, and Fig. 2, herewith, shows 
4 
the value of = 6 from 0 to 4. 
N dj 


for values of 
From (13), ? 


No _ 8G 

2No a d, 

and this enables N, to be eliminated from (2) and 
gives 


1 
b= —; 
ie oar 
2NG 
1 
ip: we ncaa 14) 
Nei a ' 
Niifd, 


Since N appears in this expression for }, it is 
necessary to use an approximate value of N to 
obtain 6. This may be obtained with sufficient 
accuracy from the graph by taking 6 = 1. 

For a shaft without change of diameter at B, the 
values of whirling speed obtained by this method 
lie within 1 per cent. of the exact solution, if 


* < $ orb < 1:3. 
2 

The following examples show the application of 
the method. For a shaft with short bearings at A, 
Band C, and dimensions d, = 2-5in., d, = 2-25in., 
l, = 11 ft., 1, = 5 ft. 3 in., E = 30 x 108 Ib. per 
square inch, and p = 490 lb. per cubic foot. 


4 
Id} _ 5:25 2-5 og 
iaf il 


9. 
From Fig. 2, taking b = 1 as a first approximation, 
read off 
N 





- 21-23 
No 
and from (14), 
1 
a 2 it a? 
i- 
N? if a a3 
= : : = 1-11. 
~254 2-5? 
—1-2 oh ag ee 
ee 7 2-253 


This is less than 1-3, and, therefore, the portion 
of shaft BC will be running sufficiently far below 
its whirling speed. Using this value of }, 

b 1, af 
i, a 
which, from Fig. 2, gives 
N 





= 1-11 x 0-728 = 0-809 

















| 1 -22. 
No 
N, is obtained from (13) 
Ni 133 -6 - % < 
0 2 P 
133- 6. 30, 000 000 
z - “490 
= 683 r.p.m. ; 
and, since 
N 
= 1-22 
No 
N =1-22 x 683 = 831 r.p.m. 
For a shaft of the same dimensions, with a long 


bearing at A, 
I, d qj 
1, ai 
As before, from Fig. 2, but using the right-hand 
curve, 


= 0-728. 


N 
~ 21-83 
No 
and, from (14), 
1 
ae ae 
1 — 1-88 “SX soe 
1 1 
= —__. = ~—__ = 1-275 
1 — 0-216 0-784 
which is again less than 1-3. 
Using this value of 6, 
4 
bla) _ 1.275 x 0-728 = 0-928 
ai 


which, from Fig. 2, gives ~ = 1-70. 
0 


N, is the same as before, so N = 683 x 1-79 


= 1,220 r.p.m. 
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CIVIL ENGINEERING ON THE 
BRITISH RAILWAYS.* 


By V. A. M. Ropertson, C.B.E. 


Tue President of this Institution is, by reason of his 
office, the head of the parent engineering institution of 
the world. I welcome the honour of presiding over a 
Council which, for the first time in the history of the 
Institution, will include Associate Members, and I give 
them a very hearty welcome. Our Council is a large 
body and now consists of 48 Members and Associate 
Members, including the President and Vice-Presidents. 
It will, I am sure, be your wish, as it is mine, that the 
Associate Members now serving on the Council will find 
pleasure and satisfaction in their service. 

If a presidential address required a title, I would 
call this one: “ Twenty Years’ Development in Civil 
Engineering on the British Railways.” It is just 20 
years since Mr. W. W. Grierson, at one time chief 
engineer of the Great Western Railway, delivered his 
presidential address,t which dealt with “ Railway 
Engineering and Transport.” It may appear to the 
casual observer that there has been little change or 
development in civil engineering practice on British 
railways since November, 1929. To those of us, how- 
ever, who, during this period, have lived and worked 
on British railways, there has been a marked change in 
many ways. There have been some radical changes in 
the design of many things, as also in the method of 
dealing with track formation, drainage, and unstable 
conditions on railway embankments and in cuttings ; 
in the design and construction of tunnels ; in signalling 
and telephone equipment; and in the mechanised 
methods of carrying out civil engineering works and 
the mechanisation of office routine. Great pr 
has been made during this period, particularly if we 
remember that it included nearly six years of war, which, 
in many directions, slowed up progress in railway civil 
engineering and at times brought it to a standstill. On 
the other hand, war-time conditions gave rise to great 
scarcity of materials and manpower, and all railway 
civil engineers were thus compelled to introduce new 
methods of carrying out work and to adopt alternative 
materials which otherwise might not have seen the 
light of day for many years. I refer particularly to the 
mechanical methods of carrying out works which, as a 
result of the war, are now so far in advance of the 
methods adopted in 1939. So far as the British rail- 
ways are concerned, development during the present 
century has arisen principally from the urgent necessity 
of economising in expenditure, which, of course, means 
the conservation of manpower and the economic use 
of materials. 

As we all know, a time arrived in the history of rail- 
ways throughout the world when, owing to very serious 





* Presidential address to the Institution of Civil 
Engineers, delivered in London on November 2, 1949. 
Abridged. 
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| competition from other types of transport, the net 


receipts of the railways gradually diminished. Directly 
the railways of this country really woke up to what was 
going on, the spending departments—of which the Civil 
Engineers’ Departments were, and still are, among the 
largest—were curtailed in their expenditure. This 
brought in its train periods of enforced economy—some 
of it, unfortunately, false economy—which necessitated 
a complete review of the methods of carrying out works 
of construction, maintenance, and renewal. This 
review was carried out at a very high level, and the 
chief engineers of the railways and their assistants 
for many years devoted a great deal of their energy, 
ingenuity, and time to the perfection of schemes for the 
introduction of methods of work and the use of materials 
which would save money without impairing the stan- 
dards of maintenance. A great deal of money was 
saved, and can still be saved, by careful thought and 
planning in this respect. A prudent management 
should afford suitable time to the engineers for these 
matters. 

Development does not always arise because of the 
necessity to economise. It is frequently necessary in 
order to meet efficiently the changing requirements of 
passenger or goods traffic on the railways, the increase 
in the axle loads of locomotives, the dimensions and 
weights of things to be lifted or transported, the need 
to speed up the turn-round time of rolling stock, and 
the necessity to accommodate larger and heavier trains 
at greater speeds and at shorter intervals. Again, 
civil engineering development is often the direct result 
of modernisation in every respect on railways. During 
the period under review, there have emerged heavier 
rails, a greater depth and better size and quality of 
ballast, new types of rail joints, the welding of rail 
ends, new systems of signalling, new types of stations, 
all-welded structures and pre-stressed concrete, pre- 
fabricated re-laying, larger and more powerful cranes 
for civil engineering work, and a variety of different 
and better ways of doing, ordering, buying, and main- 
taining things. I will endeavour to show how, why, 
when, and where the major developments in railway 
civil engineering have taken place on the British 
railways during the past 20 years. 

The railway civil engineer normally looks upon the 
permanent way as his basis for most things, and in 
this connection there has been a fundamental change 
since 1929. At that time, the British railways were 
using the type of track recommended by the Grierson 
Committee’s report of March, 1920, consisting of 
British Standard bull-headed rails weighing 95 lb. and 
85 lb. per yard, supported in cast-iron chairs weighing 
40 Ib. and 46 lb. each. These were secured to softwood 
sleepers by either two through bolts or three coach 
screws. The rails were rolled in lengths of 45 ft. or 
60 ft., and to a specification generally adopted by the 
four main-line companies. The sleepers were usually 
of Baltic redwood, 8 ft. 6 in. long, 10 in. wide, and 5 in. 
deep, the number of sleepers per mile of track being 
normally 2,112. This track is illustrated in Fig. 1. 

The Grierson Committee issued a further report and 
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recommendation in May, 1924, together with 94 stan- 
dard drawings, but the work leading up to these two 
reports commenced in 1918, when Grierson was ap- 
pointed chairman of the committee set up by the 
Railway Engineers’ Association. In 1919, this com- 
mittee was enlarged by a sub-committee and the 
Ministry of Transport was represented on it. The 
Railway Executive Committee of that time asked for 
special consideration to be given to the relative merits 
of the chaired and flat-footed tracks. There obviously 
existed, therefore, some doubts in this country whether 
the bull-headed rail in cast-iron chairs was the best 
in all respects, and critics of this British practice, while 
not denying that the standard of maintenance of the 
British permanent way was at least as good as else- 
where in the world, urged that the bull-headed track 
was unnecessarily extravagant. 

The Grierson Committee, therefore, were faced with 
certain predetermined prejudices, but, nevertheless, 
after five years of work, they recommended that the 
chaired type of road should be retained for the follow- 
ing main reasons :—‘‘ As softwood sleepers were nor- 
mally only available, the chaired type of track was 
better suited to heavy traffic and should have a longer 
life. As additional sleepers would be required in the 
flat-bottom rail track and as sole plates would be 
required between the rail and soft-wood sleepers to 
protect them from abrasion, the cost of installing this 
type of track was estimated at the date of the report 
to be only 2 per cent. less than the chaired type of 
track. When complete relaying took place, after 
allowing for the secondhand value of the old materials 
recovered, it was found that the cost of completely 
renewing a mile of chaired road was actually less than 
the cost of renewing a mile of flat-footed road.” 

Since that time, therefore, the bull-headed track has 
been the standard permanent way for this country and 
was generally adopted by the four main-line companies 
with some slight modifications, such as the Great 
Western Railway’s 97}-lb. rail and their bolted fas- 
tenings in place of the standard coach screws. Some 
departure on rail lengths was also adopted by some 
companies when rails of 90 ft., 100 ft. and even 120 ft. 
were specially rolled, largely for experimental purposes, 
in order to avoid the number of joints necessary with 
shorter rails. 

In 1936, however, Mr. W. K. Wallace, C.B.E.. 
M.I.C.E., then chief engineer of the London Midland 
and Scottish Railway, first introduced the flat-bottomed 
rail track in quantity into Great Britain. On the 
L.M.S. Railway, several miles of these rails were laid, 
and shortly afterwards the London and North Eastern 
Railway laid trial lengths ; both companies used the 
110-lb. flat-bottomed rail (Fig. 2). The other main-line 
companies obtained great benefit from these combined 
experiences, which were freely circulated; and I 
should like to pay tribute to this action. In 1939 and 
1940, Mr. Wallace continued his experiments with 
flat-bottomed rails weighing 131 lb. per yard. 

At the conclusion of the last war, all four main-line 
railways had commenced to use the flat-bottomed rail 
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and were laying many miles of this type of track each | or was there some other substantial reason why the 
year, and they pooled their experiences. In this way, | Railway Executive, supported by the British Transport 
a great deal of very useful information was accumu-| Commission, accepted the recommendations of the 
lated as to the effect of traffic of varying weights and | Civil Engineers’ Committee that a change should be 
types travelling at various speeds on the new flat- | made ? . 

bottomed tracks all over the country. The engineers| For some time there has been evidence that the 
tried different types of fastenings, base plates, and rail | standard bull-headed track, under the growing traffic- 
joints, and various depths of ballast below the sleepers, | density, speed, and maximum axle loads to which it is 
so that, by the time the railways were nationalised on| now subjected, could no longer be maintained to 
January i, 1948, there existed valuable information perfect line and level except at a substantial increase 
and experience upon which to determine a standard | in maintenance cost, although there has never been 
design for flat-bottomed track for the British Railways. | any question of danger arising through inefficiency of 
It will be common knowledge that, early in 1949, the | this type of track. The introduction, on more heavily 
Railway Executive announced a decision to adopt | worked sections of track, of additional sleepers up to 
flat-bottomed rails as a standard on British Railways. | a maximum of 27 to a 60-ft. rail length—thus forming 
At the same time, every section of track on British |a stiffer track—failed to overcome the difficulties of 
Railways was classified into one of four categories. | effective maintenance of the bull-headed track, and the 
In two of these, Class “A” and Class ‘“ B,” which | constantly increasing financial liability arising from the 
carry heavy and fast traffic and represent approxi-| increase in wages and materials became a matter of 
mately 42 per cent. of the total track mileage, a stan- | serious concern to railway engineers. This was, parti- 
dard flat-bottomed rail weighing 109 lb. per yard is|cularly, my personal experience, based so much upon 
now being gradually introduced. A 98-Ib. flat-bottomed | conditions obtaining in the large electrified area of the 








rail, the second new standard rail, will supplement the | 
supply of good serviceable rails to be used in Category 
“©” lines, over which traffic is lighter and slower. 
More than a century ago, a flat-bottomed rail was 
used in Great Britain ; but it was found that the narrow 
foot then in use cut quickly into the softwood sleepers, 
to which these rails were directly spiked, so that, since 
that time and until 1949, bull-headed rails have been 
used in this country. For nearly 100 years, this bull- 
headed rail track has been looked upon by railway 
engineers in this country as satisfactory, and the claim 
that British railway track was the finest in the world 
was no mere catch phrase; why then, it is obvious to 
ask, has a complete change recently been decided 
upon? Is it due to a matter of normal development, 





Southern Region. I am not overlooking the important 
fact that the railways of this country were asked to 
carry traffic during the last war, the weight and 
density of which has been adequately told by other 
people at other times; nor that, during the war, it 
was frequently very difficult to obtain adequate sup- 
plies of material and labour, without which efficient 
maintenance is impossible. The fact that British 
railway tracks stood up so well to the intense traffic 
of the 1939-45 war might prompt people to doubt the 
wisdom of changing standards now and using a heavier 
rail while the price of steel is so high. There are, 
however, sound economic as well as engineering reasons 
for making the change, the most important being that 
the 109-lb. flat-bottomed rail, by comparison with the 
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95-lb. bull-headed rail, is 59 per cent. stronger verticall 
and 136 per cent. stronger laterally; that each m 
of track laid with flat-bottomed rail requires 16,900 
fewer components, including fastenings, thus requiring 
less inspection and maintenance, with simpler stock- 
keeping and office recording ; and that, from experience 
already gained, flat-bottomed track, owing to its 
greater stiffness and weight, requires less maintenance, 
provided that it is laid over a well-drained formation 
and with an adequate depth of suitable ballast. 

The actual] saving in the maintenance of flat-bottomed 
compared with bull-headed track is not yet fully avail- 
able, even though some comparative costs are known ; 
for example, on the London Midland and Scottish 
Railway there was, during 1939-40, a saving of 22 per 
cent. in maintenance costs on the length of line laid 
with flat-bottomed rails, while a certain stretch of 
railway laid with flat-bottomed rails maintained good 
top and line without any attention for about 15 months, 
in comparison with only six months with bull-headed 
track. The total length of flat-bottomed track which 
will have been laid by the end of 1949 will amount to 
1,021 miles, so that progress is already being made. 
The change-over in the standard of permanent way 
from bull-headed to flat-bottomed track is, therefore, a 
major development in railway civil engineering. 
would not say, however, that the standard now adopted 
will not be subject to some modification in the type of 
fastenings, and I foresee further developments in this 
respect. 

This change of standard was born out of the necessity 
of having to provide a stiffer and stronger track to cope 
with increasing traffic and locomotive demands, while 
ensuring economy in maintenance. Consultations took 
place with the Rail Makers’ Association before the 
present standard of flat-bottomed rail was decided 
upon, and their helpful views were appreciated. I am 
personally satisfied that railway civil engineers are 
proceeding in this matter on sound economic lines, 
despite what was said by the Grierson Committee. 
The section of rail adopted is good and, in my view, is 
preferable to other sections of flat-bottomed rail pre- 
viously used. I have devcted some time to dealing 
with this major change in the standard of permanent 
way in view of its importance and the far-reaching 
effects which I anticipate will result. 

Among the other changes during the past 20 years in 
connection with permanent way are the methods. now 
adopted for its renewal by a method generally known 
as “‘ Prefabricated.” I prefer, as a matter of con- 
venience and accuracy, to call it the “‘ P.A.T.” -(Pre- 
Assembled-Track) method. Twenty ago, the 
use of steam cranes for the renewal of point-and- 
crossing track work was common practice—in fact, 
this method was extensively used as long ago as 1922, 
when I was the Londen Divisional Engineer on the old 
Great Eastern Railway; but the present extensive 
application of mechanisation to plain line renewals, 
as distinct from point-and-crossing renewals, has 
developed almost entirely since 1939. The recent war 
caused considerable labour deficiencies in the Civi 
Engineering Departments of the railways, as it also 
brought very reduced periods of track possession. The 
necessity for both of these conditions was appreciated 
and accepted by the Departments, which, therefore, 
had to develop other means of carrying out renewals of 
permanent way in shorter possession periods and with 
fewer men. The relaying of tracks in long tunn 
always a lengthy and costly procedure when carri 
out by hand (Fig. 3), necessitated urgent consideration, 
being given to the possibility of mechanising this work. 
In 1947, such an arrangement was made possible by the 
introduction of the Southern Railway method of 
P.A.T. re-laying in tunnels, which was subsequently 
used in the open. This method has proved 
successful and economical, and is developing (Fig. 4). 
Concurrent advances in the methods of packing ballast 
are shown in Figs. 5 and 6, on page 506. 

I must pay tribute to the willing help given by the 
superintendents of operation on the railways in dealing 
with the important matter of track possessions and 
speed restrictions. Whenever and wherever they can 
afford these facilities they do so, and they have a right 
to expect that the Civil Engineering Departments will 
refrain from asking for track possessions which they 
know are impracticable. I regard it as an important 
duty of the divisional or district engineer to assimilate 
a “traffic sense.” Most of them certainly do so; 
indeed I have known of many cases where suggestions 
made by a divisional engineer, and sometimes by his 
chief permanent way inspector, have been accepted 
by the Traffic Department as a practical way of deali 
with a difficult track-possession problem. There ll 
always be the closest mutual co-operation in such 
matters to ensure the maximum convenience to the 
public and saving in expenditure. 

The most difficult portion of the plain permanent 
way to maintain is the rail joint. Very many designs 
have been produced for special types of rail joints— 
most of them submitted by the public—some of which 
have been quite useful, but others quite useless. Special 
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rail joints, known as the Brogden joint and the Ellson 
joint, have been and still are in use on the railways, 
but the obvious solution to this inherent difficulty is, 
wherever possible, to reduce the number of joints. 
This thought, many years ago, prompted railway | 
engineers to consider how best to weld the rails together 
in long lengths, either before or after they were laid in 
the track. Many experiments have been made all over 
the world, and it is now not uncommon for rails to be 
welded together into lengths of as much as 12,789 ft. 
in the United States of America, as in the case of the 
Elgin Joliet and Eastern Railway, and in somewhat | 
shorter lengths in other countries. The methods used | 
were either the Thermit or the flash-butt electric | 
process. The London Midland Region of British Rail- 
ways has been experimentally successful with the oxy- 
acetylene process of fusion welding. 

In Great Britain during the past 20 years, rails have 
been welded by the Thermit process while in situ in 
the track. Although this is a convenient and not too 
expensive way of eliminating rail joints, the process is 
not, in my view, one which can be entirely accepted as 
providing a metallurgical junction of rail ends as 
thoroughly sound as that provided by the flash-butt 
electric process. Rails welded by the Thermit pro- 
cess do not stand up to the same tup test and cannot be 
compared in strength or metallurgical efficiency with 
the flash-butt electric weld, which to-day is provided 
scientifically and, by means of post-heating after weld- 
ing, returns the steel to a normal condition, thus 
eliminating undue internal stress and the effect of the 
creation of very high local temperatures at the rail 
ends. This type of welding has been extending rapidly 
for the past 15 years on British railways and was com- 
menced, I believe, in 1935, for the first time, on the lines | 
of the London Passenger Transport Board, who decided | 
to adopt it in preference to the Thermit process hitherto | 
in use, 

The maximum length of track in the open, welded 
into one continuous length, in Great Britain is 300 ft., 
by the flash-butt process, whereas the longest length in 
a tunnel was 1 mile in 1937 by the Thermit process, on | 
the railways of the London Passenger Transport Board. | 
It will be appreciated that, in an underground or tube 
tunnel, temperatures are practically constant all the 
year round and that, therefore, no difficulties of any 
consequence arise from expansion or contraction of the 
rails. On open lines this simplicity does not exist, | 
and very marked ranges of temperature sometimes | 
occur in a few hours. I have a record of the following | 
temperatures in Kent on July 22, 1948: miniumum 
shade temperature, 51 deg. F. and maximum solar 
temperature, 141 deg. F., giving a range of 90 deg. F. 
At Merstham, Surrey, on June 23, 1949, the variation 
gave a range of 94 deg. F. For this reason alone, the 
railway engineer must be very circumspect in deciding 
the maximum length to which rails can be welded | 
without expansion joints. This fact, together with the | 
problem of’ handling long lengths of welded rails from | 
and to rail wagons, or in the track, provides the major | 
problem in the use of long rails. 

I have frequently been asked the question : Why is it | 
possible to use welded rails in long lengths to-day, | 
whereas until a few years ago it was always considered | 
essential to provide expansion gaps between rails only | 
45 ft. in length ?_ The answer to the first part of this | 
question is simple. The methods used to-day for 
dealing with rails in depots or at the lineside have | 
advanced to such an extent that the handling of long | 
lengths of rail presents no serious difficulty. The | 
stability aspect of the problem arising from tempera- | 
ture variations is, however, more complex. 

When a long length of welded rail is subjected to a 
rise in temperature beyond that at which it was 
originally laid in the track, movements, due to expan- 
sion of the steel, take place over a certain length of 
rail from each expansion joint. Within that distance 
from the expansion joints, no movement takes place 
and a unit stress develops in the rail which is propor- 
tional to the rise in temperature. For a rise in tem- 
perature of 80 deg. F. above the mean, this unit stress 
will be 7-3 tons per square inch, representing a force, 
per 95-Ib. bull-headed rail, of 68 tons. Should the 
rails be eut of proper alignment prior to intense heat, 
there will be a tendency to buckle when the intense 
heat occurs, owing to the compression in the rails. 
The resistance to buckling is due to the lateral resist- 
ance of the sleepers in the ballast to displacement, and 
to the resistance of the rails, sleepers, and fastenings to 
lateral distortion. 














It has been found in practice that well-maintained 
track of good design has sufficient lateral resistance to | 
provide a margin of safety against lateral buckling, | 
and in this respect. the flat-bottomed rail, which has a | 
lateral moment of inertia much higher than that of the | 
bull-headed rail, should be more beneficial ; but it is, 
I believe, correct to assume that the increase in this | 
lateral moment of inertia must be in greater proportion 
than the increase in cross-sectional area. Otherwise, 
the latter has an adverse effect, as the lateral resistance 
of the sleepers remains virtually unchanged whatever | 
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the weight or section of the rails. 
bottomed rail to which I have referred has these 
characteristics. The flash-butt welding of rails when 
post-heated should and does give a very satisfactory 
answer to the problem of eliminating rail joints. Joints 
thus welded stand up to the same tup test as the rails 
themselves, have adequate strength, wear well under 
traffic, provide quieter running, need less maintenance, 
are reliable in service, and are a sound and economic 
proposition. Undoubtedly, this is a major develop- 
ment. 

During the recent war, the roofs of many engine 
sheds throughout the country had reached such a con- 
dition that they could no longer be efficiently main- 
tained, and, when the war finished, major reconstruc- 
tion programmes were, therefore, essential. With the 
restrictions then in force on the use of building materials 
of all types, it was found in many cases that the employ- 
ment of pre-cast concrete units was the only method 
which would meet the problem of replacing the defec- 
tive roofs. In view of the fact that the programme of 
renewals was so large, it was considered desirable that 
considerable research should be undertaken before final 
designs were prepared, and the London Midland and 
Scottish Railway—as it was then—employed its Re- 
search Department to assist the Chief Civil Engineer 
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on the question of design, erection, and smoke-extrac- 
tion. Models of the proposed design of engine-shed 
roofs were tested in a wind-tunnel at the Research 
Department at Derby to determine the degree of smoke- 
extraction likely to be obtained under all wind con- 
ditions, and a full-sized section of a roof was erected 
in an engine-shed and tried out under practical condi- 
tions. Up to the present time, the London Midland 
Region has, since the end of the war, renewed the roofs 
| of 22 engine sheds, providing new cover for 670 engines. 
| This is typical of the work which has also been progres- 
| sing quite rapidly on all Regions of British Railways. 
The original design adopted on the L.M.S. Railway 
was for use in engine-sheds with parallel tracks and a 
large measure of standardisation was achieved, as only 
seven types of basic pre-cast units were required, respec- 
tively for columns, beams, smoke curtains, gutters, 
glazing bars, vents, and trough-cover slabs. On the 
former Midland Railway, prior to 1923, most of the 
engine-sheds were originally built with a central turn- 
table and radiating tracks, the surrounding walls of 
the shed forming a square. By a considerable degree 
of ingenuity, these roofs, where necessary, were renewed 
with exactly the same standard types of pre-cast con- 
crete units as were used in the parallel sheds, while the 
space over the turntables was covered by a frame of 














Nov. II, 1949. 


RAILWAY CIVIL 











Fia. 7. 


ENGINEERING. 


501 








ENGINEERING. 





MACHINE SHOP AT THE ANGERSTEIN WORKS, SOUTHERN REGION. 








Fia. 8. 


steel girders encased in concrete, which supported pre- 
cast concrete bowstring arches. Five sheds, housing 
118 engines, have been renewed in this way since the 
end of the war in the London Midland Region. 

It will be appreciated that, to be successful and to 
retain a long life, engine-shed roofs must be composed 
of materials capable of resisting sulphur and other fumes 
from engines. Our predecessors on the railways, many 
years ago, built their engine-shed roofs almost entirely 
of timber, and many examples of this type of roof are 
still in sound condition to-day. It is obvious, however, 
that a large roof requires a great deal of sound and 


MACHINE SHOP aT LILLIE BripGE Works, Lonpon. 


oom yn the civil engineer and the chemist has pro- 
| duced a type of roof which for many years will with- 
| stand the effects of engine fumes, the results of which 
are of so destructive a character to roof structures that, 
unless they can be successfully dealt with, there will 
| always be a large amount of expensive roof renewals 
| to be undertaken. It is confidently believed by railway 
| engineers that a proper and economic solution to this 
problem has been found. If this proves to be the case, 
| the combined efforts of the railway staffs will have 
produced an important development and have made a 
| major contribution towards the curtailment of expendi- 





specially selected timber, which is not procurable to-day | ture. 


in even reasonable quantities, any more than it was 
when the war ended in 1945. The engineers were, 
therefore, faced with having to provide a suitable 
alternative, and the present vogue of constructing roofs 


One of the natural results of nationalisation of the 
railways is standardisation, and this is proceeding 
successfully in many ways. It is only fair to say that, 
prior to nationalisation, there was some measure of 


of reinforced pre-cast concrete units is believed to be a| standardisation by the main-line railways—particu- 


definite step forward in this important matter. In 
France and Belgium, similar structures are being 
provided. 


| permanent way. 


| larly, as I have already said, in connection with the 
The standardisation of gauges ap- 
plicable to rolling stock and structures is another 


To ensure that the engine fumes do not affect the | matter which has at all times necessitated very con- 
concrete surfaces, these are treated with a coat of | siderable attention by railway engineers, both civil and 


primer and two coats of bituminous solution, which 
prevents the acid from attacking the concrete and con- 
siderably reduces the amount of condensation. The 
scientific application of smoke-extraction has also been 
successfully adopted. It is believed that collaboration 


| mechanical. 








The former are frequently asked by the 
latter to “‘ stretch ” the gauge in order to accommodate 
larger and heavier engines and wider coaches. 

It would, I feel, be appropriate for reference to be 
made here to the presidential address and the James 


Forrest Lecture given by the late Sir John Aspinall, 
the former in 1918* and the latter in 1922. In both 
of these Sir John referred to railway transport, and in 
the former a special point was made of the urgent 
necessity then existing for increasing the structure 
gauge of our railways. Sir John said, in his presidential 
address: ‘‘ The ‘ structure gauge’ limits the ‘ loading 
gauge,’ which in turn limits the exterior dimensions of 
our rolling-stock, while low bridge-strengths prevent 
progress with the use of heavier and more powerful 
locomotives. It is an extraordinary fact that on the 
British railways there are no fewer than 66 different 
loading-gauges applicable to 150 sections of lines, all 
of which have to be taken into account when consider- 
ing the forwarding of rolling-stock, and the obstructions 
which exist on railways and dock properties which have 
sidings of their own.” 

These comments were made in 1918—31 years ago. 
Since that date there have been considerable changes, 
and to-day there are 46 different load gauges applicable 
to the main lines and 81 different load gauges applicable 
|to branch lines and minor places, making a total of 
127 load gauges applicable to the whole British railway 
system. It is believed that the figures quoted by 
Sir John probably referred to main lines as then 
designated, and may have included a number which 
are now no longer scheduled as main lines. If this 
assumption is correct, it would partly account for the 
difference in the numbers of loading gauges. Since 
1923 there has been a reduction of five in the number 
of main-line load gauges and five in the number of 
branch-line and minor place load gauges. 
| Since Sir John’s statement concerning low-strength 
| bridges was made in 1918, there have been 140 cases 

where lines and areas have been opened up to heavier 
| traffic by the strengthening of bridges. Within the 
|next five years, the British Railways plan, subject to 
| the steel supply being sufficient, to carry out bridge 
jrenewals and strengthening which will open up a 
further 41 places to heavier traffic. Similarly, advan- 
tage will automatically be taken, when bridges and 
| other works are reconstructed, to increase clearances, 
|so that a further reduction may follow in the number | 
| of existing load gauges. It is of importance to note 
| that the large number of different existing load gauges 
|is not proving to be as restrictive as would appear to 
| be the case, owing to the practices and arrangements 
| which have developed despite physical limitations. 
| Consideration is being given now to the possibility of 
|the standardisation of a single load gauge in the not 
| too distant future, bearing also in mind a wider exten- 
| sion of electrification on the overhead-conductor 
| system. This single load gauge would be the governing 
| factor when attainment of the clearances recommended 
| by the Ministry of Transport for new lines is impossible, 
| except at prohibitive cost. 

In 1918, Sir John Aspinall also referred to limiting 
| overall dimensions in length and width of rolling stock, 
| in the following words :—‘“‘ One of our greatest railways, 
| for instance, would have to be content with vehicles 
| 57 ft. long and to reduce the width of the body, while 
| at present they have many vehicles 70 ft. long. Another 
|company, whose electric stock measures 60 ft. long 
|and 10 ft. over the body, would have to sacrifice a 
| large carrying capacity to conform to the rigidity of a 
| universal standard.” Since those words were written, 
there have been 105 cases where structural alterations 
have removed restrictions on rolling-stock, and, in 
conformity with future policy, it is clear that the 
existing rolling-stock of various lengths and profiles 
will continue to run, with better route availability. 

In 1946, the Railway General Managers, through 
the Railway Clearing House, asked the Civil, Mech- 
anical, and Operating Departments of the railways to 
review and submit recommendations as to the maxi- 
mum dimensions to which coaches could be built so as 
| to be capable of being used with the minimum of work- 
ing restrictions. A report was submitted in 1947, but 
a detailed profile was not agreed at that time, as some 
companies considered that certain unnecessary restric- 
tions would result. Since the nationalisation of the 
railways, progress is being made in arriving at the 
minimum number of profiles applicable to coaching 
stock, locomotives and wagons, to give maximum 
availability. The standardisation of rolling stock and 
structure gauges is probably one of the most difficult 
matters to settle, involving, as it does, a review of a 
vast quantity of data and detail, and the compiling 
of standards for the future. The present-day develop- 
ment of this important question is encouraging and, 
when completed, will be of very considerable value in 
connection with the maintenance and operation of the 
railways. 

Nationalisation of the railways, as was to be ex- 
pected, introduced an immediate and very proper 








* Proc. Inst. C.E., vol. ecvii, page 4 (1918-19, Part I) ; 
and ENGINEERING, vol. 106, page 519 (1918). 

+ ‘‘Some Post-War Problems of Transport.” JIbid., 
vol. cexiv, page 235 (1921-22, Part II); and ENGINEER- 





ING, vol. 113, page 569 (1922). 
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desire on the part of the Operating Officers to extend 
the interc of engine running between Regions. 
This interchange considerably increased the work in 
the various Bri Offices, as each class of engine had 
to be examined for its load effect on underbridges in 
order to determine the lines over which it could be 
permitted to run. In practice, it has been found most 
convenient to express the bending moment produced 
on any underbridge span by the various axle loads of 
an engine in terms of the equivalent uniformly distri- 
buted load which would produce the same maximum 
bending moment. The pre-nationalisation practice 
was for this equivalent uniformly distributed load 
(‘“‘ E.U.D.L.”) to be recorded on a span base. These 
recordings produced curves, the shape of which varied 
with every engine, and no uniform system of classi- 
fication existed at the time when the railways were 
nationalised, as each main-line railway had its own 
system of arriving at engine classification. The need 
for a uniform system soon became apparent, and one 
has been finally developed whereby the load effect, 
as represented by these curves, can readily be classified 
by three figures representing strips on three empirical 
grids. By this method, a comparison can be quickly 
made with the bridge strengths on any section of line 
by the simple comparison of three index numbers. 

In view of the variation in practice in the past, it 
is now necessary to re-calculate the E.U.D.L. on a 
uniform basis, which entails a considerable amount of 
tedious work, and therefore an electrical machine has 
been developed to perform the necessary calculations. 
This re-calculation offers an excellent opportunity of 
taking more accurate account of the variation in actual 
impact effects on different spans from individual en- 
gines in the light of the 1928 Bridge Stress Committee’s 
report, and the calculated dynamic load effects are now 
based upon the hammer-blow, multiplied by a factor 
allowing for the greatest ible dynamic increment on 
various types of bridges of various spans. The concep- 
tion and completion of these methods of determining 
route availability of engines and more accurate impact 
effect on bridges took place in the Bridge Office of 
the Southern Region of British Railways, and those 
responsible have, therefore, made a major civil engin- 
eering contribution to British railway development. 

Appreciable development has taken place with 
regard to lighting, heating, and water-supply and venti- 
lating services during the past two decades. So far as 
water supply is concerned, the development of electric 
pumps controlled by automatic float switches has led 
to a substantial reduction in labour cost over the old 
steam or oil-driven pumps. The availability of this 
automatic equipment has frequently led to large 
savings and has justified the sinking of independent 
boreholes from which water can be supplied to main 
locomotive depots and large stations, where the charges 
for water from the local authority’s supply has pre- 
viously amounted to appreciable sums each year. 
There has also been considerable development in the 
softening of water for locomotive purposes and, in 
addition to main plants dealing with rates of flow 
ranging from 3,000 to 20,000 gallons per hour and 
mainly operated on the lime-and-soda principle, there 
are now a good many examples of the so-called 
‘“* Wayside ” treatment, in which chemical briquettes 
are used, the water being passed through the apparatus 
by direct connection on the inlet supply to the storage 
tank. 


The principal development in artificial lighting in 
recent years has been the introduction of the fluorescent 
tube, which has been found particularly valuable in 
certain offices and works, especially drawing offices and 
premises where daylight is constantly mixed with 
artificial light. Cold-cathode tubes at high voltages 
have been found to be especially useful in giving a 
spread illumination over goods shed loading platforms 
and certain platforms at passenger stations. 

British Railways use about 2,000,000 tons of coal 
annually for space heating alone in open grates, stoves, 
and central-heating boilers, apart from the large con- 
sumption of gas and electricity for both space heating 
and water heating, the latter being at the present time 
provided principally through the medium of gas. 
Since 1929, the two important factors which have 
influenced heating policy on railways have been the 
increased cost of both coal and labour. The traditional 
policy of railway management in this respect had been 
influenced in the past by an abundance of cheap coal 
and labour, coal being then about lls. per ton and 
labour about 55s. per week. There is still great scope 
for research and improvement in order to realise the 
substantial economies that can yet accrue by the 
adoption of more efficient forms of heating. 

Co-existent with the problem of heating is that of 
adequate ventilation, and here again there has heen 
appreciable development in recent years. It is now 
being recognised that staff can work to a standard of 
maximum efficiency only in buildings which are not 
only proper’; heated, but are also adequately ven- 
tilated and lit, and the provision of proper amenities 
in this respect, together with hot water for washing, is 





| not only justifiable on hygienic grounds but yields a 


large dividend in the form of better work. Much has 
been done to improve matters in this direction also, but 
much remains to be accomplished before an adequate 
standard is universally attained. 

Time permits me to tell you something of the 
development of only a few of the most important mat- 
ters, and to these I have referred, but changes have 
taken place in many other ways on British Railways 
since 1929. I can make only brief reference to such 
matters as the use of pre-stressed concrete as applied 
to railway bridges; improvements in signalling, of 
which an example is shown in Figs. 9 and 10, on page 
506; the lay-out and design of passenger and goods 
stations, and of junctions (Figs. 11 and 12, page 506) ; 
the method of vibrating reinforced-concrete articles 
during their construction; dealing with unstable 
track foundations by “ blanketing”’; the use of pre- 
stressed reinforced-concrete sleepers (of which 450,000 
are being put into the railway tracks this year) ; 
the mechanisation of office methods; the develop- 
ment in the Medical Branch of British Railways; the 
introduction of incentive schemes, and the control of 
productivity in civil-engineering production shops. In 
all these matters, great developments in design, tech- 
nique, and economy have taken place. 

The development of the Institution and its affairs 
cannot be dissociated from a review of railway civil 
engineering development over the past 20 years. It 
has not been possible to ascertain accurately the num- 
bers of corporate members and Students on the British 
railways 20 ago, but to-day there are 254 cor- 
porate members and 206 Students, or 2-33 per cent. of 
the total corporate membership of the Institution and 
3-39 per cent. of the total Student class. It is now a 
prerequisite to the senior civil engineering appoint- 
ments on the railways that a man must be a corporate 
member of the Institution of Civil Engineers. This 
requirement is not peculiar to the railways only, as 
no important civil engineering appointment in these 
days is obtained by a man unless he is a corporate 
member or possesses some exempting degree and the 
requisite experience. 

May I, without any presumption, add a word of 
warning and friendly advice to those who guide the 
destiny of British Railways? Let nothing be done 
which will in any way belittle the technical status or 
the value of the services of the chartered civil engineers 
and their staff, upon whom so much depends for the 
maintenance and safe operation of the vdinan and for 
the comfort of passengers. To be a chartered civil 
engineer and a corporate member of the Institution 
requires a great deal of learning, training, anc experience. 
The Institution insists on a high standard of technical 
learning, and long and adequate training and experi- 
ence, before it admits any rising engineer to corporate 
membership, and those responsible for the management 
of British Railways may rest assured that this high stan- 
dard will ever be insisted upon by the Institution. As 
President, I should feel sorry indeed to think that these 
qualities, to which the Institution pays such particular 
attention, should not receive proper appreciation or be 
sufficiently recognised by large undertakings which 
employ chartered civil engineers on their staff. 





GAS TURBO-GENERATOR FOR 
WARSHIPS. 


Tue successful development of the gas turbine as a 
practical prime mover has led the Admiralty to consider 
the possibility of designing a gas turbo-generator 
suitable for use in His Majesty’s ships. Although 
the gas turbine possesses many potential advantages 
over other prime movers, such as low maintenance 
costs, light weight, quick starting, and compactness, 
the fuel consumption at the present stage of develop- 
ment is high compared with that of, say, a Diesel engine 
of similar output, especially when the unit is designed 
to have a long operating life. Obviously, practical 
experience is necessary to determine the extent by 
which high fuel consumption is outweighed by the ad- 
vantages mentioned above. The Admiralty have, there- 
fore, placed a contract with Messrs. W. H. Allen, Sons 
and Company, Limited, Bedford, for a 1,000-kW gas 
turbine and generator for base-load operation. The 
set is being designed in collaboration with the Bristol 
Aeroplane Company, Limited, Filton House, Bristol, 
with whom Messrs. W. H. Allen have a design-consul- 
tancy agreement. 

When completed, the set will consist of an axial- 
flow compressor having a compression ratio of 4: 1, 
which will deliver through an annular-type of heat 
exchanger to the compressor turbine and a separate 
power turbine; although the separate power turbine 
complicates governing, it will give the necessary 
improvement in part-load performance. The generator 
will be.driven through an epicylic reduction gear. 
The unit has been designed to have a maximum con- 
tinuous rating of 1,000 kW with a ten-minute overload 
rating of 1,200 kW. It will operate on Diesel fuel 








and the fuel consumption is expected to be about 
1-07 lb. per kilowatt-hour, and the maximum gas tem- 
perature to be 720deg.C. The designed operating life 
is 50,000 hours, and the periods between overhauls 
are 5,000 hours for a major overhaul and 1,000 hours 
for a minor overhaul. The set has been designed for 
operation in both temperate and tropical climates 
and due allowance has been made for the high inlet 
and exhaust losses associated with long trunking in 
shipboard installations. The design of the turbo- 
generator is well advanced and it is expected that pre- 
liminary tests of the prototype will commence during 
the autumn of 1950, and development running early in 
1951. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ** LAERTES.”—Single-screw cargo vessel, to carry 
twelve passengers, built and engined by Messrs. Vickers- 
Armstrongs Limited, Walker, Newcastle-upon-Tyne, to 
the order of the Blue Funnel Line (Messrs. Alfred Holt 
and Company), Liverpool, for the Nederlandsche Stoom- 
vaart Maatschappij ‘“‘Oceaan”’ N.V., Amsterdam, Holland. 
Last vessel] of an order for three. Main dimensions : 
450 ft. (between perpendiculars) by 62 ft. by 35 ft.; 
deadweight capacity, 9,403 tons on a draught of 28 ft. : 
gross tonnage, 8,267. B. and W. eight-cylinder Diesel 
engine to develop 6.800 b.h.p. and give a speed of 154 
knots in service. Trial trip, October 23. 

M.S. “ TuRKIs.”—Single-screw cargo vessel, built by 
the Goole Shipbuilding and Repairing Company, Limited, 
Goole, for Messrs. Edvin Endresen, Stavanger, Norway. 
Main dimensions : 205 ft. by 32 ft. 6 in. by 13 ft. 11 in.; 
deadweight capacity, 1,200 tons. Diesel engine of 
729 b.h.p. at 300 r.p.m., supplied by Messrs. Mirrlees, 
Bickerton and Day, Limited, Stockport, Cheshire. 
Launch, October 24. 

M.S. “ForT DavUPHIN.”—Twin-screw refrigerated -cargo 
vessel, to carry twelve passengers, built and engined by 
Messrs. Alexander Stephen and Sons, Limited, Glasgow, 
to the order of the French Government for the French West 
Indies banana trade of the Compagnie Gér érale Trans- 
atlantique, Paris. Second of two ships. Main dimen- 
sions: 375 ft. (between perpendiculars) by 52 ft. 3 in. 
by 29 ft. 34 in. to upper deck; deadweight capacity, 
about 4,000 tons on a draught of 22 ft. 4 in. ; gross ton- 
nage, 5,050. Two eight-cylinder Stephen-Sulzer Diesel 
engines, to develop a total of 8,000 b.h.p. Speed on 
trials, 184 knots. Trial trip, October 26 to 28. 

S.S. “ HELENvs.”—Single-screw cargo liner, to carry 
30 passengers, built and engined by Messrs. Harland and 
Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company, Liverpool. Main dimensions: 522 ft. 6 in. 
(overall) by 69 ft. by 38 ft. 6 in.; gross tonnage, about 
11,750. Triple-expansion double-reduction geared tur- 
bines, to develop 14,000 s.h.p. at 106 r.p.m. in service, 
and two Foster-Wheeler oil-fired controlled superheater 
boilers. Speed, 18 knots. Trial trip, October 29. 

S.S. ‘* Goopwoop.”—Single-screw collier, suitable for 
service in the timber and general-cargo trades, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
Messrs. Wm. France, Fenwick and Company, Limited, 
London, E.C.3. First vessel of an order for two and the 
23rd vessel built for these owners. Main dimensions : 
298 ft. by 45 ft. by 21 ft. 6 in.; deadweight capacity, 
3,570 tons on a draught of 18 ft. 72in. Triple-expansion 
superheated-steam engines and two forced-draught 
boilers, built by the North Eastern Marine Engineering 
Company (1938), Limited, Sunderland. Speed in service, 
934 knots. Trial trip, October 30. 

M.S. “ TRELEVAN.”’—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. Hain Steamship 
Company, Limited, London, E.C.3. Fourth vessel of 
an order for five. Main dimensions: 443 ft. (overall) by 
56 ft. 6 in. by 29 ft.; deadweight capacity, 9,260 tons 
on a draught of 25 ft. 10} in. Doxford four-cylinder 
opposed-piston marine oil engine to develop 3,300 b.h.p. 
and aspeed of 13 knots in service. Trial trip, October 31. 





PUNCHED CARDS IN ENGINEERING ACCOUNTANCY.— 
A 28-page book on the use of punched cards for 
accounting in en,ineering firms has been written by Mr. 
D. P. Walton, chief accountant of Messrs. C. A. Parsons 
and Company, Limited, Newcastle-on-Tyne. It is issued 
by the British Tabulating Machine Company, Limited, 17, 
Park-lane, London, makers of “‘ Hollerith ’’ punched -card 
equipment. The author makes a thorough survey of 
the installation and use of the punched-card system in 
this 38-acre works, which has nearly 4,500 employees. 
He shows how it enabled the firm to deal with such 
problems as the “ pay-as-you-earn ”’ system of income 
tax, while, at the same time, increasing production and 
employing the minimum accounting staff. The book 
shows how punched cards can eliminate a great deal of 
the slow and laborious work inseparable from hand- 
written accounting systems, and includes two charts 
depicting the general accounting structure and the 
organisation of the card system. 
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DIESEL ENGINE. 


MIRRLEES, BICKERTON AND DAY, LIMITED, STOCKPORT. 








PROTOTYPE TURBO-CHARGED 
DIESEL ENGINE. 


Messrs. MIRRLEES, BICKERTON AND Day, LiwiTep, 
Hazel-grove, Stockport, completed recently a proto- 
type six-cylinder vertical Diesel engine, a photograph 
of which is reproduced above. It is the forerunner of 
a complete range intended for use with oilfield-drilling 
rigs, in ships, both for propulsion and auxiliary pur- 
poses, as rail-traction units, and in industry as sta- 
tionary power units. When completed, the range will 
include 3-, 4-, 5-, 6- and 8-cylinder in-line engines and 
8, 12 and 16 cylinders arranged in V-formation. In 
order to meet modern demands for high rotative speeds 
and powers together with low piston speeds, the bore 
and stroke for the full range have been fixed at 9} in. 
and 10} in. respectively, thus permitting speeds up to 
750 r.p.m. for the 3-, 4- and 5-cylinder models, and up 
to 900 r.p.m. for the 6-cylinder and larger models. By 
designing what might be termed a “ basic ” engine to 
cover these requirements, the manufacturers consider 
that it will be possible to produce large quantities at a 
reasonable price suitable either for conservative ratings 
with large margins of power or as high power-weight- 
ratio engines for such applications as rail-traction work. 
An exceptionally wide range of powers will be available, 
extending from 160 brake horse-power for the 3-cylin- 
der model at 600 r.p.m. to 1,800 brake horse-power at 
900 r.p.m. for the 16-cylinder model. Furthermore, 
they have been designed so that they can operate 
under normally-aspirated conditions or with medium- 
or high-pressure turbo-charging, an air cooler being 
employed in the latter case. 

On the engine shown in the illustration, the bedplate 
is of fabricated-steel construction, but the design is 
such that it may be an iron casting. Eventually, three 
types of bedplate will be available, namely, marine, 
traction and transportable flat base. The cylinder 
liners are chrome-hardened and are of the wet type ; 
they have a continuous uninterrupted bore, there being 
no cut-away portions for the valve heads or connecting 
rods. The pistons are of light alloy, the combustion 
chambers being formed in the piston crowns, and each 
is fitted with three compression rings and two oil-control 
rings. The gudgeon pins are of the fully-floating type 
and work in phosphor-bronze bushes pressed into the 
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pistons. The connecting rods are of heavy H-section 
and are provided with palm-ends to which the big-end 
bearings are attached by four high-tensile steel bolts. 

The crankshaft is a steel forging of 40-50 tons per 
square inch tensile strength, hardened and tempered 
to the requirements of B.S. No. 970-1942 (En 8). 
It is provided with a flange at both ends, one of 
which carries the flywheel, while the other is for 
the fitting of various types of extension shafts, or, 
when necessary, a torsional-vibration damper. The 
crankshaft is exceptionally stiff, there being con- 
siderable overlap of the pin and journal diameters. 
Two main bearings are fitted at the flywheel end, that 
nearest the flywheel acting as the locating bearing, and, 
in the case of clutch applications, as a thrust bearing. 
It carries no firing loads, however, and is provided so 
as to give adequate support for overhung masses. At 
the forward end, an extra bearing is fitted to the 
extension shaft when this is required to transmit power 
through a belt pulley, thereby dispensing with the need 
for an outboard bearing except, of course, when the 
shaft is exceptionally long. In the case ofthe V-type 
engines, the crankshaft pins will be bored out to reduce 
weight, but the oil ducts will be drilled through the 
solid metal so that no tubing will be required. The 
scantlings of all crankshafts and connecting rods will 
be above the dimensions required by Lloyd’s Register 
for marine-propulsion engines of high duty. 

Gears are employed throughout for transmitting 
the drive to the various auxiliaries, such as the cam- 
shaft, governor, fuel pumps, water pumps, etc. The 
oil and water pumps are installed at the forward end 
of the engine and are driven through a hydraulically- 
damped flexible drive. The camshaft consists of a 
continuous length of ground steel bar fitted with 
““Howi-Chrome” chill-cast cam sleeves, the shaft 
being supported by bronze bearings between each 
cylinder. The governor is of the usual centrifugal 
type and is capable of being controlled by hand, 
hydraulically, or, if required, by solenoids. 

As the engine was designed f»r use with a turbo- 
charger, special attention was paid to, the form of cylin- 
der head and valve gear. The cylinder heads are cast 
in close-grained iron and each is fitted with two exhaust 
valves, two inlet valves with separate inlet ducts, a 
starting valve, a relief valve and an indicator attach- 





ment. Each head is secured to the cylinder block by 
eight equally-spaced high-tensile steel studs, a copper 
gasket being used to make the gas-tight joint. The 
heads are, of course, water cooled, the water entering 
close to the exhaust valves. The design of the valve- 
operating gear is simple and robust; it comprises a 
forked exhaust-valve lever which rocks about phos- 
phor-bronze bushes clamped in a bracket bolted to 
the top of the cylinder head, while the more lightly 
loaded air-valve levers are fitted to a splined shaft 
which works within the bores of the same bushes. The 
rocking levers are fitted with adjustable tappets 
arranged to give line contact with the valve stems. 
The complete gear is pressure-lubricated and is enclosed 
by large hinged covers. 

The turbo-blower is a standard Brown-Boveri unit 
and is fitted to a bracket bolted directly to the cylinder 
housing. It can be arranged either at the forward or 
flywheel end of the engine; on the unit shown in 
the illustration it is fitted at the forward end. On 
the higher pressure-charged engines, an air after-cooler 
will be fitted between the blower outlet and the engine 
induction manifold. The manifold is of large capacity 
to ensure that there is a sufficient weight of air to 
charge all the cylinders. For naturally-aspirated 
engines, the exhaust system will include a water- 
cooled manifold, which will be provided with suitable 
expansion joints for the larger engines; on radiator- 
cooled sets, however, an uncooled manifold will be 
used so as to reduce the radiator capacity. The 
manifolds for the turbo-charged engines are of the 
multi-pipe type arranged to give efficient scavenging 
and lead the exhaust gases to the turbine with the 
minimum interference. 

Pressure lubrication is employed throughout, and 
the engine is arranged so that either a wet or dry 
sump can be employed, the pressure and scavenge 
pumps being located at a low level so that the inlets 
are submerged in the case of wet-sump engines. On 
radiator-cooled engines, the scavenge pump is used 
for circulating the oil through the cooling radiator, 
while for marine use the pump is duplicated so that oil 
may be drawn from both ends of the sump, thereby 
enabling the engine to run satisfactorily with a wide 
degree of tilt. The lubricating-oil filters are capable of 
handling the full flow from the pump, but when the 
conditions are severe, extra cloth filters both for the 
lubricating and fuel oils are provided. The water 
pumps can be arranged as integral parts of the engine 
or, if required, proprietary makes of pumps may be 
installed and driven from the front end of the crank- 
shaft through belts. Individual fuel pumps are 
installed in a chamber formed above the camshaft 
and are operated from the camshaft by rollers. The 
chamber in which the pumps are installed is arranged 
so that fuel leakage from the injectors, pipes and 
pumps is collected and drained away. 

As will be seen from the illustration, the engine is 
almost entirely enclosed, being fitted with removable 
covers. The range of engines has been designed so 
that, in every case, the pistons and connecting rods 
can be removed through the crankcase doors. On the 
in-line engines they may be removed also through 
the cylinders after the removal of the heads, but on the 
V-type engines they can only be removed by this 
method if the cylinder liners are withdrawn at the same 
time. The camshafts, decompressing shafts, fuel-pump 
control shafts, etc., are all removed sideways through 
the camshaft covers; no provision need be made, 
therefore, in bulkheads for the withdrawal of long 
components. 

ter initial trials as a naturally-aspirated unit, the 
six-cylinder engine shown in the illustration was fitted 
with a low-pressure turbo-charger. Since then, it 
has been run several hundred hours, mostly at loads of 
150 Ib. per square inch brake mean effective pressure 
and developing 800 h.p. at 900 r.p.m. It was then 
decided to fit an after-cooler and carry out trials with 
a high-pressure turbo-charger. These tests were started 
recently and loads equivalent to a brake mean effective 
pressure of 170 lb. per square inch have been reached. 
At the end of over 1,150 hours of testing, the fuel 
consumption has worked out at 0-356 lb. per brake 
horse-power per hour. It should be emphasised, how- 
ever, that these figures are by no means final as the 
design of the engine is still being developed. 





ENGINEERING CONFERENCE IN TASMANIA.—The Insti- 
tution of Engineers, Australia, are holdin, an Engineering 
Conference in Tasmania from Monday, February 27, to 
Tuesday, March 7, 1950. Papers will be presented on a 
variety of subjects of civil, mechanical and electrical 
engineering interest. In the current Journal of the 
Institution of Mechanical Engineers, it is stated that 
members residing in Australia or visiting that country 
are invited to attend the conference. Full particulars 
may be obtained from the Hon. Conference Organiser, 
The Institution of Engineers, Australia, c/o Mr. M. H. 
Casey. 47, Murray-street, Hobart, Tasmania, who requires 
all applications by December 1. 
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BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Sound-Recording Systems.—A new British Standard 
Specification, B.S. No. 1568, concerns magnetic-ta 
systems for sound recording and reproduction for 
broadcasting purposes. It specifies the requirements 
essential to secure the satisfactory interchange of 
recordings. The publication provides definitions and 
deals with the dimensions of tape, tape guides, tape 
speed, the sense of winding, and the types and playing 
time of reels, and also specifies requirements for reels, 
for programme identification, and for checking fre- 
quency response. The present is the first of a series 
of specifications on magnetic sound-recording, all of 
which will be published shortly and will together cover 
magnetic sound recording on film, tape, disc and wire. 
[Price 2s., postage included. ] 


Bevel Gears.—The 1949 edition of B.S. No. 545, 
covering bevel gears, now published, represents a 
complete revision of its predecessor, issued in April, 
1934, and is the result of an exceptional amount of 
painstaking work by the committee responsible. The 
definitions have been thoroughly revised. The overlap 
ratio of helical bevel gear teeth is now used in assessing 
load capacity. The hasic-tooth form is defined more 
accurately than heretofore, and the method of deter- 
mining appropriate addendum modification covers 
every case likely to occur in normal practice. Incon- 
sistencies in the previous formule for tolerance on 
pitch are avoided in the simpler ones that now replace 
them, and the new expressions for lead capacity 
include important factors that were ignored or inade- 
quately represented in the 1934 edition of the specifica- 
tion. As previously, several typical calculations of 
load capacity are worked out in detail, and the factors 
used in them are determined from charts that have 
been redrawn to improve accuracy and ease of reading. 
In such calculations, a “life factor” is now used to 
take into account the length of life expected from the 
gears under consideration. [Price 7s. 6d., postage 
included.] 





CONTRACTS. 


Messrs. HOLLOWAY BROTHERS (LONDON), LIMITED, 
157, Millbank, London, S.W.1, have received a contract 
valued at 986,0001., from the British Electricity 
Authority, Great Portland-street, London, W.1, for the 
building of the superstructure of Brighton “‘ B”’ gener- 
ating station. 


Messrs. W. H. ALLEN, SONS AND COMPANY, LIMITED, 
Bedford, have received an order from the Admiralty 
for a 1,000-kW gas turbine and generator for base-load 
operation. The set, which is described more fully on 
page 502 of this issue, is being designed in collaboration 
with the BRISTOL AEROPLANE COMPANY, LIMITED, with 
which Messrs. W. H. Allen have a design consultancy 
agreement. 


MEssrs. THE BRITISH THOMSON-HOUSTON COMPANY, 
LIMITED, Rugby, have received an order from Messrs. 
Balfour, Beatty and Company, Limited, 66, Queen- 
street, London, E.C.4, acting on behalf of the East 
African Power and Lighting Company, Limited, for two 
2,500-kW gas turbines for installation in the new Nairobi- 
South power station. The gas turbines are single-cylinder 
open-cycle machines with heat exchangers and are 
equipped with one combustion chamber per machine 
designed for burning furnace oil, on which the machines 
are intended to operate. A centrifugal compressor, 
incorporating the Oerlikon diffuser system, is driven 
directly off the turbine shaft, at a speed of 3,500 r.p.m., 
a@ 10,000-volt three-phase 50-cycle four-pole alternator 
being driven through reduction gearing. 





THE Dry COOLING oF CokE.—A joint meeting of the 
Institute of Fuel and the Iron and Steel Institute will be 
held at the Institution of Mechanical Engineers on 
Tuesday, November 15, at 5.30 p.m. The recently- 
published report of the Ministry of Fuel and Power 
Working Group on the Dry Cooling of Coke, which 
report was the subject of a leading article on page 206, 
ante, will be discussed. Dr. G. E. Foxwell will initiate 
the discussion by presenting an introductory paper on 
“Dry Coke Cooling,” and a paper by Mr. L. H. W. 
Savage and Mr. A. V. Brancker on “‘ The Application of 
Dry-Coke Cooling Plants to Integrated Iron and Steel 
Works,” which appeared in the February, 1949, issue 
of the Journal of the Iron and Steel Institute, will also 
be presented. The Ministry of Fuel and Power have 
undertaken to supply copies of their Working Group 
Report to bona-fide applicants. 





BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Report 
of the Water Pollution Research Board. With the 
Report of the Director of Water Pollution Research for 
the Year 1948. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 3d. net.) 

Steam Turbine Operation. By DR. WILLIAM J. KEARTON. 
Fifth edition. Sir Isaac Pitman and Sons, Limited. 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 25s. net.) 

Heat Engines. (A First Text-Book.) By Dr. A. C. 
WatsHaw. Third edition. Longmans, Green and 
Company, 6 and 7, Clifford-street, London, W.1. 
[Price 10s. 6d.] 

The Technique of Radio Design. By Dr. E. E. ZEPLER. 
Second revised edition. Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 25s. net.] 

Taschenbuch fiir den Maschinenbau. Edited by PRores- 
SoR HEINRICH DUBBEL. Tenth revised edition. In 
two volumes. Springer-Verlag, Reichpietschufer 20, 
Berlin W.35, Germany. [Price 28-50 D.M.] 

Ministry of Transport. Railway Accidents. Report on 
the Accident which Occurred on 28th June, 1949, at 
Hardwicke Occupation Level Crossing between Yate and 
Wickwar in the London Midland Region, British Rail- 
ways. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 3d. net.) 

Technology of Light Metals. By PROFESSOR ALFRED VON 
ZEERLEDER. Elsevier Publishing Company, Incor- 
porated, Amsterdam, Holland. Cleaver-Hume Press, 
Limited, 42a, South Audley-street, London, W.1. 
[Price 45s.] 

Australia. Council for Scientific and Industrial Research. 
Aeronautical Research Report No. ACA-41. The 
Motion and Deformation of Aircraft in Uniform and 
Non-Uniform Atmospheric Disturbances. By J. R. M. 
RapoK and LURLINE F. STILES. Offices of the 
Council, 314, Albert-street, East Melbourne, Victoria, 
Australia. 

Metropolitan Water Board. Forty-Sizth Annual Report 
for the Year Ended 31st March, 1949. P.S. King and 
Staples, Limited, 14, Great Smith-street, Westminster, 
London, S.W.1. [Price 5s.] 

Duckham’s Road Book. Route Maps, Town Plans, 
Distance by Time, Selected List of Hotels, etc., Quick 
Ways through London. Alexander Duckham and 
Company, Limited, Bickley, Kent. [Price 7s. 6d.] 

Deformation and Flow. An Elementary Introduction to 
Theoretical Rheology. By DRr.-TECHN. MARKUS REINER. 
H. K. Lewis and Company, Limited, 136, Gower-street, 
London, W.C.1. [Price 32s. 6d. net.) 

Mathematics and the Imagination. By EDWARD KASNER 
and JAMES NEWMAN. G. Bell and Sons, Limited, York 
House, Portugal-street, London, W.C.2. [Price 15s. 
net.] 

The Birmingham Exchange. Directory of Members, 
Subscribers, and Representatives, 1949. The Secretary, 
The Birmingham Exchange, Stephenson-place, Bir- 
mingham, 2. 

Some Classic Locomotives. By HAMILTON ELLIS. George 
Allen and Unwin, Limited, Ruskin House, 40, Museum- 
street, London, W.C.1. [Price 21s. net.] 

Deep Mining. An Advanced Textbook for Graduates in 
Mining and for Practising Mining Engineers. By 
JacK SPALDING. Mining Publications, Limited, 482, 
Salisbury House, London Wall, London, E.C.2. [Price 
40s.) 

Review of Petroleum Technology. Volume 8 (1946), 
Edited by Dr. F. H. GARNER and Dr. E. B. EVAnNs. 
The Institute of Petroleum, Manson House, 26, Port- 
land-place, London, W.1. [Price 27s. 6d., post free.] 

The Aluminium Development Association. Information 
Bulletin No. 15. Handling, Storing, and Transporting 
Aluminium and its Alloys. Offices of the Association, 
33, Grosvenor-street, London, W.1. [Price 1s.] 

The Institute of British Foundrymen. Atlas of Defects in 
Castings. Prepared by Sub-Committee T.S.9 of the 
Technical Council. Revised and enlarged edition. 
Offices of the Institute, St. John-street Chambers, 
Deansgate, Manchester 3. [Price 7s. 6d. to members. 
21s. to non-members.] 

Composition for Technical Students. By J. D. THomas. 
Charles Scribner’s Sons, 597, Fifth-avenue, New York 
17, U.S.A. [Price 3-75 dols.] 

The Electrical Engineer’s Reference Book. 1949. Edited 
by E. Motitoy. Fourth edition. George Newnes, 
Limited, Tower House, Southampton-street, Strand, 
London, W.C.2. [Price 50s. net.] 

International Scientific Film Association. Report on the 
Second Annual Congress. 1948. Scientific Film 
Association, 4, Great Russell-street, London, W.C.1. 
[Price 1s. 2d., post free.} 

The Electrician. Annual Tables of Electricity Under- 
takings of the World. 1949-1950. Fifty-ninth edition. 
Edited by STantey G. RATrREE. Benn Brothers, 
Limited, Bouverie House, 154, Fleet-street, London, 
E.C.4. [Price 21s., post free.] 

The Creep of Metals and Alloys. By E. G. STANFORD. 
Temple Press, Limited, Bowling Green-lane, London, 
E.C.1. [Price 15s. net.] 
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PERSONAL. 

Sm GEORGE THOMSON, F.R.S., has been awarded a 
Royal Medal of the Royal Society for the current year 
for his contributions to many branches of atomic physics, 
and especially for his work in establishing the wave 
properties of the electron. The Royal Society have also 
awarded the Sylvester Medal to Prorressor L. J. 
MORDELL, F.R.S., for his researches in pure mathematics, 
especially for discoveries in the theory of numbers, 
and the Hughes Medal to Proressor C. F. POWELL, 
F.R.S., for his work on the photography of particle 
tracks, and in connection with the discovery of mesons 
and their transformation. 

Dr. F. C. JOHANSEN, M.I.Mech.E., F.R.Ae.S., has 
relinquished his position as deputy manager of scientific 
research, London Midland Region, British Railways, 
to take up, as from November 1, the appointment of 
director of research to the W. and T. Avery, Limited, 
group of companies. In this capacity he will be a member 
of the board of Avery Research Administration, Limited, 
with offices at Soho Foundry, Smethwick, Birmingham. 

At the annual general meetirg of the Newcomen 
Society, held in London on November 9, Dr. C. H. 
Descu, F.R.S., was installed as President, in succession 
to Dr. A. P. THURSTON, M.B.E. 

Mr. A. M. Bryan, J.P., B.Sc., F.R.S.E., has been 
elected President of the Institution of Mining Engineers, 
Salisbury House, Finsbury-circus, London, E.C.2, for 
the year 1950-51, in succession to PROFESSOR J. A. 8. 
Ritson, D.S.O., O.B.E., M.C., T.D., B.Sc. Mr. Bryan, 
who is H.M. Chief Inspector of Mines, will take office 
at the annual general meeting of the Institution, to be 
held on February 2, 1950. 

The Ministry of Civil Aviation announce that AIR 
ComMMODORE W. E. G. MANN, C.B.E., D.F.C., M.LE.E., 
R.A.F. (ret.), has been appointed Director General of 
Navigational Services, with effect from January 16, 1950, 
in succession to AIR COMMODORE W. G. P. PRETTY, 
O.B.E., R.A.F. Mr. R. W. J. SULLIVAN, B.Sc., is 
succeeding Air Commodore Mann as Director of Naviga- 
tional Services (Telecommunications). 

Mr. G. H. FLETCHER, M.I.E.E., has been appointed 
general manager of the works of the Metropolitan-Vickers 
Electrical Company, Limited, Attercliffe Common. 
Sheffield, and relinquishes his title of chief ergineer and 
manager, Sheffield Works. Mr. H. Newsam, B.Sc. 
(Eng.), A.M.1.E.E., takes over the duties of chief engineer, 
traction-motor department; Mr. R. P. KNiGuHrT, 
A.M.LE.E., is appointed assistant manager, and Mr. 
H. TAYLOR becomes superintendent of the works. 

Sm LAWRIE EDWARDS, M.I.N.A., has been elected 
President of the Shipbuilding Employers’ Federation, 
1, Chester-street, Grosvenor-place, London, 8.W.1, for 
the coming year, in succession to Mr. F. W. DUGDALE, 
B.Se., M.I.N.A., M.I.Mar.E. Mr. CHARLES CONNELL, 
M.A., M.I.N.A., has now become senior vice-president, 
while Mr. A. L. COCHRANE, M.I.N.A., and Mr. J. G. 
STEPHEN, M.C., M.I.N.A., have been made vice-presi- 
dents. Mr. Horace WILison, M.I1.N.A., has been 
elected chairman and Mr. G. C. PARKER, M.I.N.A., vice- 
chairman of the Conference and Works Board. 

Mr. R. B. Porter, B.Sc. (Edin.), M.1.C.E., who joined 
the staff of the Tyne Improvement Commission, New- 
castle-upon-Tyne, in 1927, and has latterly been chief 
assistant engineer, has now been appointed chief engineer 
in succession to the late Mr. A. L. HARVEY, M.C., B.A. 
(Cantab.), M.I.C.E. 

The British Broadcasting Corporation, London, W.1, 
have divided the operations and maintenance depart- 
ment of their Engineering Division into two parts. One 
part, comprising the studio, transmitter, recording and 
lines departments, will continue to be in charge of 
Mr. L. Hortne, senior superintendent engineer. Mr. 
M. J. L. PuLuinG, M.A., M.I.E.E., has been appointed 
to take charge of the other part, the television depart- 
ment, with the title of Senior Superintendent Engineer, 
Television. Mr. D. C. BIRKINSHAW’S post as superin- 
tendent engineer, television, is not affected. 

Mr. F. BatLey, late of Messrs. Philips Electrical 
Limited, Century House, Shaftesbury-avenue, London, 
W.C.2, has been appointed technical sales manager to 
Wembley Electrical Appliances Limited, Exhibition 
Grounds, Wembley Park, Middlesex, in succession to 
Mr. A. H. FEATHERSTONE, who is relinquishing the 
position. 

Mr. A. H. BECKWITH, who was associated with Messrs. 
Babcock and Wilcox, Limited, for many years. has been 
appointed London manager of the Engineering Centre, 
Limited, 351, Sauchiehall-street, Glesgow, C2. His 
address is 3, Dax-court, Sunbury-on-Thames, Middlesex. 
(Telephone : Sunbury 2384). 

Mr. GILBERT Way, planning manager at the Fort 
Dunlop plant of the Dunlop Rubber Company, Limited, 
has been appointed chief planner for the Fort Dunlop 
group of factories, in succession to MR. A. T. ROBERSON, 
who has gone out to be works director of Dunlop South 
Africa, Limited. Mr. W. J. BARTON has been promoted 
to the position of planning manager at Fort Dunlop, in 





succession to Mr. Way. 
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NOTES FROM THE NORTH. 


GLasGcow, Wednesday. 


Scottish Steel.—While ingot production is maintained 
at a high level, there is an air of resignation to the 
apparent inevitability of slackening in business for the 
industry in general. The latest section to display 
signs of a change—after what has probably been an 
unprecedented spell of activity—are the sheet-making 
plants, where new bookings have fallen below the output 
capacity of the mills. The development has been, as 
yet, of short duration only, and it may be too early to 
draw definite conclusions. Meanwhile, orders for com- 
pletion are very considerable, particularly in the lighter 
gauges of both black and galvanised products. With 
effect from October 28, the prices of galvanised corru- 
gated sheets have been raised by 11. 12s. 6d. per ton. 
The values now range from 361. 9s. 6d. for material 
under 4-81 Ib. to No. 16 gauge sheet, up to 421. 19s. 6d. 
for No. 28 gauge material. These prices are per ton 
for a minimum of 4-ton lots. Although the longer 
term view for the shipbuilding industry causes some 
concern, activity in the yards at present is intense, and 
the demand for plates is correspondingly brisk. Business 
in large sections and bars continues quiet. Semies are 
in poor request. Only a meagre interest is shown by 
overseas buyers in offers of small bars and light sections. 
The aggregate tonnage of exports is not inconsiderable at 
the moment, however, shipments being prominent for 
Australia, New Zealand, Holland, and Finland. 


Scottish Coal.—So long as the present improved 
tone of production is maintained and severe weather 
does not intervene, the supply prospects for consumers 
here are reasonably bright. The division has entered the 
last two months of the year carrying a deficit of about 
1,070,000 tons on the annual target of 25,000,000 tons, 
but, largely on account of the favourable weather during 
the summer, most users face the next six months with 
tolerably good reserves. The aggregate consumption 
remains high, as industrial activity continues on a busy 
note. The output of house coal has gone up appre- 
ciably, but stock withdrawals remain small, as deli- 
veries on the increased winter scale are coming forward 
well. Consumption at coke ovens is heavy, but operators 
are apparently quite comfortable with the present 
supply position. Gasworks have found it difficult to 
uphold pressures at peak periods, but fuel supplies are 
adequate. Exports continue on a higher scale, with 
Denmark and Sweden especially pressing for supplies. 
Bunkers are a quieter trade, and supplies are readily 
obtainable. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—The Welsh steam-coal market 
continued to display a very busy and firm appearance 
throughout the past week. Home inquiry was again 
active despite the very substantial forward sales, pre- 
viously made to the principal users in this section, and 
any occasional supplies that did become available were 
quickly taken up. As a result any further expansion of 
the export trade in the near future seems unlikely. 
Deliveries are maintained at a good level to all the 
principal overseas markets, but shippers cannot handle 
any further business for early delivery. The scarcity of 
supplies has prevented any actual business from the 
United States from maturing. Inquiries from this direc- 
tion have been circulating on the local market for the 
past couple of weeks, as a result of strikes in American 
coalfields. First of all the American consumers were 
anxious to obtain Welsh anthracite fuels but, as these 
were practically completely unobtainable over some time 
ahead, they turned their interest to the bituminous classes 
as alternatives. Here, too, however, they were faced 
with great difficulties. Exporters had already disposed 
of practically the whole of what coal could be spared for 
delivery abroad over some time to come and it was 
impossible to secure supplies of the more favoured kinds 
for early delivery. The French trade continues to display 
increased activity following the stepping up of allocations 
for the last quarter of the year, and shipments are going 
forward along busy lines for South America and Italy. 
The Portuguese trade has been busier during the past 
week in spite of the fact that payment difficulties still 
kept the largest customer, the Portuguese Railways, out 
of the market. Increased activity has also been dis- 
played for Spain. As a result, all the more popular 
grades remained in very short supply over some time 
to come, but poor quality smalls were obtainable. 


Swansea Steél-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the strong demand for tin-plates was well 
maintained and the sales to home customers were on a 
satisfactory scale. The export market experienced a 


quiet week. Steel sheets continue in active request. 
The demand for iron and steel scrap is confined chiefly 
to the heavier and better qualities. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Sufficient Derbyshire and Lincolnshire 
pig iron is available for all requirements and there is 
also a steady delivery of hematite irons. Iron and steel 
scrap is in satisfactory supply. Concern is being caused 
by steep rises in the prices of alloys for the manufacture 
of fine steels. Nickel bas risen to 971. per ton, on account 
of devaluation, necessitating an advance of more than 
41. a ton in the 3 per cent. special nickel-steel bars used 
largely in the motor-car industry. The demand for 
nickel steels is beginning to fall off in consequence, 
Steelmakers visualise the necessity of resorting to the 
use of alternative alloys, as was done in the war years. 
Other alloys are a little dearer than they were, and will 
gradually take the place of those from dollar areas. 
Many Sheffield firms hope to benefit from devaluation, 
however, and are receiving many inquiries from North 
America. The Sheffield office of the Export Credits 
Guarantee Department is dealing with numerous 
inquiries from manufacturers who have done little or no 
business, hitherto, with North America. Except in 
a@ minority of cases, Sheffield firms are not pursuing with 
vigour the schemes of extension and re-equipment 
decided upon when the steel outlook was brighter than 
it is to-day. New ordering of machine tools is quieter, 
except on export account. A wagon shortage is respon- 
sible for delays in the receipt of raw materials and the 
dispatch of finished products. Makers of engineers’ 
small tools continue to be very actively employed on a 
backlog of orders. The edge-tool industry is also busy. 


South Yorkshire Coal Trade.—Coal production at 
individual collieries is being increased, but continued 
absenteeism by many of the younger employees is a 
retarding factor. Industrial demands are strong and 
are being satisfied, but much more coal is needed to 
supply fully export needs in best qualities. The house- 
hold section is suffering owing to the fact that the best 
qualities are being sent overseas as gas coal. The prices 
of some qualities, for specific markets abroad, have been 
raised by 7s. 6d., and, in some cases, by 10s., a ton. 
The demand for coking coal is strong, and coke makers 
urge the necessity of reserving best qualities for this 
purpose. Coke and patent fuel are active and firm. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—One or two descriptions of iron and 
steel are in moderate request only, but pressure for the 
supply of most commodities is greater than producers 
can provide. Orders in hand are substantial and fairly 
numerous, while customers at home and overseas are 
increasingly inclined to negotiate for supplies of material 
to cover prospective requirements. Stocks of foreign 
ore are large, and the distributable tonnage of raw 
materials from home sources of supply remains at quite 
a satisfactory level. Deliveries of iron and steel scrap 
are maintained on a scale that meets the continued high 
demand. While pig-iron shortage is becoming less 
acute, all obtainable parcels are still eagerly taken up 
and are moving promptly into consumption. Conditions 
in the steel industry are, on the whole, more satisfactory 
than anticipated, November outputs are expected to be 
very heavy, but insufficient to cope fully with the issue of 
tonnage allocations. Considerable business with Aus- 
tralia, New Zealand and Canada is looked for. 

Foundry and Basic Iron.—North-East Coast users of 
ordinary foundry pig iron have still to draw their supplies 
from distant producing areas and there is no prospect of 
the resumption of make on Teesside. Deliveries are, 
however, larger and more regular than of late and con- 
sumers do not have to make such extensive use of cast- 
iron scrap. the stocks of which are increasing. All the 
basic-iron output continues to enter into immediate use. 


Hematite, Low Phosphorus and Refined Iron.—The dis- 
tribution of East-Coast Hematite continues to improve 
but regular customers are not yet able to secure parcels 
sufficient for all their needs. Outputs of low and medium 
phosphorus grades of iron are steadily absorbed, and, in 
some cases, larger quantities than are reaching some 
users would be acceptable. There is a continued ready 
sale for refined iron. Home buyers are taking up the 
bulk of the production. 

Manufactured Iron and Steel.—The branches of indus- 
try turning out semi-finished and finished iron commo- 
dities have a good deal of work to execute but could 
give early attention to orders for certain descriptions of 
material. There is considerable decrease in the demand 
for steel semies. Stocks at the re-rolling mills have 
reached large dimensions. Maximum deliveries of sheet 
bars, however, are still required for the sheet mills. 
There is no easement of the export demand for sheets 
and the requirements for home purposes are still exten- 
sive. Shipbuilders are receiving better quantities of 
plates and angles but are calling persistently for more. 


NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—WNorth- 
Eastern Centre: Monday, November 14, 6.15 p.m., 
Neville Hall, Newcastle-upon-Tyne. ‘Testing, Reoon- 
ditioning and Servicing of Domestic Appliances,” by 
Mr. H. Hobbins. London Students’ Section: Monday, 
November 14, 7 p.m., Victoria-embankment, W.C.2. 
“The Dependence of Physics on the Engineer,” by Mr. 
B. S. Gossling. Radio Section: Wednesday, Novem- 
ber 16, 5.30 p.m., Victoria-embankment, W.C.2. ‘‘ Design 
of Negative-Feedback Amplifiers,” by Mr. W. T. Duer- 
doth. Southern Centre: Wednesday, November 16, 
6.30 p.m., Technical College, Brighton. ‘‘ Substations, 
with Particular Reference to Yorkshire Practice,” by 
Mr. L. H. Fuller and Mr. C. R. Clarke. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 15, 5.30 p.m., Great George-street, S.W.1. Discus- 
sion on “‘ Pre-Stressed Concrete,” opened by Mr. F. Web- 
ster and Mr. A. J. Harris. Thursday, November 17, 
5.30 p.m., Joint Meeting with SocrtTr& pEs INGENIEURS 
CIVILS DE FRANCE (BRITISH SECTION). “ Pre-Stressed 
Concrete: Principles and Applications,” by Mr. E. 
Freyssinet. Monday, November 21, 5.30 p.m., ‘‘ Construc- 
tion and Layout of Idlewild Airport, New York,” by 
Mr. John M. Kyle, Junr. 

INSTITUTE OF FUEL and IRON AND STEFL INSTITUTE.— 
Tuesday, November 15, 5.30 p.m., Institution of Mechani- 
cal Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
(i) “‘ Dry Coke Cooling,” by Dr. G. E. Foxwell. (ii) 
“ Application of Dry-Coke Cooling Plants to Integrated 
Iron and Steel Works,” by Mr. L. H. W. Savage and 
Mr. A. V. Brancker. (iii) Ministry of Fuel and Power 
Report on Working Group on Dry Cooling of Coke. 

INSTITUTE OF PuHysics.—Tuesday, November 15, 
5.30 p.m., 47, Belgrave-square, S.W.1. ‘* Generation 
and Launching of Ultra-Sonic Waves,” by Mr. G. 
Bradfield. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, November 15, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘ Nuclear Physics and the 
Engineer,” by Dr. J. M. A. Lenihan. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS 
and INSTITUTION OF ENGINEERS-IN-CHARGE.—Tuesday, 
November 15, 6.30 p.m., Magnet House, Kingsway, 
W.C.2. ‘“‘ Radio and the Engineer,” by Mr. M. Evans. 

INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, November 15, 7 p.m., 351, Sauchiehall-street, 
Glasgow. “ Lifting Appliances,” by Mr. J. G. Carlton. 

RoyAL AERONAUTICAL SocrETy.—Graduate Section : 
Tuesday, November 15, 7.30 p.m., 4, Hamilton-place, 
W.1. “ Visualisation of Air Flow at High Speeds,” 
by Mr. A. D. Young. 

CHEMICAL SocrETy.—Wednesday, November 16, 
4.30 p.m., The University, Liverpool. Centenary 
Lecture on ‘“‘ Radiation Induced Polymerization,” - by 
Dr. M. Magat. Also on Thursday, November 17, 7.15 
p.m., at the Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, S.W.1. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.— Wednesday, November 16, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 


S.W.1. ‘“‘ Natural Ventilation of Houses,” by Mr. J. B. 
Dick. 
LIVERPOOL ENGINEERING SOCIETY.—Wednesday, 


November 16, 6 p.m., 9, The Temple, 24, Dale-street, 
Liverpool. ‘ Lubrication,’’ by Commander H. J. Nichol- 
son. é 
CHEMICAL ENGINEERING GROUP and SOCIETY OF 
CHEMICAL INDUSTRY (Newcastle Section).—Wednesday, 
November 16, 6.30 p.m., King’s College, Newcastle-upon- 
Tyne. “ Planning and Design of a Chemical Factory,” 
by Dr. G. F. Whitby. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
November 17, 2.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. “ Plain Bearings: Material Design and Opera- 
tion,” by Mr. P. T. Holligan. 

INSTITUTION OF MECHANICAL ENGINEERS.— Midland 
Branch: Thursday, November 17, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘‘ Use of Mechanical 
Aids in Engineering Production,” by Professor T. U. 
Matthew. .Institution: Friday, November 18, 5.30 
p.m., Storey’s-gate, St. James’s Park, S.W.1. Thomas 
Hawksley Lecture on “ World Energy Resources and 
Their Utilisation,” by Dr. A. Parker. AUTOMOBILE 
Division.—North-Eastern Centre: Wednesday, Novem- 
ber 16, 7.30 p.m., The University, Leeds. “ Ignition 
Equipment,” by Dr. E. A. Watson. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 18, 6.30 p.m., 39, Victoria-street, S.W.1. Annual 
Meeting and Annual Meeting of Benevolent Fund. North- 
Western Section: Saturday, November 19, 2.30 p.m., 
16, St. Mary’s Parsonage, Manchester. Film: ‘“ Tung- 
sten Carbide Cutting Tools.” 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.Le 84k 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada i : £410 0 


For Canada £4 5 0 
Subscribers receiving incomplete copies thro 
ae ts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 

address. 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy ” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves res ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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STANDARDISATION AND 
PRODUCTIVITY. 


In a brief note on page 481, ante, we recorded the 
publication of the Report, to the Minister of Supply, 
of the Committee for Standardisation of Engineering 
Products,* and gave in broad outline their terms of 
reference and the general tenor of their conclusions. 
That note, however, was inserted as a matter of 
record only, and its brevity should not be assumed to 
be a measure of importance which, in our opinion, 
should be attached to the Committee’s reeommenda- 
tions. In fact, the Report is one of the most signifi- 
cant statements of suggested engineering policy that 
has been formulated for many years, for it proposes 
nothing less than a fundamental change in the 
functions and powers of the British Standards 
Institution ; a change, indeed, which is being imple- 
mented to some extent already, as was made clear 
by the Minister (Mr. G. R. Strauss, M.P.) in reply 
to two questions in the House of Commons on 
October 31. Mr. Strauss expressed the hgpe that 
the recommendations contained in the Report 
would be carefully studied by every section of the 
industry ; an invitation that we would endorse, 
because, if carried into full effect, they must influ- 
ence profoundly the design and execution of prac- 
tically every branch of engineering manufacture. 

The appointment of the Committee dates from 
November, 1948, and the chairman was Sir Ernest 
Lemon, formerly vice-president of the London 
Midland and Scottish Railway, of which he had been 
previously chief mechanical engineer. The other 
members were Sir Ewart Smith (deputy chairman), 
Mr. Stanley Harley, Mr. Jack Tanner, and Mr. 
T. H. Windibank; but Mr. Tanner resigned in 
February of this year, Mr. J. Young being appointed 
in his place. The Committee’s terms of reference 
were “To investigate . . . the methods by which 
manufacturers and users of engineering products 
determine whether any reduction in the variety 
of products is desirable in the light of technical, com- 
mercial and other considerations ; to report whether 
these methods are adequate and what, if any, 
measures should be taken by industry or by the 





* H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 9d. net.] 





Government to ensure that such simplifications as 
are determined are put into effect.” The use of 
the term “simplifications” should be noted, 
because it occurs with some frequency in the Report 
and also because the same process or principle is 
the subject of the latest report* issued by the Anglo- 
American Council on Productivity, which may use- 
fully be read in conjunction with that of Sir Ernest 
Lemon’s Committee. The Committee define the 
expression as “‘ the process of reducing the number 
of types of products made (ocr called fo r) within a 
definite range.” ‘‘ Standardisation,” on the other 
hand, is ‘“‘ the process of defining and applying the 
conditions necessary to ensure that a given range 
of requirements can normally be met, with a mini- 
mum of variety, in a reproducible and economic 
manner on the basis of the best current technique.” 

Two other definitions are given, namely, those of 
“ specialisation,” as ‘“‘ the process whereby particular 
firms concentrate on the manufacture of a limited 
number of products or types of products ”—a 
definition which hardly seems necessary; and 


o | ‘ productive efficiency,” defined as “the ratio of 


the effective volume of output in a given time, 
relative to the total effort and facilities employed.” 
It is asserted that this can be measured “in terms 
of the output per employee per annum, making due 
allowance for the economic effect of the capital 
resources employed, and of the incoming materials 
and services used in the productive process,” and 
the claim is made that, “‘ when expressed in this way, 
it is a true measure of overall productivity ”’ ; claims 
which we find rather less satisfying, without a 
further series of definitions of the meanings to be 
attached to some of the words. 

At the outset, the Committee permit themselves 
to record some opinions which, as they frankly admit, 
are not strictly within their terms of reference. 
They were convinced that, in many branches of the 
engineering industry, variety could be reduced with 
great benefit to the industry itself and to all other 
branches of industrial production. There could be 
no question, they felt, that unnecessary variety of 
product, at any stage of manufacture, lowered 
efficiency, with detrimental effects which extended 
to the suppliers of raw materials, on the one hand, 
and the distributor and the user on the other ; and 
the disadvantage to the user would continue, in 
some manner, throughout the life of the product. 
Finally, they believed that it was not sufficiently 
realised how great could be the overall savings 
effected by increasing the length of production runs, 
as a result of eliminating or reducing the manufac- 
ture of special products or only small batches. 

From these introductory observations it is con- 
venient to pass directly to a summary of the Com- 
mittee’s recommendations, though the reader of 
the Report itself would be well advised to proceed 
through it section by section. The primary recom- 
mendations are that, to reduce wasteful variety, 
specialisation and simplification and standardisation 
should be applied wherever this is possible and appro- 
priate ; to do which requires the united efforts of 
both producers and users. The production of national 
standards of wide applicability, the Committee 
consider, should be extended and accelerated, which 
can best be done by “ urging forward ” the work of 
the British Standards Institution ; though the Com- 
mittee make it clear that, in their opinion, the 
principle of voluntary agreement in the preparation 
of standards should be continued. This recommen- 
dation should be considered in the light of another, 
which states that “‘The B.S.I. should take a more 
active part in initiating action for the prepara- 
tion and co-ordination of standards”; hitherto, 
as is well known, it has been a cardinal principle of 
the B.S.I. that it does not initiate proposals for 
standardisation. 

The Committee go on to recommend that there 
should be an intensification of simplification and 
standardisation in the more specialised branches of 
engineering production ; and they suggest that this 
might be the concern of the trade associations, 
working in co-operation with the B.S.L, whose 
responsibility it is to see that sectional standardisa- 





* Simplification in Industry. Published by the Anglo- 
American Council on Productivity, 21, Tothill-street, 
London, S.W.1. [Price 1s.] 
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tion conforms with general requirements. It is 
pointed out, however, that it will be necessary to 
set up suitable panels of users of the products, to 
ensure that their specialised needs receive due 
consideration ; and it is emphasised that sections 
of industry, whether manufacturers or users, should 
not determine their new standards without regard 
to other interests—a matter which “is particularly 
important in the case of industries under public 
control, or other large industrial groups.” Allied 
with this recommendation are the more specific 
ones that purchases should be to British Standards 
wherever possible, that the Government should see 
to it that their departments, the nationalised indus- 
tries and other public bodies fall into line in this 
respect, and the trade associations should give 
undertakings to the B.S.I. that, as a matter of 
policy, their constituent firms will follow suit. 
Any considerable demand for differing qualities of 
standard products should be met by providing more 
than one standard. 

On the economic side, the Committee make a 
number of recommendations, some of which, while 
quite sufficiently clear-cut in intention, are neces- 
sarily phrased in somewhat general terms; terms 
of admonition, in fact, rather than direct recom- 
mendation, though it is difficult, admittedly, to 
find alternative forms of words when the methods 
of implementing the recommendations may—prob- 
ably will—depend on various extraneous factors. 
Such is the adjuration that ‘‘ Manufacturing industry 
should ensure that its commercial and selling policy 
pays due regard to the overall savings which accrue 
when preduction is concentrated on a standardised 
or simplified range of products.” We would like to 
see in that a little more definite recommendation 
that a firm which follows the desired policy whole- 
heartedly should be allowed to profit financially by 
it. The final recommendation of the score listed in 
the Report does urge that, as the application of 
simplification and standardisation may involve 
heavy and immediate expenditure, the Government 
should consider whether, to encourage rapid re- 
equipment, they could amend the present system 
of taxation in this respect; but that proposal is 
designed solely to recoup capital outlay. As things 
are, the manufacturer will be expected to pass on 
a substantial part of the resultant savings to the 
consumer, but the rest of the savings are in great 
danger of being swallowed up in taxation and in 
meeting wage claims, quite possibly based on the 
fact that production is being increased. The 
Report lays stress on the opinion that, in many 
existing cases, the price differential between British 
Standard and non-Standard products is not enough 
to encourage any considerable demand for the 
British Standard article rather than the other. 


On the proposed reorganisation of the British 
Standards Institution, the Committee recommend 
that the Institution “‘ should strengthen and extend 
its staff and facilities so as to speed up and intensify 
its work.” As the Minister of Supply has indicated, 
action along these lines has been taken already. 
Appendix I to the Report, on the policy, organisa- 
tion, finance and work of the Institution, shows 
clearly that the previously existing staff were 
decidedly overloaded, each of the 20 secretaries to 
committees handling, on an average, the work of 
28 technical committees, with their various sub- 
committees and panels. The Lemon Committee’s 
opinion, that, ‘‘ In our view, this staff is inadequate,” 
cannot be regarded as an over-statement ; but the 
point is worth consideration, that additions to the 
existing staff must be drawn in the main from 
industry, and from a level in the industry at which 
extensive withdrawals are likely to be felt rather 
severely. Moreover, the work of the B.S.I. already 
makes heavy demands upon the time of the several 
thousands of members of committees and panels, 
the majority of whom are busy executives in their 
respective firms and organisations. Their labours 
are voluntary in the sense that they receive no 
honorarium from the B.S.I. for their services ; but 
the industries in which they are employed must 
continue to support them, which makes it a little 
difficult to calculate the net financial benefits likely 
to result from a material increase in the man-hours 
thus devoted to the cause of specialisation, simplifi- 
cation and standardisation. 





ELECTRICAL DISTRIBUTION 
IN LONDON. 


Lonpon is the smallest of the Areas into which 
the British Electricity Authority has divided the 
country in its organisation of electrical distribution, 
but it can claim a higher load and a greater density 
than any other. At vesting day, the Area was 
supplied by single, two-phase, three-phase and 
direct-current systems. There were 18 different 
high voltages in use, 10 different medium and low 
alternating-current voltages, and nine different 
direct-current voltages. One of the tasks of the 
engineers who are concerned with the organisation 
and operation of supply in the Area is to reduce these 
to a uniform three-phase four-wire 50-cycle system 
giving 415/240 volts at the consumers’ terminals. 
The maximum demand in the area in 1926 was 
about 400 MW; in 1948 it was about 1,200 MW. 
This latter figure is somewhat lower than that 
of the immediately preceding years, but the 
reason for this was a mild winter and compul- 
sory restrictions on consumption. The actual 
rate of increase in demand is of the order of 100 MW 
per annum. 

The London Area covers 238 square miles, this 
figure excluding parks and open spaces ; the popu- 
lation is 5 millions and the number of consumers 
1-5 millions. It is divided into seven Sub-Areas, 
which show great variation in maximum demand ; 
in the Western it is 275 MW and in the Northern 
249 MW, but in the South Eastern only 83 MW. 
Each Sub-Area is divided into Districts for adminis- 
trative purposes ; there are 47 Districts in all. The 
remarkable variety in social and industrial conditions 
which exists in the London Area is illustrated by the 
fact that the load density in the Districts ranges from 
1 to 100 MW per square mile and that the maximum 
demand per consumer varies between 0-5 kW and 
4-5 kW in different districts. These various figures 
indicate the importance of the domestic, retail- 
shop and office loads. The heavy demand in the 
Western District is not surprising but it might 
have been expected that the industrial load would 
have resulted in a higher figure in the South 
East. 

Prior to the vesting date, the supply in the Area 
was controlled by 30 local authorities and ten com- 
panies. As a result, generating and distribu- 
tion arrangements have developed with no regard 
to unification of supply over the whole Area. 
Independent transmission systems had been laid 
down which delivered power developed in the 
extreme east, and on the north bank of the Thames, 
across the river to the west, by-passing six large 
power stations on the way. Similarly, current 
generated on the south bank in the western part of 
the Area is transmitted across the river and distri- 
buted in the east and west by lines by-passing 
generating stations. Mr. J. W. Leach, in his chair- 
man’s address to the Supply Section of the Institu- 
tion of Electrica] Engineers, delivered on October 26, 
stated that “‘a bigger confusion from lack of co- 
ordination between bodies which ought to have 
been concerned to plan supplies to London as a 
whole could not have been deliberately planned.” 
As Mr. Leach said, this state of affairs ‘‘ will colour 
the further development of London for years to 
come.” He did not add that it is in no way to be 
charged against the engineering profession ; it is 
due to the control of electricity supply by legislative 
and administrative bodies with no technical know- 
ledge of the matter with which they were dealing. 

The unification which has now been achieved 
should, in principle, enable the electricity-supply 
business in London to be organised on a purely 
technical basis with no regard to political considera- 
tions of any kind; and the expression “a purely 
technical basis ” implies proper consideration of the 
economic factor. It is to be feared, however, that 
even now the engineers concerned may be hampered 
in efforts directed solely to technical efficiency. 
Mr. Leach mentioned two possible handicaps. The 
first was “‘ the time lag in obtaining decisions, which 
seem inherent in amalgamations and groupings.” 
A good deal has been heard of this matter in 
connection with nationalised activities. It is certain 





that the people who are concerned with getting 





things done are doing their best to circumvent ‘t, 
but if it is “inherent” it does not seem likely that 
it will ever be exorcised in public and semi-public 
bodies. A basic impediment is that large centralis.d 
public bodies either cannot, or will not, give loc:| 
officials adequate authority. 

The second handicap mentioned by Mr. Leach js 
more subtle and possibly more dangerous. , He 
referred to “ pressure leading to compromise by 
parties who are not directly responsible for the 
development and the provision and maintenance of 
adequate supplies.” He added that “ itisincumbeni 
upon engineers, as such, without disrespect to thes: 
other parties to make it very clear that the industry, 
being primarily an engineering one, must be let 
free to plan and execute economically the necessary 
works in good time to meet the demand on th: 
system created by the consumers’ freedom t: 
operate their several hundred million switches as 
and when they desire.” Present-day consumers are 
only too well aware that they do not enjoy that 
freedom, and as far as they can understand from 
the “‘ other parties,” who are not directly respon- 
sible, they are not likely to do so for some time. 
Whether engineers will ever be “left free to plan 
and excute ” is doubtful. Any technical industry 
which, in the last resort, is controlled by non- 
technical public bodies wil] always be liable to 
have sound technical policy interfered with on 
extraneous grounds. 

Mr. Leach did not pursue the discussion to which 
his remarks, quoted above, form an appropriate 
introduction. As he was addressing a technical 
body, he confined himself, in the main, to technical 
matters. He thought that, when existing pro- 
grammes of generating station development are 
completed, there would be a substantial improve- 
ment in overall generating efficiency, but after that 
further reductions in costs would be slow of accom- 
plishment ; in transmission and distribution, how- 
ever, there was “a very large field to explore in 
the matter of increased efficiency and greater 
economy in design, construction, operation and 
utilisation of plant.” It was difficult to determine 
the true engin ering costs of distribution from the 
main bulk-supply point to the consumers’ service, 
and even more difficult to relate them to maximum 
demand. In London, the distribution costs per 
kilowatt of maximum demand appeared to vary 
over a range of 2-1 to 1. With the completion of 
the low-tension grid, distribution costs should 
decline, load expansion being borne by the less 
expensive high-voltage distribution system. The 
ultimate development which Mr. Leach visualised 
was as much as possible of the output of a generating 
station being absorbed locally at, say, 11 kV, with 
a zone beyond this receiving any additional output 
at 33 kV. 

The London Area is being operated at present by 
a headquarters engineering group, responsible for 
main designs and long-term plans, which also 
co-ordinates the work of the sub-area engineering 
groups. These are responsible for operation and 
maintenance between the main supply points and 
the consumers’ premises. They are also responsible 
for development and construction of plant and 
networks below 22 kV, within the main plans 
formulated by the headquarters staff. The bulk 
of the manual staff associated with a sub-area is 
actually located in the districts into which the 
sub-areas are divided. Day-to-day work is carried 
out by the district engineer and his staff under the 
general control of the sub-area. This arrangement 
provides close and constant supervision of work 
within the district, with local engineering repre- 
sentatives and contact with the consumer. Nor- 
mally, a sub-area comprises a main supply station, 
or a section of a generating station, with the 
associated distribution substations and transformer 
chambers, the network and a works depot. The 
visualised installed distribution capacity of a 
district is of the order of 50 MVA. Mr. Leach 
discussed this arrangement of districts as a “ multi- 
ple unit system.” The units employ standardised 
equipment and the system permits a considerable 
amount of decentralisation. Growth of load may 
demand that a district should be subdivided ; this 
process would usually be attended by the provision 
of an additional main bulk-supply station. 














Nov. II, 1949. 


ENGINEERING. 


509 








NOTES. 


Tue InsTITUTION OF MECHANICAL ENGINEERS. 


In a paper delivered before the Institution of 
Mechanical Engineers in January, 1947, Mr. K. W. 
Todd, M.Eng., A.M.I.Mech.E., dealt with a high- 
speed wind tunnel for the testing of turbine or com- 
pressor blade cascades. Last Friday, November 4, 
at a meeting of the Institution, with Professor O. A. 
Saunders in the chair, he presented an Applied 
Mechanics Group paper on “‘ Some Developments 
in Instrumentation for Air-Flow Analysis,” in which 
he described some of the compact instruments 
designed for the optical and physical analysis of 
air flow at high subsonic or transonic velocities in 
confined spaces. Workers in this field of research 
have to overcome many problems, as the subsequent 
discussion showed. Regarding Pitot-tube measure- 
ments, Mr. Todd said that it was advisable to limit 
the orifice diameter to 0-010 in., and to avoid long 
lengths of small-bore piping. The cylindrical type 
of Pitot tube, spanning right across the field of flow, 
had certain advantages. The measurement of local 
static pressure in a high-velocity stream was diffi- 
cult ; the author had used Prandtl tubes for this 
purpose, but corrections were necessary, after 
judging by optical means whether the instrument 
was in a supersonic or subsonic zone. A satisfac- 
tory way of assessing velocity was to use a hot-wire 
anemometer, which is based on the relationship 
between temperature or resistance of an electrically- 
heated wire and the cooling effect due to the air 
stream. The author described a suitable method. 
Errors could arise in the use of yawmeters depending 
on pressure balance, but this could be overcome 
by using an adaptation of the hot-wire anemometer. 
For observing and assessing vortices within curved 
bounded flow, the author described the construction 
and use of a swirl vane device. On the subject of 
optical methods, Mr. Todd described the shadow- 
graph and Toepler Schlieren systems, which he 
considered more practicable than the Mach inter- 
ferometer. These three systems were suitable for 
transonic flow, whereas the injection of smoke or 
other matter into the stream was only applicable to 
velocities of less than 200 ft. per second. The 
author concluded his paper with some examples 
from a comprehensive series of tests carried out on 
a representative compressor blade cascade in a wind 
tunnel at air speeds up to the critical magnitude. 


Astin WINTER MEETING. 


The work of two committees dealing with scientific 
information was described and discussed at the 
second winter meeting of Aslib, held on Wednesday, 
November 2, at the Institution of Electrical Engin- 
eers, Savoy-place, Victoria-embankment, London, 
W.C.2. The activities of the “‘ King ” Committee 
to the Technical Information Services Sub-Commit- 
tee of Research and Productivity of the Advisory 
Council on Scientific Policy was outlined by the 
Committee’s chairman, Dr. Alexander King. This 
committee is concerned with the part played by 
technical information services in fostering the 
application of scientific knowledge to increase 
industrial productivity. Their work includes a 
survey of existing information services, in Great 
Britain, and as a result of this they have recom- 
mended that the intelligence section of the Depart- 
ment of Scientific and Industrial Research should 
be strengthened and should form an appropriate 
centre for research into various techniques of infor- 
mation work. Another of their suggestions is 
that a single scientific and technical library authority 
should be set up by the Government, to consider 
the establishment of two national scientific libraries, 
one a lending library and the other solely for 
reference. The second paper was by the assistant 
secretary of the Royal Society, Dr. D. C. Martin, 
who gave a summary of the work of the Information 
Services Committee of the Royal Society, in carrying 
further the recommendations of the Scientific 
Information Conference of 1948. It was announced 
that Aslib have secured new premises at 4, Palace- 
gate, Kensington Gore, London, S.W.7. Since the 
meeting, we have been informed that Miss W. M. R. 
Ditmas has decided to resign her position as Director 
of Aslib, to devote more time to study and research. 





Tue Puiastic BEHAVIOUR OF SOLIDs. 


At the invitation of the Council of the University 
of Sheffield, the trustees of the Hatfield Lecture 
Fund, the fourth Hatfield Memorial Lecture was 
delivered by Sir Andrew McCance, LL.D., D.Sc., 
F.R.S., President of the Iron and Steel Institute, 
at the University of Sheffield, on October 28. The 
subject of the lecture was ‘‘ The Plastic Behaviour 
of Solids.” At the outset of his thought-provoking 
and, in some respects, controversial lecture, Sir 
Andrew stated that it had been generally accepted 
for a long time that the more accurately one 
attempted to measure the elastic limit of a material 
by a refinement of method, the more difficult it was 
to detect the existence of any limit at all. He there- 
fore regarded the elastic limit as a fortuitous 
occurrence of not theoretical importance ; further- 
more, in a regular metallic lattice, such as existed in 
single crystals, an elasticity range only arose when an 
admixture of atoms due to impurities or to other 
intentionally added elements was present. The 
normal behaviour for such a lattice was plastic 
behaviour. In multigranular material or in ionic 
crystals, however, a true elastic limit could exist. 
Passing on to a consideration of the results obtained 
when standard test-pieces of mild steel, copper, alu- 
minium and lead were loaded progressively and 
accurate measurements of the load and contraction 
of area made until fracture took place, Sir Andrew 
concluded that many changes in the physical proper- 
ties of metals, with temperature, were made clearer 
by considering them as a consequent of changes in 
surface tension. He had come to the conclusion 
that the hardening of metals by plastic deformation 
was wholly due to the creation of new surfaces at 
slip planes and the consequent increase in the con- 
tribution of the surface-tension forces arising from 
the increase in boundary lines. Lastly, when 
dealing with creep, Sir Andrew said that many 
attempts had been made to explain the behaviour 
of materials under prolonged constant stress—con- 
ditions which arose frequently in engineering prac- 
tice. These attempts had not been successful 
because creep had been regarded as a consequence 
of plastic flow and such assumptions as had been 
made had been based on the properties of viscous 
materials. He had come to the view that creep 
was solely the result of diffusion processes, so that 
any theory of creep must be based on the theory of 
diffusion. The most important consequence of the 
diffusion creep theory was that there was no place 
in it for any limiting creep stress. The theory 
substituted, in place of the limiting creep stress, a 
critical life for each stress, at the end of which 
failure took place. Creep rates, therefore, were no 
longer of any importance in themselves. 


Lioyp’s REGISTER WRECK RETURNS. 


According to the annual statistical summary of 
merchant vessels of 100 tons and upwards totally 
lost, broken up or condemned, published by Lloyd’s 
Register of Shipping, the losses which occurred 
in the mercantile shipping of the world, in 1948, 
amounted to 426 ships, totalling 966,062 tons. 
Out of these totals 203 vessels, making together 
232,934 tons, became total wrecks in consequence 
of casualty or stress of weather, and 223 ships, 
aggregating 733,128 tons, were otherwise broken up 
or condemned. Of the 203 vessels totally lost, 
26, totalling 25,926 tons, were under the British 
flag, and, of the 223 ships otherwise broken up, 64 
comprising 201,632 tons, were owned in Great 
Britain and Northern Ireland. Of the 26 British 
ships totally lost, one was abandoned at sea, five 
foundered, one was burnt, three were involved in 
collisions, eleven were lost through stranding or 
striking rocks or sunken wrecks, three were posted 
missing, and two were lost in circumstances which 
could not be specified. A table in the statistical 
summary, or ‘‘ Wreck Returns,” as the publication 
is also called, gives data regarding the ships totally 
lost for the years 1924 to 1939, and 1946 to 1948, 
for all maritime countries. From this we note that, 
with the exception of the abnormal year 1939, 
when 179 British ships, making together 548,407 
tons, were lost at sea, the annual total of wrecked 
ships owned in this country has been usually well 
below 100,000 tons since 1931. 





THE 17TH INTERNATIONAL 
NAVIGATION CONGRESS. 
(Continued from page 482.) 

THE general report on the first question considered 
under Section I (Inland Navigation) of the Inter- 
national Navigation Congress during the meeting 
at Lisbon was presented by Mr. R. Graff, Director 
of the port of Strasbourg. As previously stated, 
this “‘ question,” or series of questions, was concerned 
with the means of speeding up inland water trans- 
port by the improvement of the rivers or canals, of 
the administration of them, and of the types of 
vessel used and the methods of propulsion. 


ACCELERATION OF INLAND WATER TRANSPORT. 


Mr. Graff divided his report into sections com- 
prising the papers submitted from different coun- 
tries, dealing first with the papers by Belgian 
engineers. Of these contributors, Mr. L. Char- 
bonnier, of the Commission for the Navigation of 
the Rhine, presented a general survey of the main 
principles to be observed, pointing out that to speed 
up the turn-round of boats might not always produce 
the desired economic results. In part, he said, this 
was attributable to the difficulty of accelerating 
the flow of cargoes to and from the boats, though 
he would expect that, in time, this disability would 
be overcome so that eventual benefit would result. 
It had not been proved, in his opinion, that a state 
of free competition, such as obtained on the Belgian 
waterways before the war, was more effective in 
promoting progress than a system of chartering 
based on a roster, combined with regulated freight 
rates; but, he held, a more rapid handling of 
traffic would enhance the attraction of water 
transport quite as much as a reduction in rates. 

The second Belgian paper, by Messrs. Boereboom, 
de Rudder, Valcke and van Cauwenberge, dealt 
with various practical problems as encountered on 
the inland waterways of Belgium and submitted a 
number of suggestions. In the layout of canals, 
they considered that the minimum radius of curves 
should be ten times the length of the largest boats 
likely to use the waterway, and that extra width 
should be provided on curves in the proportion of 

2 
ae where L was the length of the boat and R the 
radius of the curve, in similar units. As a basis for 
determining the cross-section of the waterway, 
they suggested that, instead of adopting a fixed 
ratio, n, between the section of the channel and 
the immersed midship section of the boat, the 
resistance caused by the “wet” section of the 
channel should be the criterion. To popularise 
inland water transport, they proposed that some 
elasticity should be introduced into the scales of 
freight rates to encourage particular traffics and 
that information bureaux should be provided at 
intervals along the waterways for the benefit of 
users. It was suggested also that waterways should 
be grouped in four classifications, for craft ranging 
up to 300, 600, 1,350 and 2,000 tons, respectively. 
Finally, they put forward certain proposals for the 
international stadardisation of day and night signal- 
ling arrangements ; the classification, and possibly 
the constructional details, of craft ; and commercial 
arrangements to facilitate through working. 

The only Spanish contribution in this part of the 
programme was a paper by Sr. A. J. Fernandez y 
Fernandez, of Madrid. In spike of resolutions 
approved as far back as the Sixteenth Century, he 
said, Spain only possessed two canals, namely, the 
Imperial Arago Canal and the Castile Canal, neither 
of which carried much traffic ; but some work had 
been done to improve the navigation of the River 
Guadalquiver and further improvements were 
planned. Like the Belgian authors, he favoured 
the standardisation of the dimensions of canals and 
locks, and of the ratio n, previously mentioned ; and 
he compared the relative advantages of trains of 
boats hauled by tugs, self-propelled craft and 
mechanical traction operating from the banks. 

Three engineers from the United States Engineer 
Office at Mobile, Alabama—Mr. Frederick M. 
Rademacher, Mr. Adolphus J. McCorkle and Mr. 
John B. Newsom—presented a joint paper which 
they had prepared originally for the Congress which, 
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but for the war, would have been held in Berlin in 
1940. The natural features of the United States, 
they observed, made inland water transport very 
slow by comparison with transport by land, so that 
it was mainly used for bulk cargoes of about 300 
million tons of freight transported annually on the 
rivers, canals and connecting channels of the 
country, bulk freight represented about 90 per cent., 
with an average value (in 1940) of about 9 dols. a 
ton, as against a value of 118 dols. a ton for the 
remaining 10 per cent., which was “ package 
freight.” The economical speed of water transport 
was from 3 miles an hour for heavy tows to 5 miles 
an hour for light tows; when this economical 
limit was reached, the only way to accelerate the 
transport was by improving terminals and locks, 
and by straightening channels so that the maximum 
economical speed could be better maintained. 
These general principles were illustrated by fairly 
detailed references to the practice on some of the 
more important waterways. 

An important section of the paper was that 
devoted to the types of craft used, and their motive 
power. Most of the barges used on the United 
States inland waterways are of the scow type, with 
straight-raked ends, this type being favoured 
because of its capacity_and its suitability for towing 
singly, in tandem, or in large tows. While the scow 
form is not ideal from the resistance point of view, 
a long compact tow of scows has some of the advan- 
tages of a long vessel in reduction of resistance. 
Towboats are of three types: stern-wheelers, 
the tunnel screw type, and the “model hull” 
screw type. The sternwheeler is still favour- 
ably regarded en the Ohio River and elsewhere 
because of its shallow draught, great flanking 
ability, and general simplicity. Steam engines are 
still the usual motive power, geared Diesel and 
Diesel-electric sternwheelers not having proved 
satisfactory. The largest sternwheeler constructed 
(prior to 1940) was 276 ft. long, 61 ft. beam and 
7-4 ft. deep, with engines of 1,600 h.p. driving a 
wheel 37 ft. in diameter and 40 ft. in width. The 
towing (actually, pushing) speed upstream is about 
3 to 4 miles an hour over the ground, and the 
distance covered by a tow, on the Mississippi and 
Ohio Rivers, may be up to 2,000 miles. A single 
simple or tandem compound engine on each side 
of the wheel is the universal practice, steam being 
supplied by either return-tube or water-tube boilers 
at about 200 Ib. per square inch, though the larger 
boats, with tandem compound engines, may work 
at pressures up to 350 Ib. per square inch. The 
authors considered it probable that the water-tube 
boiler would eventually supplant.the return-tube 
type. Tunnel-screw boats have either triple- 
expansion engines or turbo-electric machinery, using 
steam up to 425 Ib. per square inch, but Diesel- 
electric and direct Diesel drives are increasing. 

Standardisation of locks has progressed greatly, 
the standard dimensions being 110 ft. wide a 
600 ft. long on the canalised portion of the Missis- 
sippi, from the mouth of the Missouri River to 
Minneapolis, and on the Ohio River and the Illinois 
Waterway, which connects the Mississippi with the 
Great Lakes at Chicago; though there are still a 
few locks of rather smaller dimensions. Preliminary 
recommendations for a more extensive standardi- 
sation envisaged, for the principal channels, locks 
75 ft. wide and 300 ft., 450 ft., 600 ft. or 800 ft. 
long; and, for feeder channels, 45 ft. wide and 
300 ft., 450 ft. or 600 ft. long. The depth over the 
sills would be 12 ft. to 15 ft. 


Mr. P. Deymié, who contributed the French 
paper, dealt at length with each of the sub-heads of 
the main question. After going into the economics 
of a round trip, Moselle-Paris-Rouen-Moselle, and 
concluding that the best hope of improvement lay 
in reducing the waiting periods, he proceeded to 
discuss the construction and operation of water- 
ways. The ratio n, he considered, should be not 
less than 6, whereas in France it was usually from 
3 to 4; the visibility should be not Jess than 400 
yards, to facilitate steering ; reaches should be not 
Jess than 6 km. long, and preferably 12 km., to 
enable one boat to overhaul another; and locks 
should be well lighted and electrically operated. 
Mechanical traction from the banks had developed 
considerably in France, but self-propelled craft 





were increasing in numbers. Damage repairs to the 
French canals, he added, had given an opportunity 
for some standardisation of dimensions and equip- 
ment, but he regarded international standardisation 
as an eventual necessity if traffic on inland water- 
ways was to increase substantially. 

Two papers were presented from Great Britain, 
these being by Mr. C. A. Wilson, M.I.C.E., Divi- 
sional Engineer for the South-Eastern Division, 
Docks and Inland Waterways Executive, and Mr 
C. M. Marsh, B.Sc., M.I.C.E., Divisional Waterways 
Officer for the North-Western Division. Mr. Wilson, 
after describing the “‘ narrow” and the “ wide or 
barge ” canals used in the British Isles, said that 
the main question appeared to be what form of 
channel was most suitable, having regard to the 
capital outlay and the economic results on an 
attainable weight of traffic. On the former Grand 
Union Canal, practically 100 per cent. of the long- 
distance traffic, in 1948, was carried in self-propelled 
Diesel-driven craft. The wooden boat would even- 
tually disappear, being replaced by all-steel welded 
boats. Experiments showed that speeds up to 
5 miles an hour could be obtained without causing 
too high a wave, and that this could be done with 
44 effective horse-power, the waterway ratio n 
being about 5}. Before the Second World War, 
the Grand Union Canal Company built about 
100 pairs of boats, each consisting of a motor boat 
and dumb or “ butty ” boat. The propeller blades 
were given a rake of about 20 deg., but it was found 
that, while this gave a good ahead performance, 
the astern pull was poor, so that a longer distance 
was needed to pull up at locks. The best type of 
engine was still in doubt, but the choice lay between 
the compression-ignition engine and the hot-bulb 
or “‘semi-Diesel” engine; steam plant was too 
heavy and the petrol-paraffin engine was too costly 
to run. It seemed impossible, however, to design 
a propeller that would be really efficient under the 
conditions imposed by canal navigation. 

Mr. Marsh’s paper summarised the conclusions 
to which he had come after serving as a technical 
member (and later, as chairman) of the Ministry of 
War Transport’s committee which considered, 
during the war, means of accelerating water trans- 
port ; and as the engineer responsible for an investi- 
gation of the potential waterway from the Mersey 
to the Midlands. He found that rail transport had 
an ‘overwhelming supremacy ” over water trans- 
port in small barges, and described the steps that 
would be necessary to overcome the handicap by 
increasing the carrying power of the individual 
unit. The enlargement of locks was usually straight- 
forward, but the enlargement of the channel and 
the selection of the ideal section introduced features 
of much interest ; if the waterway could be made to 
allow a speed of 4 miles an hour instead of 3 miles, 
and a cargo capacity of 240 tons instead of 48 tons 
for a pair of boats, canal transport would be fully 
competitive with road transport. The section of 
the channel should be five times that of the barge, 
the surface width between four and five times that 
of the barge, and there should be at least 3 ft. of 
water beneath the loaded barge in order to give 
optimum performance. Between the main English 
ports and the Midlands, the best system seemed to 
be the use of powered barges, operating individually 
but able to tow a dumb barge of similar dimen- 
sions if required. Locks with two chambers were 
desirable, one chamber to accommodate a single 
boat and the other a pair of boats ; each preferably 
long enough to be divided by a central gate. In 
many cases, lifts might be used with advantage to 
replace flights of locks, and would afford a great 
saving of time. The guillotine type of lock gate 
was to be preferred to the single-leaf or mitre type. 
Lighting of waterway channels was not necessary, 
in his opinion, but locks might be lighted, the 
lights (of the sodium type) being operated by the 
boatman as necessary, and switched off auto- 
matically after a time interval. Bridge openings 
and tunnels were serious causes of lost time; 
bridges should be avoided or eliminated wherever 
possible and tunnels either doubled in width, to 
take two lines of traffic, or duplicated. Where 
single tunnels were retained, wide enough for only 
one boat, automatic traffic lights might be installed. 


(Z'o be continued.) 





DOUBLE-DECK SUBURBAN ELEC- 
TRIC TRAIN ; BRITISH RAILWAYS. 


Tue train of double-deck suburban railway carriages 
which, as reported on page 210 of our 167th volume 
(1949), was designed by Mr. O. V. Bulleid, M.I.Mech.E.. 
then Chief Mechanical Engineer of the Southern 
Region, for service on the London-Dartford line, 
has now been built and was placed in traffic on Wed- 
nesday, November 2. On the previous day, a demon- 
stration run was arranged and was attended by the 
Lord President of the Council, the Rt. Hon. Herbert 
Morrison, and the Minister of Transport, the Rt. 
Hon. Alfred Barnes, and cthers. The double-deck 
arrangement has been adopted in an attempt to relieve 
the congestion on the Dartford line by increasing the 
seating capacity of the train. Alternative methods, 
such as longer trains, had to be ruled out owing to 
certain difficulties which cannot be overcome at 
present, such as the limited length of platforms. 

Unfortunately, shortly after the train had started 
normal traffic working, failures of the wheels occurred. 
To save weight and height, these wheels were of 
the Bulleid-Firth Brown (B.-F.B.) type, completely 
fabricated and welded, and smaller in diameter than 
the usual wheels—actually 38 in. instead of 43 in. for 
motor coaches, and 36 in. instead of 42 in. or 43 in. 
for trailer coaches. The tyres were welded to fabri- 
cated wheel centres, which, in turn, were welded to 
the axles. It is reported that several tyres cracked in 
service. The vehicles have therefore been taken out 
of traffic, and we are informed that it will be some 
weeks before they are returned, as the fabricated 
wheels and axles are to be replaced by conventional 
types, which have to be made specially owing to the 
small diameter. 

Each four-car set, one of which is shown in Fig. }, 
opposite, consists of two electric motor coaches and two 
trailer coaches. Longitudinal sections showing the 
arrangement of the seats were given in the previous 
article. Fig. 2 shows the interior of a lower compart- 
ment, with seats for six on the right and for five on 
the left. A short flight of steps on the left leads to an 
upper compartment, which contains a similar number 
of seats, together with two “ occasional ”’ tip-up seats. 
Thus, upper and lower compartments “ overlap ” each 
other, or are staggered, in longitudinal section. The 
two slightly inclined walls shown at the top in Fig. 2 
are the backs of the seats in the upper compartments. 

The overall length of a new four-car set is 257 ft. 
4} in., the same as a normal set of the latest design. 
The height from rail to roof has been increased from 
12 ft. 44 in. to 12 ft. 9 in., and the height from floor 
to roof from 8 ft. 2} in. to 9 ft. Of in. The height from 
rail to floor has been reduced from 4 ft. 2% in. to 
3 ft. 8} in. The number of seats in a four-car set has 
been increased from 386 to 508, to which must be 
added 44 tip-up seats. The tare weights remain the 
same—39 tons for a motor coach, and 28 tons for a 
trailer coach. The tare weight per passenger (based 
on normal seating) has been reduced from 0-347 ton 
to 0-264 ton, and whereas, in normal vehicles with a 
full load the traction motors are taxed to 95 per cent. 
of their capacity, the whole power of the motors is 
now used. The motors are to the standard lightweight 
design of the Southern Region, and have an output 
of 180/300 h.p. : 

The bodies are of lightweight all-steel construction. 
Weight has been saved and space economised by 
minimising thicknesses of seats, floors, etc., a policy 
which was necessitated by the overcrowding which 
occurs on the Dartford line. Windows in the upper 
compartments cannot be opened, but pressure ventila- 
tion, with electric heating under the control of the 
guard, has been provided. Because of the need to 
reduce the height of the bogies, a bolsterless frame is 
used, as shown in Fig. 3, opposite. The bogies have 
laminated springs mounted on the axleboxes, and steel 
helical springs with auxiliary rubbers. In the absence 
of swing bolsters, the weight is borne by the bogie 
main frames. Four segmental bearing surfaces are 
fitted to the bogie : two on the longitudinal axis, with 
a mean diameter equal to that of the wheelbase, and 
two on the transverse centre line, concentric with the 
other two. The longitudinal segments take the weight 
and draught, and the lateral segments take the lateral 
thrust. The surfaces are faced with “ Mintex ’—a 
fabricated woven material of low frictional value. 
The longitudinal segments rest on adjustable members 
forming part of the bogie frames, and on these members 
are mounted rubber columns, in pairs, which support 
the bottom plate of the segmental bearings. On the 
underframe are similar plates to which are attached the 
fabricated woven pads. 

On the trial run we observed that there was little, 
if any, headroom for a tall person seated in the lower 
compartment. From this point of view the upper 
compartment was an improvement. When, in due 
course, the train is returned to service, the speed at 
which passengers can detrain and entrain will be 
watched with interest, 
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(For Description, see Opposite Page.) In 1943, H.M. Government appointed a committee, 
under the chairmanship of Lord Hankey, “ to prepare 
plans for the reinstatement and development of the 
television service after the war.” This committee 
published a report two years later, in which it was 
recommended that the 405-line system should be 
re-introduced in London and extended, first to Bir- 
mingham and then to other provincial centres. It was 
also recommended that the equipment should be de- 
signed on the assumption that a higher definition 
system, perhaps incorporating colour, would eventually 
be operated. 

As a result of these recommendations, a main coaxial 
cable has been laid between the Museum telephone 
exchange in London and Telephone House in Birming- 
ham, with extensions of the same type to Alexandra 
Palace in North London and to the new television 
transmitter which will shortly be completed at Sutton 
Coldfield, near Birmingham. Museum Exchange and 
Telephone House, Birmingham, are, in turn, connected 
to Broadcasting House, London, and Broadcasting 
House, Birmingham. Museum Exchange and Tele- 
phone House are: 1 o the terminals of a radio link, which 
has been provided as an alternative to the cable and 
will be used for public transmissions from Saturday, 
December 17. This link will be operated in conjunction 
with the extension cables to Alexandra Palace and 
Sutton Coldfield. To begin with, signals will be trans- 
mitted over this link in one direction only at a time, 
but during the next six months further equipment will 
be installed, which will enable duplex working to be 
employed. In what follows a detailed description is 
given of the equipment that has been erected for this 
radio link. Some information regarding the coaxial 
cable connecting the two terminals, which is still 
undergoing final checking, has been added. 

The television radio-relay link, the equipment for 
which was designed, constructed and installed by 
the General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, is suitable for the trans- 
mission of 405-line, 50 frames per second television 
signals of the wave form at present employed in trans- 
missions from Alexandra Palace. In addition to the 
terminals, which are 115 miles apart, it comprises four 
relay stations at Harrow Weald, Dunstable, Blackdown 
(near Rugby) and Rowley Regis (near Birmingham), at 
each of which the signal from the previous station is 
received, amplified and transmitted to the next station. 
As an ultra-high frequency is used for the signals (the 
wavelength being about 30 cm.), the relay stations must 
be within optical range of each other. They are there- 
fore usually situated on the tops of hills with aerials 
mounted on the summits of towers, so as to obtain extra 
height. Their average distance apart is about 23 miles, 
but owing to the nature of the country between London 
and Birmingham, the maximum distance is 39 miles 
(between Dunstable and Blackdown and _ between 
Blackdown and Rowley Regis) and the minimum 6 miles 
(between Rowley Regis and Birmingham). 

The sites of these stations were determined by the 
need to provide optical paths between them at the 
operating frequency of about 900 megacycles per 
second. This frequency enables a high directivity aerial 
to be employed, and thus two important advantages to 
be secured. The first of these is the provision of the 
required field strength at the receiving end with mini- 
mum radiated power, and the second is that the effect 
of interfering signals and of reflections from aircraft 
and buildings is reduced, unless these signals arrive 
within the relatively narrow angle at which the aerial 
has maximum response. To assist in achieving the 
required optical line of sight, the aerials are mounted 
Fie. 2. Interior oF LOWER COMPARTMENT. on steel towers some 100 ft. high. The tower at the 
Museum terminal in London is illustrated in Fig. 1, 
and that at the Dunstable relay station in Fig. 2, on 
page 512. The present aerials, which are shown in the 
same illustrations, consist of rods 6 in. long forming 
dipoles, which are mounted within a paraboloidal reflec- 
tor of light alloy tubes. A parasitic reflector is also 
provided. In order to secure the necessary well defined 
beam, these reflectors, which are 14 ft. across, have been 
constructed accurately to within }in. To prevent their 
reflecting properties being affected by the formation of 
ice, electric heating wires have been provided inside the 
tubes. This design has resulted in very little loss of 
gain, since horizontal polarisation is used. Actually, 
the gain of the aerial is 27-5 decibels with reference to 
that of a half-wave dipole. Only the “ vision” pro- 
gramme will be sent over this link, the accompanying 
sound being transmitted by cables. 

The television signal will be transmitted from the 
terminals over the link by modulating the frequency 
of a 900 megacycle per second carrier. This modula- 
tion will be effected in two stages. The vision-fre- 
quency signal will be fed into the equipment through a 
co-axial cable and will be used to modulate the fre- 
quency of an oscillation between 32-5 and 35-5 mega- 
Fic. 3. Boxtsterress Bociz FRAME. cycles per second. This modulated wave will then be 
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amplified and applied, together with the output of a 
chain generating 900 megacycles per second, to the 
final stage of the transmitter. In this stage, two fre- 
quencies will be produced, one of which will be above 
and the other below that of the radio frequencies 
generated in the chain by an amount which will be equal 
to the frequency of the modulated wave. The frequency 
of these signals will then be modulated by the vision- 
frequency signal to the same extent as was the original 
oscillation. One of these frequency-modulated carriers 
will finally be selected by filters and taken through an 
output monitor and a coaxial cable to the transmitting 
aerial. 

At each relay station, the signal transmitted from 
the terminals will be received by the aerials on the 
towers and will be transmitted initially to converting 
equipment installed in buildings at ground level. 
When, however, the two-way link is completed, this 
equipment will be housed in cabins at the tops of the 
towers. At each relay station, the received signal will 
be heterodyned by a local oscillator to give a difference 
frequency of 34 megacycles per second ; and this inter- 
mediate-frequency signal will then be amplified and 
re-transmitted. This transmitted frequency, however, 
will be different from the received frequency; other- 
wise the receiver would pick up the signals from the 
local transmitter as well as from the previous station. 
The local oscillator frequency at a relay station will 
therefore be derived from part of the output of the 
master oscillator of the transmitter by heterodyning it 
with the output of a crystal-controlled oscillator, the 
frequency of which will be equal to the difference 
between the received and transmitted frequencies which, 
to begin with, will be 870 and 890 megacycles per 
second. The transmitted signal will not be demodu- 
lated to vision frequency until the receiving terminal is 
reached. This will enable the difficulties of designing 
amplifiers and of operating them at low frequencies 
to be avoided. 

By arranging that the frequencies of the local and 
master oscillators are each above, or each below, the 
received and transmitted frequencies respectively, the 
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transmitted frequency will be made independent of the 
drift of the station master oscillator and will be 
affected only by the small drift of the crystal-controlled 
oscillator. Since only two frequencies are to be used 
for one channel the shift frequency will be the same 
at all the relay stations and, alternately, will be added 
to and substracted from the frequency of the station 
master oscillator. The power received with free space 
propagation over a 40-mile path will be just over one 
microwatt, while the power transmitted from each relay 
station will be about 10 watts. The gain will therefore 
be 10 million to 1 in power, or 70 decibels. The fre- 
quencies of 870 megacycles and 890 megacycles per 
second will be used for both directions of transmission 
as long as reversible operation is being employed on the 
link. When duplex working is introduced, however, 
they will be used in one direction only and frequencies 
of 917 megacycles and 937 megacycles per second will 
be employed in the other. 

Duplicate signal channel equipment and power units 
with change-over switches are provided at each relay 
station, so that the operation of the link will be main- 
tained if a component fails. The equipment not in 
use will be kept warm so that it will be ready for 
immediate operation. The aerial system and trans- 
mitter output filters, however, have not been dupli- 
cated and a radio-frequency switch, illustrated in Fig. 3, 
opposite, has therefore been provided to effect the 
change-over when necessary. The change-over switches 
between the power units and the signal equipment are 
arranged so that the equipment of either channel can 
be connected to any power unit. 

The radio-frequency input from the receiving aerial 
will be fed through a receiver input filter and a switch 
to the selected receiver. A silicon crystal will be used 
as a frequency changer, power from a local oscillator 
being fed from the transmitter through a filter, con- 
sisting of two cavity resonators, so that unwanted 
components generated in the frequency shifter will be 
removed. The intermediate-frequency amplifier of the 
receiver consists of two stages, each made up of a 
pair of low-noise tricdes. These stages are followed 








Fig. 2. TEmMpoRARY AERIAL ARRAY AT DUNSTABLE RELAY 


STATION. 


by three automatic gain-controlled stages in which a 
ir of pentodes is employed. These, in turn, are 
followed by two further stages, consisting of a pair of 
valves, while the output stages comprise a cathode- 
follower, which is also made up of a pair of valves. 

The transmitter consists of a master oscillator stage, 
two radio-frequency amplifier stages, and a modulated, 
or frequency changer, stage. In addition, there is 
a frequency-shifter stage, from which the local oscil- 
lator power will be derived and a 20-megacycle crystal- 
controlled generator for shifting the frequency. The 
transmitter is designed for normal operation at full 
output with an intermediate-frequency signal of 4 volts 
from peak to peak. This intermediate-frequency signal 
is amplified in a wide-band amplifier to a level sufficient 
to modulate the final stage of the transmitter. The 
feeder arrangements for the transmitter at the repeater 
stations are the same as those at the terminals. 

Generally speaking, the radio-frequency equipment 
used on the link is based on disc-seal triodes, such as 
are employed on co-axial cable circuits. These circuits 
are markedly different from those performing similar 
functions at lower frequencies, and the components, 
of which a typical example is illustrated in Fig. 5, 
opposite, consist of a length of coaxial line and not 
of an assembly of inductances, capacitances and resist- 
ances. They have been designed so that they can be 
produced in the machine shop and, as their construction 
is more than usually robust and they contain no sliding 
contacts, it is claimed that they will be reliable and 
stable in operation over long periods. 

The radio filters used on the link are of two main 
types: band-pass filters, comprising pairs of coupled 
resonant cavities ; and special band-elimination filters, 
which are based on the properties of multiple resonant 
lengths of transmission lines. One of the latter type 
of filter is illustrated in Fig. 4, opposite. Similar 
resonant line principles are made use of in the “ con- 
tactless ” radio-frequency switch, which will be used 
for changing over to the stand-by receivers and trans- 
mitters. When the reversible link is in operation, 
both the transmitter and receiver will be connected to 
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Fig. 4. Resonant Line Fiver. 
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each aerial, There will, therefore, be a physical 
path between them. For this reason the receiver will 
be protected from the transmitter signals by a combina- 
tion of line and cavity filters and the change of direction 
of transmission will be effected by “contactless ” 
switches. 

Each channel will be controlled from the receiving 
terminal. Fault monitoring is provided on all parts of 
the equipment and the fact that a fault has occurred 
will be transmitted to the appropriate control point 
over a four-wire Post Office line by a voice-frequency 
signalling system. This system will also transmit 
the control signals from the control point to the relay 
stations. The fault indications given at the control 
point for each radio station will include information 
as to whether the station is working, which channel 
equipment and power units are in use, and whether 
a fault has occurred and a consequent change-over 
of the equipment has taken place. Indications will 
also be given as to whether the power is being supplied 
from the mains to the station, and, in the case of a 
relay station, whether the stand-by generator is 
working. Finally, faults on the supervisory system 
will be indicated at the control point. 

It will be possible to switch the equipment “ on ” 
and “off” at all stations from the control point, 
as well as to change over from the working to the stand- 
by units. It will also be possible to perform these 
operations at all stations simultaneously or at each indi- 
vidually. It will further be possible to check the 
supervisory system from the control point. If the 
supervisory system fails, the stations will, however, 
continue to work under the then existing arrangements. 

Control and monitoring equipment are also pro- 
vided at each station, so that all the normal operations 
can be carried out on site. In addition, test equipment 
is being supplied to enable the vision-frequency response 
of the complete system to be assessed ; and monitors 
for the transmitted picture and wave form, as well as 
radio-frequency testing equipment are to be installed 
at each control point, radio terminal and relay station. 

As already mentioned, the terminal stations at the 
Museum Exchange, London and Telephone House, 
Birmingham, are also connected by a coaxial cable, 
which has been manufactured by Standard Telephones 
and Cables, Limited, Connaught House, Aldwych, 
London, W.C.2. This cable, which is not yet quite 
ready for service, will be used initially for transmitting 
television signals of 405-line definition only, the video 
band width of which is about 3 megacycles per second. 
In accordance with the Television Committee’s recom- 
mendation, however, it has been designed also to 
utilise a 10-megacycle band. It will, therefore, be 
possible for it eventually to handle very high definition 
monochrome, or colour, television. 

An illustration of a section of this cable is given on 
the left hand side of Fig. 6, in which the two 0-975-in. 
co-axial pairs for the 10-megacycle band are clearly 
visible. Above them are the two 0-375-in. coaxial 
pairs for the 3-megacycle television band, being made 
up into circular form with five sets of four 20-Ib. 
pairs. Additional 20-lb. pairs, as well as eight pairs 
of 40-lb. star “quads” and eight 40-Ib. screened 
pairs, all of which will be used for control and super- 
vising purposes, are included in the finished cable. 
The construction of the 0-975 in. core with its inner 
conductor, —- tube and spacers and external 
conductor can be followed from the view of the 
partly stripped cable which is also given in Fig. 6. 

The most economical method of transmitting tele- 
vision signals over a coaxial cable is by the asym- 
metric or vestigial side-band method. In the case of 
3-5-megacycle television this requires a coaxial tube, 
the outside conductor of which has an internal diameter 
of 0-375 in. This diameter increases with the number of 
lines used, so that for 10-megacycle television a dia- 
meter of about 1 in. is necessary. In the case of the 
London-Birmingham cable the actual diameter has 
been limited to 0-975 in. owing to the internal diameter 
of the Post Office ducts into which it is drawn. 

As finally designed, therefore, the cores for high 
definition television consist of a hollow central con- 
ducting tube which has an external diameter of 0-25 in. 
and is constructed of copper tape 0-01 in. thick with 
internally locking teeth. These interlocking teeth 
project into the tube so that its external surface is 
smooth with a single longitudinal seam at the abutting 
edges. As it is undesirable to provide a continuous 
binding of insulation in what is the most intense part 
of the electric field, this seam is closed by clamping 
discs which form part of the insulation. To ensure low 
permittivity and loss at the frequencies involved the 
insulating material is polythene. This is employed in 
the form of short thin-walled cylinders, 0-94 in. in dia- 
meter, through which the inner conductor passes, being 
supported at intervals of 1-56 in. by discs of the same 
material. Each tube has a spigot at one end, by which 
the joint with the next is made, and is slit radially 
so that it can be laid over the inner conductor. The 
outer conductor consists of a transversely corrugated 
copper tube which is formed of 0-01 in. tape. To 
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hold the butting edges of this tube together it is 
bound with four steel tapes and torsional rigidity is 
thus imparted to it. A binding of adhesive insulating 
tape covers the steel and a final lapping of numbered 

per is provided for identification purposes. To join 
lengths of the cable together, the inner conductors are 
connected by a copper rod, which is inserted into their 
open ends and soldered to them. The outer conductors 
are connected by soldering a steel collar and copper 
ring to them and then making the joint with a copper 
plate which is formed into a cylinder and soldered along 
the seam and at each end. A binding of copper wire 
is also applied and soldered into position, while the 
mechanical strength of the joint is rendered indepen- 
dent of the copper sleeve by securing a steel sleeve with 
locking rings to collars of the same material, which 
have been previously soldered to the steel tapes and to 
the outer conductors. The joint is finally wrapped 
with Empire cloth. As one-way television only will be 
employed between Birmingham and Sutton Coldfield, 
the coaxial cable between those places consists mainly 
of two 0-975-in. cores, with which are hound up eight 
40-Ib. and a number of unscreened pairs for control, 
supervisory and other purposes. The 0-375-in. cores 
and the other conductors forming the London-B.r- 
mingham cable are of standard design. 


The length of the cable between Museum Exchange, 
London, and Telephone House, Birmingham, is just 
over 121 miles and it passes through 43 repeater 
stations, which are sited about 3 miles apart. It would 
be inconvenient and expensive to supply power from 
the mains to the repeater equipment at each of these 
stations, besides leading to a greater likelihood of 
interruption and necessitating the installation of 
stand-by plant. Power is therefore supplied to the 
repeater stations at the Kings Langley, Aylesbury, 
Buckingham, Daventry and Coventry repeater stations 
only and is transmitted over the cable itself to the 
others. The equipment used for this purpose is capable 
cf supplying 400 watts at a maximum of 2,000 root-mean- 
square volts and 50 cycles per second. 

At each repeater station the incoming cable is 
fixed vertically to a wall of the station and its upper 
end is separated into short lengths of lead-sheathed 
coaxial cores and groups of balanced pairs. The 
0-975 in. coaxial cores are then carried horizontally 
over racks to sealing ends. These sealing ends have 
been designed so that the termination of the cable is 
air-tight and so that a flexible lead can be connected 
to them through a plug and socket without introducing 
any irregularity in the impedance. In addition, each 
sealing end provides an earth for the outer conductor, 
which can be removed for testing purposes. The 0-375 
in. coaxial cores are similarly dealt with at the five 
repeater stations mentioned above where power is 
supplied, but at other intermediate repeater points 
through connections inside plumbed joints are em- 
ployed. The telephone, control and supervisory 
circuits are also brought out to test racks at these 
stations, but at the others are connected straight 
through. 

Although the cable is not yet quite complete, tests 
that have been made on some of the sections show that 
the characteristic impedance at about 20 megacycles 
is between 74-8 and 75-2 ohms, compared with the 
specification limits of 74 and 76 ohms. It was also 
specified that the attenuation in decibels per mile at a 
temperature of 15 deg. C., measured on complete 
3-mile repeater sections should not differ from the 
value given by A = 1-56f4 + 0-O1f decibels per mile 
by more than + 4 per cent., where f is the frequency in 
megacycles per second. It has been found that on 
the cable the maximum deviation from this law 
occurred at 1 megacycle and only amounted to — 0-65 
per cent. The results as regards crosstalk attenuation 
were also most satisfactory. 

Trials that have been in progress for some time 
show that the visual programmes can be transmitted 
clearly and accurately over the radio-relay link. There 
is every reason to suppose that transmission by cable 
will give equally good viewing, and it is to be hoped 
that the existence of the 0-975 in. cores will enable 
experiments with high-definition television to be 
begun before long. 





STEEL-FOUNDRY FiLMs.—Two interesting documen- 
tary films were shown to an invited audience on Thurs- 
day, November 3, at the Gaumont-British Private View- 
ing Theatre, Film House, Wardour-street, London, W.1. 
Both films, which were produced by the Big Six Film 
Unit, 35, Endell-street, London, W.C.2, were concerned 
with the production of castings in the foundries of Messrs. 
F. H. Lloyd and Company, Limited, Darlaston, Stafford- 
shire. The manufacture of heavy steel castings, up to 
25 tons, was illustrated in the first film, entitled “‘ Flaw- 
less—and British.”” The other picture, “ All Star 
Casting,’’ showed processes involved in the production 
of iron castings and light steel castings. 





LABOUR NOTES. 

CONSIDERABLE difficulty was experienced by the 
special economic committee of the Trades Union 
Congress in their endeavours to present a unanimous 
report on the economic situation and on the policy 
which should be adopted with respect to wages, in 
view of the devaluation of the pound. The decision to 
devalue sterling was announced by Sir Stafford Cripps 
on September 18, and there were many indications 
of sharp differences of opinion among the members 
of the committee during the intervening seven weeks 
which they took to prepare their report, in time for its 
presentation to the special meeting of the T.U.C. 
General Council last Wednesday. Little unanimity 
was disclosed at the meeting of the committee on 
November 2 and they met again on Monday and 
Tuesday. The committee’s discussions covered a 
wide range of problems cf trade-union policy and 
included questions of wage agreements embodying 
sliding-scale arrangements in relation to the cost of 
living. Differentials between skilled and unskilled 
grades, the claims of the lowest-paid classes of work- 
people, and the advantages and disadvantages of a 
national minimum wage are also understood to have 
been investigated in considerable detail. 





In the main, the report recommended but little change 
of policy to the General Council. The “ broad and 
general conclusions ” with respect to wages, on which 
the special economic committee finally reached agree- 
ment, meant, in effect, an absence of those precise and 
detailed redommendations for dealing with the present 
economic difficulties which could have done much to 
inspire both sides of industry. Instead of the drastic 
attitude on wage claims, amounting to recommenda- 
tions for something akin to a complete standstill, which 
was at one time thought possible, the committee con- 
tented themselves with endorsing the existing T.U.C. 

licy of wage restraint, but emphasised that the need 
for that restraint was now greater than ever. The 
committee urged that there should be wider incentives 
in industry and restated the right of individual unions 
to negotiate freely with employers. The urgency of 
increasing production was recognised as paramount. 





The exercise of restraint in making wage claims, 
which has been the official policy of the T.U.C. during 
the year and a half which have passed since the publica- 
tion of the Government’s White Paper on “ Personal 
Incomes, Costs and Prices,’’ has not deterred some of 
the unions affiliated to the T.U.C. from pressing 
vigorously many claims for substantial increases in 
wages. In fact, at the present time, claims for more 
wages for engineers, shipbuilders, miners, railway 
employees, and others, are pending, and are unlikely 
to be much modified. Some 4,000,000 employees, 
about half of the total membership of the 190 affi- 
liated unions, are involved in these demands. It 
also seems certain that the unions which possess 
sliding-scale agreements providing for increases in 
wages, to correspond with advances in prices, will not 
agree to the suspension of those arrangements, even 
temporarily. 





Increases in full-time weekly wages granted during 
September to employees in the United Kingdom 
totalled 44,0007. and were shared by some 230,000 
workpeople, an average increase of nearly 4s. a week. 
Approximately 36,5001. of the total weekly increase 
was the result of Orders made under the Wages Councils 
Acts and most of the remainder was due to voluntary 
agreements. During the period January to September 
last, net increases in their full-time wages, amounting 
to 811,8001. a week, were received by 4,646,500 United 
Kingdom employees. In the corresponding nine 
months of 1948, there was a net increase totalling 
1,266,0001. in the wages of 5,019,000 workpeople. 
During the first nine months of the present year, 
47,500 persons in the engineering, shipbuilding and 
electrical-goods industries received increases amounting 
to 4,3001. weekly, 175,000 operatives in the metal- 
manufacturing industry received increases totalling 
19,4001., 93,000 employees engaged in the manufacture 
of metal goods, other than the foregoing, received 
increases aggregating 17,700/., and 141,000 persons 
employed in the treatment of non-metalliferous mining 
products, other than coal, received a total of 23,5001. 
In increases to their weekly wages. The Ministry of 
Labour Gazette reports that 51,000 miners and quarry- 
men shared increases amounting to 11,2001. 





No changes occurred during September in the 
figures of the index of rates of wages, these being, at 
the end of that month, 108 for men, 111 for women, 
112 for juveniles, and 109 for all classes combined. 
The figure for men has remained unchanged since the 
end of March, and that for women unchanged since 





the end of May. The figure for all classes combined, 
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however, increased from 108 to 109 at the end of Jun:. 
These figures compare with a level of 100 on June 31), 
1947, when this index was commenced. 





There was a sharp increase in the number of indu-. 
trial disputes during September, for the second moni; 
in succession. In all, 145 stoppages were in progre 
during the month, + with 113 during Augus:, 
and only 75 during July. Some 34,600 persons we: 
involved and 143,000 working days lost owing to ti 
industrial disputes which took place in Septembe:. 
In the course of the stoppages which oceurred in 
August, 104,900 persons were concerned and 273,000 
days lost, while those taking place in July caused the 
loss of 266,000 days by the 24,100 workpeople involved. 
During September last year, 115 strikes occurred, in 
which, however, only 41,000 days were lost and only 
14,300 persons took part. The total number of indus- 
trial disputes which occurred during the nine months 
from January to September last was 1,127, and th: 
392,700 employees concerned in them lost an aggregat: 
of 1,606,000 working days as a result. The compara 
tive figures for the corresponding period in 1948 were 
1,382 strikes, 370,100 employees involved, and 1,770,000 
days lost. 





As, unfortunately, happens all too frequently, the 
coal-mining industry was responsible for a substantial 
majority of these strikes. No fewer than 80 stoppages, 
out of the total of 145 which occurred in September 
last, took place in that industry, and the Ministry of 
Labour records that the 19,300 miners involved lost 
64,000 working days. In August, the industry was 
responsible for 63 strikes out of the month’s total of 
113, and the miners taking part numbered 98,400 out 
of a total of 104,900 persons involved in disputes 
during the month. During the same month, the 
industry lost 240,000 days out of a total of 273,000. 
Altogether, 232,600 coal miners have been concerned 
in the 695 strikes in the industry during the first nine 
months of this year and 724,000 days were lost. 





Although no stoppages in the engineering, ship- 
building and metal industries were recorded as occur- 
ring in August last, 27 disputes were in progress in 
this group of industries during September and, in 
these, 5,700 persons were involved and a total of 
23,000 days were lost. During the nine months from 
January to September last, 78 strikes occurred in the 
engineering industry, involving 12,100 operatives and 
causing a loss of 73,000 days. During the same period, 
41 stoppages, involving 9,600 persons and resulting in a 
loss of 58,000 days, took place in the shipbuilding 
industry. The comparative figures for the iron and 
steel and other-metals group of industries were 79 
strikes, 15,900 people involved, and 54,000 days lost. 


Some interesting figures, showing how the firm’s 
income is spent, are given by Sir John E. Thornycroft, 
K.B.E., in his chairman’s statement to the shareholders 
of Messrs. John I. Thornycroft and Company, Limited, 
from which we quoted in our last issue. Out of every 
1001. the firm received in 1949, 421. 2s. 5d. was spent in 
wages and salaries, 41]. 14s. 7d. on materials, and 
4l. 2s. 5d. on the maintenance of buildings and plant, 
rents, rates, insurance and overhead charges. A 
further 11. 15s. 4d. was absorbed by national insurance 
contributions and welfare work, on behalf of the firm’s 
employees. Of the sum remaining, ll. 4s. 5d. was 
accounted for in depreciation, 3. 1s. 7d. was reinvested 
in the business, and 5I. 6s. 5d. went in taxation, leaving 
12s. 10d., compared with 15s. 5d. in 1948, to be distri- 
buted to the company’s shareholders. In comparison, 
it may be mentioned that the firm spent in welfare 
work 14s. 2d. in 1949, and 16s. 5d. in 1948. 





The figures given by Sir John Thornycroft recall the 
remarks made by Mr. W. B. Beard, O.B.E., the general 
secretary of the United Patternmakers’ Association in 
the Association’s Monthly Trade Report for September, 
1948, reported in ENGINEERING, vol. 166, page 308 
(1948). Mr. Beard stated then: “I have recently 
seen a statement of accounts of the Bristol Aeroplane 
Company, Limited. This company employs many 
many thousands of workpeople. The expenditure per 
11. of income is listed as follows : materials and trading 
expenses, 9s. 24d.; employees’ wages and salaries, 8s. ; 
coal, gas, electricity, postage, telephones, local rates, 
etc., 6d.; repairs and depreciation, 1s.; taxation, 
84d. ; retained in the business, 34d. ; paid in dividends, 
net, 34d. These items, added together, make up the 
total of 20s. One would imagine, from resolutions 
submitted by some trade unions to the Trade Union 
Congress, and articles which have appeared in certain 
sections of the Press, that prices can be drastically 
reduced by the elimination of profits and the increasing 
of wages. The table I have just quoted does not bear 
this out, and I can duplicate this kind of thing many 
times.” : 
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WATER-POWER DEVELOPMENT IN 
GREAT BRITAIN.* 


By James Wiiuiamson, M.I.C.E. 


THE use of water power is not new in Great Britain. 
Before the development of steam power, water-mills 
driven by water-wheels had been used for centuries, 
and numerous small (and some considerable) water- 
driven industries were developed along the courses 
of streams and rivers. Some cases of intensive develop- 
ment producing industrial belts along a valley are 
noteworthy. The Fifeshire River Leven is not large 
or long, but is well regulated by Loch Leven. About 
120 years ago, there were 43 mills along its course, 
and proposals were on foot for improving the regulation 
of flow by forming Loch Leven into a storage reservoir. 
This was done by lowering the outlet, and the excellent | 
sluices and outlet works still remain in constant use, 
the water being used intensively for industrial purposes 
with some of the small falls still used to produce power. 
The River Doon, regulated by Loch Doon, has served 
to drive water-mills for centuries, and five of them 
are still in operation: two grain-mills, a blanket-mill, 
an ice factory, and a laundry. 

The short River Leven in Lancashire, backed by 
Lake Windermere, has also been harnessed for centuries. 
A grain-mill, a chemical works, and an ironworks 
(established before 1750) still provide variety of 
industry. Loch Thom, an artificial reservoir, 600 ft. 
above sea-level, in the hills behind Greenock, com- 
memorates the name of a far-seeing hydraulic engineer, 
who, in 1825, devised a water-supply and water-power 
scheme to lead the water to the place where it could 
best be used, and succeeded in getting it executed. 
A canal contours the hill and conveys the water from 
the reservoir to a point above the town from which it 
passed in the early days from water-wheel to water- 
wheel and factory to factory in its course down the 
rather steep slopes to the Firth of Clyde. The works 
are still in service, the water now passing from turbine 
to turbine, and a life of 60 years for a turbine is not 
unknown. 

Astonishing durability of works and continuity of 
water power and ownership are represented by the 
cotton-mills at Catrine (on the River Ayr) and Deanston 
(on the River Teith) belonging to James Finlay and 
Company, Limited, a firm established in Glasgow 
in 1750. At Catrine, a cotton-mill built in 1787 was 
driven by water from a total fall of 48 ft., which was 
divided into two stages of 24 ft., each of which supplied 
two water-wheels. Extensions involving centralisation 





* Paper read at the joint summer meeting of the 
Institution of Civil Engineers and the Institution of Civil 
Engineers of Ireland, held in Dublin, June 14 to 17, 1949. 
Abridged. 








of the power were planned in 1824 and the power 
section was assigned to William (later Sir William) 
Fairbairn. The whole of the power from a single fall 
of 48 ft. 9 in. was concentrated in a new wheel-house, 
separate from the mills, with two large water-wheels, 
50 ft. in diameter and 10 ft. 6 in. wide, geared to 
cast-iron shafting which passed from the wheel-house 
in two directions to serve two multi-storey mills. A 
separate engine-house provided supplementary steam 

wer. The two water-wheels, with a capacity of 
250 h.p., commenced operation in 1827 and continued 
as the main source of power, without any recorded 
failure of the drive, until 1947, when they were removed 
during conversion of the factory to electric drive. The 
fall is now under consideration for hydro-electric power. 

The Catrine wheels, probably the most efficient ever 
devised, with an efficiency of 75 to 77 per cent., 
revolved originally at barely two revolutions per minute. 
Cast-iron gearing, commencing with spur wheels 
48 ft. 6 in. in diameter and 15-in. face width, attached 
to the shrouds of the water-wheels, followed by pinions 
driving a single spur-wheel 18 ft. 3} in. in diameter, 
3}-in. pitch and 16-in. face width and further gearing, 
drove the main cast-iron shafting, 13} in. in diameter, 
at 44 to 55 r.p.m. Gearing, shafting and belting 
inside the mills raised the speed further, as required 
for the various machines, to 9,100 r.p.m. for some of 
the spindles. In 1863, the speed of the wheels was 
increased to three revolutions per minute, which, with 
increased water supply, increased the power to about 
500 h.p. At an adjacent bleaching works of the same 
company, established in 1824, a single Fairbairn wheel, 
of the same type of construction, but of smaller dia- 
meter, is still operating efficiently. The Deanston works 
were purchased in 1807 and the drive was increased to 
400 h.p. and concentrated in a central wheel-house, 
with a set of four large wheels, 36 ft. in diameter, 
shortly after the Catrine reconstruction was completed. 
These wheels still remain the principal source of power 
for the mills. 

Among the early applications of water power, credit 
may perhaps be given to a Scotsman for the first 
application of pumped storage. When James Watt 
joined Matthew Boulton at the Soho Works near 
Birmingham in 1774, to develop his steam engine, the 
factory was driven by a water-wheel supplemented 
by animal horse-power. The expanding activities 
required more mechanical power. James Watt solved 
the problem by having two reservoirs, one above the 
water-wheel and the other below it, and installed (in 
1775) a steam-driven beam pumping engine at the lower 
reservoir to pump water back to the upper reservoir 
and thus double the available flow. This allowed a 
second water-wheel to be installed and the first pumping 
engine (and later, a larger successor) continued to 
supplement the power for more than 30 years. 





Seasonal and day-shift operation, and the necessity 
te limit the machine capacity to the lower flows of a 
fluctuating river, usually restrict the practical utilisa- 
tion of a river’s power by a series of mills to less than 
10 per cent. of what might be produced in a compre- 
hensive development with modern hydro-electric instal- 
lations. At the same time, one effect of having or 
having had a series of mills along a river is generally the 
creation of conditions which render it difficult, if not 
impossible, to introduce a hydro-electric development 
of the modern type. The nature of the water-wheel 
imposed strict limits on the head which could be used 
at one place and on the amount of power to be derived 
from asingle machine. The development of the turbine 
and the Pelton wheel opened the way to more efficient 
use of the water in larger power concentrations and the 
use of higher and higher heads, up to some thousands 
of feet in a single stage, but a long period of develop- 
ment was required before the efficiency of the Catrine 
wheels was bettered by any turbines. Only after 
important advances had been made in the generation 
of alternating current, and in high-tension transmission 
of current by overhead line, did it become possible to 
contemplate the establishment of hydro-electric stations 
at remote water-power sites and the conveyance of 
large quantities of current for consumption in populous 
load centres. In this field, all the important advances 
have been made in the course of the present century. 
In Britain, most of the a water power is to 
be found in the western regions of mountainous ground, 
from Wales through north-west England to the North 
of Scotland, with by far the greatest amount occurring 
in Scotland. ; 

The earliest hydro-electric works to be established 
on a major scale in Britain were devoted to the produc- 
tion of aluminium by electric furnaces in works beside 
the power-station. In 1896, Foyers, on Loch Ness, 
Scotland, led the way, followed in 1907 by Dolgarrog 
in North Wales (Fig. 1). In 1906 came the only example 
of a self-contained water-power scheme devoted to 
general supply in its own distribution area, Cwm Dyli, 
near Snowdon, in North Wales. Reservoir storage was 
found in Llyn Llydaw, a lake high up on the side of 
Snowdon, by under-water tapping, and the scheme was 
an outstanding one at the time because of the high head 
of 1,100 ft., the exceptional rainfall of 150 in., the 
generation of alternating current at 10,000 volts, and its 
transmission at that voltage by overhead line. Further 
major developments for production of aluminium fol- 
lowed in Scotland : Kinlochleven in 1909 and Lochaber, 
the largest of all, in 1929. In the sphere of public 
supply, apart from an alternating-current extension of 
the Dolgarrog station in 1925 and the establishment of 
the important Maentwrog station in North Wales in 
1928, other advances were deferred until association 
with steam supply or the construction of the main trans- 
mission grid of the country (commencing 1926) pro- 
vided an immediate outlet for the whole or a large part 
of the power. Association with a steam-power system 
is represented by the two run-of-river stations, Bonning- 
ton and Stonebyres, of the Lanarkshire Hydro-Electric 
Power Company, at the Falls of Clyde, established in 
1927, to deliver power to the large system of the Clyde 
Valley Electrical Power Company, whose main supply 
is from steam stations. Linkage with the grid system 
is represented by the large scheme of the Grampian 
Electricity Supply Company, with stations at Loch 
Rannoch and et Bridge, powers of supply over 
several large Highland areas, and a transmission line 
to join the grid at Abernethy. Production started in 
1930 and the scheme now supplies over 270 million kWh 

r annum. Since 1948, the Grampian Scheme has 
Coot part of the undertaking of the North of Scotland 
Hydro-Electric Board. : 

In the Lowlands of Scotland, but in an area with 
Highland characteristics, investigation proceeded from 
1924 onwards into the possibility of developing power 
in the Galloway district. No outlet for the power was 
in sight until the Central Electricity Board planned the 
grid transmission scheme for Scotland. If connec- 
tion to the grid could be arranged, a market would be 
opened up for disposal of large amounts of power to 
the industrial areas of mid-Scotland and of north-west 
England as far south as Lancashire. Eventually the 
transmission line was deviated to pick up the power 
from five Galloway stations having a group capacity of 
102,000 kW. This is, therefore, a case of combination 
of water power and steam power for general supply by 
utilisation of the grid transmission s The trans- 
mission is by single-circuit 132,000-volt line of a 
nominal capacity of 50,000 kW, but capable of taking 
up to 75,000 kW, and the balance of the power, after 
meeting local requirements, is transmitted half to the 
north, a distance of 80 miles, and the other half to the 
south, a distance of 160 miles. The scheme was 
sanctioned by Parliament in 1929, constructed by the 
Galloway Water Power Company from 1931 to 1936. 
and operated by that company until 1948, when the 
undertaking was transferred to the British Electricity 
Authority. From 1937 to 1948 inclusive, the average 
annual production was about 225,000,000 kWh. 
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In the 20 years after the passing of the Grampian 
Scheme in 1922, repeated applications to Parliament 
for powers to proceed with important hydro-electric 
developments in the Western Highlands of Scotland 
were rejected. In 1941, Mr. Thomas Johnston (then 
Secretary of State for Scotland), realising that a fresh 
review of the position was called for, appointed the 
Cooper Committee to investigate the position and 
make a report. The Committee’s report, submitted in 
1942, was followed without delay by the North of 
Scotland Hydro-Electric (Development) Act of 1943, 
under which the North of Scotland Hydro-Electric 
Board was formed. The Act furnished the Board 
with facilitating powers for obtaining Parliamentary 
approval of constructional schemes, and made it 
responsible for generating current by hydro-electric or 
other works and distributing current in areas of the 
North of Scotland lying generally to the north and 
west of the line Dundee-to-Helensburgh. The Board’s 
operations will, in due course, virtually extend the trans- 
mission grid from Glasgow, Bonnybridge, and Dundee 
northwards to cover the Highland area. 

Before the establishment of the National Grid, the 
North Wales Power Company’s stations at Cwm Dyli 
and Maentwrog, and the extension at Dolgarrog, served 
for a time a large area stretching from Crewe to Angle- 
sey. The increase of demand after the establishment 
of the Maentwrog stations was rapid, supplies from the 
grid became nece: , and the two first-mentioned 
stations came under the control of the Central Electri- 
city Board, and the Dolgarrog station, after cessation 
of aluminium production in 1945, became entirely 
devoted to public supply. The major portion of the | 
large supply required for the area is now steam- 
produced power drawn from the grid with the water- 
power stations operating at low load-factor to overtake 
the most expensive part of the peak load and thus 
increase the load factor and reduce the cost of the 
imported current. 

The two run-of-river stations of the Lanarkshire 
Hydro-Electric Company at the Falls of Clyde were 
reckoned to be moderately advantageous in association 
with the Clyde Valley steam system when they were | 
inaugurated in 1927. Since then, the price of coal has 
increased about 21. per ton. The increased advantage 
to the 15,500-kW hydro-electric production arising 
from the increase in the price of coal amounts now to 
about 90,0001. per annum. 

While the main purpose of the Galloway Scheme was 
to supply remote industrial areas, local needs were not 
neglected. The construction of the main transmission 
line brought power into the area several years before 
the water-power stations were completed, and the 
expansion of demand was surprisingly rapid until 
more urgent war needs put a brake on the extension of 
distribution lines. The Galloway scheme produces 
current at load factors of 20 to 30 per cent. at an 
average price of about 0-25d. per kilowatt-hour. A 
low-lead-factor scheme, with great capacity for con- 
veying and consuming water, can take advantage of a 
wet year in a way that is impossible for a high-load- 
factor scheme. The year 1948 was particularly wet 
and the output of the scheme was a record of 281 million 
kWh. 

The Grampian Scheme, designed for a higher load- 
factor than the Galloway Scheme, but having some 
similar characteristics, has the same advantage of low 
and stable cost of production. A remarkable feature 
is the vast system of main and distribution lines estab- 
lished to supply small scattered populations, from 
Oban in the west to Peterhead in the east, and from the 
foot of Loch Lomond in the south to Dornoch Firth in 
the north. Under the Electricity Act of 1947, the 
Grampian undertaking, the steam stations at Dundee, 
Aberdeen, and Inverness, and some small power and 
distribution undertakings in the Highland area were 
transferred to the North of Scotland Hydro-Electric 
Board and the Board’s area was extended southwards. 
The Board have now, therefore, to some extent, the 
opportunity to balance up water-power and fuel- | 
produced power in their own area. The Water Power 
Resources Committee’s Report of 1921 stimulated the 
general interest in water-power production in Britain 
and, whilst far from exhaustive, it indicated certain | 
areas, particularly in Scotland, where large amounts 
of power could be obtained. The review that has been 
made of the developments since 1921 illustrates a 
gradual progression towards interdependence of hydro- 
electric and fuel-produced power through a linked 
transmission system. Apart from the copious water- 
power resources of Scotland, fuel-produced power, or 
some other form of power still to be developed, must 
remain by far the major source of supply, with water | 
power capable of taking a subsidiary but useful share | 
in certain other regions such as Wales and northern 
England. 

The small catchment areas and rivers of a small 
country provide no scope for any really large individual 
projects. In general, the smaller the quantity of water 
the greater is the cost per kilowatt and per unit distance 
the water has to be conveyed to the power-station by 
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tunnels, aqueducts, and pipe-lines. The cost per kilo- 
watt for power-house and machinery also increases as 
the capacity falls, and it may be said that the cost 
of conveying current for unit distance increases as the 
quantity falls. The cost of storage does not follow 
any regular rule, being dependent largely on topo- 
graphical and geological conditions, but the tendency is 
for the storage in a small scheme to be more costly per 
kilowatt-hour stored than in a large scheme. The 
west coast of Scotland, though in the latitude of northern 
Labrador, is so affected by the Gulf Stream as to be 
singularly free from prolonged frosts and is subject to 
heavier rainfall and run-off in the winter season, when 
most power is needed, than in the summer season, when 
the demand for power falls off. For general supply, 
therefore, there is a natural co-ordination of water- 
supply to electricity demand which reduces the amount 
of storage required to balance out seasonal and short- 
term variations, because the winter excess is used in 
the winter season and does not require to be carried 
over in storage to meet summer deficiency. A high- 
load-factor scheme, on the other hand, would not have 
capacity in pipes and machinery to absorb the high 
winter flows, and would require large storage to 
accumulate the winter excess for use in the summer 
season if a useful proportion of the water were to be used 
for power. In the western regions, which have a rainfall 
of 60 to 160 in., geological conditions, apart from limited 
limestone districts, are generally favourable, and evap- 
oration and underground losses are small, particularly 
in winter, so that a high run-off produces important 
quantities of water from even small areas and, in 
conjunction with high head, useful amounts of power 
are obtained. 


Fig. 1, on page 515, shows the location of existing | 


installations in North Wales and sites where further 
major development is possible. Some particulars of 
the existing installations are given in Table I. 


TABLE I.—Water-Power Installations in North Wales in | 


1948. 
G Install a 
Year ross nstalled ; nnua. 
Station. of _ Head, | Capacity, Turbine Output, 
Opening Ft. Ww. yPe. | Millions 
of kWh. 
Cwm Dyli 1906 | 1,150 | 6,500 Pelton 10 
Dolgarrog 1907 1,050 | D.C. for oo (disused) 
| aluminium } 
= --| 1925 850 A.C. as 42 
| 1,176 16,500 
Maentwrog 1928 625 24,000 aia 31 
Yale .. 1900 200 690 Pelton 2-5 
and 
Francis 


stations were transferred to the British Electricity 
Authority in 1948. The Cwm Dyli station was con- 
structed for the supply of electricity in Caernarvon, 
Merioneth, and Anglesey, and part of Denbigh. It has 
been in continuous operation since 1906. Two steel 
pipe-lines, each 30 in. to 27 in. in diameter, and about 
? mile long, convey the water from Llyn Llydaw. The 
catchment area is about 1-7 square mile, and the 
average rainfall varies from 125 to 193 in. per annum. 
The steel pipes and the original valves are still very 
serviceable. Parts of the original machinery are still 


running. The station produces about 6 million kWh | 


per square mile of catchment area. Various extensions 
have been made to the Dolgarrog station and the 
alternating-current plant consists of two sets of 
5,000 kW each and one set of 6,500 kW, with consider- 
able over-load capacity. There is a high-level supply 
and a lower-level supply of water from different 
reservoirs and the two 5,000-kW Pelton sets are designed 
for operation on either head, the pipes being inter- 
connected at the bottom and provided with change-over 
valves. 

The original North Wales electricity-supply area 
attached to the Cwm Dyli station was extended by an 
order of 1923, and by subsequent authorisations, to 
what is known as the North Wales and South Cheshire 
Electricity District, comprising a total area of 4,080 
square miles, extending as far south as Llanidloes and 
Aberystwyth. Expansion of area was associated with 
the construction of the Maentwrog station, which has 
four Pelton-wheel sets of 6,000 kW each. The three 
North Wales Power Company stations were designed 
with reservoir storage so as to be self-supporting for 
public supply, the Maentwrog station being constructed 
with storage suitable for a large extension of the catch- 
ment area, which has not yet been brought in. Its 
large reservoir, with a main dam of the horizontal-arch 
type, has a surface area of 1,300 acres and a storage 
capacity of about 1,150 million cub. ft. It collects 
water from about 23 square miles of catchment 
area. 

In 1943, the North Wales Power Company requested 
their engineers to report on the further developments 
of the company’s hydro-electric stations and their 
neighbouring watersheds, and also on further hydro- 


These | 
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electric developments in the area of the North Walcs 
and South Cheshire Electricity District. The report 
was submitted in 1944 and recommendations were 
made for introducing water from extraneous catchments 
to Dolgarrog and Maentwrog so as to increase the tot:! 
output by over 30 million kWh per annum. Character. 
istic features of the area investigated are the high 
mountainous country extending from north to south 
along the west side, including the highest mountains 
and highest rainfalls in England and Wales, and the 
large extent of flatter ground falling away to the east 
with rapidly diminishing rainfall. It was natural to 
expect that further suitable areas would be found, 
particularly in the western areas; the map, Fig. }, 
indicates the sites of six major projects, lettered A to F. 
Preliminary investigation was taken to the point of 
finding and studying suitable reservoir sites and falls, 
determining with reasonable accuracy the power 
available, and making estimates of cost without any 
undersurface exploration. Plant installations were 
based on the assumption that the stations would be 
linked up with a large steam system. The outputs and 
suggested plant installations are given in Table II, 
herewith. 


TABLE II.—Suggested Plant Installations for North Wales. 





| Estimated | 7 








Ma | Installed Annual | Number Aggregate 
Reference Capacity, Output, | of jead, 
* 1 Ww. Millions of _ Stations. Ft 
kWh. 
A 60,000 108 2 1,150 
B 54,000 89 3 1,300 
Cc. 78,000 128-5 3 1,170 
D. 54,000 88-5 5 1,370 
E. 27,000 45-5 3 1,010 
F 35,000 61 2 900 
Aggregate 308,000 520-5 18 


| Sennen 


| Most of the schemes are in stages, having two or 


- | more stations with a principal reservoir at high level 


|} at the top of the system, and subsidiary or balancing 
| reservoirs between the stages to which further water 
| from lower catchments is collected. Two of the pro- 
| jects, with good reservoirs but small catchments at 
the top, are intended to have pumps in the upper- 
stage power-station for the purpose of transmitting 
some of the water from the balancing reservoir, at 
times of surplus inflow, back to storage in the top 
|reservoir by pumping it up in the off-peak periods. 
The smaller schemes represented in the aggregate more 
| than 150 million units. Low-voltage distribution lines 
|in an area of hydro-electric production sometimes 
enable small water-powers to be picked up cheaply, 
which by themselves would not be attractive because 
of their situation ; this might apply in some instances 
in North Wales. Great quantities of water are exported 
from the east-flowing rivers of Wales for water supply 
| to large towns in England and more may have to be 
| given away in the future. This tends to sterilise sites 
which otherwise might have been used for production 
of water power. As a very rough estimate, the ultimate 
possible production in the whole of Wales might be 
put at 900 million units. 

England, as a whole, has small potential water- power 
resources, but certain limited areas provide scope for 
hydro-electric power production. Such areas are con- 
| fined essentially to the Exmoor and Dartmoor regions 
|of high ground in Somerset and Devon, the Lake 
| District with areas of exceptionally heavy rainfall up 
| to 160 in. or more, and the northern part of the Pennine 
| chain of hills. 
| In Devonshire, two hydro-electric stations, estab- 
|lished by the West Devon Electric Supply Company 
|at Marytavy and Morwellham, are in operation in 
| association with oil-engine power for electrical supply. 
| The hydro-electric stations operate with limited storage, 
so that the output fluctuates with the weather condi- 
tions and the comparatively small balance required in 
periods of low water-flow is made up by the alternative 
power. The Marytavy station has a high head and an 
output of about 6 million kWh per annum. The 
Morwellham station has smaller head but greater 
water supply, giving an annual output of about 3 million 
kWh. It is to be expected that further considerable 
amounts of power could be developed from the Dart- 
moor and Exmoor streams. From a map study of 
the area of the River Dart and inspection of certain 
sites, the author concluded that a staged scheme, with 
reservoirs to produce 60 million kWh or more annually, 
would be physically possible. The Water Power 
Resources Committee’s report of 1941 referred to 
possible sites on the Rivers Erne, Dart, Teign, Tawe, 
and Tavy, and the streams of Exmoor, from which 
an annual production of over 110 million kWh might 
be possible. 

Contrary to the indications of the Water Power 
Resources Committee’s Report, recent investigation, at 
the instance of the borough council of Barrow-in- 
Furness, has shown that important amounts of power 
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could be produced from small areas in the southern ! 
part of the Lake District. By developing the River 
Leven (Scheme G), with limited regulation from Lake 
Windermere, in a single fall of 110 ft. from the lake | 
to tidal water with a single Kaplan turbine of 6,000 kW, | 
a new production of about 27 million kWh per annum | 
should be available. Levens Water, near Coniston | 
(Scheme H) has long been used as a storage seeervoir | 
for regulation of water-wheel and turbine power in| 
the local copper-mining and slate-quarrying indus- 
tries, and is referred to in the Water Power Resources 
Committee’s Report of 1921; a 60-year-cld Pelton | 
wheel still drives a compressor to provide compressed | 
air for slate-quarrying. The electricity-supply area 
of the borough council of Barrow-in-Furness reached | 
to Coniston, and that authority supplemented their 
steam supply from Barrow by establishing a small 
water-power station of 300 kW, using the Levens 
Water discharge in a lower stage after it has been 
used by the slate-quarry. . A review of the conditions 
has shown that the small station could be replaced | 
by a two-stage scheme to produce 7-5 million kWh | 
per annum from an area of three square miles, under 
an aggregate head of 1,160 ft. and with an installation 
of 2,200 kW. 

The most prolific area of the Lake District is located 
about the River Duddon and the head waters of the 
Esk (Scheme K), where, locally, the average annual 
rainfall reaches 180 in. or more. Suitable reservoir 
sites are found at different levels on the Esk and the 
Duddon, to which further water can be collected by 
hidden tunnelling. A stage-by-stage scheme has been 
put forward for consideration, using an aggregate head 
of 1,260 ft. Three power-stations along the main course 
of the waterflow, and a separate station to develop a 
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lateral fall from a small area with its own reservoir 
storage, would provide an average annual output of 
more than 120 million kWh. The three schemes, 





Leven, Coniston and Duddon-Esk. would add a useful 


annual contribution of about 160 million kWh to 
hydro-electric production. 

The basin of the River Eden (Scheme L) is surrounded 
on the west, south, and east by hills which attract 
generous rainfall. Its western tributaries come from 
the Lake District, with Ullswater providing some 
natural regulation. The main source of power would 
be the lower reaches, where the average flow is high 
and a deeply-cut bed affords opportunity for dams 
combined with power-stations, without causing exten- 
sive flooding of ground. A development producing 
more than 100 million kWh per annum appears to be 
physically possible. The River Tees (Scheme M) 
originates in high plateau ground on the eastern 
slope of the Pennine Chain below Cross Fell. A reser- 
voir site exists, 1,550 ft. above sea-level, to which the 
water from 37 square miles of catchment area could be 
collected. A fall of 750 ft. in a short distance could be 
developed in two stages, with an intermediate reservoir 
collecting water from 66 square miles. With discharge 
at about 800 ft. above sea-level, the two-stage scheme 
would produce about 60 to 70 million kWh per annum. 
The discharge from the lower station would be at 
sufficient elevation to be used for water supply, and 
sites might be found for additional river stations. 
These instances may indicate that potential hydro- 
electric production from English rivers could be more 
than is generally assumed. 

Scotland, in respect of electric power, may now be 
divided into the north of Scotland, under the North 
of Scotland Hydro-Electric Board, and the south of 
Scotland under the British Electricity Authority. The 
boundary rating the areas is shown in Fig. 2, 
herewith, which also shows the locations of the existing 
hydro-electric stations in Scotland, together with the 
new stations proposed under the Board’s constructional 
schemes which have been sanctioned or published up 
to 1948. The important existing hydro-electric 
installations in the south of Scotland are those estab- 
lished by the Lanarkshire Hydro-Electric Company 
(1927) and the Galloway Water Power Company 
(1935-6). Approximate particulars of the’ stations 
are given in Table III, on page 518. ll the stations 
have vertical-shaft turbines of the Francis type except 
Earlstoun and Carsfad, which are automatic stations 
with propeller-type turbines. Tongland has three main 
sets; all the other stations have two each. The 
average aggregate output of all the stations is about 
300 million kWh per annum. 

The possibilities of further development in the south 
of Scotland lie principally in the Galloway area. A 
recent comprehensive investigation made at the 
instance of the Galloway Water Power Company has 
produced a scheme by which the present Galloway 
System could be enlarged to an annual output of about 
400 million kWh, by leading in extraneous water at high 
level by tunnels driven through the ridges, and provid- 
ing new stations to produce power regulated by storage 
from stages at higher level than the existing upper 
reservoirs serving Kendoon and Glenlee. The addi- 
tional water led into the system would increase the 
output from all the existing stations. The extended 
scheme would have a capacity of 142,000 kW and an 
annual output of about 400 million kWh. Limited 
possibilities of further development exist in the basins 
of the Cree, Nith, Annan, Tweed, and Esk. 

In the north of Scotland area, at the beginning of 
1948, the hydro-electric works in operation were the 
Foyers and Kinlochleven stations of the British 
Aluminium Company, the Lochaber station of the 
North British Aluminium Company, the Rannoch and 
Tummel stations of the Grampian Electricity Supply 
Company, and the Loch Luichart Station established 
by the Ross-shire Electricity Supply Company and 
later acquired by the Grampian Company. Approxi- 
mate particulars are given in Table IV, on page 518. 
The Water Power Resources Committee’s Report of 
1921 put the possible water-power development of 
Scotland, so far as investigated, at 195,000 kW con- 
tinuous, or about 1,700 million kWh per annum. 

Between 1921 and 1936, water-power schemes were 
constructed in Scotland with installations of 280,000 kW 
to produce about 1,100 million kWh per annum, or 
nearly two-thirds of the 1921 estimate. Two aluminium 
stations, Foyers and Kinlochleven, produce about 
200 million kWh of additional energy. In 1938, the 
Hilleary Report of the Highlands and Islands Economic 
Committee listed certain undeveloped schemes in 
northern Scotland with a potential output of 1,972 
million kWh per annum. In 1942, the Cooper Com- 
mittee (neglecting Sutherlandshire and all schemes 
having an annual output less than 10 million kWh) 
assessed that the further water-power development in 
North Scotland could amount to 4,000 million kWh. 
The North of Scotland Hydro-Electric Board, con- 
stituted in 1943, prepared a development scheme, pub- 
lished in 1944, which listed 102 sites or areas proposed 
for investigation, with a preliminary estimate of an 
annual production of 6,274 kWh. The approximate 
prospects for Scotland, as visualised at present, may 
therefore be put at about 8,000 million kWh per 
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annum, as indicated in Table VI, on this page. This 
amount of power will probably involve an te 
plant installation of more than 2,500,000 kW. At 
present, the steam and oil production in Scotland is 
about 4,000 million kWh per annum. 

In the Board’s programme of constructional and 
distribution schemes, priority for the Highlands is 
kept in the forefront. The earliest schemes to be 
formulated and undertaken included two small water- 


station will operate with intermittent or fluctuating 
disc which, down the river, might be detrimental 
to rod-fishing interests. This is overcome by establish- 
ing the low-head Pitlochry station a short distance 
downstream at a dam which will create a further 
balancing reservoir. The reservoir will rise and fall 
daily, and the river below the power-station will be 





In the Tummel-Garry group there is a third station, 


TABLE III.—ExXistTInc HypRO-ELECTRIC STATIONS IN THE SOUTH OF SCOTLAND IN 1948. 



























































Installed Catchment | P | Average Annual 
> Established by Station. Capacity, | Area, Square seats spans Output, 
kw. | es. “ |PMillions of kWh. 
_® Lanarkshire Company ..| Bonnington 10,000 360 139 52 
2. - ais Stonebyres 5,500 414 97 26 
3. Galloway Company Kendoon .. 24,000 152 162 47 
4. eo hs ..| Carsfad .. 12,000 171 65 20 
5. ne mg .-| Earlstoun 12,000 193 67 24 
6. - a ..| Glenlee 24,000 45 415 | 51 
2 ne “ -| Tongland 33,000 396 115 78 
TABLE IV.—Hypro-E.LeEctrRIc STATIONS OPERATING IN THE NORTH OF SCOTLAND IN 1948. 
Installed Catchment Annual Output 
~ J } Established by Station. on. rea, Cups Mill Asn ie . 
‘ Ww. | Square Miles. , kWh. 
8. British Aluminium Company Foyers * 5,000 104 350 40 
9. - ” a Kinlochleven 23,000 67 940 160 
10. North British Aluminium Com-) ‘Lochaber ‘ 80,000 303 800 500 
pany 
il. Grampian Company .. --| Rannoch 45,000 185 485 | 
12. * arent —~ 34,000 336 167 f = 
13. | Ross-shire Company .. L. Luichart .. 2,750 152 110 13 
TABLE V.—Hypro-ELEctrIc STATIONS IN SCHEMES AUTHORISED OR PUBLISHED BY THE NORTH OF 
SCOTLAND HypDRO-ELEcCTRIC BOARD TO 1948. 
| No.of | Total Capacity,| Catchment | | 
Map Ref. ’ y, Area,' Gross Head, | Annual Output, 
Pp Station. Main Sets. k Square Miles. Ft. Millions of kWh. 
14, Sloy + 130,450 32-5 910 120 
15. Lochalsh 2 1,000 | 7-3 490 5 
16 Morar 2 600 } 65 16 2 
17. | Pitlochry 2 | 15,000 | 706 50 54 
18. | Clunie 3 | 57,000 515 | 173 143 
19. Errochty 3 75,000 36 | 610 103 
20. | Gairloch 2 600 13 | 400 2 
21. | Fannich 2 24,000 56 | 537 83 
22. Cowal 2 6,000 | 15 400 | 14 
23. Affric 3 66,000 | 124 522 } 236 
24, Shira, Upper 1 5,000 | 13 | 160) 
- Lower 1 40,000 21 965 f 80 
25. 2 2,000 13 . 
26. Storr Lochs 3 2,400 5-2 ur HH 
27. Gaur Ist 1 5,000 93 92 18 
28. Glascarnock 2 | 24,000 | 105 530 112 
29. chart 2 | 24,000 326 | 180 124 
30. Tor-Achilty 2 | 15,000 387 52 | 36 
31. | Achanalt . 1 2,000 71 81 8 
32. Quoich és 2 20,000 52 } 320 68 
33. Invergarry .. 2 24,000 151 218 102 
34. Ceannacroc 2 17,500 | 30 2 71 
35. | Doe.. a 2 2,700 | 15 215 7 
36. Dimdreggan | 1 13,000 134 118 
37. Invermoriston | 2 20,000 158 188 75 
38. Livishie 1 6,000 14 980 17 
39. Lawers 1 30,000 17-5 1,362 71 
40. Lairige 1 6,000 5-4 810 18 
Totals .. 250 | 1,627 


t 





TABLE VI.—Potential Hydro-Electric Power in Scotland. 





Annual Output, 
Millions of kWh. 








Existing stations ee pi - 1,300 
Future extensions in South of Scotland (say) 350 
Projects in North of Scotland ae (say) 6,400 

Total (say) 8,050 





power schemes, Morar and Lochalsh, intended to serve 
Mallaig and district, and the Plockton-Lochalsh penin- 
sula and part of Skye. These two schemes were in 
operation at the end of 1948. Of the large schemes, 
the first to be promoted were the Loch Sloy and 
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Tummel-Garry projects. The former is in a very | 
mountainous and wet area, less than 40 miles from 
Glasgow. It is designed as a low-load-factor station 
for overtaking the industrial peaks of the working days 
in the heavy-load season and has the high installation 
of 130,000 kW for an average annual output of about 
120 million kWh. Sloy is one of a group of four high- 
head stations in the same area which are planned to 
have a group production of 300 million kWh per annum 
from catchments aggregating only 85 square miles. 
The Tummel-Garry scheme is a natural extension of 
the Grampian scheme which will use the regulated 
water discharged from the Tummel Bridge station in 
further falls down to Pitlochry. Loch Tummel will 
be raised 17 ft. by a dam to form a balancing reservoir 
for regulation of the supply to the Clunie station, 





at the junction of the Tummel and the Garry. Clunie 
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Errochty, based on a new main reservoir to be formed 
at high level on the Errochty Water. The total 
catchment area is 86 square miles and the power is 
developed through a gross head of 610 ft. in a station 
at the head of the raised Loch Tummel. Some parti- 
culars of the stations in the Board’s schemes, sanctioned 
or published up to 1948, are given in Table V, herewith. 
Construction is proceeding on Nos. 14 to 26, inclusive, 
while the work of preparing designs is under way for 
most of the others. Work is well advanced on Sloy, 
Clunie, and Pitlochry, with production of power due to 
commence in 1950. 

The great variety of capacity, head, and output of 
the various stations calls for essential differences in the 
type of machinery and in the method of development. 
The different types of efficiency curve obtained with 





different classes of turbines up to 10,000 h.p., are 
shown in Fig. 3, herewith. he efficiency “* belt "' 
“A” applies to Kaplan turbines up to 150-ft. he 
and impulse turbines with a head of 600 ft. and ove 
“ B” applies to Francis turbines up to 1,000 ft. hea 
The majority of heads are suitable for vertical-sh« | 
Francis turbines and this type is the most prey 
lent. For low heads and fluctuating output, Kapla 
type turbines are excellent because of their high spec: 
and high efficiency maintained down to fraction 
loads ; this type is adopted for the 300-kW units 
Morar, the 7,500-kW units at Pitlochry and Tor- 
Achilty, and the 13,000-kW unit at Dimdreggan. The 
upper limit of head for a Kaplan turbine is abo: 
150 ft. In exceptional cases, horizontal-shaft Francis. 
turbines are suitable, as in the small medium-hea: 
station of Cowal with two sets of 3,000 kW. For the 
higher heads, the choice lies between Francis turbines 
and Pelton wheels. Francis turbines have generally » 
higher maximum efficiency than Pelton wheels and ru» 
at a higher speed, but the efficiency drops off more 
rapidly as the load falls and becomes much less than 
that of a Pelton at fractional loads. The Sloy station, 
in the high-head class, has four main vertical Francis 
sets, each of 32,500 kW, and will be required to take wide 
and rapid fluctuations of load. Under these conditions, 
a comparison between vertical-shaft Francis turbines 
and vertical-shaft Peltons with four jets on a single 
wheel showed no advantage for the Peltons, which 
would have occupied more space. The case may be 
different where a single-set Pelton is possible for a 
fluctuating load because of its capacity to run well at 
low loads, whereas two sets of half the capacity would 
be required with Francis turbines if detrimental running 
at fractional loads is to be avoided. This case is 
exemplified by the Lairige station with a single set of 
6,000 kW, having a horizontal-shaft Pelton with two 
wheels and two jets to each wheel for a head of 810 ft. 
The Lawers station, where the head of 1,362 ft. is 
getting beyond the range suitable for Francis turbines, 
is designed as a peak-load station to work as one of a 
group; a single Pelton set of 30,000 kW is found to 
be suitable for the fluctuating load conditions. 

The sizes of machines and power-houses bear no direct 
relation to the capacity of the installation. For a given 
capacity of, say, 10,000 kW, a low-head station (50 ft.) 
requires a large quantity of water and | and slow- 
running machines. At a medium head of 400 ft., the 
quantity of water would be about one-eighth of that for 
the low-head case, the machine would be much smaller 
and would occupy less power-station space. In a 
multiple-unit station, with vertical-shaft sets, the 
station building is tall because of the vertical setting 
and the necessity to allow dismantling for overhaul. 
The lowest and most compact stations in relation to 
capacity are those having a single horizontal-shaft 
Pelton set. 

Differences in head and the capacity and size of the 
supply tunnel have considerable influence also on the 
surge-shaft arrangements. A paramount function of 
the surge shaft is to provide stability of operation. 
This requires a large diameter of shaft for low head and 
a large diameter of supply tunnel or pipe. For high 
head, the diameter of shaft required is much reduced 
for a given capacity as compared with a low head, but 
against this other factors become decisive in requiring 
much greater height and the provision of special storage 
chambers to limit the rise and fall of the surge 
swing. 

Where, as at Pitlochry, the station is close to the 
reservoir, no surge shaft is required. Clunie (57,000 
kW) is a case of a large supply tunnel, equivalent 
to 23 ft. in diameter, and very moderate head, requir- 
ing a large surge shaft, 110 ft. in diameter ; the whole 
of the upward and downward s is absorbed within 
the shaft. At Sloy (130,000 kW), a smaller tunnel, 
15 ft. 4 in. in diameter, in conjunction with much 
higher head, involves a very tall surge shaft, 26 ft. in 
diameter, with storage chambers at top and bottom. 
At Lawers, with the highest head of all the stations, 
a diameter of 15 ft. is adopted to provide for intake of 
water from nearby streams. Additional storage to 
restrict surge fluctuations is provided in a pond at the 
top and in the shaft itself at the bottom. ; 

The Water Power Resources Committee, in their 
report of 1921, put the broadest aspect of water-power 
development, so far as it affects Great Britain, tersely 
and forcibly in the words: “‘ The choice lies between 
developing a permanent source of power the value of 
which cannot but increase as time goes on, and using 
up in a comparatively inefficient way our irreplaceable 
stores of coal.” 
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ZINC SPRAYING OF ODDESUND BRIDGE, DENMARK.— 
Messrs. The Schori Metallising Process Limited, Brent 
Crescent, North Circular Road, N.W.10, announce that 
the Oddesund Bridge, Denmark, is now being sprayed 
with zinc by their Danish licensees, to the order of the 
Danish State Railways. It is stated that 40 tons of zinc 
will be used in the work. 
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Fie. 2. Batrsry or Pumps at STANLOW. 


MULTI-STAGE PUMP FOR LIGHT 
HYDROCARBONS. 


In the course of the description of the Stanlow plant 
of the Shell Chemical Manufacturing Company Limited, 
which appeared on page 153, ante, it was mentioned 
that the circulation of the various liquid chemicals 
through the stills, tanks, columns and heat exchangers 
was effected by over 250 centrifugal pumps, which were 
supplied by Sigmund Pumps, Limited, Team Valley, 
Gateshead 10. The conditions which these pumps 
have to fulfil are severe, since some of the liquids are 
very volatile, while others are toxic. Many have to be 
pumped at temperatures of over 600 deg. F., and, as 
some cost over 10s. per gallon, waste must be prevented. 
This large number of pumps created a considerable 
maintenance problem, since it would have been 
uneconomical to instal a spare pump for each duty, 
is common refinery practice. Three basic types were 
therefore selected: a single-stage pump, a two-stage 
pump and barrel pumps with three to eight stages, 
which have been installed for pumping light hydro- 
carbons at high temperatures and pressures. An 
illustration of a battery of these multi-stage barrel 
pumps appears in Fig. 2, and the construction will be 
clear from the longitudinal section in Fig. 1. 

Two types of pumps have been designed to deal with 
an output of 30 gallons per minute at a head of 850 ft. 
and of 150 gallons per minute at a head of 1,500 ft, 
As has been said they are of the multi-stage type, all 
the stages being contained within an outer steel barrel. 





so that there are only two pressure joints. The pump 
is centre-line mounted so that correct alignment at 
the high temperatures for which it is designed is 
ensured. The shaft runs in sleeve bearings and the 
end thrust is controlled by a hydraulic balancing device. 
The stuffing-box and bearings are water-cooled and 
the lantern ring is sealed by liquid. 

The pump barrel is of steel and is cast integral with 
the suction and discharge branches. Metal-to-metal 
joints are used between the covers at the ends of the 
barrel, so that — is safe at high temperatures 
and pressures. The rotating element and internal 
parts can be removed without affecting the alignment 
with the driving motor. The interior of the barrel is 
also arranged to facilitate the withdrawal of the inter- 
stages. These inter-stages are accurately machined 
to ensure correct alignment of the impellers and 


as | diffusers, while the passages are shaped to reduce the 


hydraulic losses to a minimum. The impellers are 
of the single-entry type and diffusers are incorporated, 
both to improve the efficiency and to prevent out-of- 
balance radial thrusts occurring on the shaft. Wear 

rings are fitted to both the impellers and inter-stages. 
The shaft is protected at all points where it comes into 
contact with the liquid by sleeves which pass through 
the stuffing-box and are hardened cr faced with Stellite 
or Colmonoy alloy. The stuffing boxes, which are of 
deep section with external water cooling, are mounted 
on the pump end covers. The sealing liquid is also 
cooled from an external source and circulates through 
the lantern-ring spaces. 
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CATALOGUES. 


Bearings and Bearing Metals.—An illustrated leafiet 
has been sent to us by The Glacier Metal Company, 
Limited, Alperton, Middlesex, describing some of their 
plain bearings, bushes, and other similar products. 

Electric Motors.—We have received from Messrs. Brook 
Motors, Limited, Empress Works, Huddersfield, an 
illustrated brochure, showing the applications of electric 
motors in the cotton industry and pointing out the 
advantages of individual electric motor drive as a method 
for reducing transmission losses. 


Brass and Copper Tubes.—To commemorate their 
seventy-fifth anniversary, Messrs. Earle Bourne and 
Company, Limited, Heath-street South, Birmingham, 
18, have issued a bound catalogue, illustrating tube 
manufacture and including tables giving the physical 
properties of the various brass and copper tubes made 
by them. Conversion tables for the English and metric 
measurements are also included. 

Concrete Mixers.—Messrs. Ransomes and Rapier, 
Limited, Waterside Works, Ipswich, have issued an 
illustrated leaflet describing their 5T- and 7T-type tilting- 
drum concrete mixers. These are capable of delivering 
outputs of 60 and 77 cub. yards, respectively, of mixed 
concrete in an eight hour day, and each is fitted with 
a feeding skip with automatic hoist. The leaflet gives 
details of the various dimensions, weights and capacities. 

Concrete Poles.—We have received from Messrs. Dow- 
Mac (Products), Limited, Tallington, Stamford, Lincoln- 
shire, a catalogue which describes the various types of 
reinforced-concrete poles made by them. A dimensioned 
drawing of each is given, together with details of the 
load-carrying capacity. All the poles are designed to 
comply with the conditions of the British Standard 
Specification B.S. 607, and their main use is for carrying 
overhead electrical conductors. 

Industrial Gloves.—We have received an illustrated 
booklet which describes some of the 110 different types 
of protective gloves for use in industry which are made 
by Messrs. Airguard, Limited, 103, King-street, Hammer- 
smith, London, W.6. These gloves are made in many 
different materials, including rubber, P.V.C., cotton and 
various kinds of leather. Other items of protective 
clothing, such as overalls, aprons, and footwear, are 
manufactured by the same firm. 

Economic Boilers.—We have received from Messrs. 
Davey, Paxman and Company, Limited, Standard 
Ironworks, Colchester, Essex, a copy of their publication 
No. 1212, on Paxman Economic boilers. Two types of 
boiler are described, the double-pass boiler and the 
treble-pass boiler, and illustrations showing longitudinal 
sections and rear views of both are included, as well as 
a number of photographic reproductions of installations. 
Tables of sizes and capacities are also given. 

Electric Soldering Irons.—Messrs. W. T. Henley’s Tele- 
graph Works Company, Limited, 51-53, Hatton-garden , 
London, E.C.1, have sent us an illustrated pamphlet 
printed in English, French, and Soutb-American Spanish 
which describes their “ Solon ” electric soldering irons, 
and gives some useful working instructions. These irons 
are made in three sizes, weighing 9} oz., 1 Ib., and 2 Ib., 
respectively, with corresponding ratings of 65, 125, and 
240 watts; they are also supplied for different voltage 
ranges between 100 and 250 volts. 
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RESEARCH ON CAST IRON. 


One of the most important developments in ferrous 
metallurgy during 1948 was the announcement by 
the British Cast Iron Research Association of a practic- 
able method for the production of grey cast iron, 
yielding nodular graphite structures in the as-cast 
state, without the necessity for applying a _heat- 
treatment. A considerable amount of development 
work has since been done and research on the produc- 
tion of these nodular structures by alternative processes 
is being pursued. Work is also proceeding upon the 
effect of small amounts of various elements on the 
structure of pure alloys and on the form of manganese 
sulphide in cast iron and the influence of the inoculation 
process upon this. A further investigation, to which 
allusion is made in the recently-issued 28th annual 
report of the Association, which covers the year 
ended June 30, 1949, concerns the study of the mechan- 
ism of graphite formation during the annealing of 
white cast iron for the production of malleable iron, 
particular emphasis being laid on the effect of the rate 
of heating on the number of nodules produced. 

The Fundamental Research Committee of the Asso- 
ciation has approved a programme of work on slag- 
metal reactions and a preliminary report summarising 
all the existing information has been submitted to this 
committee. The programme of work envisaged involves 
a study of the effect of melting-furnace refractories and 
slags on the annealing characteristics of white cast iron 
and on the chilling tendency and fluidity of grey cast 
iron. Further work has been carried out on the 
testing of various proprietary graphitising ladle 
additions. In the field of chemical analysis, methods 
for determining magnesium in cast iron; carbon b: 
combustion, using solid samples; and very small 
amounts of sulphur in cast iron have been investigated. 
Spectrochemical methods for the analysis of cast iron 
have also been studied. Attention has been concen- 
trated upon the effect of the atmosphere surround- 
ing the electrical discharge and upon the mechanism 
of arc and spark discharge. although much work has 
also been done on actual determinations and on 
investigations arising from them. Research on the 
fluidity of cast iron has been begun, special attention 
being paid to the problem of fluidity for the production 
of light castings. A satisfactory modification of the 
fluidity spiral testing procedure has been worked out 
and is being applied to determine the effect of compo- 
sition and temperature on fluidity. 

Work on the corrosion and erosion of cast-iron pro- 
pellers has been continued and apparatus has been con- 
structed for the study, more particularly, of cavitation 
erosion. This work is carried out in conjunction with 
the British Shipbuilding Research Association. In 
connection with the work on special mechanical pro- 
perties of cast iron, stress-strain curves have been 
determined on ingot-mould materials at various tem- 
peratures. Considerable progress has been made in 
comparing the mechanical properties of ring sections 
with those of corresponding round test bars. The 
mechanical properties of a number of cast irons have 
been determined at sub-zero temperatures. The 
influence of section size and shape on cast-iron beams is 
being studied. Work has continued upon the evalua- 
tion of the mechanical properties of nodular cast irons, 
with particular reference to their fatigue characteristics. 
Data on the fatigue properties of cast iron continue to 
be obtained. Experimental work upon sands has 
been continued ; expansion defects and the elimination 
of scabs, the use of urea and phencl formaldehydes for 
bonding, and the adoption of pitch powder as a sub- 
stitute for coal dust, have all been the subject of study. 
The volume of gases evolved when cores are heated 
has been determined and work on the toxic properties 
of oil bonds carried out at Loughborough College, as 
part of the Association’s programme. 

The twelve months under review witnessed the 
completion of the first year of a new five-year period 
which heralded a notable change in the status of the 
Association. As a result of arrangements made with, 
and through, the Joint Iron Council, every firm engaged 
in iron-founding, throughout the United Kingdom, 
became entitled to membership. In consequence, the 
membership of the Association has been doubled, it 
being 1,031 on September 1, 1949, while the total income 
for the year exceeded 80,000). A long-term plan 
under consideration by the Council comprises the 
provision of further buildings at the Alvechurch 
headquarters, Birmingham, for laboratory operations, 
for development work and for research on fuels and 
furnaces. It is anticipated that this plan will permit 
the staff to be increased to a figure of the order of 160. 
These would conduct their work in fully-equipped 
intelligence, development and research departments, 
the two last-mentioned departments being aided 
by a group of specialised laboratories, the services of 
which they would share in approximately equal 
proportions. This plan, it is pointed out, is based on 
the assumption that the Association will be able, 
ultimately, to reach an income of 100,000/. per annum. 


MULTIPLE PLUG FOR ELECTRICAL 


APPLIANCES. 


Messrs. CRATER Propvucts, Limirep, The Lye, 
St. Johns, Woking, Surrey, have produced a plug 
containing six groups of pins to allow portable or 
semi-portable electrical appliances or equipment to 
be connected to standard forms of three- or two-pin 
sockets without the trouble of plug changing. The 
plug, which is of Bakelite and weighs about 9 oz., is a 
little larger than the usual three-pin 15-ampere type, 
and is illustrated on this page with this partic 
combination of pins ready for service. The pins are 
normally housed in cylindrical holes in three brass 
inserts within the plug body, and the groups required 
can be shaken forward in turn, into the position neces- 
sary to mate with any three- or two-pin 2-, 5- or 
15-ampere socket, depending upon the setting of a 
circular diaphragm behind the plug face. When the 
required pins are exposed, they are screwed by hand 
to fix them in brass plates screwed to the face of each 
insert ; this ensures that they remain rmgid and make 
good electrical contact with the plates. 

The three inserts have rear terminals for connecting 
to earth- and mains-supply leads, and they there- 
fore, serve as terminal blocks for given sets of pins. 

















The tapped holes in the plates are co-axial with the 
plain holes in the inserts, and with those in the plug 
face. At their rear ends the pins are threaded and have 
small shoulders for butting against the plates when 
screwed home in the working position. The plain holes 
in the diaphragm, which is assembled between the plates 
and plug face, allow the pins to pass, but are spaced so 
that only specific groups can be shaken forward from 
the inserts for given settings. A knurled periphery, 
standing a little proud of the plug body, allows the 
diaphragm to be turned through a small angle about 
the plug axis into any of six different settings, each of 
which enables one of the six pin combinations to be 
used. The settings are shown by index markings en- 
graved on the plug face, and are further indicated and 
held by a small spring-loaded ball clicking into moulded 
seatings inside the plug. To change the combination, 
the pins already exposed are unscrewed and allowed 
to fall back into the inserts. The diaphragm is then 
turned to the new setting to bring other diaphragm 
holes into line with the pins required; these can then 
be shaken out and secured as already described. The 
smaller two-pin 2- and 5-ampere groups are arranged 
near the periphery of the plug, so that it can be used 
in sockets fixed close to the floor or close to corners 
between walls. 





BROOM AND WADE PORTABLE AIR COMPRESSOR : 
CORRIGENDUM.—In our description, on page 222, ante, of 
the portable air compressor manufactured by Messrs. 
Broom and Wade, Limited, High Wycombe, it was 
stated that the drive was transmitted by an Airflex 
automatic clutch. We have been advised, however, 
that a Twiflex clutch is fitted, supplied by Messrs. 
Compression Ignition, Limited, Church-road, Burstow, 





Horley, Surrey. 





ANNUALS AND REFERENCE BOOKS. 


Industries of Enfield—Enfield, Middlesex, on the 
northern outskirts of London, has become an important 
industrial centre. More than 100 factories are situat¢ 
within the area, and the range of goods produce:| 
includes non-ferrous alloys and precious metals, plas. 
tics, rubber, chemicals, electrical and electronic equi 
ment, musical instruments, furniture, and many other 
—. In 1921, eight manufacturers in the are, 
ormed the Enfield District Manufacturers’ Associ 
ticn, for the purpose of focusing the opinions of manv- 
facturing interests in the district and fostering tic 
efficient administration of local affairs, free from 
political considerations ; in 1942, it was incorporated 
as a non-profit making limited company. The Associa. 
tion, which now has more than 100 members, repr: - 
sents the industrial interests of Enfield in all matter. 
affecting the whole community, and has publishe:! 
recently an illustrated handbook of about 160 pages. 
The main body of the book is an alphabetical director: 
of member firms, giving also the date of their estal- 
lishment, the nature of their business, and their princi 
pal markets. In addition to this directory and to an 
alphabetical index of products of Enfield, the book 
includes an interesting section on the industrial histor, 
|of Enfield, a statement of the constitution of th: 
| Association, and an account of some of its activities 
;and achievements. In this connection, the Associa 
tion’s group-training scheme for apprentices was noted 
in ENGINEERING on page 175, ante. The book is 
published by the Enfield District Manufacturers 
| Association, Limited, 6, Palace-gardens, Enfield, 
| Middlesex, price 5s. 6d., post free. 


Year Book of the Heating and Ventilating Industry. 
| 1949. About half of this year book is devoted to a 





_j number of articles, by specialists, which are new each 


year. In the 1949 edition, the subjects of the articles 
are: the work of the Building Research Station for the 
heating and ventilating industry; panel heating : 
atmospheric pollution; modern industrial heating :; 
a contractor’s review of the year 1948; the work- 
of the national joint industrial council of the industry ; 
| technical education in the industry; thermostatic 
| control’; and boilers for heating and hot-water supply. 
| A list of manufacturers’ addresses has been added. 
| Apart from the technical articles mentioned, the year 
| book contains information of interest to employers 
;rather than technicians in the industry. It is pre- 
| pared in collaboration with the Association of Heat- 
ing, Ventilating and Domestic Engineering Employers, 
| and is published by Messrs. Technitrade Journals, 
| Limited, Carlisle House, 8, Scuthampton-row, London, 
W.C.1, at 5s .net, or 5s. 6d. postage included. 


Aircraft Engines of the World, 1949.—This is the 
|}seventh edition of this useful reference book, by 
Paul H. Wilkinson, which first appeared in 1941, and 
since 1944 has been published at regular yearly inter- 
| vals. The book is divided into two parts, dealing, 
respectively, with jet- and gas-turbine engines, and 
with reciprocating engines. Each of the main sections 
comprises an introductory summary of current design 
trends and the present state of production, and the 
information presented here appears not to have suffered 
through any time lag between compilation and publica- 
tion. This is followed by a summarised table of powers, 
or thrusts, and weights, for a number of engines ; 
and a collection of standardised data sheets for indi- 
vidual engines. The data sheets on the main jet 
and gas-turbine engines, preceded by data sheets 
for three American auxiliary power plants, cover the 
principal units manufactured in the United States, 
Great Britain, Australia, Canada, France, Sweden, and 
Russia, and present a condensed description of the 
constructional features, the leading dimensions, weights, 
fuel and oil consumption, ‘and performance ratings of 
each engine. The section concludes with a list of 
complete specifications of standardised jet- and gas- 
turbine engines issued in the 1945, 1946, 1947, 1948 
and present editions of the book, which will be found 
helpful by those wishing to trace the evolution of gas 
turbines and jets. The section on reciprocating engines 
contains summarised tabular data and standard speci- 
fication sheets on current piston engines. In most 
cases the performance data given for piston engines 
are rather more comprehensive than those on the 
turbines ; brief notes are also given on two American 
compounded engines. The book is published by Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2, at a price 
of 50s. net. 








THE CYCLE AND MOTOR CYCLE SHOw.—It is reported 
that over 189,600 people visited the Cycle and Motor 
Cycle Show during the period October 21 and 29 for 
which it was open. This attendance constitutes a record. 
Export orders from at least 35 countries were received 
at the exhibition. which was briefly described on page 453, 
ante. 

















Nov. 18, 1949. 


LIMITS AND FITS FOR 
LOCOMOTIVE WORK ; 
LONDON MIDLAND REGION. 


British Standard No. 164-1924, “ Limits and 
Fits for Engineering,’ recommends the use of the 
unilateral system of tolerances on a hole basis for 
cylindrical mating surfaces “in cases where it does 
not conflict with predominating present practice.” 
The hole basis means that the limiting dimensions 
of any hole of a particular quality and size remain 
unchanged, and varieties of fit (loosely known as 
running, push, driving, etc.) are obtained by varying 
the actual dimensions of the shaft. The unilateral 
system of limits for holes means that the lower 
limit of the hole is the basic size, and the higher 
limit is the basic size plus the tolerance. In the 
bilateral system, the basic size of the hole lies 
between the high and low limits. The committee 
responsible for this Standard recognised that, while 
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the use of the shaft basis for motion pins, already 
mentioned. In addition, in some mating parts, 
such as cylinder and piston, sufficient clearance 
would not be provided by the use of limits only, so 
two separate nominal dimensions are given. Al- 
though the unilateral system is used wherever poss- 
ible, the bilateral system has been adopted for 
dimensions between centres and for certain lengths, 
so that the machined dimension is as close as possible 
to the nominal dimension. The B.S. letter codes 
for holes are used without modification or addition, 
but additions have been made to the codes for 
shafts, mainly to provide some wider tolerances. 
B.S. 164 only applies to shafts and holes (though 
the L.M.R. extend it to keys, etc.), but it was neces- 
sary for the railway to specify, in figures, not code 
letters, the limits and fits for many special widths, 
lengths, thicknesses, etc. B.S. 84-1940 is used for 
screw threads. 

The L.M.R. specification indicates the machining 
methods appropriate to holes of different tolerances. 
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expressed in vulgar fractions to the nearest ;; in., 
the appropriate limits being obtained from the 
respective code letter for the particular size. Limits 
are expressed in decimals on the drawing, together 
with the code, with the exceptions of bolts, studs, 
rivets, smal] pins and their respective holes, which 
carry the code letter only. In applying limits to 
linear dimensions, care is taken to ensure that the 
sum of the tolerances given equals that allowed 
for an overall dimension. In certain instances, 
this condition can best be met by omitting the least 
important dimensions. An example of this method 
of dimensioning a drawing is shown in Fig. 1, on 
this page. Where there are several lines of holes at 
different pitches, the positions of all lines are 
defined by the dimensions from a common end line, 
and where the pitching is regular, = signs are used 
within an overall dimension. For driving-fit 


assemblies, positional accuracy is obtained either 
by the use of jigs, or by reamering on assembly, 
In the case of multi-hole assemblies such as covers. 
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the hole basis and the unilateral system were to be | Thus, holes to B.S. tolerances B, U, A, G and H are 
preferred, the shaft basis and the bilateral system | produced by drilling or boring and subsequently 


were justified in some cases. 


The standard limits | lapping to size ; holes to a V tolerance are produced 
and fits of the London Midland Region, British| by drilling and reamering or fine boring to size ; | 

Railways, which are summarised in this article, | and holes to a W tolerance are produced by drilling | 
are mainly in accordance with the unilateral system | or rough boring. 


The letter codes for shafts are 


on the hole basis, but the shaft basis is used for} K, L, P, M, Q, R, 8S, T and T T, as given in B.S. 164, 


such parts as locomotive valve-gear pins, where it 
is necessary to have a running fit and a push fit on 
different parts of a pin of constant diameter. 

The fixing of limits and fits was undertaken by a 
committee of representatives of the design, works 
and inspection departments of the L.M.R. As a 
result, the standards for locomotives were promul- 
gated in August, 1945, and those for carriages, 
wagons, and certain other vehicles in October, 1947. 
During their investigations, the committee were 
careful to ascertain the practice already current in 
the workshops. Their aim was to apply the widest 
possible manufacturing tolerances which would give 
clearances in close agreement with those currently 
in use and found by experience to be satisfactory. 
The promulgation of standard limits and fits has 
facilitated the manufacture of components; in 
conjunction with the control of production by 
gauges, the fitting required in the sub-assembly and 
erection stages has been reduced to a minimum ; 
and interchangeability of components, as between 
the several L.M.R. workshops, has been achieved. 

The limits and fits are based on B.S. 164-1924, 
and this article should be read in conjunction with it. 
Certain. departures from the B.S. recommended 
practice were, however, necessary—for example 


\together with LM, QR and ST. These three 
|codes represent wider tolerances than the B.S. 
provides for; in each case the limits are the high 
limit of the first letter (L, Q and 8), and low limit 
of the second letter (M, R and T). Thus, the 
tolerance of an L M shaft is equal to the sum of the 
tolerances of an L shaft and an M shaft. The codes 
G (a B.S. hole tolerance) and L M (a railway shaft 
tolerance) are used together to give an additional life 
to journals, crankpins, valve spindles, etc., which are 
subject to wear in service and a reduction in dia- 
meter during repair. Four other special codes were 
adopted by the railway: HD, LD, BB and 
G BX. Code HD represents a heavy driving fit 
for bolts and rivets, and is also used for giving a 
fitting allowance on keys and tongues, in keyways 
and grooves, respectively. Code L D is a light driv- 
ing fit for bolts and rivets, and, like code H D, is 
also used for giving a fitting allowance on keys and 
tongues, in keyways and grooves, respectively. 
Code B B is for pressed-in bushes, and code G B X 
for pressed-on steel bushes. In addition, the special 
L.M.R. codes M P, MR, MG and MT, are used for 
motion pins and bushes. 

Instructions for the use of the codes on drawings 
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flanges, etc., where interchangeability is required, 
an adequate ‘clearance is given between the two 
nominal dimensions of the hole and stud (or bolt) 
in accordance with previous practice. 

Gauges manufactured for the control of limits 
have an allowance for wear on the “ go” gauge, and 
a tolerance for manufacture on both the “go” 
and “ not-go ” gauges. In general, these are of the 
order of 10 per cent. of the total production or 
drawing tolerance, and their dispositions are shown 
in Figs. 2 and 3, on this page. Fig. 2 shows the 
manufacturing tolerance for an inspection snap- 
type shaft gauge, and the manufacturing tolerance 
and wear allowance for a workshop. gauge—all 
related to the high and low limits of the drawing 
tolerance for the shaft. It also shows the maximum 
and minimum tolerances that can possibly occur 
in both production and inspection. To ensure 
interchangeability and positional accuracy, jigs 
may be used, and the tolerances for the manu- 
facture of these must be within 20 per cent. of the 
drawing tolerance on any positional dimension ; 
for example, the centres of holes, the distance of a 
hole from a datum face, etc. The permissible wear 
in any jig must be limited to prevent any work being 
produced outside the drawing tolerances. 

In the summary of the London Midland Region 
system of limits and fits which follows, the more 
important limits and fits are given in full; in other 
cases, sufficient examples are given to indicate the 
general principles. The L.M.R. specification com- 
mences with a repetition of the B.S. Specification 








are as follows. All dimensions on drawings are 








for B, U, V, W, A, G and H holes, and K, L, P, M, 
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Q, R, 8, T and T T shafts, together with the L.M.R. 
specification for Q R and S T shafts—all for nominal 
sizes from 0 to 25-29 in. The maximum and mini- 
mum clearances resulting from the combinations of 
shafts and holes to certain codes, commonly used in 
locomotive work, are given in a table for nominal 
sizes of from 0 to 13-59 in. They need not be given 
here, as they are readily constructed from the B.S. 
tables. The combinations are, however: U holes 
and R shafts, V holes and Q R shafts, V holes and 
R shafts, V holes and ST shafts, W holes and ST 
shafts, and W holes and T T shafts. The same table 
applies to jaws and levers. 

The limits for holes and shafts, on a shaft basis, for 
use on journals, crankpins, valve spindles, etc., 
which are subject to wear in service and reduction 
in diameter during repair, are given in Table I. 
The L.M.R. limits for bolts, rivets, keys, etc., of 
light and heavy driving fits, in British Standard 
V holes and keyways are given in Table II. The 
codes L D and H D are L.M.R. designations relating 
to light driving and heavy driving, respectively. 
The limits for the outside diameters of B B bushes, 
together with the corresponding limits for V holes 
into which they are pressed, are given in Table 
III. Limits for the inside diameters of pressed-in 
bushes for spring and brake-gear details, etc., are as 
follows : up to 2 in., low limit is nominal + 0-015 in., 
high limit is nominal + 0-020 in.; over 2 in., low 
limit is nominal + 0-019 in., and high limit is nomi- 
nal + 0-024in. Pressed-on steel bushes are fitted to 
QR shafts (the sum of British Standard Q and R 
tolerances); they are to the L.M.R. code G BX, 
which is, for the inside diameter of the bush, high 
limit nominal — 0-007 in. and low limit nominal — 
0-010 in., and for the ou.s de diameter, high limit 
nominal — 0-013 in. and low limit nominal — 0-017 
in. This code refers to shafts of nominal diameters 
from 1 in. to 3 in. 

Square holes and shafts are machined to the 
shapes shown in Figs. 4 and 5, on page 521, respec- 
tively. Considering the hole: Table IV gives the 
nominal size of the square, the diameter a, and 
the diameter 6 (rough drilled). The diameter c 
of the shaft is also given in Table IV. The width 
w of the square in the hole is the nominal size to 
code V. L.M.R. tolerances are used for the width 
s of the square shaft, thus: heavy-driving fit, 
code HD; light-driving fit, code LD (both codes 
are specified in Table II); sliding fit, code QR; 
and free fit, code ST. The two latter codes are the 
special L.M.R. combinations of B.S. codes, the 
principle of which has been explained already. 

The clearances for Walschaerts valve gear, as 
applied to 4-6-0 mixed-traffic locomotives, are given 
in Table V. In addition, the push-fit clearance for 
all motion pins is: minimum, zero ; and maximum, 
0-001 in. The clearances for Stephenson’s valve 
gear on an 0-6-0 freight locomotive are given in 
Table VI. The push-fit clearance for all motion 
pins is the same as for Walschaerts gear, except 
that, as between the gudgeon pin and crosshead, it 
is: minimum, 0-002 in. ; and maximum, 0 -0048 in. 

Motion pins have a push fit at each end (in the 
forked member), and a running fit in the middle 
(in the plain member). The limits, which are on 
the shaft basis so that the pin can be of one diameter, 
are as follows: (1) Holes to code M P, push fit, for 
forked members ; high limit, “‘ not go,” nominal + 
0-0005 in. ; low limit, “go,” nominal; (2) Holes 
to code MR, running fit, for plain members, 
+0-004 in. and +0-002 in. for bronze bushes, 
and +0-006 in. and +0-004 in. for steel bushes ; 
(3) Shafts (or pins) to code MG, finish ground, 
nominal and nominal —0-0005 in.; (4) Shafts (or 
pins) to code MT, turned, prior to grinding, 
+0-020 in. and 0-015 in. All holes are lapped out. 
The limits apply to all hardened-steel motion pins 
and bushes (both steel and bronze, as stated) between 
the nominal sizes of 1} in. and 2% in., but within 
this range there is a large number of progressive 
sizes of pins and holes, in increments of 0-005 in., 
to facilitate maintenance and repairs by fitting, in 
effect, oversize pins to worn reground holes. For 
example, under the nominal size of 1} in., there are 
25 ‘“‘sub-nominal” sizes of ground pins, push-fit 
holes, and running-fit holes. It is only necessary, 
however, to produce turned pins (prior to hardening 
and grinding) in increments of 0-010 in. This 





scheme of progressive sizes is exemplified by Table 
VII, on page’524, which is a small, but typical, part 
of the complete tables. It deals with bronze bushes, 
running fit. The small B associated with MR 
signifies a bronze bush. It will be noted that the 
limits for any individual pin or bush correspond to 
those given in principle above. The code numbers 
for the “sub-nominal” sizes go up to 256, corre- 
sponding to the largest (2% in.) pins and bushes. 
The limits for piston-valve heads are as follows.* 
(The nominal diameter of the head is equal to the 
nominal diameter of the liner less 0-003 in. per 
inch of diameter.) The outside diameter of the 
head: nominal, and nominal — 0-005 in. The 


= = e. 


and spindle from the carbonised steam chest, 
In order, however, to avoid the unnecessary multi. 
plication of “sub-nominal” sizes, the four larger 
“‘sub-nominal ” sizes of the back liners and heads 
are the same as the four smaller “ sub-nominal ” 
sizes of front liners and heads. 

Peened piston-valve rings, } in. and ¥ in. wide, 
are made in four ranges of sizes, corresponding to 
the four nominal sizes of piston-valve heads.  [n 
general, there are 24 sizes within each range, difler- 
ing by increments of #;-in. nominal outside diameter 
(before the gap is made in the ring). The smallest 





| Size is made } in. less in diameter than the nominal 


diameter of the corresponding valve head; and 


width overall between the extreme faces of the | the largest is 4 in. larger. The limits for turning 





Oversize Holes, Code G. | 





TABLE I.—Limits ror HOLES AND SHAFTS. 
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Shafts, Code LM. Clearances ; G Holes, LM Shafi<, 
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Max, 

































































Low High. | Low. | Min, 
| H 
. 
0-0 to 0-29 +0-:0018 | +0-0012 | 0 | —0-0006 0-0012 0-0024 
0-3 ,, 0-59 +0-0024 | +0-0016 0 -0-0008 0-0016 | 00032 
0-6 ,, 0-99 | 40-0030 +0-0020 0 0-0010 0-0020 0-0040 
1-0 ,, 1-49 +0-0036 +0-0024 0 —0-0012 0-0024 0-0048 
1-5 ,, 2-09 | +0-0042 +0-0028 | 0 —0-0014 0-0028 0-0056 
2-1 ,, 2-79 +0-0048 +0-0032 0 —0-0016 0-0032 0-0064 
2-8 ,, 3-59 +0-0054 +0-0036 | 0 0-0018 0-0036 0-0072 
3-6 ,, 4°49 +0-0060 | +0-0040 | 0 0-0020 0-0040 00080 
4:5 ,, 5-49 +0-0066 +0-0044 j 0 | —0-0022 0-0044 0-0088 
5:5 ,, 6:59 +0-0072 +0-0048 0 ~0-0024 0-0048 0-0096 
6-6 ,, 7-79 +0-0078 | +0-0052 0 ~0-0026 0-0052 0-0104 
7-3 ,, 9-09 +0-0084 +0-0056 0 0-0028 0-0056 0-0112 
9-1 ,, 10-49 +0-0090 +0-0060 0 0-0030 0-0060 0-0120 
10-5 ,, 11-99 +0-0096 +0-0064 0 0-0032 0-0064 0-0122 
12-0 ,, 13-59 +0-0102 +0-0068 0 —0-0034 0-0068 0-0136 
TABLE II.—Limirs ror INTERFERENCE Fits. 
Holes and Keyways. | Driving-Fit Bolts, Rivets, Keys, ete. 
Size, in. } V Holes. | Light Driving, Code LD. Heavy Driving, Code HD. 
SS Se — 
High. Low High. | Low. High. Low 
—_ a _ — —————— —_ 1 —E — — -_ 
0-0 to 0-29 +0-0012 0 +0-0012 1) +0-0035 +0-0015 
0-3 ,, 0-59 +0-0016 0 +0-0016 0 +0-004 ~0-002 
0-6 ,, 0-99 +0-0020 0 +0-0020 0 +0-0045 +0-0025 
1-0 ,, 1-49 +0-0024 0 +0-0024 0 +0-005 +0-003 
1-5 ,, 2-09 +0-0028 0 | +0-0028 0 +0-0055 +0-0035 
2-1 ,, 2-79 +0-0032 0 +0-0032 0 +0-006 +0-004 
2-8 ,, 3-59 +0-0036 0 +0-0036 0 +0-0065 +0-0045 
3-6 ,, 4°49 +0-0040 0 I +0-0040 0 +0-007 + 0-005 
TABLE III.—Pressed-in Bushes. | TABLE I[V.—Square holes and Shafts. 
eee ae iy: AT 38S, ES a a —— | Pes is aa aes 
Code V Outside Diameter of x ere , e 
Holes. Bush, Code BB. Nominal Diameter Diameter Diameter 
Citehe fe Size, in. a, in. b, in. ce, in. 
High. Low. Max. | Min. Tol. | —_—_—- — —_—— — 
ey | Sie © yar 3 ay aa t 
0-0 to 0-29 | +0-0012 0 | +0-004 | +0-002 | 0-002 | ; a} #2 i 
0-3 ,, 0-59 | +0-0016 0 | +0-:005 | +0-003 | 0-002 ts ‘2 #7 3 
0-6 | 0-99 | +0-002 0 | +0-006 | +0-004 | 0-002 | b4 4 : 
1-0 "1-49 | +0-0024 0 | +0-007  +0-005 | 0-002 tt a] 8 ; 
1-5 ,, 2-09 | +0-0028 0 | +0-008 +0-006 | 0-002 + 1gy 4k 1 
2-1 ,, 2-79 | +0-0032 0 | +0-009 | +0-007 | 0-002 ; 1. # il 
2-8 ,, 3-59 | +0-0036 0 | +0:0105 | +0-008 | 0-0025 | ti 3 
3-6 ., 4-49 | +0-004 0 | +0-0115 | +0-009 | 0-0025 1 144 ley 1} 
4:5 ,, 5-49 | +0-0044 0 | +0-0125 | +0-010 | 0-0025 1} 133 1 13 
5-5 ,, 6-59 | +0-0048 O | +0-014 | +0-011 | 0-003 1k 14} 1% 1i 
6-6 | 7-79 | +0-0052 | 0 | +0-0155 | +0-012 | 0-0035 43 3 
7-8 "9-09 | +0-0056 0 | 40-017 | 40-013 | 0-004 1% 154 1% 1i 
ise i Sig Ret Rae 1k 2g; 1t 2 
1 2a 1 24 
outer ring grooves (usually six grooves): +0-005 12 244 14 24 
in., and nominal. The width of each groove: ~y 28g 2 2% 
+0-002 in., and nominal. The depth of each 7 t : 
groove: 0-005 in., and nominal. The hole for |} ——————_———__—— ~- ——_—____. 
— i 18 Pig 3 ro beg A eo the external diameter are nominal + 0-010 in., 
hk 4 ‘4 Kor li “ «4 9 ay d ili : Po inal and nominal + 0-005 in. The limits for the 
rs ti ha aa cygsent oy ow eee OF " t depth of the ring are to the ST code, and for 
“— 4 = ong — = cs tx in cae a the width of the ring, nominal — 0-002 in. and 
rng roca ged “to Pee: bee le ene nominal — 0-004 in. The limits of the gap that 
_—— | gee ner AN gore Aga S sie is then sawn through the ring are +0-010 in. and 
eight Rye: yey Dig ba pas ae c . : nominal (% in.). A part-cylindrical groove on one 
e ‘eo a ao mM, . _ +4 ™ .~ side of the ring, and spanning the gap, is machined 
iners (bored) progressing from 8-000 in. to | 45 as to engage with a stop or pin fitted to the valve 
8-2185 in., in increments of approximately 0-031 in., 


and the high limits from 8-005 in. to 8-2235 in., 
Similarly with 9-in., 10-in. and 11-in. liners. Back 
liners and heads are bored and turned, respectively, 
0-125 in. smaller in diameter than front liners and 
heads, to facilitate the withdrawal of the two heads 





* The words “high” and “low” are omitted for 
convenience, as the quoted figures are sufficient indica- 
tion in themselves. This practice is also followed else- 
where in the article. 








head to prevent the ring rotating on the head. These 
stops are disposed on the bottom half of the circum- 
ference of the head. The rings are peened until the 
gap is increased to in. for 8-in. and 9-in. diameter 
rings, and to ? in. for 10-in. and 11-in. rings. Each 
ring is tried in a gauge representing the liner and 
the gap is filed until a gauge 0-031 in. thick can be 
inserted. 


The limits for piston-valve spindles, forked-type 




















crosshead, and cotter are to B.S. and L.M.R. codes, 
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as follows : diameter of spindle (sliding part), L M ; | 
diameter of spindle (fitting in valve head), QR;! 
crosshead-pin hole, MP; pin, MG; fork gap, W ; 
overall width of crosshead, Q R ; thickness of cotter, 
TT; and “thickness” of cotter hole, W. For 
taper fits ‘‘the male and female components are 
to be machined and fitted in accordance with 


TABLE V.—Walschaerts Motion Clearances. 





| Running Fit 
Clearances, in. 
Description. a 








Min | Max 
All motion pins ‘ a i --| 0-002 0-0045 
Expansion-link trunnion to brackets ..| 0-002 0-0045 
Eccentric rod to return crank .. | 0-002 0-0045 
Die-blocks in expansion link - --| 00-0024 0-0056 
Die-blocks in expansion link (width) 0-0144 0-0348 
Lifting block in radius rod os 0-0024 0-0056 
Solid little end i ; 0-0036 0-0072 
Solid big end He as ea --| 0°0048 0-0086 
Coupling rods and crankpins (leading) ..| 0-0156 0-0222 
Coupling rods and crankpins (driving) ..| 0-0156 0-0228 
Crosshead and slide bars . . as ° 0-008 0-014 





Side Clearances, in. 











Min. Max. 
All motion jaws and levers on ..| 0-0096 -0224 
Connecting rod little end to crosshead ..| 0-0695 0.0860 
Big end es ae aa ms 0-0896 





| 0-0715 





current standard practice.’ The limits for valve- 
spindle bushes (whitemetal lined) are: bore, G; 
outside diameter, LD; bore of hole in cover, V. 
Valve spindles (sliding part) and bushes are made in 
o« progressive sizes, from 2-1250 in. and 2- 1234 in. 
(high and low limits) for the No. 1 spindle to 1-2500 








in. and 1-2488 in. for the No. 57 spindle ; and from 
2-1298 in. and 2- 1282 in. to 1-2536 in. and 1-2524 in. 
for the bush bore. The spindles are ground and the 
bushes bored. Fig. 6, on page 521, shows a cross 
section through the upper part of the combination 
lever, the forked end of the valve-spindle crosshead, 
etc.; the limit codes are indicated. 


TABLE VI.—Stephenson’s Motion Clearances. 











Running Fit 
Clearances, in. 
Description. 
Min. Max. 
| 
All motion pins .. a — --| 0-002 0-0045 
Expansion-link trunnion to lifting link..| 0-002 0-0045 
Die block in expansion link ee .-| 0-0024 0-0056 
Gudgeon pin to slide blocks era 0-000 0-0048 
a », little-end bush .. 0-0036 0-0072 
Slide blocks to slide-bars + 0-0027 0-0085 
Eccentric-strap bore to sheaves . . 0-0156 0-0236 
Big-end bore on crank axle 0-0056 0-0112 





Side Clearances, in. 








Min. Max. 
All motion jaws and levers - --| 00096 0-0224 
Connccting-rod little end to crosshead ..| 0-066 0-076 
Slide-block lips to slide-bars ee --| 0-0613 0-0756 
en es e ols 0-1265 0-140 
Eccentric straps 0-0167 0-0219 











In general, the limits for solid and box-section 
piston heads are as follows: outside diameter, 
nominal and nominal — 0-005 in. (the nominal 





diameter is 0-003 in. per inch less than the nominal 
diameter of the cylinder); width of piston-ring 
grooves, nominal + 0-002 in., and nominal; depth 
of grooves, nominal + 0-005 in., and nominal. 
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The limits for piston rings are: nominal outside 
diameter is cylinder diameter +} in., and is 
turned to nominal + 0-005 in., and nominal; 
depth of ring, ST ; width of ring, nominal — 0-002 
in. and nominal — 0-604 in. The rings are split 
by an oblique gap % in. wide (nominal + 0-010 in., 
and nominal), and are then peened until the gap 
is increased to 1} in. for rings 18 in. in diameter 
and under, and 1} in. for rings over 18 in. in dia- 
meter. When fitted in the cylinder, the gap is filed 
to a width of 0-062 in. The parallel part of a piston 
rod which fits in a parallel hole in the piston is to 
code QR; the sliding part is nominal — 0-002 in., 
and nominal — 0-003 in. Piston rods are made in 
various nominal sizes from 2} in. to 3} in., in } in. 
increments, and within each nominal-size range 
there are eight actual sizes (except that there is only 
one 2} in. size), in increments of about 9-015 in. or 
0-016 in. The bore of the cast-iron packing is 
nominal + 0-003 in., and nominal; the packing 
is split, the push fit being determined thus : 
male member, nominal, and nominal — 0-002 in. ; 
female member, nominal + 0-002 in., and nominal. 

Fig. 7, on page 521, which is a part cross-section 
of a single-bar crosshead, shows the appropriate 
limit codes. If any fitting is necessary in the tongue 
and groove, meta] is removed from face a only. 
The nominal width of the gap to take the little 
end is y in. greater than the nominal width of the 
little end, and the limits are to code V. The 
gudgeon-pin diameter is to code LM. With a two- 
bar crosshead, the height over the white-metalled 
surfaces is nominal — 0-008 in., and nominal 
— 0-010 in. The nominal width of the groove in 
the top and bottom of the crosshead is yy in. greater 
than the nominal width of the slide bar, and is to code 
V; similarly with the width of the gap to take the 
little end. The thickness of crosshead cotters is 
to code TT, and the corresponding dimension for 
cotter holes is to code W. With a three-bar cross- 
head, in which the upper part of the crosshead forms 
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a T, the thicknesses and width over the white- 
metalled surfaces are to code QR. Screw threads 
for all gudgeon pins are to B.S. 84-1940 (medium 
fit). The limits for single-bar slide bars are: 
width Q R, depth R. For two-bar types they are : 
width Q R; distance between sliding surfaces nomi- 
nal + 0-004 in., and nominal. For three-bar types 
they are: depth and width of gaps nominal + 
0-004 in., and nominal. In general, holes for bolts 
are V, the shanks of hexagon-headed bolts are Q R, 
the shanks of bolts with turned and fitted heads 
LD, and the heads Q R. 

Regarding motion details in general, there is a 
certain uniformity in the limits adopted, which are 
indicated below. Reference has already been made 
to motion clearances, and the use of such codes as 
G, LM, BB, MP, MR, MG and MT in motion 
parts. The following typical uses of other codes 
may be noted. Code T T for the width or thickness 
of the male member in a forked motion connection ; 
V for the holes in connecting-rod ends for bushes, 
for grooves and spigot holes, and for fitted-bolt 
holes in such parts as crosshead arms and eccen- 
tric-rod ends fitted to eccentric straps; HD for 
tongues and spigots ; W for the width of the gap 
in a forked member; QR for the outside width 
over a forked member and for the diameter of 
return-crank studs; U for the width of the slot 
in expansion links and in valve rods; L™M for 
return-crank pins; LD (in combination with V 
holes) for eccentric-strap bolts, expansion-link bolts, 
tongues, etc.; R for the width over the sliding 
faces of an expansion-link die-block ; and ST for 
the thickness of the integral flanges of bronze 
bushes, for the length of bushes, for the width of 
connecting-rod ends, and for thickness of oiling 


There are a few special sets of limits, etc., in mo- 
tion work which are worth mention. The nominal 
diameter of the bore of eccentric straps is jy in. 
greater than the nominal diameter of the sheave. 
In addition, the limits for the strap are nominal 
+0-004 in., and nominal; and for the sheave are 
nominal, and nominal —0-004 in. The width of 
die-blocks and the width of die-block paths in 
expansion links are made in progressive sizes. The 
limits for such distances as that from the centre 
line of a bush in a bracket to the supporting face 
of the bracket are +0-002 in. 

In an I-section connecting rod, the limits for the 
thickness of the flange are +0-005 in., and for the 
depth of the groove they are nominal, and nominal 
—0-005 in. The nominal difference between the 
width of the little end, or the big end, and the 
faces between which they fit, is 4% in. For big 
ends in which brasses and the rod fit in a strap, 
the limits are: for the male member, nominal 
+0-005 in., and nominal; and for the female 
member, nominal—0-005 in., and nominal 
—0-010 in. The length of an inside connecting 
rod, measured from the little end to the nearest 
face of the brasses, is determined by the limits 
+0-006 in. ; the limits of the length of the brasses, 
and the position of the hole, are +0-002 in. The 
brasses are bored to code G limits, , in. above the 
nominal diameter of the axle journal, with ,, in. 
shims fitted between the two halves; these are 
subsequently removed, so as to provide a larger 
diametral clearance in the vertical direction than 
the horizontal direction. The limits of the diameter 
of the journal are to code LM. Regarding coupling 
rods, the limits for the length between centres are 
+0-005 in.; and the nominal internal diameter of 
the bushes is ,; in. above the diameter of the 
crankpins. 

For coupled-wheel axleboxes, the limits for the 
width over horn faces are —0-004 in. and —0-006 in. 
The limits for sliding keeps are determined princi- 
pally by codes V and QR. Fig. 8, on page 521, 
shows a pressed-in type of axlebox brass. The values 
for the dimensions and limits shown at A, B and C, 
are given in Table VIII. In all coupled-wheel 
axleboxes, the exact size of the journal is taken as 
nominal, and when the brass is bored to C limits, 
the clearance shown at A and B results, without 
any fitting. The lips of the type of brass shown in 
Fig. 8 are fitted so as to ensure a pressing-in force 
of 15 tons to 17 tons. Where manganese-steel 
axlebox liners are fitted to the side faces of the box, 
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the limits for the distance over the liners, after 
fitting, are —0-004 in. and —0-006 in. 

Although, in the L.M.R. specification, the limits 
for all parts of the brake, spring, and water pick-up 
gear are given in detail, the general principle is 
readily summarised. Code G B is used for the out- 
side diameter of pressed-in steel bushes, fitted in a 
V hole; W is used for the width of fork gaps, 
spring-buckle apertures, etc.; ST for brake- 
piston diameter; V for brake-cylinder bore; QR 
for the diameter of certain brake pins, spigots, ete. ; 
T T for the diameter of most brake pins, brake-shaft 
journals, water pick-up shaft journals, and the 
thickness of the male members of forked con- 
nections. 

The high and low limits for the principal dimen- 























and motion plates, and similar dimensions in slide- 
bar brackets, motion girders and reversing-link 
brackets, are allowed a tolerance of + 0-005 in, 
Bolt and rivet holes are to code V, and the bolts 
and rivets to code HD. Limits for hornbloc!:s 
and axlebox guides are given in Fig. 11, which also 
apply to tender axlebox guides. With the type of 
frame keep which is secured to the bottom faces of 
the hornblock by studs, and has four lips bearing on 
the edges of the faces, the limits are —0-010 in. and 
— 0-015 in. for the distance between a pair of lips, 
and + 0-010 in. and + 0-005 in. between the 
inner lips ; these are fitting allowances. 

The outside diameters of whee! centres are ma- 
chined to limits of nominal, and —0-005 in. The 
nominal bore of the tyre is equal to the nominal 





TABLE VII.—PROGRESSIVE SIZES OF MOTION PINS AND HOLES. 











} Pins Holes. 
= nn o —___—— 
Turned. EE | Push Fit Running Fit. 
Nominal Size. |  ereeniaetes nen , ee = —— 
Code ' Code —s Code —e Code =e . 
| No. Code MT. | No, Code MG. No. Code MP. No. Code MR, 
| | High. | Low. | | High. | Low. High. | Low. High. | Low. 
— | — — — ae 
| | 
15 in. MT1 | 1-145 | 1-140} MG1 {| 1-125 | 1-1245 | MP1 | 1-1255 | 1-125! MRB2) 1-120 1-127 
| | MG2 | 1-130 | 1-1295 | MP2 | 1-1305 | 1-180 | MRP2/ 1-134 1-132 
| ee —_—————————_ —_- __ —_— _—_—_+ — —— 
| MTS | 1-155| 1-150| MG@3 | 1-135 | 1-1345 | MP3 | 1-1355 | 1-135 | MRB3 | 1-139) 1-137 
| MG4 | 1-140 | 11-1395 | MP4 | 11-1405) 1-140) MRB4) 1-144) L142 
| PE) Daa St Ses ee oreo ae ares a s 
MT5 | 1-165 | 1-160; MGS | 1-145 | 1-1445 | MP5 | 1-1455 | 1-145 | MRBS | 1-149) 1-147 
MG6 | 1-150 | 1-1495 |) MP6 | 1-1505 |) 1-150 | MRBG | 1-154 1-152 


| 





TABLE VIII.—Pressed-in Axlebox Brasses. 





Boring Size C, 
Clear- | in. 


Dia. of Dimen- 
Journal, | ance A, sion B, bes 
in. in. in. 
| High. Low. 
| | 
9tol0.. , | 0-010 3°5 +0-020 +0-018 
8 to below 9 0-0078 2-75 +0-016 | +0-014 
7 to below 8 0-0058 2-0 +0-013 | +0-011 
Below 7 0-0043 1-5 +0-010 | +0-008 





TABLE IX.— Angular Error of Crankpins. 











Crankpin Radius, Maximum Angular Value of D, 
in. Error A, Minutes. in. 
\ 

14 | 7 | 0-0286 
13 | 8 | 0-0303 
12 | 9 0-0314 
i ! 10 0-0320 
10 11 0-0320 








sions of the outside cylinders of a 4-6-0 mixed- 
traffic locomotive are given in Figs. 9 and 10, on 
page 523. In addition, it should be noted that the 
actual dimensions D and E are measured before 
machining the piston-valve liners to suit. The 
outside diameters of the three steps on each liner 
are machined +0-004 in. to +0-008 in. above the 
measured internal diameters of the steam chest. 
The liners are then bored, after being pressed in, 
to limits of +0-005 in. and nominal. The width 
of the liner ports is to code V, and the distance 
between the inside edges of the ports in the two 
liners is --0-009 in. The tolerance for the distance 
from the same edges of the ports to the shoulder of 
the liner is +0-002 in., the actual measurement 
being determined from the steam chest, as mentioned 
above. In the case of a cylinder liner, the limits on 
the outside diameters of the steps are +0-004 in. 
and +0-002 in., the exact sizes of the cylinder being 
taken as nominal. The liner is bored to +0-010 in. 
and nominal. The spigots of cylinder covers are 
—0-005 in. and —0-010 in. ; the stud holes are to 
code W. The spigots of piston-valve steam-chest 
covers are to code Q R. 

The limits for main frames are specified in the 
following manner. The top edge of the frame is 
used as a basis for limited dimensions. Drilling 
jigs for cylinders, saddle and motion plate (when 
used) are set to the top edge, the horizontal centre 
line of the coupled wheels, and the front edge of 
the horn gap. The principal limits are: depth of 
horn gap, nominal and — 0-010 in. ; width of horn 
gap, nominal and — 0-005 in.; distances between 
front edges of horn gaps, + 0-002 in. The overall 
widths of fabricated saddles, stretchers, drag boxes 


diameter of the wheel centre less the L.M.R. shrink- 


a 0-005 in. 
1,200 
The tolerance on the bore of the tyre is nominal to 
nominal — 0-005 in. The limits for axle bores and 
crankpin bores in wheel centres are nominal and 
—0-010 in. The limits for other dimensions 
of centres and tyres are specified in figures, not 
code letters, except that the key is to H D and the 
keyway to V. The outside diameters of crankpins 
are to code LM, except that the pressed-in part 
is tapered to 1 in 500 on the diameter ; the lengths 
are to code V. The accuracy of the quartering of 
crankpins is determined by the particulars given in 
Fig. 12, on page 523, and Table IX. The maximum 
error for crankpins in any pair of wheels must not 
exceed -+ x in., or as given in Table IX. 

The wheel seats of axles are tapered 1 in 514) on 
the diameter, and the hole in the wheel centre is 
provided with a short taper, } in. long, to provide a 
lead-in. The maximum diameter of the taper is 
0-015 in. to 0-018 in. greater than the size of the 
bore. Wheels are pressed on axles with a load of 
10 to 12 tons per inch of wheel-seat diameter. The 
wheel seats of crankpins are provided with a lead-in 
taper of 3 in., the smallest diameter of which is 
between 0-005 in: and 0-010 in. below the bored size 
in the wheel centre. 

Fig. 13, on page 523, shows the limits for a two- 
throw crank axle; in addition, the maximum 
error in angularity is 15 minutes. Dowels 
fitted between the webs and the axle or crankpin 
are to code L D, and the corresponding holes are to 
code U. Regarding shrinkage fits, the low-limit 
diameter of the hole is equal to the nominal size, 
and the hole is to code U. The “ shaft ” is to code 
R, the high-limit size being equal to the low-limit 
size of the hole (the nominal size) + nominal dia- 
meter X 0-003. 

All firebox stays, of steel, copper and Monel 
metal, are made with 11 threads per inch. The 
nominal diameters range from § in. to 1 in., in 
}y-in. steps, and the waist is turned ,°; in. smaller 
in diameter than the nominal diameter of the stay, 
with a negative tolerance of 0-008 in. The effective 
diameter of the stay hole is allowed a positive 
tolerance of 0-005 in., and the core diameter of 
the hole a positive tolerance of 0-012 in. For 
stays up to # in. in diameter, the high limit for 
the major diameter is 0-0015 in. greater than the 
nominal size, and for stays from { in. to 1§ in. in 
diameter it is 0-002 in. greater. In all cases the 
low limit for the effective diameter of stays is the 
basic effective diameter — 0-0005 in. 

The threads for longitudinal, transverse, roof and 
palm stays are to B.S. 84 (medium fit), and the 


allowance, which is equal to 
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tolerance on the waisi is to code TT. The holes 
for steam-tight studs are tapped to B.S. 84 (close 
fit), and the studs are selectively assembled. The 
studs are made in }, 8, }, Z, 1 and 1} in. sizes, and 
the limits for both the major and effective diameters 
are thus: up to } in. in diameter, nominal + 
0-006 in., and nominal + 0-003 in. ; from § in. to 
14 in. in diameter, nominal + 0-008 in., and 
nominal +- 0-004 in. 

In this article, some of the more important limits 
and fits have been summarised, but the full L.M.R. 
specification covers every part on a locomotive and 
tender for which accuracy of fit or interchangeability 
is required. No mention has been made of boiler 
fittings, but it may be noted that ranges of progres- 
sive sizes are specified for fusible plugs, wash-out 
plugs, steam valves of drivers’ brake valves, blow- 
down valve pistons, water-gauge frame plugs, and 
reducing valves and reducing-valve pistons for 
carriage-warming valves. 
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Documentation. By Dr. S. 
Crosby Lockwood and Son, Limited, 39, Thurloe- 
street, London, S.W.7. [Price 10s. 6d. net.| 

THE late Dr. Bradford was such an enthusiastic 

advocate of the Universal Decimal Classification 

system of indexing that it is no surprise to find 
that it constitutes the running theme throughout 
this book. That is not to say, however, that the 
book is merely a handbook on the use of the system ; 
it reviews the whole field of documentation and even 
enters into such details of special library methods as 
shelf arrangements and the handling of loans. Dr. 
Bradford makes a strong case for the system which 
he advocated for so many years; much of the 
credit for the position which the classification has 
established in this country, and for the fact that 
an English edition is now being published by 
the British Standards Institution, must go to him. 

In view of this, his concentration on the Universal 

Decimal Classification is pardonable, but in a book 

bearing the general title “* Documentation,” it would 

not have been amiss if some account had been given 
of other systems, such as that of the Library of 

Congress. 

The book contains some interesting historical 
chapters which trace the development of documenta- 
tion from a classified catalogue of books which 
appeared in 1498 to the modern complicated and 
far-reaching branches of activity which form part 
of the broad subject of documentation. These 
include such matters as abstracting services and the 
work of the special libraries and information depart- 
ments which now form essential sections of research 
organisations of every kind. The author stresses the 
impossibility of workers in any branch of knowledge 
obtaining information about all the material bearing 
on their subjects which appears in periodical publi- 
cations. It is stated that less than half the useful 
papers and articles which are published are dealt 
with in the current abstracting and indexing periodi- 
cals, but that, if abstracting services were properly 
co-ordinated, all could be noticed with no greater 
expenditure of time and labour than at present. 
The reason for this is that with present arrange- 
ments the more important journals are dealt with 
many times over and those which are less accessible 
are largely ignored. As Dr. Bradford justly claims, 
the co-ordination of scientific abstracting and 
indexing services would be greatly facilitated if the 
Universal Decimal Classification were used, since, 
as it is non-alphabetical, articles may be classified 
without regard to the language in which they are 
written. 

Many of Dr. Bradford’s proposals were somewhat 
idealistic, but his contention that ‘‘ some institution 
should compile as complete as possible an index of 

- current production,” will apparently, as far as 
books are concerned, be implemented by the 

British National Bibliography, which is planned to 

start publication next year. Perhaps of all Dr. 

Bradford’s suggestions, that to which our term 

* idealistic ’’ may be affixed most appropriately is 

connected with a statistical survey carried out by 

the late Mr. Lancaster-Jones. Examination of all 
the periodicals received by the Science Library 
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showed that the rate at which articles on some 
specific subject appeared in periodicals which, in 
general, were concerned with quite different matters, 
was such that over a period of years the number of 
articles appearing in “* unlikely ” periodicals was as 
great as of those appearing in periodicals definitely 
concerned with the particular subject. The number 
of “unlikely” periodicals was naturally much 
greater than the specialised and, for instance, the 
subject of applied geophysics, in the years 1928-1931, 
was dealt with in 93 articles in one specialised 
periodical, and 86 in another, but only one article 
was published in each of 169 other periodicals. 
The suggestion is made that the co-ordination of 
abstracting services would enable these incidental 
and widely-distributed articles to be brought to the 
notice of specialised services. The substance of the 
chapter in the book which deals with this matter 
formed the subject of an article which Dr. Bradford 
contributed to ENGINEERING, vol. 137, page 85 
(1934). That article was illustrated by two diagrams 
giving curves connecting the number of articles with 
the number of periodicals, which, incidentally, are 
reproduced in the book from our illustrations with- 
out acknowledgment. 


Steamers of the Thames and Medway. By FRANK BURTT. 
Richard Tilling, 106, Great Dover-street, London, 
8.E.1. [Price 12s. 6d.] 

Tue late Mr. Frank Burtt, who died on August 22 

at the age of 78, was probably best known as a rail- 

way historian—especially of the London Brighton 
and South Coast Railway—and as the originator, 
in 1909, of the Stephenson Locomotive Society ; 

but he was a native of Greenwich, and the L.B. 

and S.C.R. was prominent among the railways 

operating channel steamers, so that his interest in 
channel and river craft requires no explanation. 

His earlier book, Cross-Channel and Coastal Paddle 

Steamers, is well known and highly regarded as a 

repository of facts and figures concerning this once- 

numerous class of vessel, and it is a reasonable 
assumption that the present work will enjoy an equal 
status among the students of Thames steamers. 

A primary difficulty in the compilation of all 
works of this type is that of arrangement ; to main- 
tain a rigidly chronological sequence involves a 
discontinuity in recording the history of particular 
fleets that may prevent a reader from acquiring a 
proper sense of the background, but to concentrate 
on the story of the individual companies may just 
as easily lead to an excessive preoccupation with 
their commercial vicissitudes, to the possible exclu- 
sion of interesting technical details of the vessels 
which they owned. Mr. Burtt—or his de facto 
literary executor, Mr. W. G. Tilling—has avoided 
this difficulty to a great extent by devoting separate 
chapters to the more important companies and 
fleets, such as the General Steam Navigation Com- 
pany, the Belle steamers and the Palace steamers, 
and dealing in general chapters, arranged in chrono- 
logical order, with the ‘‘ Early Steamboats ” and 
those of the ‘ Period 1829 to 1876.” Other more 
or less general chapters record, often in considerable 
detail, the annals of the ‘“‘ London County Council 
and later Urban Services ” and ‘‘ The Thames Ferry 
Services ” ; another, in which no attempt is made 
to maintain any particular order of the entries, 
gathers together a variety of ‘* Miscellaneous 
Steamers”; and the last, somewhat outside the 
general scope of the book in that it does not deal 
with passenger vessels, epitomises the history of the 
Watkins paddle tugs. Features of especial interest, 
are the tabular summaries giving the careers of in- 
dividual vessels ; for instance, of the disposal of the 
steamers when the fleets of the River Thames Steam- 
boat Company and the London County Council’s 
river service were disbanded. Mr. Burtt has done 
well, too, in collecting so much information about 
some of the less orthodox steamers which have plied 
on the Thames from time to time, such as the 
Perkins-engined Express of 1884, which had a 
high-pressure boiler working at 400 Ib. per square 
inch. Throughout the book, the technical detail 
appears to be notably accurate ; a matter of such im- 
portance, in a work designed to be referred to rather 
than read through, that it is not difficult to condone 
a certain lack of polish in syntax and punctuation— 





though an overhaul in these respects is desirable. 


THE 17TH INTERNATIONAL 
NAVIGATION CONGRESS. 
(Continued from page 510.) 


In last week’s issue, we summarised seven of the 
12 papers presented to the 17th International Navi- 
gation Congress, held at Lisbon, in response to the 
first “‘ question ”’ for discussion in Section I (Inland 
Navigation), the subject of which was the accelera- 
tion of transport on inland navigable waterways. 
We give below summaries of the remaining five 
papers on this topic, which were contributed by Dott. 
Ing. Ostilio Gorio (Italy) ; Professor J. T. Hanrath, 
Ir. A. M. Schippers and Mr. C. Thomése (Nether- 
lands) ; Dr. Nicolas Jaquet and Dr. Alfred Schaller 
(Switzerland) ; and Ing. Frantisek Hanus and Ing. 
J. Cabelka (Czechoslovakia). 

Dr. Gorio, who is Inspector General of Civil Engi- 
neering for the River Tiber, said that, in Italy, 
inland navigation was mainly confined to the north 
of the country, along the River Po, and in the 
neighbourhood of Milan, on existing canals and, 
in due course, on the canal which would eventually 
link Cremona and Milan. Another scheme was 
under consideration for a canal between Milan and 
Lake Maggiore, which would connect the Swiss port 
of Locarno with the Adriatic. There was also an 
existing waterway of some importance, from the Po, 
through Ferrara, to Porto Garibaldi on the Adriatic. 
During the war, all the locks on the Italian water- 
ways were destroyed and also all the boats, but a 
great deal had been done to make good the damage, 
and most of the dredgers and other maintenance 
craft on the Po were again in service. The improve- 
ment works on the Po, upstream from the confluence 
of the Mincio to Cremona, were suspended during 
the war, though they suffered no war damage ; 
they were designed to provide a depth in the 
channel of 2-0 to 2-20 m. at low water, to take 
600-ton barges, and have now been completed for 
about one-fifth of the distance. The method of 
constructing underwater training embankments 
on the sandy bed of the river was one devised by 
Dr. Gorio himself. It consisted of driving a line 
of piles, the heads being left to project about 2 m. 
above the surface of the bed. Against the piles, 
and on the channel side of them, were laid sufficient 
buzzoni (cylinders of willow rods, interlaced with 
wire and filled with gravel, forming, in effect, gabions 
of small diameter in relation to their length) to 
fill the angle between the pile heads and the bed to a 
2:1 slope. Sand was then pumped into the space 
behind the row of piles, to a depth level with their 
heads, a new row of piles driven into this new bed, 
and the process repeated. The completed slope, 
from the original bed to the top of the bank, was 
faced with stones. 

The pre-war boats on the Italian waterways, con- 
tinued Dr. Gorio, were mainly of wood, of about 
150 tons, but there were a few iron boats of 300 to 
500 tons. Post-war practice favoured welded steel 
boats, the 300-ton size being the most generally 
useful on the river routes. The new 600-ton size 
envisaged would be about 45 m. long, 8 m. beam and 
1-80 m. loaded draught. The pre-war tugs were 
allsteam, either paddle-driven by engines of 250 h.p., 
or twin-screw, of 165 h.p. It was proposed to 
replace them by motor-driven craft, if the cost was 
not excessive, as these would require smaller crews. 
Self-propelled barges appeared to be the most 
serviceable, however, and tests had been made with 
a twin-screw Diesel tank barge of this type. Ballast 
tanks were provided forward and aft, to increase the 
draught when running light. It seemed possible, as 
Italy possessed large reserves of natural gas, to use 
this as a fuel in the engines of canal barges. 

There were various natural causes, Dr. Gorio 
continued, which might retard the development of 
inland navigation in Italy ; for instance, ice, fog, 
floods and, at times, lack of water. Ina cold winter, 
ice might prevent navigation for several deys, as 
happened in 1880 and in 1929. Fog was frequent 
in the valley of the Po, and impeded navigation for 
a month in the year. The most serious handicap, 
however, was floods, though only for a few days in 
the year; a rise of 1 in. above the normal level of 
a river would increase the speed of the current to 
nearly 2 in. a second, in which case navigation must 
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be suspended. The difficulty of lack of water, on 
the other hand, could be overcome by dredging. 
During periods of low water, men in boats patrolled 
the river Po, setting up special marks to indicate 
the deepest channels. 

Professor Hanrath and his co-authors of the 
Netherlands paper laid down several broad prin- 
ciples for the acceleration of traffic on inland water- 
ways; namely, that the layout should consist of 
long straight reaches joined by curves of large radius, 
boats should be able to pass each other everywhere 
(even under bridges) without reducing speed, locks 
should be filled and emptied quickly (preferably 
under control from a central cabin) and lighting 
should be provided in wide waterways and near 
locks. They considered a signalling system and a 
good tug service to be essential. On the rivers, 
especially the Rhine, modern shipbuilding and 
engineering developments had enabled the traffic to 
be accelerated considerably ; steam-propelled boats 
had almost disappeared, their place being taken by 
motor-driven craft. Many coasting vessels were 
designed to use the canals also, to avoid tranship- 
ment of cargoes. In the authors’ opinion, it was 
important that there should be some standardisation 
of the dimensions of waterways and of locks, etc. 
On a few important waterways in Holland, boats up 
to 2,000 tons were allowed; smaller craft were 
divided into five categories, according to a scale 
that had been in force since 1931. It was desirable 
that some standard classification should be adopted 
on an international basis, to facilitate trade, and 
that the waterways of adjoining countries should be 
interconnected, and constructed to uniform dimen- 
sions in section. 

The paper by Dr. Jaquet and Dr. Schaller was 
concerned only with the navigation of the Rhine; 
and it differed also from the preceding papers in 
that the authors’ collaboration took the form of 
separating the subject into sections and dividing 
them, Dr. Jaquet contributing four of the parts and 
Dr. Schaller the remaining two. It is convenient, 
however, to treat the result as one paper for purposes 
of summary. A rapid improvement of the river 
transport was necessary, they considered, if it was 
to compete with rail transport, but the river traffic 
could not be speeded up to the same extent as 
rail transport, so that river navigation must be 
able to offer lower rates, which could only be accom- 
plished by reducing the ‘turn-round’’ time. 
Between Rotterdam and Basel (832 km.) the craft 
could ply for 14 hours a day in summer, but only 
10 hours in winter. The use of Diesel engines made 
it possible to build fast self-propelled craft, with an 
average speed of 7 to 8 km. an hour, and more 
powerful tugs, of 2,000 to 4,000 h.p., which could tow 
barges at 6 km. an hour. There was an economic 
limit to the increase of speed, however, as the fastest 
traffic would always go by the railways. Compulsory 
pilotage was a hindrance, therefore captains of river 
craft should be qualified as pilots. A system of 
signalling was of great importance. Stops to change 
tugs or to load goods at intermediate points should 
be avoided as much as possible. Freedom of 
chartering was considered essential. The difficulty 
of classifying waterways was enormous, and it was 
doubtful whether the cost of ensuring uniformity 
between them would be justified economically. 

The first of the two Czechoslovakian papers was 
largely devoted to examining the possibilities of 
*“‘telpher boats,” hauled by cables arranged above 
the waterway, this system being put forward as a 
means of avoiding the poor efficiency of propellers 
on canal barges, the damage caused by power- 
driven craft to the banks, and the high capital 
cost of self-propelled boats. The scheme suggested 
by the author (but, apparently not yet adopted) 
was to employ two trains of boats at fixed intervals, 
travelling in opposite directions, each boat being 
attached by a towing hook to an endless wire rope, 
carried on sheaves suspended over the waterway 
and hauled by winding engines, one at each end 
of the canal. The tow would be slipped automati- 
cally as a boat reached the end of a cable section, 
and would engage automatically with the next 
section when the boat reached it. 

The paper by Ing. Cabelka was concerned mainly 
with the flow of water into and out of locks, especi- 
ally where these were in close proximity to weirs, 
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and was based on his researches, with the aid of 
models, at the Masaryk National Hydrological 
Institute in Prague. By this means, as he described 
in his paper, he was able to evolve a design of lock 
approach walls which minimised the effects of con- 
traction of flow, and to reduce the silting of locks, 
particularly during periods of floods. This was 
achieved by constructing a sluice in the waterway, 
adjacent to the lock, so that, by closing the sluice, 
an increased quantity of water would be passed 
through the lock, to remove the silt. 


MEANS OF DEALING witH LARGE DIFFERENCES 
oF Heap. 


Question 2 in Section I concerned the ‘* Means 
of dealing with large differences of head”? and was 
divided into two parts, namely, ‘‘ Comparison of 
the various possible solutions concerning the con- 
struction and water-consumption from the technical 
and economical standpoint,” with references to 
“works constructed and contemplated,’’ and, 
secondly, ‘‘ Operation results.” Six papers were 
submitted—one each from Belgium, the United 
States, France, Holland, Poland and Czechoslovakia 
—and a general report upon them was presented by 
Professor A. B. Manzanares, of the Department of 
Hydraulics in the Instituto Superior Tecnico, Lisbon 
(where the meetings of the Congress were held). 

The Belgian paper was prepared by Mr. H. N. F- 
Santilman, chief engineer and Directeur des Ponts 
et Chaussées, who dealt mainly with the problems 
arising in the modernisation of the Charleroi- 
Brussels canal between Charleroi and Clabecq, 
which involved a difference in level of 55-83 m. 
if one design was adopted, or 64-08 m., according 
to an alternative design. The canal was constructed 
between 1827 and 1832, and was 74-5 km. in length, 
and originally was suitable for 70-ton boats only. 
Successive improvements between 1840 and 1935 
increased its capacity to vessels of 300 tons between 
Charleroi and Clabecq, and, between Clabecq and 
Brussels, trains of three such boats or single craft 
of 1,350 tons. The number of locks was originally 55, 
but this total was reduced to 27, the greatest 
difference in level at any lock being 7-07 m. 
Reconstruction of the section from Charleroi to 
Clabecq to raise its capacity to that of the Clabecq- 
Brussels section involved comparison of the methods 
of overcoming the difference of level, with particular 
reference to the cost of the works and the consump- 
tion of water. The maximum annual tonnage that 
could be handled by the existing canal was 4,000,000, 
but it was considered that this could be increased 
to 16,000,000 tons by the reconstruction. As an 
alternative to the use of locks, it was proposed to 
use lifts ; either one with a vertical travel of 55-83 m. 
or two, each lifting through 32-04 m. Investigation 
showed that a single hydraulic lift of the Clark type 
could be used, from which it was evident that there 
would be no difficulty in employing two of the 
same type, each to lift through 32-04 m. The 
weight to be raised, including a 1,350-ton boat, 
would be about 9,600 tons, of which total 5,600 tons 
would be the combined weight of the boat and 
water, 2,000 tons would be the weight of the lock, 
and the piston would account for 1,100 tons. The 
latter item would be less in the case of a lift of 
only 32-04 m. travel. If locks were used instead of 
lifts, the difference of level of 55-83 m. would be 
surmounted in three locks, each lifting the boat 
through 18-61 m. Each lock would comprise two 
chambers, one measuring 85 m. long, and 11 m. 
wide, and the other 110 m. long and 7-5 m. wide. 
It was suggested that, to conserve water, each lock 
should have seven balancing reservoirs or side 
ponds. Comparative calculations for the different 
systems were given in Mr. Santilman’s paper. 

The paper by Mr. C. I. Grimm and Mr. Ray E. 
Mackenzie, of the United States Engineer Depart- 
ment (North Pacific Division), like that of Messrs. 
Rademacher, McCorkle and Newson, previously 
mentioned, was prepared for the proposed Congress 
in Berlin, in 1940, and was presented as then 
written. It contained particulars of a number of 
high-lift and medium-lift locks constructed in 
recent years in connection with the Tennessee 
Valley scheme, several of which have been described 
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eventually adopted. A comparison of costs showed 
that, up to certain limits of wall height (45 ft. lift 
was the highest quoted) and with ordinary founda- 
tion conditions, the construction cost per foot of 
lift decreased with increased lift, the greatest 
difference cited being about 50 per cent. The 
authors reported that no mechanical boat-lifts or 
inclines were in operation in the United States, and 
that 34 inclines for small boats, previously existing, 
had been abandoned ; but a barge lift was designed 
for possible future installation at the Norris Dam, 
to raise a 1,000-ton boat in a tank through a height 
of 256 ft., and, for the Bagnell Dam, in Missouri, 
alternative designs were prepared for a travelling 
crane to lift 100-ton barges through 150 ft. and 
for an incline to permit 500-ton barges to pass the 
Dam. In both of the Bagnell Dam proposals, the 
boats would have been lifted on rigid supports and 
not floated in a tank; which, it was pointed out, 
restricted the adaptability of these methods of 
lifting, in dealing with hulls of various shapes. 

Mr. R. Kirchner (France), reviewing the available 
methods of overcoming large differences of level, 
said that, while lifts and inclined planes minimised 
the consumption of water, locks had the advantage 
of simplicity and, consequently, of safety in opera- 
tion. The problem of overcoming large falls oc- 
curred more frequently now than formerly, because 
of the construction of hydroelectric power plants 
on rivers; for example, in France, the question 
had arisen at the Kembs power station, and at the 
Génissiat dam on the Rhéne. It would occur also 
in connection with the scheme to link Geneva and 
Lyons by water, and had had to be considered as a 
result of the fall on the Rhéne created by the 
regulation of the Donzére-Mondragon sector. The 
existing network of navigable waterways in France 
was rather ancient, and instances of large falls 
along them were comparatively uncommon. There 
were no inclined planes and only one hydraulic lift, 
on the Neuffossés canal, constructed in 1888 to 
raise 300-ton barges through a height of 13-13 m. 
This lift had been entirely satisfactory, but it was 
becoming inadequate to the requirements of modern 
traffic and a plan had been drawn up to duplicate 
it. At Kembs, it had been decided to install locks, 
to deal with a fall of about 16 in. The question of 
water supply did not arise in this case. The struc- 
ture comprised two chambers, each having a working 
width of 25 m., the respective lengths being 185 m. 
and 100 m.; and the gates were of the vertical-lift 
type. Filling and emptying was effected through 
longitudinal culverts, communicating with the lock 
chamber through cross culverts. 

At Génissiat, the fall was about 65 m., and 
various schemes were considered for overcoming it. 
The simplest was a flight of three locks, though this 
had the disadvantage that it could not be easily 
expanded to meet increased traffic needs. In this 
case, neither a hydraulic lift nor a lift with buoyancy 
chambers was practicable, though a funicular lift 
might be used ; it might even be constructed within 
a shaft. Another solution might be the use of a 
single lock, built inside a shaft and entered through 
a tunnel at the lower level; and yet another was 
to employ two locks, separated by a reach in which 
boats could pass, which would considerably facilitate 
the flow of traffic. At Donzére-Mondragon, it had 
been decided to have a lock with a lift of 25 m. and 
with, culverts arranged to give rapid filling ; it was 
hoped to fill at the rate of 3-50 m. a minute. 

Mr. C. F. Egelie and Mr. A. Eggink, both of the 
Rijkswaterstaat, Holland, presented a joint paper in 
which they described the four Dutch locks having 
the highest lifts ; the highest of these was 11-35 m., 
on the Juliana canal, near the village of Born, and 
the least lift was one of 8-0 m. at Zutphen. The 
lock at Born, the authors explained, formed part 
of the canal system which was constructed to by-pass 
the practically unnavigable stretch of the River 
Maas between Maastricht and Maasbracht ; it was 
supplied with water from the Maas and could accom- 
modate ships of 2,000 metric tons deadweight 
capacity. The effective length of the lock chambers 
was 136 m., and the width was 16 m. To fill the 
lock required about 26,000 cub. m. of water, repre- 
senting a rate of 0-3 cub. m. per second ; 36 lockages 
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could be accomplished in 24 hours. If necessary, 
the water could be pumped back to the higher level, 
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for which purpose there were four Diesel-driven 
centrifugal pumps, each with a capacity of 3-2 
cub. m. per second. The lock chamber had lifting 
gates at both ends, and these regulated the water 
flow, the maximum discharge amounting to about 
90 m. per second. The design of the gates was 
determined by model tests at the hydraulic labora- 
tory at Delft, in the course of which it was found 
that the maximum pull on the mooring ropes of a 
vessel measuring 100 m. long, 12 m. beam, and 
2-80 m. draught was 2,500 kg. For a 600-ton 
vessel, 50 m. long, 6-60 m. beam, and 2-30 m. 
draught, the pull did not exceed 950 kg. As a 
matter of general principle, the authors considered 
that the use of side ponds to conserve water was of 
no advantage, as it lengthened the locking time and 
complicated the operation of the locks; they 
preferred the method, employed at Born, of pumping 
back the water used in excess of the quantity that 
could be afforded. 

The paper submitted by Ing. T. Tillinger, of 
Warsaw, consisted of a description of a scheme 
(apparently not yet tried) for a system of pneumatic 
locks, with a pair of chambers, the bottom of each 
being formed as an inverted tank filled with air 
under pressure. The two air chambers thus formed 
would be in communication through a passage at 
the bottom of the dividing wall, so that, as one tank 
rose, the other fell. The tanks would be fitted with 
seals, rubbing against the sides and ends of the lock 
chambers. The motive power to work the system 
would be an overload of water on one tank which 
would force it down and raise the other by trans- 
ferring the trapped air through the communicating 
culvert. If desired, the tanks could be constructed 
to hold water within them, in which the barges 
could remain afloat. It was admitted that “the 
advantages and disadvantages of this system . . 
can only be ascertained after careful experiments on 
a model having an adequate scale.” [We believe 
that a somewhat similar device, invented by Sir 
William Congreve (1772-1828), was tried on the 
Regent’s Canal, London, at Hampstead-road, about 
1814-15, but proved a failure.—Eb., E.] 

The concluding paper bearing upon Question 2 
in Section I was presented by three Czechoslovak 
engineers. Messrs. Vladimir Holecek, Jaroslav 
Cabelka and L. Zaruba-Pfeffermann. It was divided 
into three parts, dealing, respectively, with regula- 
tion works on the Middle Vitava, above Prague ; 
with a barge lock at Stechovice, with a lift of 
20-10 m.; and with a proposed new type of barge 
lift, in which the weight of the platform or tank 
and the barge would be balanced by counterweights, 
hydraulically connected to the lifting portion. It 
did not appear that this method had been tried. 
The works of the Middle Vitava waterway involved 
a difference in level of 55-0 m. at the Slapy reservoir 
as well as the 20-10 m. at the Stechovice lock. The 
design problems at the Slapy reservoir were compli- 
cated by the variations in water level, which might 
amount to 24 m. above the system of locks and 
4-60 m. below them. The authors explained that 
changing economic conditions had necessitated a 
postponement of the navigation works and the 
regulation of the river for the purpose of hydro- 
electric power development. It was required, 
however, that this should be so arranged that the 
locks could be constructed at a later date and that 
loss of electric power owing to the consumption of 
water in locking should be avoided. A method had 
been devised to ensure this, by using a vertical 
boat-lift, with a side pond to conserve the water. 
The description of the Stechovice lock, which fol- 
lowed, was concerned largely with the preliminary 
experimental work ‘carried out at the Masaryk 
hydraulic laboratories at Prague. The model used 
was built to the scale of 1 : 20 and, with its aid, the 
culverts and gates were designed to provide for a 
rapid admission of water while keeping the forces 
acting on a barge in the lock within the accepted 
permissible limit of 1/650th of the displacement of 
the barge. The kinetic energy of the water leaving 
the lock was dissipated by extending the discharge 
culverts 15 m. downstream below the bottom gates. 
When the lock was completed, full-scale tests were 

carried out, which agreed well with the results 
obtained in the laboratory. 


ELECTRICITY IN THE COTTON 
INDUSTRY. 


In the course of a paper read before the Utilisation 
Section of the Institution of Electrical Engineers on 
Thursday, November 10, Messrs. F. W. Cox and W. E. 
Swale said that much of the textile machinery now in 
use in the cotton industry was 40 to 50 years’ old, and 
that re-equipment was hampered by present-day short- 
ages although some improvements, aided by condi- 
tional financial assistance from the Government, had 
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(To be continued.) 





individual drives, its simplicity, robustness, 


taken place during the past three years. The industry 
was of the traditional type, and was based largely on 
empirical knowledge, as compared with the newer 
industries, such as rayon, which had been developed 
directly from the laboratory to the factory. Water as 


and during the latter part of the Nineteenth and early 
years of the Twentieth Century, spinning-mill steam 
engines averaged about 1,400 indicated horse-power 
each, while ratings of 2,000 indicated horse-power and 
Process steam was essen- 
tial in dyeing and finishing, especially in the dye houses, 
where the amount of steam needed for this purpose was 
The 
pecial types, 
often needing speed control, and they were usually 


The efficiency and excellent workmanship of the 
larger steam units had enabled many of them to 
carry on till now, but some of them, as well as the 
boiler plant, were deteriorating rapidly. A major 
breakdown in a mill engine might involve costly delays 
and this, coupled with the inherent inefficiency of the 
smaller engines in the finishing mills and the obsoles- 
cence caused by changes in styles and in fabrics had 
For 
spinning and weaving, it was for long argued, however, 
that the advantages were not sufficiently clear to warrant 
the cost of conversion, and even if the suggestions of 
the Cotton Working Party were carried out, approxi- 
mately 300,000 h.p. might be needed to replace the 
- | steam units in reconditioned mills. About 552,000 h.p 
of steam-engine plant was still in use, and at present 
prices its replacement by electric power would cost 
Even so, new textile machinery 
was designed for electric drive, and the public supply 
mains were being brought to steam-driven mills at an 
to a survey made by the 
Electrical Development Association in 1945, 33-7 per 
cent. of the total power taken by the Lancashire and 
Cheshire cotton industry was supplied by electric 
per cent. 
engines, and the remainder 
either by turbines or by turbo-electric drive. To-day, 
however, the advantages of electricity were not seri- 
ously challenged, though not every one of them could 


Unlike engineering materials, raw cotton fibres were 
extremely tenuous and had little or no cohesion until 
the spinning process was well advanced ; consequently 
the amount of energy consumed in forming the finished 
product was relatively small, most being used in over- 
coming the frictional losses in the various machines and 
driving mechanisms. It was therefore difficult to pre- 
tive data showing the extent to which 
energy consumption was affected by the 
various manufacturing techniques or mechanisms. For 
und of 
yarn in the spinning process, increased with the amount 
of twist inserted, and with the number of hanks in a 
und ; while the use of ball bearings instead of plain- 
rings in rollers, jockey pulleys, and spindles reduced 


In general, the more even torque and greater smooth- 
with steam, drives (with 
the rope or gear transmission in line shafts) resulted in 
better quality material, especially in the finer yarns 
to 
operate at higher mean speeds, so that outputs in 
spinning, and in weaving and finishing, might be 
Further- 
more, since the different stages in the various processes 
tended to get out of phase, certain sections of a mill 
might have to be worked separately while others were 
under these conditions the use of 
Some 
of the economies effected were offset, however, by the 
greater power required in modern layouts to cater for 
air-conditioning, waste removal and improved lighting, 
so that the electrical input might often exceed the 


In the early electrification schemes, the mill engine 
was replaced by a single large electric motor, but this 
arrangement later gave way to a form of sectional 
drive in which a single motor was used to drive each 
main shaft and its associated equipment; this type of 
drive was still popular. Individual motor drive was the 
next step, and was usually adopted for new machinery. 
The squirrel-cage induction motor was used for most 
and 


low cost generally outweighing the occasional dis- 
advantage of fixed speed. Its characteristics must be 
selected to cater for the comparative weakness of the 
material during yarn formation, and also for the exact- 
ing demands of the loom, as well as for the control of 
tension needed during preparation and various finishing 
processes. Selection of these characteristics was 
complicated by the inertia and working cycles of the 
driven machines, and by the dependence of static 
friction on temperature, types of bearings, tightness of 
machine bands, tapes, etc. All types of mechanical 
power transmission were used, the most popular being 
the endless V-belt. In general, the machine tender’s 
mode of operation was retained, use being made of limit 
switches operated by starting handles, push rods, ete. 
The largest process motor in a spinning mill rarely 
exceeded 15 h.p., and squirrel-cage motors with direct 
on-line starting were generally installed; because of | 
the large amount of cotton fibre present in processing: 
rooms, these motors were either totally-enclosed or 
totally-enclosed fan-cooled. Machines for operations, 
such as the cleaning and sheet formation of the cotton, 
might often be stopped for cleaning and maintenance 
for a few hours a week, and they were suitably operated 
by modern squirrel-cage motors of 960 or 1,450 r.p.m., 
which gave ample starting torques when directly 
switched across the line. In one of the special spinning 
processes, a complex rope-pulley system with line 
shafting was formerly used to drive a vertical shaft 
without side pull; this arrangement was now sup- 
planted by mounting a motor vertically on top of the 
machine, the drive being through V- or flat belts. 
Electrical interlocking of machines was sometimes 
employed to ensure regular feeding rates in some of the 
lapping processes, limit switches being actuated after 
certain operations had reached a predetermined stage. 
Electric motors up to 25 h.p. were now used for the 
doubling frames, which were employed for twisting 
together two or more single yarns to form a single 
thread, these high powers being uired for the 
heavier yarns of the tyre and belting trades. In this 
case, over 80 per cent. of the power expended was actu- 
ally absorbed by the doubling process itself and excessive 
starting torques must therefore be avoided to prevent 
initial snatches being transmitted to the material. 
The individual machines for preparing the yarn for 
the loom and for the weaving process ired powers 
= to about 6 h.p., though in this case again most 
of the power (90 per cent.) was actually employed in 
the weaving process. On certain machines, constant 
speed was important, and though hani 
of speed control were still used, electronic and other 
electrical methods were being introduced. 

The diverse requirements of the bleaching, i 
printing and finishing sections, together with the 
comparatively high value of the material 
and its dependence on market and fashion, contrast 
sharply with those in spinning and weaving. Individual 
drives were extensively employed to cater for the 
scattered nature of the machinery lay-out and for the 
— control needed on about 60 per cent. of the 
plant. Though some of the largest units required up 
to 80 h.p., the majority needed motors of only 5 to 
20 h.p. In the bleaching and dyeing sections, —_ - 
tions had to be taken to prevent the ingress of water, 
steam, acid or alkaline fumes, into the electrical 
equipment ; motors with drip-proof enclosures should 
therefore have their windings specially impregnated, 
and breathing facilities should be provided on totally- 
enclosed motors to prevent internal condensation on 
cooling. Dye-jigs, in view of their small power 
og san location in rows, and slow s were 
often driven in small groups, though the repeated 
transfer of material between two mc wa caused speed 
variations sometimes as high as 3 to 1, with consequent 
variation in tension while dyeing. A mechanical 
differential drive, as well as various electrical drives 
had been tried out to cope with this variation, one of 
the most successful using an alternating-current sli 
ring motor with external rotor resistance permanently in 
circuit to give a crude series characteristic ; the resulting 
low efficiency is not serious because of the low powers 
involved. Machines for pressing cloth were generall 
driven by slip-ring motors since the rate at which 
material was fed to the rollers was only about 20 per 
cent. of the full load speed, and the break-away torque: 
was up to 1-5 times the full-load torque. Facilities 
for reversal and speed regulation over a 2:1 ratio, 
where required for different yarns and cloths, were 
provided by drum-type controllers. 

The power factor of the electricity supply in the 
various sections of the cotton industry is generally 
between 0-65 and 0-85 lagging, and power-factor 
correction is usually advisable both from the economie 
and technical aspects. For this purpose, statie 
capacitors were nearly always installed, being connected 
across the terminals for motor ratings of about 8 h.p. 
On systems to which a large number of small motors 
were connected, the capacitors could be inserted at 
various distribugion points, though it was preferable 
to use relay-operated equipment. 
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** REACTIVE ” WIREDRAWING 
MACHINE WITH HYDRAULIC DRIVE. 

INTEREST in the possibilities of “‘ reactive ” or “‘ back- 
pull” wiredrawing has been aroused recently by the 
appearance of machines built for the commercial 
exploitation of this principle (see page 333, ante). One 
such machine is shown in Figs. 1 and 2, on this page. 
It has been designed and built jointly by Messrs. 
Arthur Lee and Sons, Limited, Sheffield, and Messrs. 
Vickers-Armstrongs Limited, Broadway, London, 
S.W.1, who supplied the “VS G ” hydraulic variable- 
speed drives. The heads (capstans) which draw the 
wire through the dies are driven and controlled 
hydraulically. 

It will be recalled that, with a reactive wiredrawing 
machine, a back pull is applied to the wire entering the 
die. This is intended to lessen the work, and therefore 
the wear, on the dies, but since the wire passes straight 
from one block to the next, through the die, the speeds 
and torque of the several blocks must be accurately 
correlated. If one of the intermediate blocks be con- 
sidered, it will be found that part of the turning effort 
is provided by the back pull in the wire ahead, and that 
this is itself provided by the next block ahead. In 
other words, the pull applied to the wire by an inter- 
mediate block must be sufficient to draw the wire 
through the die and, at the same time, induce a back 
pull in the wire as it enters the die; this back pull 
assists the rotation of the next block in rear. In a 
reactive machine, it is only necessary to take about six 
to ten waps (turns) of wire around each block. Control 
pulleys and overhead gear are eliminated. 

As the wire is drawn through each die, its linear 
speed increases, due to the reduction in cross section. 
Therefore, with the four-hole machine illustrated, the 
speed of No. 4 block is greater than that of No. 3 block, 
and so on to No. 1. Whereas, however, the speed is 
less in the earlier reductions, the torque is greater, 
so that the power required at each block is approxi 
mately the same. In Messrs. Arthur Lee’s machine, 
power is transmitted hydraulically. A No.24“VSG” 
pump driven by a 50-h.p. motor, as shown in Fig. I, 
delivers oil to a common pressure line which feeds four 
special No. 3 “VSG” hydraulic motors, one to each 
block. Unlike the usual hydraulic-drive arrangement, 
in which a variable-delivery pump of the swashplate 
type supplies a constant-capacity hydraulic motor, the 
motors in the wiredrawing machine are of the variable- 
capacity type, the tilt angle of the swashplate being 
adjustable. Reduction gears, of a different ratio for 
each motor, transmit the drive to the blocks. The 
values of the reduction ratios are chosen, when designing 
the machine, to suit the expected normal requirements 
in respect of reduction at each die, etc. Under these 
conditions, the tilt angles of the motors will be the same, 
but adjustments are made, when the machine is in use, 
by altering the tilt angles of individual motors. 

The tilt angle of the main-pump swashplate is also 
adjustable, so that the overall s of wiredrawing can 
be regulated. The adjustment is effected by a pilot 
motor connected to the tilt-angle control, push-button 
or pedal-type starters for the motor being situated along 
the front of the machine, close to each block. The tilt 
angles of the four motors are adjusted by four hand- 
wheels on the front of the machine, and the linear speed 
in féet per minute of each block is indicated on a dial, 
as shown in the illustrations. When reactive wire- 
drawing is in progress, the wire, in effect, puts the 
four blocks in series, and as they are driven from a com- 
mon pressure line, the individual block speeds, and 
therefore drawing pulls and back pulls, are auto- 
matically stable. As already stated, however, they 
are adjustable independently ; if required, back pull 
can be reduced to a minimum, in which case the machine 
functions in a similar manner to a conventional fully- 
automatic machine. 

Regarding practical tests on the machine, it is stated 
that coil runs have been carried out at 600, 800, 1,000, 
1,200, and 1,400 ft. per minute, with stops and starts at 
all speeds, and with a “ crash ” stop from 1,400 ft. per 
minute on every coil, without causing a break. Typical 
tests were carried out on 0-43 to 0-47 per cent. carbon 
steel 0-080-in. in diameter, overall reductions being 
between 51 and 82 per cent. on area, and individual 
reductions per hole between 3} and 35 per cent. The 
82 per cent. reduction was from 0-080 in. to 0-034 in. 

Combined control and by-pass valves are fitted 
between the main pressure line and each hydraulic 
motor, so that the drive to any block can be cut out if 
required. The procedure for threading the machine 
is as follows. The wire is passed through the first die 
and secured to the first block. The control valve to 
No. 1 motor is opened, and the others are left shut. The 
pilot motor which actuates the pump tilt mechanism 
is then run until there is sufficient tilt on the swash- 
plate to “inch” No. 1 block. After six or seven waps 
have been formed, the pump is returned to neutral, 
the wire threaded through No. 2 die and attached to 
No. 2 block, and the latter run, together with No. 1, 
until it also carries several waps. This procedure is 
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repeated with the other blocks until the machine is 
completely threaded, when it is run up to full speed 
by depressing one of the push buttons controlling the 
pump pilot motor. 

For the information contained in this article we are 
indebted to the Rockwell Machine Tool Company, 
Limited, 2nd Way, Exhibition Grounds, Wembley, 
Middlesex, who are the agents for the “VSG” 
hydraulic drive of Messrs. Vickers-Armstrongs Limited. 
Mr. Philip Lee, chief engineer and director of Messrs. 
Arthur Lee and Sons, Limited, was mainly responsible 
for the development of the machine. “ VSG” drives 
are also being used on wiredrawing machines of the 
accumulative type. 





THE PROPERTIES OF NUTRADUR. 


Durtne the war the Germans developed the manu- 
facture and use of a completely unplasticised polyvinyl 
chloride to which they gave the name of Vinidur. This 
material is now being manufactured in this country, 
under the name of Nutradur, by Tanks and Linings, 
Limited, Town Wharf, Droitwich, Worcestershire, and 
can be used for the construction of tanks, pumps, 
valves, ducts and other equipment for many purposes 
in the chemical industry. 

Nutradur is a brown or plum-coloured—often nearly 
a black—substance, and is available either in 2-ft. by 
4-ft. 6-in. sheets from ,, in. to 2 in. thick, in rods from 
fy in. to 14 in. diameter, or in tubes from } in. to 6 in. 
in diameter. Most articles can be built up from one or 
more of these elements, as the material can be sawn, 
drilled and machined. It can also be welded by means 
of a jet of hot air. It can be bent if heated to about 
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120 deg. C. and pen against a hollow mould by 
compressed air. If deformed at a certain temperature, 
it will assume its original shape when that temperature 
is exceeded, but will remain unaffected at lower values, 

As regards mechanical properties, the tensile strength 
of Nutradur is given as 9,000 lb. per square inch at 
15 deg. C., while the compressive strength is 10,000 Ib. 
per square inch at the same temperature. These 
values decrease slowly and then more rapidly as 
the temperature rises, until at 85 deg. C. they are almost 
negligible. In fact, its use at temperatures above 
60 deg. C. is not recommended. Its impact strength is 
from 0-2 ft.-lb. to 0-6 ft.-lb.; the specific gravity is 
1-38, and its coefficient of thermal expansion 8 x 10-5 
per deg. C. Its dielectric strength is 500 volts per 
millimetre, and its dielectric constant and power factor 
at 1 megacycle per second are between 3-2 and 3-4, 
and 0-015, respectively. Its resistivity is 10!5 ohms per 
centimetre-cube. 





TROTTER-PATERSON MEMORIAL LECTURE.—The Council 
of the Illuminating Engineering Society, 32, Victoria- 
street, London, S.W.1, have launched an appeal for funds 
for a Trotter-Paterson Memorial Lecture. The appeal is 
being made not only to members of the Society, as it is 
felt that many persons in the electrical industry who 
were associated with Mr. A. P. Trotter and Sir Clifford 
Paterson, or who are aware of their great contributions 
to the industry, may like to contribute to the fund. It 
is proposed that the lecture be given at intervals which 
will depend on the response to the appeal. The lecture 
will be known alternately as the Trotter Memorial and 
the Paterson Memorial Lecture. Contributions to the 
fund should be addressed to the honorary treasurer of 
the Society at the address given above. 
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3,000-H.P., 3,000-VOLT DIRECT- 
CURRENT LOCOMOTIVES FOR 
BRAZIL. 


Just over three years ago, the English Electric Export 
and Trading Company, a subsidiary of the English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, entered into a contract with the Sao 
Paulo Railway Company of Brazil for the electrification, 
on the 3,000-volt direct-current system, of the line 
between Mooca and Jundiai. The route length of 
this line is about 40 miles and it is expected that 
operation will be commenced early in 1950. It includes 
sections with gradients up to 2-5 per cent. and makes 
a junction with the electrified Paulista railway at 
Jundiai. It also forms the main railway route to the 
port of Santos and carries a heavy traffic, about 65 
per cent. of which is freight. It is hoped that electri- 
fication will enable 21,000 tons a day to be dealt 
with, an increase of about 40 per cent. over the 1946 

. It may be added that, since the contract 
was signed, the railway has been taken over by the 
Brazilian Government and is now known as the Estrada 
de Ferro Santos a Jundiai. 

Power for operating the railway will be obtained 
from the hydro-electric station of the Séo Paulo Light 
and Power Company, and will be transmitted to a main 
substation at Tiete, where the pressure will be stepped 
down to 33 kV. Tiete will be connected to two 
remotely-controlled substations at Caierias and Campo 
Limpo, in which pumpless steel-bulb rectifiers of 
4,000. kW capacity are being installed. Four track- 
sectioning cabins are also controlled from Tiete. Both 
the 33-kV transmission lines and the direct-current 
overhead line will be mounted on steel structures, 
which are being erected by British Insulated Callender’s 
Cables, Limited, Norfolk House, Norfolk-street, 
London, W.C.2. 

The trains on this railway will be hauled by 15 
3,000-h.p. mixed-traffic locomotives, the mechanical 
parts of which are being constructed at the Newton-le- 
Willows works of the Vulcan Foundry Company and 
the first of which has now been completed. Their 
electrical equipment is being supplied by the English 
Electric Company. In addition, three three-car 
multiple-unit trains are being built. Each locomotive 
is of 3,000 h.p. and is constructed for a 5 ft. 3 in. gauge. 
It weights 120 tons and has a Co-Co wheel arrangement. 
The length over the buffers is 67 ft. 3 in. and the dis- 
tance between the bogie centres is 34 ft. 10 in., while 
the maximum width is 10 ft. 1 in. and the height with 
the pantographs in the lowered position 14 ft. The 
bogie wheelbase is 15 ft. 9 in. 

The locomotive superstructure is streamlined and has 
a cab at each end behind the nose-end compartments. 
The equipment is arranged symmetrically, there being 
a motor-generator blower set at each end followed 
by four compartments containing the line circuit- 
breakers, resistance contactors and relays, with the 
main starting resistances in the middle between the 
control-gear cubicles. The high-tension equipment is 
mounted in separate compartments with interlocked 
doors, the locks on which are operated by the reverser 
key of the master controller. Immediately a door is 
opened, an air valve is operated to lower the panto- 
graphs. The driving position is on the right-hand 
side of the cabs, in which special attention has been 
paid to the arrangement of the master controller, 
brake valves, instrument panels and auxiliary equip- 
ment boards. Indicator lights are provided to show 
the transition from one motor grouping to another and 
the operation of the overload relays. A speedometer 
is fitted in one of the cabs and a speedometer and 
recorder in the other. A motor-driven exhauster and 
compressor are housed in each nose-end compartment ; 
one of these compartments also contains a battery and 
the other a regenerative exciter. 

The underframe of the locomotive comprises four 
main 10 in. by 3 in. longitudinal channel members 
with transverse bracing, welded construction being 
used. The buffer beam and dragbox are separate 
fabricated steel units, and are riveted to the under- 
frame at each end. The buffers, hook and drop head 
coupler and friction drawgear are of standard patterns. 
The superstructure is built up on welded channel mem- 
bers. e frameworks for the starting resistances are 
incorporated at each side, the whole forming a body 
frame of girder construction. The framework is at- 
tashed to the underframe by welding and is panelled in 
steel sheet, which is also continuously welded. The 
roof is formed with a well and can be removed inhalves 
so as to facilitate the withdrawal of the equipment. 
It contains louvres and air outlets which have been 
specially designed to prevent the entrance of water. 
Access to the roof is provided by a folding ladder, 
which operates a valve in the air circuit as soon as it 
is moved and lowers the pantographs. 

The bogies are of six-wheel swing-bolster type 
and are built up from 3 in. slab frames. These frames 
are braced by cast-steel cross-stretchers between each 


Both stretchers and end members are secured to the 
frames by turned and driven bolts. The weight of 
the superstructure is transferred to each bogie through 
a cast-steel centre bolster. This bolster rests on four 
nests of elliptical springs which are carried on fabri- 
cated steel planks. These planks, in turn, are sus- 
pended by forged-steel swing links from the main frame 
cross stretchers. The main cross stretchers between the 
wheels have been designed to carry the nose suspension 
brackets of the three traction motors. The weight of 
the superstructure is transferred from the bogie frames 
to the axleboxes through four nests of helical springs. 
These springs are carried on rolled-steel compensating 
beams, the ends of which bear on hard-steel pads that 
rest on the top of the axleboxes. A recess is provided 
on the centre bolster which engages with a cast-steel 
bogie centre on the underframe. Manganese-steel 
liners are fitted on the rubbing faces between the super- 
structure and the bogie and also inside the centre recess 
at the thrust faces. A rubber sealing ring is fitted 
to prevent dust from reaching the wearing surface. 
The driving thrust is transferred from the bogie to the 
underframe through on the frame cross-ties to 
hard-steel liners on the centre bolster and thence 
through the bogie centre. 

The traction motors on this locomotive are of the 
series-wound force-ventilated hung nose-suspended 
t Each motor, of which the six are arra’ in 
pairs in series, has a one-hour rating of 500 h.p., the 
tractive effort being 34,300 lb. at 32-4 m.p.h. The full- 
field continuous rating is 2,400 h.p. when the tractive 
effort is 26,600 lb. at 34-8 m.p.h. The armatures are 
lap wound and the commutators are of the wedge- 
bound type. The shaft is mounted on roller bearings. 
The suspension bearings are of the sleeve type and are 
fitted with removable axle caps. A return carbon brush 
which bears on the driving axle is also fitted to each 
motor. The motors are connected through solid spur 
gear wheels and pinions to the axle, the gear ratio 
being 62 to 17. The current is collected from the 
overhead line through two light-weight pantographs, 
which can be operated at maximum and normal heights 
of 22 ft. and 17 ft. 6 in., respectively. Only one of these 
will be used at atime. The current passes through 
line circuit breakers, which are designed for high- 
speed operation in conjunction with overload relays. 

The control of the locomotive is centred in a master 
controller which is provided with a handwheel and 
three hand levers. The handwheel controls the speed 
and grouping of the motors into series, series-parallel 
and parallel, and gives 16 accelerating and 9 run- 
ning notches. The reverser handle has three posi- 
tions, “‘ reverse,” “‘ off’ and “ forward,” and is also 
used for selecting the field-weakening notches during 
both series and series-parallel working. The second 
lever operates the power brake change-over switch and 
selects the motor-grouping when regenerative braking 
is being used. The handwheel and levers are mechani- 
cally interlocked. The master controller actuates 
electro-pneumatic contactors of the group type by 
means of which the main switching is effected. Cut-out 
switches are also provided, so that three motors can 
be used if any failure occurs. 

The auxiliary equipment includes two 3,000-volt 
motors driving a 20-kW generator which supplies 
direct-current at 110 volts. Each of these sets is 
coupled to a blower, the air from which is used to cool 
three traction motors. The motor-generator sets also 
carry all the auxiliary load including the lighting, 
two exhausters, each with an output of 88 cub. ft. of 
air per minute, and two air compressors, each with an 
output of 77 cub. ft. of air per minute. Finally, the 
sets supply a 2-kW regenerative exciter and are used 
for charging a 72-cell battery with a capacity of 40 
ampere-hours at a five-hour discharge rate, as well 
as a small cooking load. 

The braking equipment includes air, vacuum, regen- 
erative and hand brakes. The first three of these are 
interlocked so that the regenerative brakes are auto- 
matically cut out should an emergency application of 
either of the other two be necessary. Each wheel of 
the bogies is braked by an 8 in. by 8 in. air cylinder 
operating through brake rigging. Electro-pneumatic 
sanding gear is also provided for the outer wheels of 
each bogie. 

As regards performance, owing to the conditions on 
the railway, which involve short hauls, and the diffi- 
culty of handling long trains in the shunting yards, the 
loads of the freight trains will be limited to 600 tons 
load. A single locomotive will be capable of hauling a 
load of 500 tons at 60 m.p.h. on the level, or at about 
20 m.p.h. on a gradient of 2-5 per cent. Passenger- 
train loading will range from 300 tons to 700 tons, to 
deal with which up to three locomotives will .be 
required ; multiple-unit control will then be necessary. 
Express trains of 500 tons from the Paulista Railway 
will be hauled on the level at 67 m.p.h. and at 35 
m.p.h. up gradients of 2-5 per cent. When regenerative 
braking is being used it will be possible to hold a 
600-ton freight train down to a speed of 20 m.p.h. on 


DIES AND PRESS FOR JOINTING 
STEEL-CORED ALUMINIUM CABLES. 


In making joints and end attachments for steel- 
cored aluminium cable for overhead electric trans- 
mission lines, regard must be paid both to electrical 
and mechanical continuity. The joint or attachment 
must the same strength in tension as the joint- 
less cable, and also it must have equal or better electrical 
conductivity. These results have been secured in the 
by various more or less satisfactory methods, but 
the problem has long remained open as one to which 
a neater and easier solution would seem to be desirable. 
The objections to the standard connections are their 
bulkiness and the skill needed to make them. 

In general, the approved method has been to make 
separate joints or connections for the steel and alumin- 
ium parts of the cable, the joint for the steel, made 
with a steel sleeve, being formed inside or adjacent to 
the joint for the aluminium, made with an aluminium 
sleeve. The sleeves have been closed on to the cable by 
hydraulic pressure. The subject of the present article 
is a method for making sleeve joints or end attachments 
of the type described in such a way as to overcome the 
drawbacks and difficulties hitherto experienced. For 
the following particulars we are indebted to Mr. W. J. 
Streader, director of Messrs. Tate Brothers, 100, Old 
Shoreham-road, Portslade, Sussex, who developed the 
new process from data supplied by the former Central 
Electricity Board and who also designed all the equip- 
ment needed to carry it out. We understand that 
connections made by the new method have been 
subjected to official tests and have shown themselves 
to be entirely satisfactory, apart from their economy 
in material and the ease of their formation. 

Fig. 1, on page 530, shows a dismantled and partly- 
sectioned end connection for a steel-cored aluminium 
cable. The forked sleeve for receiving the bared 
steel core is shown at the top of the illustration. It 
has been deformed in such a way as to grip the cable, 
and then it has been cut through to indicate the 
sinuous outline of the section. The dies required to 
perform the deformation of the steel sleeve are shown 
in Fig. 3. They are placed together between the twin 
rams of a two-cylinder horizontally-opposed hydraulic 
press, to be described later. 

The main body of each die forms a grip for the steel 
sleeve and also serves as a guide for the hardened-steel 
plungers that effect the deformation. These plungers 
have carefully-designed profiles, and are a force fit 
in the back plate of the die. Rotation of the plungers 
is prevented by the engagement of a short squared 
portion in each with the sides of a shallow rectangular 
channel, planed across the front face of the back plate. 
Compression springs between the main body of the die 
and the back plate normally keep the plungers in 
the withdrawn position. Tongue-and-groove engage- 
ment between the main die bodies ensures correct 
vertical alignment, and end ways location is determined 
by the snug manner in which the dies lie between the 
lower tension bars of the press. The cylindrical lugs, 
seen projecting from the ends of the back-plates, rest in 
the hooked extremities of spring-loaded plungers along- 
side the press rams ; the purpose of these plungers is to 
draw the dies back from the work when the pressure 
is released and, incidentally, to return the rams and the 
ram-operating fluid to their initial places. Figs. 4 
and 5, on the same page, show the press, the cylind 
of which are tied together by three tension bars. The 
lower bars carry the dies, which are rounded at the 
lower corners to rest on them. (Fig. 3 shows the dies 
placed upside down.) 

Fig. 2 shows a forked sleeve made of aluminium, 
which has been deformed by the pressure of steel 
plungers against its outer periphery so as to grip the 
aluminium strands of the cable and compress them 
against the steel core. The dies for dealing with the 
aluminium sleeve are similar in principle to those 
already described, but the hardened-steel plungers are 
designed to make long ar impressions instead 
of small rounded “dimples.” Two applications of 
these dies are necessary, the sleeve being rotated 
through 90 deg. between applications. 

The sequence to be followed in making the connection 
is as follows. First, the steel core is exposed for a 
length of 3 to 4 in. by cutting away the aluminium 
strands. Secondly, the steel sleeve is threaded into 
position and closed on to the core by the appropriate 
dies. Thirdly, the aluminium sleeve, already loosely in 
position on the cable, is brought to the end so that the 
fork it carries can embrace the smaller steel fork and 
be united with it by a common gudgeon pin. Finally, 
the aluminium sleeve is closed on to the cable by the 
dies which make rectangular impressions. 

A difficulty hitherto encountered in making a joint 
of this kind lay in the lengthening of the aluminium 
sleeve during compression. This made the final 


position of its fork relative to that of the steel sleeve 
somewhat uncertain in cases where the two forks 
were positively ensured by a pin, another trouble 








pair of wheels and by fabricated members at each end. 


a 2-5 per cent. gradient. 





resulted ; the creeping of the sleeve along the cable 
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after it took a hold on the aluminium strands caused 
these to move end ways relative to the steel core and 
bulge out in the form of a “‘ bird-cage.”” The compress- 
ing of the sleeve over four r areas by the new 
method does not produce any sleeve elongation, and 
consequently the connection can be formed without 
difficulty in a few moments, no special experience 
being needed to ensure its successful completion. By 
this method, a cable with a nominal breaking strain of 
18,000 lb. has been jointed so as to fail at an actual load 
of 19,000 Ib. The point of rupture was in the cable, 
external to the joint, and the joint itself showed few 
signs of strain. eee! * 

The portable press shown in Figs. 4 and 5 weighs 
slightly less than 200 lb., complete with pump and 
fabricated table support. With the dies described 
(both sets) it weighs 250 Ib. A cover, not shown in 
the illustrations, is provided to go over the table top 
and protect the press from dirt and moisture when it 
is not in use. Each of the two main rams has a dia- 
meter of 4} in. and the pump ram is } in. in diameter. 
Pressures up to 10,000 Ib. per square inch can be 
developed manually, and there is a relief valve by which 
the maximum pressure can be pre-set to accord with the 
needs of the work to be done. For the cable-jointing 
operations already described, this valve is adjusted to 
lift at 8,000 lb. per square inch, corresponding to a 
load on the dies of 50 tons on each side. 

The operating fluid used in the press is oil, and 
this is contained in the small cylindrical tank a. 
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An upright cylindrical gauze strainer over the outlet 
to the pump supply pipe prevents used oil from passing 
directly back to the pump, making it impossible for the 
latter to receive any solid impurities accidentally 
present in the system and ruling out also the entry 
of the froth that is formed by the oil when it is returned 
to the tank through the main pressure-release valve 
or the safety valve. The pump 6 is noteworthy in the 
method of actuation of its plunger. The elbow into 
which the detachable tubular handle is inserted is con- 
nected to the plunger head by links of considerable 
length, so that force is applied to the plunger with the 
least possible obliquity. In this way, objectionable 
side thrust is avoided, and the plunger packing 
operates under the most favourable conditions. This 
packing, a product of the Lion Packing Company, 
holds a pressure of 8,000 lb. per square inch or more 
indefinitely, both the cleanliness of the pump after 
prolonged use and the steadiness of the pressure gauge 
testifying to the complete absence of leakage whether 
at this or other points in the system. 

A section of the pump is shown separately in Fig. 6, 
on this page, from which it can be seen that the oil has 
a straight and unrestricted path of flow from the intake 
below to the outlet above. The intake has a bore of 
4 in., equal to that of the plunger, and the bore of the 
outlet is slightly less. The valves are of the mushroom 
type, but are unusual in having long cylindrical guides 
above them instead of the conventional vanes under- 
neath. These valves offer no restriction to oil flow 
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when fully lifted and their alignment, which is initially 
better than that of conventional valves, is preserved 
for a much longer working life. 

Oil delivered from the pump is delivered to the main 
ram cylinders through a control valve c (Fig. 4), which 
is normally screwed tightly to block the direct passage 
back to the tank a. The safety valve d opens an alterna- 
tive return path to the tank if the oil is pumped to a 
preseure which exceeds the predetermined limit. A 
special spanner is needed to adjust this valve, and 
consequently no alteration by an unauthorised person 
is possible. The relief of pressure by the safety valve 
is not complete ; we were able to see that, on lifting 
at 8,000 lb. per square inch it let the pressure down 
to 6,000 lb. per square inch and then held it at that 
figure. The essential part of the safety valve is a 
spring-loaded needle. The Bourdon gauge e gives a 
clear indication of the oil pressure in the rams to the 
operator who is working the pump. He normall 
pumps to the limit set by the safety valve, the wor 
being accomplished as pressure release occurs. There 
is audible and visible evidence of this pressure drop. 

The ram cylinders f and g are in the form of cups, 
the back or closed ends of which are integral with the 
barrels. There are no screwed or welded joints under 
fluid pressure. The cup leathers behind the rams are 
not attached to the latter in any way. The back 
plate h and the front plate j are welded to the barrel, 
but the welds are not subjected to any strain. 
Tension rods k, three in number, carry the ram load, 
the three-point arrangement ensuring an even dis- 
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tribution. The press is not bolted to the table that 
supports it, but is loosely held in position by fixed 
housings or shrouds over the nuts at the extremities 
of the lower tension rods. The upper tension rod can 
be lifted out of position at its right-hand end, and 
slid to the left to permit entry of the dies between 
the rams. In this temporary position, it hangs down 
in the way of the pump operating handle, so that the 
operator is reminded of the need to replace it before 
starting to work the pump. 





FACTORY FOR THE MANUFACTURE 
OF TWIST DRILLS. 


Tue English Steel Corporation, Limited, Openshaw, 
Manchester, commenced trading under its present title 
in 1929, when the steel interests of Messrs. Vickers 
Limited, Sir W. G. Armstrong, Whitworth and Com- 
pany, Limited, and Messrs. Cammell Laird and 
Company, Limited, were merged. Prior to the amal- 
gamation, the section of the business at Openshaw 
was known as Sir W. G. Armstrong, Whitworth and 
Company, Limited, and earlier still as Sir Joseph 
Whitworth and Company, Limited. Actually, its 
origin can be traced back over a century to the time 
when the founder, Joseph Whitworth, commenced 
business in a small workshop in the vicinity of the 
present site. To-day, the Openshaw works cover an 
area of approximately 70 acres and produce special 
steels, tool steels, drop forgings, rock-drill bits, per- 
manent magnets and a comprehensive range of engin- 
eer’s small tools, including twist drills. It will be 
appreciated that by producing their own steel, the 
firm gains many advantages as it enables a strict 
control to be exercised during all processes and is 
particularly valuable when working on new develop- 
ments. 

Recently, the English Steel Corporation commenced 
work on an extensive post-war development plan which 
aims at the embodiment of all the company’s small- 
tool manufacturing departments in an up-to-date 
factory. The first stage of this undertaking, namely, the 
allocation of some 62,000 sq. ft. of floor space for the 
manufacture of twist drills and the installation of 
machinery to a new layout, has now been completed 
and production is in full operation. The new section is 
capable of producing standard and special-length taper- 
shank and straight-shank high-speed drills, three- and 
four-flute core drills, centre drills and jig-boring drills 
at an overall average rate of approximately 1,500 units 
per hour. 

The new shops are exceptionally well laid out and 
give complete freedom of movement. The tool steel 
required for the production of the drills and other 
— of the company is distributed ready for the 

t machining operation from a well-stocked store. 
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GENERAL VIEW oF MaAcuHINE SHOP. 


A photograph of the stores is reproduced in Fig. 2, 
on page 534, from which it will be seen that the bars 
are stored in vertical racks; in all, the store holds 
nearly 600 different sizes of round, square and rectangu- 
lar high-speed steel bar sections in quantities ranging 
from 100 ft. to 10,000 ft. for each size. The earlier 
stages of manufacture such as cutting to length, centre- 
less grinding, butt-welding of blanks, etc., are carried 
out in a section of the store before the steel is issued ; 
the machine shown in the foreground of Fig. 2, for 
example, is being employed on the centreless grindi 
of bar stock for straight-shank drills. It should, 
perhaps, be pointed out at this stage that straight- 
shank drills are manufactured from high-speed steel 
throughout, whereas most drills with Morse-taper 
shanks are produced with the body, or fluted portion, 
made from high-speed steel and the shank from a 
suitable carbon steel, the two being butt-welded 
together. A section of the stores, therefore, has been 
equipped for welding the two components together 
before they are dispatched to the machine shop. 

The machine shop is laid out so that there are three 
lines of machines, each of which is divided into two 
equal sections by centrally-dis glass enclosures 
known as control rooms; one of the control rooms is 
illustrated in Fig. 3, on page 534. The blanks pre- 
pared by the stores are delivered in containers to the 
control rooms which, in turn, distribute them to the 
appropriate machine by two power-driven endless 
conveyors, one for each section of machines, which 
are arranged at the sides of the conveyors. A photo- 
graph showing one line of machines and its associated 
conveyor is reproduced in Fig. 1, on this page. The 
machines are numbered and a corresponding number 
is given to a particular tray of a series fitted to the 
conveyor ; each conveyor is operated so that it comes 
to rest, after each complete circuit, with the trays 
opposite the corresponding machines. It remains at 
rest for a sufficient period to allow the operators to 
remove any work dispatched by the control room, or, 
conversely, place any completed work on the tray. 
Each operator, however, takes no notice of the con- 
veyor until the batch of work he is occupied on is 
completed ; similarly, no further work is placed on 
the conveyor by the control room. The containers 
are delivered at waist height and are pulled by the 
operators on to the work benches, there being no 
occasion to lift the containers at any time. 

Work arriving in the contro] room from the machines 
is inspected closely before being passed on to the next 
stage of manufacture ; this ensures a strict maintenance 
of quality and the immediate detection of any defects. 
When all the operations on a particular line of machines 
have been completed, the control room attendant places 
the work in trays which are conveyed by gravity 
roller-type conveyors to the next section. The three 
lines of machines are laid out for the production of 


standard taper-shank drills, standard straight-shank 
drills, and special-length drills, respectively. On the 
production line for taper-shank drills, the machines 
at one side of the control room centre, turn the shank, 
parallel-mill the tang, cone and mark the drills, while 
the machines at the other side of the control room 
groove and mill the diametrical relief. For the produc- 
tion of straight-shank drills, one section of machines 
carries out cropping, coning and grooving operations 
and the other section centreless grinding and the 
grinding of the diametrical relief and the point. Only 
one section of the third production line is employed 
on the manufacture of special-length drills, the other 
section being equipped for grinding the diametrical 
relief, cylindrical grinding and the point grinding of 
taper-shank drills, which, as previously mentioned, are 
conveyed by gravity roller-type conveyors from one line 
to the other. 

The production lines contain many interesting 
machine tools, automatic or semi-automatic machines 
being employed where practicable. Several of them 
have been designed for special purposes and the equip- 
ment includes a bank of the latest t Cincinnati 
flute-milling machines, each capable of milling the 
flutes of three drills at one setting on an automatic cycle; 
some of these machines can be seen in the photograph 
reproduced in Fig. 4, on page 534. Other special 
machines include those for milling the tang, which 
embody constantly-rotating tables, magazine-fed groov- 
ing machines, semi-automatic straight-shank heat- 
treating machines and an induction-heating set for 
brazing small drills into Morse-taper shanks. 

On the completion of the machining operations, all 
drills are passed to the heat-treatment section and then 
into the stock-room. The stock-room and dispatch sec- 
tion has been designed to accommodate the full range of 
engineers’ small tools manufactured by the company. 
It is located adjacent to the twist-drill section and is 
provided with waist-high gravity roller-type conveyors ; 
these can be seen in Fig. 5, on page 534, which shows a 
general view of the stock-room and dispatch section. 
After final inspection, all tools received into the stock- 
room from the manufacturing departments are 
degreased and, after having been dipped in a rust- 
preventive liquid, or coated with plastic, are wrapped 
and placed in cartons; if not required immediately, 
they are stored either in steel bins or on racks in 
curtained enclosures to exclude dust. 

The movement of all work in progress in the drill 
section is controlled by a production section which, 
by a visual recording system, also provides a clear indi- 
cation of the work going through the shop, thereby 
facilitating the adjustment of production schedules to 
meet current demands. The stock-room and dispatch 


ding | section incorporates a visual system of stock control 


which shows the stock held, the work in progress 
and the dispatches made. As will be seen from the 
illustrations, the shop buildings are spacious and lofty, 
and there is adequate floor space for the maehines, 
materials, etc. These features, combined with the 
careful layout for production, will ensure the efficient 
production of twist drills. 





JOINT ENGINEERING CONFERENCE, 
1951. 


Tue Councils of the Institution of Civil Engineers, 
the Institution of Mechanical Engineers and the 
Institution of Electrical Engineers have decided to 
hold a Joint Engineering Conference from June 4 to 
June 15, 1951, in London, to coincide with the Festival 
of Britain which is to be held in that year. In a state- 
ment issued by the Institution of Electrical Engineers, 
the theme of the Conference is expressed as “ the 
achievements of British engineers.” The occasion will 
afford, it is stated, an opportunity for the engineers of 
the world to discuss the future trends of developing 
the great sources of power in Nature for the use and 
convenience of man. The Conference will also under- 
line the interdependence of all branches of engineering, 
for none of the great developments in the past 100 years 
would have been possible without the constant and 
ever-growing co-operation of the members of the three 
major engineering institutions in Great Britain. Mind- 
ful of the importance of maintaining the high standard 
and technical efficiency of British engineers in the 
future, the Conference will also discuss the development 
of the system of education of engineers in Great Britain, 
which, by the achievement of British engineers, has 
shown itself to be pre-eminently suited to the condi- 
tions in this country. The statement concludes with 
an intimation that detailed arrangements for the Con- 
ference are now being prepared and will be published 
later. 





END oF Tin ConTROL.—The Minister of Supply has 
issued the Control of Tin (No. 6) (Revocation) Order, 
1949, which freed tin from. his control from November 15, 
the date on which the London Metal Exchange resumed 





dealings in tin. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ LAMMERMUIR.”—Single-screw trawler, built by 
Messrs. John Lewis and Sons, Limited, Aberdeen, for 
the St. Andrew’s Steam Fishing Company, Limited, 
Hull, and the West Hartlepool Steam Navigation Com- 
pany, Limited, West Hartlepool, and Messrs. J. Marr and 
Son, Limited, Hull. Main dimensions: 185 ft. (between 
perpendiculars) by 32 ft. by 16 ft. 9 in.; gross tonnage, 
750 ; fish-room capacity, 18,000 cub. ft. Doxford three- 
cylinder opposed-piston oil engine to develop 1,100 b.h.p. 
at 145 r.p.m. in service. Launch, October 22. 

M.S. “‘ Taltyvan.”—Single-screw vessel, for the carriage 
of cargo and 153 passengers in three classes, built and 
engined by Messrs. Scotts’ Shipbuilding and Engineering 
Company, Limited, Greenock, for the China Navigation 
Company, Limited, London, E.C.3. Main dimensions : 
414 ft. by 57 ft. by 33 ft.; gross tonnage, 7,472. Scott- 
Doxford five-cylinder engine to develop 5,600 b.h.p. 
Service speed, 15 knots. Trial trip, November 3. 

M.S. “‘ LExa MAERSK.”’—Single-screw cargo vessel, to 
carry twelve passengers, built by Messrs. Bartram and 
Sons, Limited, Sunderland, for A/S Dampskibsselskabet 
Svendborg & Dampskibsselskabet af 1912 (Messrs. A. P. 
Médller), Copenhagen, Denmark. Main dimensions: 
430 ft. (between perpendiculars) by 58 ft. 9 in. by 
38 ft. 2 in. to shelter deck ; deadweight capacity, 8,825 
tons on a draught of 26 ft. 23 in. N.E.M./Doxford five- 
cylinder single-acting two-stroke opposed-piston rever- 
sible oil engine, to develop 5,500 b.h.p. at 115 r.p.m., 
constructed by the North Eastern: Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne. Speed on 
trial, 16 knots. Trial trip, November 7. 

M.S. “* DELPHIC.”—Twin-screw refrigerated-cargo liner, 
built and engined by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, for 
Messrs. Shaw Savill and Albion Company, Limited, 
London, E.C.3. Main dimensions: 509 ft. (overall) by 
65 ft. 6 in. by 42 ft. 103 in. to shelter deck ; insulated- 
cargo capacity, approximately 447,770 cub. ft.; dead- 
weight capacity, 11,150 tons on a summer draught of 
30 ft. 11 in. Two five-cylinder Hawthorn-Doxford oil 
engines, together developing 10,000 b.h.p. at 118 r.p.m., 
and a speed of 16 knots, on service. Trial trip, November 
7 and 8. 


S.S. “ KINGSTON GARNET.”—Single-screw trawler, 
built by Messrs. Cook, Welton and Gemmell, Limited, 
Beverley, Yorkshire, for the Kingston Steam Trawling 
Company, Limited, Hull. Main dimensions: 184 ft. by 
30 ft. 6 in. by 16 ft.; gross tonnage, about 600; fish- 
room capacity, 15,730 cub. ft. Triple-expansion engines 
and one multi-tubular oil-fired boiler supplied and 
installed by Messrs. Charles D. Holmes and Company, 
Limited, Hull. Launch, November 8. 





CONTRACTS. 


Messrs. LONDON TRANSFORMER PRODUCTS, LIMITED, 
Trading Estate, Gate-road, Bridgend, Glamorgan, have 
received orders worth 70,0001. for transformer equipment 
for Australia. The apparatus is for local authorities in 
Melbourne, Sydney, and other towns in the Common- 
wealth, and is to be used in connection with hydro- 
electric schemes now being developed. 


Messrs. THE HUNSLET ENGINE COMPANY, LIMITED: 
Leeds, 10, have received from the Calcutta Port Com- 
missioners, a third order for six broad-gauge 65-ton 
0-6-2 type tank locomotives for handling trains up to 
1,200 tons in weight. The engines are to a design evolved 
specially by the Hunslet Company for the Calcutta 
Docks. Six such locomotives have been operating 
successfully for four or five years, and another six are 
already under construction at the Hunslet works. 





RaDIO CONTROL OF AIRPORT StTaFF.—A demon- 
stration was given on Tuesday, November 15, of the 
very high-frequency mobile radio equipment which has 
been installed at London Airport by Marconi’s Wireless 
Telegraph Company, Limited, Marconi House, Chelms- 
ford, to facilitate direct communication between members 
of the ground staff, and between ground staff and 
the control headquarters of Pan American World Air- 
ways at the airport. The equipment consists of trans- 
mitting-receiving units enabling headquarters to exercise 
supervisory control and allowing engineers and others 
in different parts of the airfield to converse with one 
another. The smallest of the units demon trated was a 
self-contained ‘“‘ walkie-talkie ” weighing about 12 Ib., 
which may be strapped in a light harness carried by the 
operator; its power supplies are obtained from a two- 
volt jelly-acid accumulator and a synchronous vibrator. 
Other units may be installed on the tractors used for 
towing aircraft or at other convenient points. The main 
transmitting apparatus for headquarters use is made to 
suit different supply voltages and requirements, and the 
equipment as a whole is designed for specific crystal- 
controlled freqiency ranges between 36 and 174 mega- 
cycles per second. 
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Turbines, Jet Propulsion, and Rocket Power Plants. 
By Ernest F. Fiock. [Price 20 cents.] The Super- 
intendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C., U.S.A. 

Forest Research Institute, Dehra Dun. Indian Forest 
Leaflet No. 114. 1948. Composite Wood and Wood 
Preservation. The Influence of Psychometric Conditions 
on the Setting Time of Adhesives. By D. NARAYANA- 
MURTI and N. R. Das. The Forest Research Institute, 
Dehra Dun, United Provinces. [Price 12 annas or 1s.} 

Fire Protection and Accident Prevention Year Book. 1950. 
Edited by GEorrrEY F. D. Pratr. Benn Brothers, 
Limited, Bouverie House, Fleet-street, London, E.C.4. 
[Price 10s. 6d. post free.] 

Electric Circuits and Machines. By PRoFeEssors B. L. 
ROBERTSON and L. J. BLack. D. Van Nostrand Com- 
pany, Incorporated, 250, Fourth-avenue, New York 3, 
U.S.A. [Price 5 dols.] Macmillan and Company, 
Limited, St. Martin’s-street, London, W.C.2. [Price 
378. 6d.] 

Building Apprenticeship and Training Council. Fourth 
Report. June, 1949. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 6d. net.] 

Sound Absorbing Materials. By PROFESSOR C. ZWIKKER 
and C. W. Kosten. Elsevier Publishing Company, 
Incorporated, Amsterdam, Holland. Cleaver-Hume 
Press, Limited, 42A, South Audley-street, London, 
W.1. [Price 22s. 6d.] 

Modern Synthetic Rubbers. By Dr. HARRY BARRON. 
Third edition, revised and enlarged. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 45s. net.] 

Alloy Systems. An Introductory Text. By PROFESSOR 
JAMES OSBORN LorD. Pitman Publishing Corpora- 
tion, 2, West 45th-street, New York, U.S.A. [Price 
5-60 dols.] Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 40s. net.] 

Mathematics. A Text-Book for Technical Students. By 
Bevis BRUNEL Low. Second edition. Longmans, 
Green and Company, Limited, 6 and 7, Clifford-street. 
London, W.1. [Price 17s. 6d. net.] 
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PERSONAL. 


Str HarRoup’ Hartiey, K.C.V.O., O.B.E., M.C., 
F.R.S., has been elected President of the British Associa- 
tion, which will hold its 112th meeting in Birminghan: 
from August 30 to September 6, 1950. Mr. M. G. BEn- 
NETT has been appointed general treasurer and Dr. 
EDWARD HINDLE, F.R.S., and SmR RICHARD SOUTHWELL. 
F.R.S., general secretaries. PROFESSOR ANDREW 
ROBERTSON, F.R.S., is to be President of the Engineering 
Section. 

Sm Puivie JOHNSON, managing director of Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited, 
has been elected chairman of the National Association of 
Marine Engine Builders, for the year 1949-50. 

Sm GEOFFREY CLARKE, C.S.I., managing director of 
the Telegraph Construction and Maintenance Company, 
Limited, is relinquishing that position as from January 
1, 1950, on medical advice. To succeed Sir Geoffrey, 
Mr. J. N. DEAN, B.Sc., A.R.I.C., has been appointed 
managing director of the company and of the Selborne 
Plantation Company, Limited. 


Mr. J. D. THoRN, M.A., A.M.I.Mech.E., has been 
appointed chief research engineer to Messrs. Ruston and 
Hornsby, Limited, Lincoln, following the resignation of 
Mr. C. H. BRapBuRY, M.1.Mech.E., M.I.C.E. Mr. Thorn 
will be responsible for the technical direction of research 
and development work on oil engines, gas turbines, loco- 
motives and other equipment. 

PrRoFEssOR A. J. MuRPHY has been appointed chair- 
man of the Inter-Service Metallurgical Research Council 
in succession to PROFESSOR L. AITCHISON, who has 
resigned owing to illness, but who is remaining on the 
Council. 

Mr. S. S. Taytor, C.M.G., D.S.O., hitherto vice- 
chairman of the Council of the Copper Development 
Association, Grand Buildings, Trafalgar-square, London, 
W.C.2, has been elected chairman, to fill the vacancy 
caused by the resignation of the Hon. R. M. PREsToN, 
D.S.O., who had held this office since 1945. Sm WILLIAM 
T. Grirrirus has been elected vice-chairman and Mr. 
R. L. Prarn, O.B.E., succeeds Mr. S. S. Taylor as chair- 
man of the Management Committee. 

Mr. N. G. LANCASTER, M.B.E., who was elected to the 
board of Tube Investments Limited, The Adelphi, 
London, W.C.2, in April, 1949, has been appointed an 
assistant managing director. Str GEOFFREY BURTON 
has been elected to the board of the new subsidiary 
company, TI Cycles (South Africa) Limited. 

CapTaIns (E) SYDNEY BrRowN, R.N., G. C. Ross, 
C.B.E., A.D.C., R.N., and F. E. CLEMITSON, R.N., have 
been promoted to Rear Admirals (E) as from November 
15. 

Mr. W. ALEXANDER, senior mining engineer’s assistant, 
Civil Engineer’s Department, British Railways, London 
Midland Region, Derby, has been made mining assistant 
in the same department. 

Consequent upon the retirement, on December 31, 1949, 
of Mr. G. L. DARBYSHIRE, C.B.E., chief regional officer, 
British Railways, London Midland Region, Mr. JoHn 
Euuiot, chief regional officer, Southern Region, will 
succeed him at Euston. Mr. C. P. Hopkins, chief 
regional officer, North Eastern Region, York, will succeed 
Mr. Elliot at Waterloo, and Mr. H. A. SHort, C.B.E., 
M.C., chief officer, Railway Executive Headquarters, 
will be chief regional officer, North Eastern Region, York. 
These appointments will take effect on January 1, 1950. 

Mr. E. W. Gorpon, district engineer to the North 
Eastern Electricity Board, at Jarrow, has retired after 
38 years of service with the Board and with the former 
North-Eastern Electric Supply Company, Limited. 

Dr. D. W. Griuings has relinquished his position on 
the staff of the British Iron and Steel Research Associa- 
tion, and joined the headquarters staff of the Scientific 
Department, National Coal Board. 

Mr. J. W. ELLIOTT, B.Sc., A.M.I.E.E., who has served 
as honorary treasurer of the Western Centre of the 
Institution of Electrical Engineers for the past ten years, 
is to retire from that office at the end of the present year. 

Mr. H. A. BONNEY, director and general manager of 
Messrs. Follsain-Wycliffe Foundries, Limited, has been 
appointed managing director of that company. Mr. 
W. J. W. Procror, sales manager of the company, has 
been appointed to the board as sales director. 

Mr. G. <A. BoswELL, Mr. H. S. JENNINS, 
A.M.1.Mech.E., Mr. K. K. Davies and Mr. R. AMBLER 
have been appointed to the board of Messrs. Brown, 
Bibby and Gregory Limited, 9, Grafton-street, London, 
W.1, the recently-amalgamated group of colour printers 
and packaging specialists. 

THE BOARD OF TRADE announce that the area of the 
Orange Free State, formerly covered by the United 
Kingdom Trade Commissioner at Cape Town, has now 
been added to the sphere of activities of the Johannesburg 
office. 

The office address of the UNITED KINGDOM SENIOR 
TRADE COMMISSIONER IN NEW ZEALAND is now : Govern- 
ment Life Insurance Building, Custom House Quay, 





Wellington, C.1. (P.O. Box 369.) 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.— Although not achieving an improvement 
in production equivalent to that of the United Kingdom 
industry as a whole, the various steelworks here put up 
quite a gratifying performance during October. The 
output of ingots and castings corresponded to an annual 
rate of 2,416,700 tons, which was just fractionally less 
than the September figure of 2,419,400 tons. The 
production fell short of that in October of 1948, when the 
rate was 2,423,600 tons, but the decline was only of the 
order of a quarter to a third of 1 per cent. Compared 
with September’s aggregate, the production of pig iron 
was also slightly lower in October, the annual equivalent 
being 804,900 tons, against 820,600 tons, but the result 
contrasted favourably with that for October last year, 
when the annual rate of production was 775,400 tons. 
Despite the current activity in the industry generally, 
makers are somewhat perturbed at market indications 
for the months lying not very far ahead. Even in 
plates and sheets, which constitute the busiest sections, 
the volume of bookings is now slightly less than the 
production. Work on hand in these items, however, 
ensures capacity operations of plant well into Period 1 of 
1950. Sections and small bars are a dull trade. Billets 
are in good supply, so that re-rolling materials have lost 
most of their former attraction, and prices have declined. 


Scottish Coal.—Exports of 150,221 tons from Scottish 
ports during October set up a new post-war record. 
The previous highest figure was 139,824 tons in August 
last year, while the second best in 1949 was the revised 
figure of 132,110 tons for September. The improvement 
in colliery outputs during the month, coupled with less 
than usual requirements for the home market owing to 
the favourable weather, contributed largely to this 
performance. The requirements for the home trade 
have increased with the advancing period of the year, but 
these have been comfortably balanced by the better 
output from the pits. Consumption for industrial pur- 
poses remains at a high level, while space-heating has 
become fairly general. Improved availability of doubles 
and singles should be welcomed by users, although 
graded fuel generally is in better supply. Sales of house 
coal have expanded appreciably, but depot deliveries 
are adequately maintained. Coking and gas-making 
coals are ample for the current throughputs. Gum is a 
variable trade, although a fairly satisfactory clearance is 
generally effected. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—The output from the South 
Wales mines has begun to show a substantial increase. 
For this the new campaign among the miners has been 
responsible but, doubtless, it has been helped considerably 
by the usual seasonal influences. It has been customary 
for outputs to show expansion at this time of the year 
owing to the understandable desire of the men to earn as 
much money as possible for Christmas. In the week 
ended November 5, the coal output in South Wales and 
Monmouthshire reached the highest level of the year, 
namely, 486,676 tons, and the indications are that this 
figure will be maintained. In spite of this, however, 
the Division is not likely to reach its official target of 
25,000,000 tons for the year. Up to date, about 20,000,000 
tons has been produced, and to provide the balance, 
production would have to be at the rate of about 570,000 
tons a week from the South Wales and Monmouthshire 
sections of the coalfield. Some remarkable achieve- 
ments, however, have been reported in the past week. 
At Glynrhondda Colliery, where the new horizon mining 
system has been introduced, the output in the week ended 
November 5 totalled 3,827 tons, which was the highest 
recorded in any week since the colliery was opened 
70 years ago. At the No. 2 pit, Penrikyber Colliery, 
Penrhiwceiber, the men have beaten their target by 
500 tons in each of the past two weeks. The demand has 
again been active for all grades on the steam-coal market 
throughout the past week. Interest is being shown by 
many foreiga customers in arranging supplies for 1950 
and it is reported that offers of supplies, for delivery 
next year, have been made to Portuguese clients. So 
far, however, few details are available. Trade with 
France is maintained at a brisk rate while good activity 
is again in evidence for South America and Italy. Home 
requirements continue heavy. Patent fuel and cokes 
come in for a sustained interest and are well provided 
with forward orders. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was some improvement in the 
demand for tin-plates, in both the home and the export 
markets, and the quantities sold showed an increase. 
Steel sheets continue in strong demand but the iron and 
steel scrap market is not very active, although the 
heavier and better qualities have a ready sale. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—On Monday, a scheme of power cuts 
came into operation, necessitating a revival of the 
staggered-hours system which operated last winter. 
This will tend to retard production ; awkward hours of 
shifts inconvenience managements and are much disliked 
by employees. Another disturbing factor which also 
operated from Monday was a “* Go-Slow ” movement by 
12,000 steelwork erectors, now claiming a wage increase 
as well as more “ height money.” Meanwhile, however, 
steel and engineering works are employed to capacity, 
mainly on old orders ; there is some new business arising 
from devaluation. The shortage of skilled men in virtu- 
ally all departments of Sheffield industry becomes more 
serious as the approach of the year-end brings with it 
many retirements of elderly men. The rule of retirement 
at a specific age is now operated rigidly. Unfortunately, 
there are few learners or apprentices willing to undertake 
periods of training while it is easy to obtain relatively 
high wages in unskilled jobs. In rolling mills, forges and 
foundries, the employment of displaced labour from the 
Continent is proving helpful. The edge-tool and 
engineers’ small-tool industries are fully employed on 
numerous orders, and are clearing off some old arrears. 
There is a rush to complete orders for cutlery and silver- 
ware for the Christmas trade. 


South Yorkshire Coal Trade.—There is disappointment 
that more miners are not willing to respond to the appeal 
to work a Saturday shift. Of 115 Yorkshire pits, only 
57 are able to operate this. Some pits work two Saturday 
shifts in four, while the Doncaster area pits are distin- 
guished by working a shift every Saturday. The demand 
for coal is strong, and export claims are growing ; alloca- 
tions of coal for export are earmarked for two months. 
Locomotive hards are in very full request, and all indus- 
trial steams move freely as far as an occasional wagon 
shortage will permit. Coke is active and firm, and patent 
fuel moves briskly. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—North-East Coast makers of iron 
and steel are well sold over the next few months but 
would welcome the expansion of negotiations for the 
supply of several descriptions of material over periods 
further ahead. Keen and increasing Continental com- 
petition is contributing considerably to the hesitancy of 
regular customers for Tees-side products to place forward 
orders. Nearly all descriptions of raw material from 
home sources of supply are plentiful and as stocks of 
foreign ore are substantial, users are not occasioned 
uneasiness by the seasonal contraction of Swedish ore 
imports, following the freezing of the Baltic Sea. The 
distributable tonnage of iron and steel scrap is still heavy 
but arrivals from Germany are expected to shrink. 
Supplies of pig iron are improving but do not yet cope 
fully with the requirements of consumers ; there is still 
some restriction of deliveries to the foundries. Orders for 
impressive tonnages of finished steel products have been 
distributed. Buyers’ needs are heaviest for material for 
shipbuilding, boilermaking, constructional and marine 
engineering work, and power-plant erection. Sheets 
continue in very strong request for shipment overseas 
but only a small proportion of the output is being 
released for export. 


Foundry and Basic Iron.—The increasing supply of 
ordinary foundry pig iron has not yet overtaken the 
requirements of users and the shortage necessitates the 
continued extensive consumption of cast-iron scrap. 
Ironfounders are still almost entirely dependent on the 
regular delivery of suitable blast-furnace metal from 
producers in the Midlands. The whole of the basic-iron 
make on Tees-side is needed for immediate use at pro- 
ducers’ own consuming plants. 


Hematite, Low Phosphorus and Refined Iron.—Some 
further improvement in delivery of East-Coast hematite 
is reported, but customers of long standing are calling for 
larger parcels than they are receiving. Distributable 
tonnages of low- and medium-phosphorus grades of iron 
have a ready sale. Refined iron is in steady request ; 
producers are able to deal satisfactorily with the require- 
ments of home customers and to spare an occasional 
small parcel for export. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are steadily occupied on 
running contracts and finished-steel producers are still 
overwhelmed with work. Distributable parcels of sheet, 
bars and billets are readily taken up, but other types of 
steel semies are in moderate request only, users having 
accumulated good reserve supplies of foreign products. 
Buyers of joists and sections are calling for larger deli- 
veries than are coming forward and plates are in much 
greater request than makers can provide. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF CIVIL ENGINEERS.—Monday, Novem- 
ber 21, 5.30 p.m., Great George-street, S.W.1. ‘‘ Con- 
struction and Layout of Idlewild Airport, New York,” 
by Mr. John M. Kyle. Tuesday, November 22, 5.30 p.m., 
“Some Notes on the Karun and the Shatt el Arab,” 
by Mr. G. M. Binnie. Midlands Association: Wednes- 
day, November 23, 7 p.m., Loughborough College, 
Loughborough. ‘“ Ceylon and the Irrigation Engineer,” 
by Mr. F. R. G. Webb. Yorkshire Association: Friday, 
November 25, 7 p.m., Great Northern Station Hotel, 
Leeds. ‘“ Strength of Reinforced-Concrete Beams,” by 
Mr. C. B. Wilby; and ‘“ Reconstruction of Newgate 
Bridge,” by Mr. G. Race. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 21, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “‘ Discussions,’ opened by Mr. C. O. Boyse. 
Mersey and North Wales Centre: Monday, November 21, 
6.30 p.m., Royal Institution, Colquitt-street, Liverpool. 
““The Phase/Neutral System of Supply for Rural High- 
Voltage Distribution,’”” by Mr. G. T. Garwood and Mr. 
G. J. Websdale. Also at the Supply Section: Wednes- 
day, November 23, 5.30 p.m., Victoria-embankment, 
W.C.2. Measuremenis Sectién: Tuesday, November 22, 
5.30 p.m., Victoria-embankment, W.C.2. Discussion on 
** Electrical Measurement of Strain,” opened by Dr. F. 
Aughtie. Scottish Centre: Tuesday,, November 22, 
7 ‘p.m., 39, Elmbank-crescent, Glasgow. ‘‘ Some 
Electromagnetic Problems,” by Professor G. W. O. 
Howe. East Midland Centre: Thursday, November 24, 
7.30 p.m., George Hotel, Kettering. ‘‘ Agricultural and 
Horticultural Electrification in North America,” by Mr. 
F. E. Rowland. Utilization Section: Friday, November 
25,6 p.m., Victoria-embankment, W.C.2. Conversazione. 

INSTITUTION OF PRODUCTION ENGINEERS.— Manchester 
Section: Monday, November 21, 7.15 p.m., College of 
Technology, Manchester. ‘‘ Effective Use of Materials,” 
by Mr. R. F. Archer. Leicester Section: Thursday, 
November 24, 7 p.m., College of Technology, The 
Newarke, Leicester. “The Jig-Boring Machine as a 
Production Tool,” by Mr. V. J. Sayers. 

INSTITUTION OF CHEMICAL ENGINEERS and CHEMICAL 
ENGINEERING GROUP.—Tuesday, November 22, 5.30 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“ Developments in Submerged Combustion,” by Mr. N. 
Swindin. 

INSTITUTE OF PHyYSICS.—Scottish Branch: Tuesday, 
November 22, 7 p.m., University, Edinburgh. “‘ Develop- 
ment of Astronomical Telescope,” by Dr. E. F. Freund- 
lich. London Branch: Wednesday, November 23, 
5 p.m., Royal Institution, Albemarle-street, W.1. 
“* Atmospheric Pollution,” by Dr. A. R. Meetham. 

RoyaL AERONAUTICAL SocrETY.—Tuesday, November 
22, 7 p.m., 4, Hamilton-place, W.1. “ Engine-Driven 
Gearboxes,” by Mr. G. W. Bubb. Thursday, Novem- 
ber 24, 7.15 p.m., Royal Fort Physics Laboratory, Bristol. 
“ Aerodynamic Cleanness,” by Mr. E. J. Richards. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, November 23, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“ Locomotive Limits and Fits,” by Mr. J. F. Alcock. 

Roya STatisticaL SocteTy.—Industrial Applications 
Section : Wednesday, November 23, 6.30 p.m., 95, New- 
street, Birmingham. ‘Statistical Methods in Production 
Engineering,” by Professor T. V. Matthew. 

INSTITUTION OF MECHANICAL ENGINEERS.—VFYorkshire 
Branch: Wednesday, November 23, 7 p.m., Royal 
Victoria Station Hotel, Sheffield. Thomas Hawksley 
Lecture, by Dr. A. Parker. Institution: Friday, 
November 25, 5.30 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. “A Single-Cycle Test Apparatus for 
Studying Loop Scavenging in a Two-Stroke Engine,” by 
Mr. H. Sammons. AUTOMOBILE Division.—Derby Centre : 
Monday, November 21, 7 p.m., Midland Hotel, Derby. 
“ Internal-Expanding Shoe Brakes for Road Vehicles,” 
by Mr. I. M. Waller. Also-at the Western Centre : 
Thursday, November 24, 6.45 p.m., Park Hotel, Cardiff. 

CremicaL Socrety.—Friday, November 25, 5 p.m., 
The Washington Singer Laboratories, Exeter. ‘‘ Corro- 
sion Inhibitors,” by Dr. Ulick R. Evans, F.R.S. 

NortTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 25, 6.15 p.m., 
Mining Institute, Newcastle-upon-Tyne. Annual Meet- 
ing. ‘Combustion Chambers for Open-Cycle Marine 
Gas Turbines,” by Mr. R. F. Darling. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem - 
ber 25, 6.30 p.m., 39, Victoria-street, S.W.1. ‘“‘ Use of 
the Miniature Camera in Engineering,” by Mr. W. 
Mitchell Bond. 

RoyaL InstrTuTION.—Friday, November 25, 9 p.m., 
21, Albemarle-street, W.1. ‘‘ Phosphorescence,” by Dr. 
BR. N. da C. Andrade, F.R.S. 
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LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 
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“ ENGINEERING,” LESQUARE, LONDON. 
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SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro raia), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada £410 0 

For Canada £4 5 0 
Subscribers receiving incomplete copies 
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the Manager. The pages are 12 in. deep and 9 in. 
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eee es es eee 
larity, but absolute regularity cannot be guaranteed 


The charge for advertisements classified under the 
headings of ‘“ Appointments ”  “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 

appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six ; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 


lication, otherwise it may be impossible to submit | 8% 
proofs for approval. 
The Proprietors will not hold themselves ible 


for advertisers’ blocks left in their possession for more 
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THE STRENGTH OF 
MATERIALS RE-EXAMINED. 


Few branches of human knowledge have exercised 
more influence on civilisation than that dealing 
with the strength of materials. When sightseers 
and historians contemplate the ruins of ancient 
buildings, they seldom realise that they are regarding 
monuments of human ignorance rather than 
triumphs of antiquity. Because the Greeks could 
not build an arch, they used pillars set close together 
and spanned the gaps with slabs of stone. Because 
the Romans could not build arches of large span, 
they used superimposed tiers of arches, as, for 
example, in the Pont du Gard, where an enormous 
mass of masonry carried a trivial stream of water. 
Despite many centuries of building, the earliest 
attempts to calculate the strength of materials 
seem to have been made by Leonardo about 1500, 
but nothing of any importance to engineers was 
discussed until 1637, when Galilei attacked the 
problem of the encastré cantilever. ‘‘ Galilei’s 
Problem ” was not solved by him, largely because 
he assumed his materials to be rigid. The first 
great landmark in this subject was the discovery, 
in 1660, of ‘‘ Hooke’s Law.” Robert Hooke, a 
versatile genius of the first order, had been en- 
gaged, in 1655, at the age of 20, as experimen- 
tal assistant to the Hon. Robert Boyle. Hooke 
was, perhaps, morbidly suspicious of plagiarism, 
but it is of interest to note that Boyle’s Law for 
ses was announced in 1662. 


Cetiinosssttuu, the solution of which he 


Hooke, in. 1676, 
published his Law in the form of an anagram 


published in 1678, in the Latin used by the learned 


to the value of his discovery and he made several 
suggestions for its application, notably to chrono- 
meter springs; but the first important use of 
elasticity in structures seems to have been due to 
Coulomb, who, in 1776, solved “‘ Galilei’s Problem ”’ 
and other questions of value in architecture. It 
is generally agreed, however, that the greatest 
of the early contributions to the subject was the 
introduction, about 1807, of the Modulus of Elasti- 
city, by Thomas Young. It is surprising how little 
the modern engineer seems to appreciate the im- 
portance of this innovation; Hooke’s Law was 
merely qualitative proportionality, but Young’s 
Modulus was quantitative and paved the way for a 


53] | new science. 


From the time of Young’s innovations, which 
included the recognition of shear strains and 
stresses, the development of elasticity theory was 
rapd. The French and British mathematicians 
soon built up a considerable science of elasticity, 
which has been expanding ever since. During 
various decades of the Nineteenth Century, elasticity 
assumed an importance hardly by any 
other subject. The vibrations of the “ether” 
in optics and electromagnetism, together with 
important problems in acoustics, were based on 
elasticity ; and the general forms of the equations 
influenced mathematical techniques over a wider 
field. In 1845, Sir George G. Stokes showed that 
the generalised form of Hooke’s Law is a consequence 
of the experimental] fact that all solids admit of 
being thrown into a state of isochronous vibration. 
In the same paper, Stokes tried to trace complete 


1| continuity from perfectly elastic solids, through 


plastic solids to perfect fluids—an interesting line 
of thought in view of this year’s Hatfield Lecture. 

For more than a century, engineers have been 
aware of many anomalies in the properties of their 
useful metals. At first, Hooke’s Law seemed so 
simple and exact that any deviation from it was 
ascribed. to experimental inaccuracy or defective 
material. Then it became clear that certain metals, 
such as copper, had no straight elastic line. More 
recently, it has been realised that even the finest 
steels, when measured accurately, show slight 
variations from Hooke’s straight line, and a slight 
hysteresis loop as the load is removed. Now it 
has become evident that Hooke’s Law, on which 
such a vast fabric of mathematics, dynamics, and 
acoustics has been reared, is a sort of happy fluke 
or lucky piece of simplification. Alternatively, the 
greater part of all the mathematical theory of 
elasticity has been restricted to small strains and 
vibrations, for which Hooke’s Law is a very close 
approximation. The weight of evidence emerging 
from recent work seems to show that Hooke’s Law 
is approximately correct only for certain metals 
that contain impurities or strains ; pure unstrained 
metals and single metallic crystals behave as though 
they are plastic and not elastic. The early assump- 
tion that fatigue limits should coincide with elastic 
limits was rapidly discarded when it was realised 
that the elastic limit was almost non-existent, or 
indefinable, or a function of the history of the metal. 
Beyond the elastic limit, and beyond the yield point, 
there is the much larger plastic range which, in 
recent years, has assumed a new importance. 

In the fourth Hatfield Lecture, delivered on 
October 28 at the University of Sheffield by Sir 
Andrew McCance, F.R.S., engineers were presented 
with a new and important advance in the develop- 
ment of science as applied to materials. The most 
striking general result that it expounds is that the 
plastic behaviour of solids is more simple than their 
elastic behaviour. This result is of special im- ° 
portance to-day when, on account of high work- 
ing temperatures, plasticity cannot be avoided. 
In the past, and commonly to-day, designers have 
tried to keep working stresses below the fatigue or 
elastic limits; certainly, below the yield point. 
Various new alloys have been developed with the 
object of sustaining loads at high temperatures 
under conditions which must cause creep or plastic 
flow. To-morrow, with increased knowledge of 
_plasticity, engineers may use plastic materials at 
ordinary temperatures, accepting a limited life. 

A second result of importance is that, in Sir 
Andrew’s words, “‘ the elastic limit is a fortuitous 








than two years. 





of his day—‘ Ut tensio sic vis.” 


Hooke was alive 


occurrence of no theoretical importance.” “I 
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would go so far as to say,” he continued, “‘ that in 
a regular metallic lattice, such as exists in single 
crystals, an elasticity range only arises when an 
admixture of atoms due to impurities or to other 
intentionally added elements is present.” The 
normal behaviour for a regular lattice is plastic. 
Cold work or load may distort the lattice and cause 
pseudo-elastic behaviour. Assuming that the regu- 
lar and the distorted lattices may co-exist in varying 
proportions, and that the cold-work fraction is 8, 
equations are integrated on the assumption that 
6/(1 — @) is the extension per unit length. A 
general equation giving the true “‘ neck ”’ stress in 
a stretched bar is given in terms of @. The results, 
applied to mild steel, copper, aluminium and lead, 
give points which plot accurately on straight lines ; 
so accurately, indeed, that, as he remarks, there 
can be no reasonable doubt about the validity of the 
theory. Similar remarkable agreement with the 
theory is shown for a nitro-cellulose fibre, for a film 
made from farina starch, and for rock salt. In 
addition to these corroborations of the theory, 
brittleness and plasticity are examined in terms of 
hydrostatic pressure ; results obtained by other 
workers for marble and bismuth show the same 
extraordinary agreement. Rubber and _ plastic 
sulphur are examined in terms of the basic equations 
and they confirm the theory with the same accuracy. 
It is remarkable that the change in the specific 
volume of iron after cold drawing obeys the equation 
deduced for rubber, while the forms of the strength/ 
diameter curves for glass and rubber are similar. 

From the point of view of recent engineering pro- 
gress, the most valuable part of the lecture lies in 
the final section, on ‘‘ Creep Under Constant Load.” 
For nearly 30 years, engineers have been concerned 
with the rate of extension of specimens under 
constant load at a controlled temperature, this 
they have called the “rate of creep.” They have 
tried to determine a limiting creep stress for various 
temperatures and their attempts have always failed. 
The new conception introduced by Sir Andrew 
McCance, that what hitherto has been called creep 
is due to diffusion, alters the entire nature of the 
problem. At first, this new point of view is not 
easily apprehended, but, after a little reflection, it 
can be visualised that, when a specimen is stretched 
at a high temperature, atoms are diffusing from the 
shrinking surface towards the axis and, to make 
room for them, other central atoms must diffuse 
axially. Those who are familiar with Clerk Max- 
well’s deduction of the viscosity of gases from 
kinetic theory will see a loose though pleasing 
parallel. In an aside, Sir Andrew gives a very 
interesting application of the diffusion ideas to 
scaling. Since scaling is a surface phenomenon, it 
must be a function of shape ; so that the thickness 
of scale formed in a given time will be different for 
a flat plate, a long rod or a sphere. 

In the main, the lecture is lucid though severely 
concise, but it is difficult to see precisely the meaning 
of the statement that “there is no indication that 
axial creep can lead to failure or rupture of the test 
bar. ... It is only from contractional creep that 
failure results.” In the first place, it would appear 
that a need exists for some definition or clear 
understanding of the word “‘ creep,” and this might 
be assumed to mean the gross movement of the 
load. Mean axial diffusion will be something less 
than this and might be given a handy name. This 
is not unimportant, since the application of the 
results to various shapes, such as gas-turbine blades 
and steam pipes, may involve more precise con- 
sideration. One of the most satisfying parts of the 
. lecture lies in the curves showing creep under 

constant load of “‘ plastic,” of lead and of MoV steel, 
all plotted in terms of the diffusion /creep functions. 
The results are perfect straight lines, as in the earlier 
parts dealing with ductile extension under variable 
load. Designers will be gratified, no doubt, to read 
the clear and authoritative pronouncement that 
creep rates in themselves are no longer of any import- 
ance and limiting creep stresses have no justification. 
Instead, the materials are now almost vivified and 
brought under actuarial accuracy. For any stress 
and temperature, there is an “‘ expectation of life ” 
which, subject to factors of safety, caution, or 
dubiety, can be used with confidence to prescribe 
overhaul periods and renewals. ° 





SYSTEMS OF LIMITS AND 
FITS FOR LOCOMOTIVES. 


THE system of standard limits and fits for loco- 
motives of the London Midland Region, British 
Railways, a summary of which appears on page 521, 
et seq., of this issue, invites comparison with the 
system recently adopted by the Locomotive Manu- 
facturers Association of Great Britain.* The two 
systems are fundamentally different, although the 
limits and fits adopted for a number of components 
happen to be the same in both. The advantages 
which accrue from the standardisation of a particular 
type of locomotive are readily appreciated, but 
the advantages of a standard system of limits and 
fits are of a different kind. It is possible to stan- 
dardise a range of, say, 12 locomotive types which 
will meet all the traffic requirements of a railway, 
while being quite inconsistent in the limits and fits 
of parts not common to two or more types. The 
current policy of locomotive designers, however, is 
to extend the range of common parts, and the 
limits and fits of these must obviously be stan- 
dardised if the benefits of standardising the parts 
are to be reaped. At the same time, work in the 
shops is simplified if a minimum number of qualities 
of limits and fits is adopted ; the range of inspection 
and workshop gauges is reduced, and the machinists 
and fitters are better able to work to a system 
which is consistent and simple. ‘‘ Consistent ”’ is, 
perhaps, the word, rather than “standardisation,” 
which most adequately conveys the purpose of a 
limits and fits system. In the drawing office, for 
example, draughtsmen are continually in need of 
guidance or precedent on this point; the obvious 
solution is to be consistent. In standardising limits 
and fits, it is a particular quality of the products, 
not the product itself, which is affected. 

The London Midland Region (L.M.R.) system 
represents a successful effort to apply, as far as 
practicable, and on the widest possible scale, the 
recommendations of British Standard No. 164-1924. 
The committee responsible for that Standard 
““unanimously agreed to recommend the use of 
the unilateral system as applied to cylindrical 
mating surfaces in cases where it does not conflict 
with predominating present practice.” Further, 
they decided to recommend the adoption of the 
hole as the constant member. Thus, the low limit 
of the hole is the nominal size, and the high limit 
is the nominal size plus the tolerance; different 
qualities of fit are obtained by varying the size of the 
shaft. On the L.M.R., one of the aims was to elimi- 
nate fitting wherever possible by stipulating appro- 
priate machining tolerances. It was found that 
wider tolerances than those provided in B.S. 164 were 
adequate for many locomotive parts. The L.M.R. 
committee, therefore, added to the 14 B.S. qualities 
of limits for shafts, three other “‘ hybrid ”’ qualities, 
which are, however, based on the B.S. figures, since 
each makes use of the high limit of one B.S. quality 
and the low limit of the next, or next but one, 
quality. At the same time, the L.M.R. do not use 
five of the B.S. shaft qualities. There must be 
other branches of engineering, apart from loco- 
motive building, where wider tolerances would be 
adequate—the manufacture of cranes, for example. 
This point is possibly receiving the attention of the 
committee now engaged in the revision of B.S. 164. 

The B.S. committee of 1924 stated that “the 
tables in the present report refer primarily to 
mating surfaces; but it is anticipated that they 
may be of service in other cases.” The L.M.R. 
have taken note of this; the standard codes and 
hybrid codes (by which the various qualities 
are designated) are used for many non-mating 
dimensions and for mating flat surfaces. By using 
a standard hole code for jaws and broached square 
holes, the milling cutter or broach can start at the 
high limit and wear down to the low limit, while 
the size of the mating part is readily determined 
by the setting of the cutting tools. For some 
purposes, it has been necessary to formulate a special 
code of limits and fits. The most important example 
of this is the system of progressive sizes for motion 
pins and bushes. In this case it is not possible to 





* The L.M.A. system was the subject of a leading 
article in ENGINEERING, vol 166, page 397 (1948). 


work to the hole basis recommended in B.S. 164, 
since one part of the pin is a running fit in a hole 
and the other part (or ends) is a push fit in a member. 
Thus, the shaft basis is used, and the two qualities 
of fit are obtained by fixing different limits for th: 
hole. At the same time, the pins and bushes must 
be made in an extensive range of progressive sizes, 
in small increments of diameter, so that the toler 
ances specified on the drawing can be restored 
during locomotive repairs. Other examples ot 
special L.M.R. codes are those which provide a 
light-driving or heavy-driving fit for bolts and 
rivets, and are also used for giving a fitting allow- 
ance on keys and tongues and the corresponding 
keyways and grooves; and codes for pressed-in 
and pressed-on bushes. Finally, in locomotive 
work, there are some limits and fits which cannot 
be standardised by grouping them together accord- 
ing to quality, and allotting them code numbers. 
These are covered, in the L.M.R. system, by 
specifying actual values for each item, but even 
here consistency of practice is achieved. 

It is not surprising, perhaps, that the L.M.A. 
system is quite different from the L.M.R. system. 
On the London Midland Region, locomotives are de- 
signed, built, operated, maintained and repaired. 
A substantial measure of standardisation of loco- 
motive types, and even more of parts, has been 
achieved, so that in the L.M.R. specification for 
limits and fits it has been possible to give precise 
figures wherever guidance is needed. The member 
firms of the Locomotive Manufacturers Association, 
however, are mainly concerned with building diverse 
types of locomotives for the railways of the world. 
Inevitably, ‘“‘The sketches and tolerances . . . 
are for guidance only and no endeavour has been 
made to illustrate all possible applications.” There 
is thus scope for departing from the good intentions 
of the system. Further, ‘‘in the case of driving 
and fitted bolts, no manufacturing tolerances have 
been specified, for the reason that surface finish of 
hole and bolt plays such an important part in fixing 
the interference required that it is considered 
impracticable to lay down manufacturing tolerances 
suitable for universal use.” The L.M.A. system 
employs no codes in the B.S. or L.M.R. manner, 
i.e., there has been no attempt to group all limits 
and fits of similar qualities, although a study of the 
tolerances for holes shows that most of them approxi- 
mate to B.S. code V. Every case appears to have 
been treated on its merits and allotted appropriate 
limits which are specified in figures. There is no 
reference to any British Standard. 

The L.M.A. state that “‘ in formulating and work- 
ing to a standard practice of this kind, the locomo- 
tive industry of Great Britain has made it possible 
for detail design and manufacture of spare parts to 
be carried out at individual factories in an identical 
manner, thus securing standardisation and greater 
interchangeability in service. For record purposes 
it should be explained that the special problems 
met with in locomotive manufacture necessitate a 
standard practice which is not entirely in line with 
that followed in other branches of engineering or 
with existing British Standards Specifications. 
Whereas previously general standards have been 
either on a ‘hole basis’ or ‘shaft basis,’ the one 
now adopted, being of necessity based partly on 
both and exclusively for the purpose of locomotive 
manufacture is, therefore, referred to as ‘loco- 
motive basis.’ ” 

“Hole basis” and “shaft basis” are explicit 
concepts, but does “locomotive basis ” mean any- 
thing? The L.M.A. statement maintains that 
the standard practice of limits and fits has made 
it possible for detail design and manufacture of 
spare parts to be carried out at individual fac- 
tories in an indentical manner. It is difficult to see 
how detail design can be carried out in an identical 
manner in different factories when only the limits 
and fits have been standardised. In short, the 
advantages to be derived from the conscientious 
adherence by member firms, so far as it is within 
their power, to the L.M.A. limits and fits, are not 
immediately apparent. The explanation will doubt- 
less transpire at the meeting of the Institution of 
Locomotive Engineers next Wednesday, November 
23, when Mr. J. F. Alcock, M.A., will present a 
paper on “ Locomotive Limits and Fits.” 
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NOTES. 


Tue INSTITUTION OF MECHANICAL 
ENGINEERS. 


A PAPER on “ The Engineering Implications and 
Economics of Surface Preparation of Mild Steel 
Prior to Fabrication” was presented by Mr. W. A. 
Johnson, M.A., M.I.Mech.E., at a meeting of the 
Institution of Mechanical Engineers on Friday, 
November 11, with Dr. H. J. Gough, C.B., F.R.S., 
President, in the chair. After quoting some statis- 
tics relating to the cost to the community of the 
corrosion of steel, the author set out to show that 
surface preparation prior to fabrication is justified 
on economic grounds, In practice, he said, any 
consideration of the protection of structural mild 
steel turned on the life of the paint applied to it, 
and not on the corrosion of the steel itself, except 
in so far as the corrosion of the steel might or 
might not influence the life of the paint. Low-alloy 
steel and prepared mild steel might be alternatives 
for some applications, but the surface preparation 
of high-tensile structural steels might be of equal 
importance to that of mild steels. Research had 
shown that the success of a paint system was largely 
dependent on the condition of the surface before 
painting. Painting over mill scale or a scale-free 
but rusty surface was not satisfactory. The author 
then dealt with the methods of removing mill scale 
and rust. For various reasons, weathering and wire 
brushing were inadequate. Pickling was difficult 
to use on structural steel. Phosphating had not 
much protective value, but it provided an excellent 
surface for paint; it was, however, an additional 
process which might conceivably be worth-while 
applying to cleaned steel in special circumstances. 
The cost of flame cleaning varied considerably (the 
cheapest way was to do the easy work first by wire 
brushing and chipping); it was just about com- 
petitive with hand-operated shot blasting, but it 
was hardly likely to be competitive with mechanical 
shot blasting. Shot blasting (really grit blasting), 
to which the author referred in some detail, was a 
satisfactory preparation provided that the subse- 
quently applied coating was thick enough to cover 
the surface roughness. Mechanised shot blasting 
had not been adopted widely probably because there 
was not sufficient demand for the plant, but that 
was not the only factor; there was need of some 
agreement as to what should be done with the steel 
when it was cleaned, bearing in mind that 
mechanised shot blasting was only possible prior 
to fabrication. The major problem, however, was 
the preservation of the surface, after shot blasting, 
for a limited period of up to, say, a year, to cover 
transit, fabrication and erection. The absence, up 
to the present, of any universal satisfactory coating 
for this purpose was in consequence of the numerous 
essential requirements. There were three methods : 
a coat of paint, a coat of rust-preventive oil, and a 
sprayed metal coating. The author believed that 
a paint could be developed which would satisfy 
most of the essential requirements. There appeared 
to be no satisfactory rust-preventive oil for the 
purpose, unless it was linseed oil. The author then 
devoted the most important part of his paper to 
metal spraying, considering particularly the econo- 
mics of the subject. A table he had drawn up of the 
comparative costs for preparing, painting and re- 
painting a hypothetical steel structure showed 
that, from a long-term viewpoint, shot blasting and 
aluminium spraying provided the cheapest solution. 
The discussion, which revealed further practical 
information on the subject, was opened by Mr. 
T. H. Turner, M.Sc., who said that, up to the 
present, work carried out on the corrosion of low- 
alloy steels offered no hope of the discovery of a 
super-corrosive-resistant low-alloy or mild steel. 


Royat Untrep SErvIcE INstrTuTION. 


An interesting lecture on “ Aircraft Design, 
Development and Production” was presented by 
Sir Frederick Handley Page to the Royal United 
Service Institution, Whitehall, London, S.W.1, on 
Wednesday, November 9. The main theme of 
the lecture was the dominating effect, on the 
aerodynamic and structural design of military air- 
craft, of the Service equipment which the aircraft 
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is required to carry ; Sir Frederick asked for closer 
co-operation, throughout the design and develop- 
ment stages, between the Services, the equipment 
designers and the aircraft designers. In tracing 
the evolution of bomber aircraft since the first 
world war, he showed how the time (and cost) 
required for a new type of aircraft to go into service 
had increased, as aircraft increased in complexity. 
A modern aircraft would require six to eight years 
between the first stages of design and its entry 
into service. The design effort required to produce 
a new bomber had risen from 300 ‘‘ draughtsman- 
weeks ” for the twin-engined Handley-Page bomber 
at 14,000 Ib. all-up weight, built in 1915, to 8,320 
“draughtsman-weeks ” for the 65,000-lb. Halifax, 
the design of which was commenced in 1937 and 
which first flew in 1939. Sir Frederick emphasised 
that rate of progress in the design of an aircraft was 
determined by the efforts of a few people of high 
quality rather than by the output of many people. 
The complexity of design was reflected in the in- 
creased production effort required in the shops. 
Service requirements for ever-increasing load and 
range resulted in higher all-up weights, leading to 
higher wind loadings and the need for longer run- 
ways. If this tendency persisted, the operation of 
large aircraft might be limited by the availability of 
suitable runways. The lecturer dealt briefly with the 
new design problems introduced by jet propulsion. 
To avoid encountering premature local supersonic 
speeds, more attention to detail design, manufacture 
and maintenance was required ; high-speed wind- 
tunnel tests were essential. In consideration of the 
achievement of speedy production, Sir Frederick 
showed how the design must be laid out for produc- 
tion from the start, and how the adoption of unit con- 
struction had allowed the largest possible number 
of men in the shops to be employed simultaneously. 
In building the Halifax bomber, factors which had 
speeded up production included the use of photo- 
lofting, economy in the use of jigs, and the installa- 
tion of equipment in the early stages of production. 
THE BuILpING EXHIBITION AT OLYMPIA. 

The 23rd International Building Exhibition was 
opened at Olympia yesterday by the Minister of 
Health and Housing, the Rt. Hon. Aneurin Bevan, 
M.P., and will remain open from 10 a.m. to 8 p.m. 
daily, except Sundays, until December 1. The 
organisers state that, as developments take place 
more slowly in this industry than in some others, 
and owing to the cost to exhibitors, the exhibition 
is held every two years. Over 400 exhibitors 
have taken stands, and the products which are 
shown cover every phase of building with the 
exception of interior furnishings ; decorations and 
fittings are included among the items covered. 
The exhibition is intended primarily for the trade 
and for those connected with it, but in recent years 
the general public has been taking an increasing 
interest and, this time, is expected to be present in 
large numbers. In 1947, more than 162,000 people 
passed through the turnstiles ; this year the floor 
space is 20 per cent. greater, the area occupied by 
the stands alone being 275,000 sq. ft. From among 
the diversity of exhibits, it is possible to discern 
two main trends in the building methods of to-day. 
On the one hand are the continued use and 
development of traditional materials and methods 
of construction, brick, stone and timber being the 
basic materials, and, on the other, the tendency 
towards increased mechanisation and prefabrication. 
Related to this newer tendency is the development 
of factory-made materials, such as plastics, light 
metals, fibre board and glass wool, which are well in 
evidence on various stands. With the growing use 
of mechanised methods, larger quantities of 
machinery are required and a complete section of 
the exhibition is devoted to wood-working machinery 
of various types. Nearly every firm exhibiting in 
this section is engaged in exporting its products. 
The exhibits of Government Departments deal 
largely with the planning of building and the most 
economical methods of using traditional and new 
materials to the best advantage. The technical 
researches carried out at the Building Research 
Station are of considerable value to the building 
industry and some of the results of the work are 
demonstrated on the stand of the Department of 
Scientific and Industrial Research. The Ministry of 
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economy and the use of prestressed concrete, and an 
exhibit shown by the Ministry of Labour explains 
how precautions can be taken during work involving 
demolition, erection of scaffolding, excavation, and 
so forth. One important feature of the exhibition 
is the 2,000 sq. ft. of floor space devoted to ‘‘ Design 
for Recreation,” an exhibit which should be of 
value both to municipal authorities and to firms 
which provide special recreational facilities for their 
employees. It is devoted to the planning of build- 
ings for recreational purposes, and to related matters. 
New machines of many types are to be seen at the 
exhibition and it is hoped to describe some of these 
in a subsequent issue of ENGINEERING, as with 
previous exhibitions. 





LETTERS TO THE EDITOR. 
JET PROPULSION OF SHIPS. 


To THE EpITorR OF ENGINEERING. 

Sir,—My attention has been drawn to the 
reprinted British Association paper by Mr. H. 
Watson, B.Sc., under the above heading, which 
appeared on page 348 of your issue of September 30. 
I should like to offer the following comment on the 
penultimate paragraph of this article. 

If a vessel travelling with velocity U is being pro- 
pelled by a jet ejected from the vessel with velocity 
V relative to the vessel, then the propulsive effici- 
ency of the jet is 
_ 2U 
mis a 
Furthermore, the power developed is 
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where W is the mass flow per second of the jet. 

These are both standard expressions, the deriva- 
tion of which is to be found in all treatises on jet 
propulsion. 

Now consider a ship moving at 20 knots, which is 
approximately equal to 34 ft. per second. If the 
propulsive efficiency is to be 72 per cent. (the figure 
quoted as above the average for propeller efficiency) 
then equation (1) yields V = 60 ft. per second. If 
a power output of 1,000 b.h.p. is required, equation 
(2) gives W = 20,000 Ib. per second. 

To cope with a flow of this magnitude at 60 ft. 
per second, the jet pipe would need to be some 70 ft. 
in diameter, even assuming the air density to be as 
high as 0-08 Ib. per cubic foot. 

Yours faithfully, 
W. Taytor, 
Head of Gas Turbine Dept., 
The Modern School of Engineering Sciences. 
16, Broadway, 
Westminster, 8.W.1. 
November 11, 1949. 

[The point raised by Mr. Taylor is one of several 
weaknesses in the practical application of jet propulsion 
to ships which were brought out in the discussion 
on Mr. Watson’s paper at the Newcastle-on-Tyne 
meeting of the British Association.—Ep., E.] 


(2) 





30-TON UNIVERSAL TESTING 
MACHINE. 


To THE Eprror oF ENGINEERING. 


Sm,—I have seen Professor Matheson’s letter 
on page 454, ante, and welcome the comments he 
has been good enough to make on the above 
machine. No one, surely, would question the desir- 
ability of standardising the design of testing 
machines and this desideratum has been firmly 
borne in mind by W. and T. Avery, Limited, over 
the past 50 years. Professor Matheson himself has 
already recognised that the 30-ton machine which 
we built for the Royal Aircraft Establishment must 
be considered a special machine and, in the second 
paragraph of his letter, he adduces several reasons 
for the existence and necessity for such machines ; 
inter alia, the usually conflicting requirements of 
production and research testing and also, I would 
add, the divergence between strictly materials- 
testing and structure-testing. 

In our experience, perhaps the two most influential 
factors in the design of testing machines since the 








538 


ENGINEERING. 





Nov. 18, 1949. 








war are the loading capacity of the machine, and 
the physical size of the straining unit. 

An example of this tendency is provided by an 
important order that we have recently executed 
for the Ministry of Supply, for a 1,000-ton struc- 
ture-testing machine, which is approximately 
75-ft. long and weighs about 250 tons. As the cost 
of such a machine varies roughly with the cube of 
its dimensions, it will be appreciated what an 
expensive project it can be. Moreover, due largely 
to the technical impetus of two World Wars, a 
serious demand has arisen, not only from the 
aircraft industry but also for the investigation of 
structure testing in naval architecture, civil engineer- 
ing, welding research, etc., where full-scale speci- 
mens or important sections are required to be tested 
under controlled conditions of loading or straining, 
including cycling tests under automatic control. 
Obviously, special facilities are required for the 
construction and testing of such machines, but it is 
clear that not much is to be gained from a com- 
paratively small number of standard interchangeable 
components, as suggested by Professor Matheson, 
as their total cost is quite dwarfed by that of the 
straining unit ‘or frame required. A modicum of 
standardisation of rams, cylinders, grip holders, 
pumps, control valves, etc., has existed for some 
years. 

To sum up, therefore: machines for testing 
material specimens of moderate length and cross- 
section can be covered fairly well by a range of 
standard universal testing machines, providing 
that no unusual requirements in the way of grips 
arise, such as, for example, the Royal Aircraft 
Establishment’s requirement to test steels up to 
90 tons per square inch ultimate tensile strength. 
Where, however, the requirement arises for testing 
structures, or riveted, bolted or welded joints, 
large-scale standardisation becomes well-nigh im- 
possible ; particularly when there are considera- 
tions of eccentricity or angularity of loading, with 
consequent influence on the lateral stability of the 
frame, which is particularly applicable in the case 
of a vertical machine. 

Yours faithfully, 
W. anv T. Avery, LimiTeEp, 
T. Camp, M.I.Mech.E., 
Manager, Testing Machine Division. 
Soho Foundry, Birmingham, 40. 
November 8, 1949. 





PROPERTIES OF ENGINEERING 
MATERIALS. 
To THE Eprror oF ENGINEERING. 

Sm,—The first part of Professor Gilbert Cook’s 
presidential] address to the Institution of Engineers 
and Shipbuilders in Scotland, which appeared in 
your issue of October 28, on page 443, contains 
a number of surprising statements which, if left 
unchallenged, may well put the engineering student 
farther into a quagmire of uncertainty. 

In the middle column of page 443, Professor Cook 
refers to the initial departure from the elastic state 
and also to the propagation of plastic flowas if steel 
at ordinary temperatures is first elastic and then 
viscous ; whereas people who work with steel know 
that it is elastic from “no-load ” right up to the 
point where it pulls apart, and the two broken parts 
are again elastic from “no-load ” to breaking load, 
however much plastic deformation the parts may 
have suffered meanwhile. He inquires what rela- 
tionship the tensile test has to problems of design 
as if it had none ; whereas, of course, engineers solve 
their problems of design by working to prescribed 
stresses and strains, based on information obtained 
largely from the tensile test. 

A little later, Professor Cook suggests that the 
figure obtained by dividing the final load by the 
original area has no relation to the true cohesive 
strength. The facts of the matter are that steel 
stretches a certain amount with a rising load, the 
amount depending on the particular steel; that 
changes of shape occur without changes of volume ; 
that the true stress at failure, the breaking nominal 
stress and the maximum nominal stress or ultimate 
tensile strength are related, and engineers, very 
properly, prefer to work in nominal stresses because 





they are concerned prima facie with loads, not 
theoretical stresses ; and that the elongation and 
contraction at necking are both definite physical 
quantities, different for different steels. All these 
physical properties are related and interconnected 
in a tensile stress-strain diagram. The useful part 
of the elongation (effective ductility) determines 
how much, for example, a sheet of steel may be 
stretched without cracking, so that, for designs 
involving plastic deformation, a steel with a bigger 
effective ductility is needed. To say, as Professor 
Cook does, that the tensile elongation is simply the 
point at which strain hardening has overtaken, so to 
speak, the process of flow and has localised it in a 
manner peculiar to simple tensile conditions, sounds 
very confusing. 

The most remarkable evidence, however, of lack 
of appreciation of the behaviour of steel occurs in 
that part of the address which is reprinted at the 
top of page 444, ante, where Professor Cook says 
that it has long been known, for example, that a 
thick-walled tube of ductile steel would sustain, 
without risk of fracture and with little deformation, 
a pressure far greater than that required to bring 
the most highly stressed parts to the yield point. 
In fact, of course, the bursting pressure of a ductile 
steel tube and the tensile stress-strain diagram of the 
steel are precisely related. One wonders whether 
Professor Cook, in writing the words I have quoted, 
had overlooked the fact that steel becomes stronger 
as it is stretched above its vield point, until its 
maximum strength is reached. 

Yours faithfully, 


A. C. Vrvtan, M.I.C.E. 
Beaufort House, 
Gravel-lane, London, E.1. 
November 10, 1949. 





[We take the opportunity afforded by Mr. Vivian’s 
letter to correct a printer’s error in the second of 
Professor Cook’s address, on page 473, ante. At the 
end of the first ph on that page, the words 
“is very limited.” which should have followed the 
word “solutions,” were inadvertently omitted.— 
Ep., E.] 





OBITUARY. 


MR. O. L. PROWDE, C.M.G. 


WE regret to record the death, on November 5, 
of Mr. Oswald Longstaff Prowde, C.M.G., formerly 
of the firm of Sir Murdoch MacDonald and Partners, 
consulting engineers, from which he retired seven 
years ago. Mr. Prowde, who was 67 years of age 
and had been in poor health for some years, had 
resided until recently in Harrogate, but died in 
London, where he had come for special treatment. 

Mr. Prowde was a Yorkshireman by birth and 
upbringing, having been born at Melsonby on 
May 22, 1882, and was the eldest son of Dr. E. L. 
Prowde, M.A., M.D., formerly of Sunderland. On 
leaving Pocklington School, he entered St. John’s 
College, Cambridge, graduating B.A. in the Mech- 
anical Science Tripos in 1904. He then spent a 
year as assistant to Mr. W. J. Cudworth, M.I.C.E., 
then chief engineer of the North Eastern Railway 
at York, and, in 1905, was appointed Assistant 
Director of Works in the Egyptian Government’s 
irrigation service, where he was concerned with the 
design and construction of drainage canals and with 
river-training works on the Nile, under the direction 
of Sir William Garstin. He was engaged on these 
duties until 1911, when he was appointed personal 
assistant to Sir Murdoch Macdonald, M.I.C.E., who, 
at that time, was adviser on public works to the 
Egyptian Government, especially in connection 
with the heightening of the Aswan Dam and other 
regulating works on the Nile. 

In 1917, Mr. Prowde was appointed an inspector 
of irrigation, on the Blue Nile and the White Nile, 
under Sir Murdoch Macdonald, being given charge 
of all irrigation work in the Sudan from south of 
Khartoum to the Abyssinian frontier on the Blue 
Nile, and as far as Uganda on the White Nile; an 
appointment which included the supervision of the 
Gezira irrigation scheme and the Sennar Dam, as 
well as the canalisation of some 300,000 acres of 





irrigated land. This work occupied him until 1922, 
when he joined Messrs. Coode, Fitzmaurice, Wilson 
and Mitchell, consulting engineers to the Sudan 
Government. Four years later, he returned to 
Sir Murdoch Macdonald’s firm as a partner, re- 
maining with them until his retirement in 1943, 
and being engaged principally with irrigation and 
drainage work, including the preparation of the 
Great ‘Ouse flood-protection scheme, now under 
consideration by Parliament. Mr. Prowde received 
the C.M.G. in 1926 for his work in Egypt, and was 
honoured also by the Egyptian Government by 
appointment to the Order of Ismail, the Order of 
the Nile, and the Order of the Medjidieh. He was 
a member of long standing in the Institution of 
Civil Engineers, to which he was elected as an 
associate member in 1908, becoming a member in 
1923. His paper on the Gezira irrigation scheme 
and the Sennar Dam, presented to the Institution 
in 1925, received the award of the Telford Gold 
Medal. 





MR. P. J. WALDRAM. 


Ir is with a sense of personal loss that we record 
the death, on November 8, of Mr. Percy John Wal- 
dram, who was well known as a consulting engineer 
and as a specialist on the subject of illumination, 
particularly illumination by natural lighting. Mr. 
Waldram, who was 80 years of age, had been in 
bad health for several years and recently had 
undergone a serious operation. 

Percy John Waldram was born on April 27, 1869, 
and was the eldest surviving son of Mr. John 
Waldram, founder of the civil-engineering practice 
which his son and grandson carried on. He was 
educated at Latymer’s School, Edmonton, and, 
after serving as assistant to Mr. E. V. Olander, was 
engaged with his father in a variety of consulting 
work, including the design of bridges and other 
structures, of which he made a special study, which 
led to the publication of his well-known text-books 
on The Principles of Structural Mechanics, and on 
Structural Design in Steel-framed Buildings. He 
continued in private practice from 1890 to 1915, 
and then spent some time with aircraft firms, on 
the design and structural testing of wings and 
airframes, before joining the staff of the Ministry 
of Munitions; though a former member of the 
Artists’ Rifles, he was by then too old for active 
military service. He continued in Government 
employ for several years after the 1914-18 war, 
having left the Air Ministry, where he had been 
engaged on inspection work, to join the land-reclama- 
tion and land-settlement branch of the Ministry of 
Agriculture and Fisheries. From 1920 to 1922, he 
was employed on a number of special surveys for 
H.M. Office of Works, but in the latter year he 
resumed private practice, which he pursued actively 
until quite recently—past his 80th birthday— 
despite the arthritis from which he had been 
suffering increasingly. 

Mr. Waldram’s interest in the study of daylight 
illumination developed into a serious investigation 
nearly 40 years ago, initially in conjunction with 
the late Mr. A. P. Trotter and Professor W. Clinton. 
He was the originator of the “daylight factor” 
and established, in collaboration with his son, 
Mr. J. M. Waldram, the methods of daylight 
measurement which are now accepted practice. In 
1933, he was chairman of the committee of the 
Royal Institute of British Architects which reported 
on the orientation of buildings, and he contributed 
many papers on this and associated subjects to 
various societies, etc., including the International 
Commission on Illumination. He served also on 
the Advisory Committee on Illumination of the 
Department of Scientific and Industrial Research, 
and was an original member, and a Fellow, of the 
Illuminating Engineering Society. His membership 
of other professional bodies included service on the 
Council of the. Royal Institute of British Architects, 
and he was also a Fellow of the Royal Institution 
of Chartered Surveyors, and a vice-president of the 
Junior Institution of Engineers, which he had 
served as chairman of Council in 1893 and to which 
he contributed, 50 years later, a paper on “‘ Daylight 
and Illumination in Factories and Workshops,” 
which constituted, in effect, a résumé of his life’s 
work as a specialist on this subject. 
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MR. F. HODGKINSON. 


To steam-turbine designers in this country and in 
the United States, where he had lived for more 
than 50 years, the name of Mr. Francis Hodgkinson 
is almost as well known as that of Parsons, and there 
will be widespread regret at the news of his death, 
following an accident, which was published in The 
Times of November 14. He was 82 years of age, 
having been born in London in 1867, and received 
his general education at the Royal Naval School, 
New Cross. His apprenticeship was served at 
Lincoln with Messrs. Clayton and Shuttleworth, 
Limited, after which he went to the Tyne, in the 
works of Messrs. C. A. Parsons and Company, on 
whose behalf he travelled widely, as erecting and 
guarantee engineer with turbine-driven electrical 
plants. In 1896, he joined the staff of the Westing- 
house Machine Company, as it then was, as chief 
turbine designer, and, 20 years later, was appointed 
chief engineer of the company. In 1927, he was 
appointed consulting engineer to the Westinghouse 
Company, a change which relieved him of much 
routine administrative work while retaining him in 
close association with their technical developments. 
He continued in this capacity for ten years, retiring 
in 1936, when he was appointed to an honorary pro- 
fessorship in Columbia University. 

Mr. Hodgkinson was a member of the Institution 
of Mechanica] Engineers, to which he contributed, 
in the year of his election (1929), a paper on 
‘“‘ Journal Bearing Practice ’’ that has been long 
regarded as one of the most practical reviews of the 
subject in the Proceedings. It is not so generally 
recalled that he delivered an earlier paper to the 
Institution, in 1904, on ‘‘ Theoretical and Practical 
Considerations in Steam Turbine Work,” in which 
the same characteristic was evident. He was, 
indeed, a thoroughly practical steam engineer, by 
no means without skill in mathematics, but always 
prepared (with a wit that could be pungent on 
occasion) to argue the details of design and con- 
struction from first principles and, as it were, on 
the shop floor. He was also a member of the 
American Society of Mechanical Engineers, to which 
he contributed a number of papers between 1904 
and 1939, and from which he received the Society’s 
Gold Medal in 1938 ; and of the American Institute 
of Electrical Engineers. He was also a recipient of 
the Elliott Cresson Gold Medal of the Franklin 
Institute, which was founded in 1848 and is awarded 
for ‘‘ discovery or original research adding to the 
sum of human knowledge irrespective of commercial 
value.” 





MR. HENRY DECK. 


THE line from James Thomson’s Seasons—‘‘ Ye 
generous Britons, venerate the plough ”’—which 
painted at large, adorns the staff canteen of Messrs. 
Ransomes, Sims and Jefferies’ Orwell Works at 
Ipswich, typifies admirably the character of Mr. 
Henry Deck, home-sales director of the firm, who 
died at Ipswich on November 8, after a very brief 
illness. Mr. Deck, who had been 55 years in the 
service of the company, was born at Wenhaston, 
Suffolk, and educated at Christ’s Hospital School, 
London. His whole life, after leaving school, 
was spent with Messrs. Ransomes, Sims and 
Jefferies, his first post being in the buying depart- 
ment, where he was employed for four years. He 
was then transferred to the firm’s retail branch, and 
began to act as outside representative at markets, 
where his ability soon attracted the attention of his 
employers who, in 1906, sent him to the North of 
England as their local representative. He returned 
to Ipswich in 1915, to take part in the firm’s share 
of the work of organising the distribution of agri- 
cultural machinery on a war-time basis, and, at the 
close of the war, was appointed sales manager for 
the home trade, especially in connection with the 
agricultural and lawn-mower sections of the 
business. He was made a director in 1929 and 
continued actively in that capacity until a few 
days before his death. 

It is comparatively seldom that ENGINEERING 
records the careers of purely commercial executives ; 
not from lack of appreciation of their value to indus- 
try, but because the interests of this journal] are 
predominantly technical and scientific. Mr. Deck, 





so far as we are aware, belonged to no professional 
engineering institution and, indeed, was not an 
engineer by training ; but he was a specialist, to an 
extent that no formal process of technical education 
could have guaranteed, and to hear him discourse 
(preferably in camera) on the subject of ploughs and 
ploughing was to realise how “extensive and 
peculiar ” is the accumulated practical knowledge of 
the farming community. He had spent a lifetime 
in absorbing that knowledge, helped greatly by his 
family background in the farmlands of the eastern 
counties, and was always ready to impart it. It is 
unfortunate that he did not write it down; for, 
allied with his knowledge of the long history of his 
firm, now nearing their second centenary, his 
knowledge and conscientiously evolved opinions 
might have produced an agricultural classic. He 
was a past-president of the Agricultural Engineering 
Association, having occupied the presidential chair 
for four years, and was expert on most branches of 
agricultural engineering ; but he will be remembered 
chiefly, we believe, as a “‘ generous Briton ” who did 
wholeheartedly ‘‘ venerate the plough.” 





PROFESSOR F. L. MEYENBERG. 


To begin life anew at the age of 59, and ina foreign 
country, must always be difficult, and much of the 
regard inspired in his English friends by Professor 
F. L. Meyenberg, of whose sudden death in Frank- 
furt we have learned only recently, was certainly 
due to the quiet courage with which he faced that 
task when, in 1933, the intensification of Nazi racial 
prejudice obliged him to relinquish his chair of 
industrial administration in the University of 
Brunswick and escape to England. 

Friedrich Ludwig Meyenberg was born on October 
22, 1875, and received his general education in 
Hanover. His practical engineering training con- 
sisted of about a year in the railway works at 
Hanover and various vacation periods in the same 
works, in the course of his scholastic training in the 
universities of Hanover and Berlin. Having 
graduated at Hanover, with honours, as Dipl.Ing., 
he obtained a position in the University of Géttingen 
as assistant to the Director of the Institute of 
Technical Physics, but, after about 18 months, he 
left the University in 1900 to take up the first of 
several industrial appointments, that of gas-engine 
designer with the Gasmotorenfabrik Deutz. In the 
following year, he was appointed research engineer 
to the Balcke A.G., of Bochum, on steam condensing 
plants, remaining there for four years. During the 
succeeding 20 years, he held a number of responsible 
posts ; as assistant to the managing director and, 
latterly, as chief engineer of the Eisenbahnsignal 
Bauanstalt Max Tiidel A.G., at Brunswick, works 
manager at the Oberspree rifle factory, organisation 
manager of the Knorrbremse railway-brake works 
at Lichtenberg, joint managing director of the Riebe 
Kugellager und Werkzeugfabrik at Weissensee, and 
manager of the organisation and statistics depart- 
ments of the Deutsche Werke combine, Berlin. 
After five years in this last position, he was appointed 
Professor of Industrial Administration at the Univer- 
sity of Brunswick, holding concurrently the posts of 
manager of ‘“‘Refa” (the Reichsanschluss fiir 
Arbeitszeiter-Mittlung, the industrial time-study 
institute), and editor of Maschinenbau. 

In 1933, Professor Meyenberg came to England, 
eventually becoming a naturalised British subject. 
After a period on the technical staff of the British 
Iron and Steel Federation, he was engaged by the 
United Steel Companies, Limited, as efficiency 
engineer, first with the Appleby-Frodingham Iron 
and Steel Company and afterwards with Samuel Fox 
and Company. He remained with them until 1941, 
when he settled in London and devoted himself to 
the writing of various books on works administra- 
tion and to editorial work on the staff of the 
Engineers’ Digest, with which he was associated 
until he died, while on a visit to Germany to attend 
a meeting of the Refa organisation, with which he 
had been so closely identified. He was.a member 
of the Institution of Mechanical Engineers and an 
honorary member of the Institute of Economic 
Engineering, from whose Bulletin we learned of his 
death. 





THE IRON AND STEEL 
INSTITUTE. 


THE annual autumn general meeting of the Iron 
and Steel Institute was held in London on Novem- 
ber 10 and 11, at the offices of the Institute, under 
the chairmanship of the President, Sir Andrew 
McCance, LL.D., D.Sc., F.R.S. At the outset of 
the meeting, Sir Andrew reminded the members 
that the present year marked the 50th anniversary 
of the incorporation of the Institute by Royal 
Charter. This had been granted by Her Majesty 
Queen Victoria on November 1, 1899, and, the 
President added, the past 50 years had been a 
period of steady and continuous progress. Sir 
Andrew then announced that the amendments to 
the Institute’s by-laws, approved at the annual 
general meeting in April, 1949, had been allowed 
by the Privy Council and had now come into force. 
These amendments concerned, firstly, the estab- 
lishment of a class of associate members, in place 
of the present class of associates; this change 
would come into effect on January 1, 1950. The 
second amendment was the raising of the annual 
subscription payable by ordinary members to 4I. 4s. 
It was perhaps more appropriate, continued the 
President, to deal with financial matters at the 
annual general meeting, but members could rest 
assured that great attention was being given to 
means of effecting economies and increasing the 
income. There was every prospect that operations 
for the present year would result in a small surplus 
of income over expenditure. 

Among the announcements subsequently made by 
the President was that the Council had decided 
unanimously to nominate Mr. J. R. Menzies-Wilson, 
O.3.E., to be the next President. If elected, he 
would be installed at the annual general meeting, 
to be held in London on Wednesday and Thursday, 
April 26 and 27, 1950, and would hold office for 
one year. Another announcement was that the 
centenary of the birth of Sidney Gilchrist Thomas 
fell on April 16, 1950, and to commemorate his 
work a special lecture would be delivered by 
Mr. James Mitchell, C.B.E., the honorary treasurer 
of the Institute, on the evening of April 26, 1950, 
the first day of the annual general meeting. The 
dates of other forthcoming meetings were also 
arranged. A special meeting would be held in 
Glasgow during the week commencing Monday, 
September 18, 1950, details of which would be 
issued in due course. The annual autumn meeting 
of the Institute for 1950 would be held in London 
on Wednesday and Thursday, November 15 and 16. 
A symposium on “High-Temperature Resisting 
Steels and Alloys for Gas Turbines” would be 
held on Wednesday and Thursday, October 18 
and 19, 1950, and on the previous evening, namely, 
Tuesday, October 17, Air-Commodore Sir Frank 
Whittle, K.B.E., C.B., M.A., F.R.S., would deliver 
the fifth Hatfield Memorial Lecture on “The 
Development of the Gas Turbine and the Need for 
Special Steels and Alloys.” 

The secretary then announced that the Presidents 
of a number of provincial metallurgical bodies had 
been made honorary members of the Council during 
their periods of office. These included Mr. E. T. 
Judge, President of the Cleveland Institution of 
Engineers, in place of Mr. F. Shepherd; Mr. R. C. 
Powell, President of the Ebbw Vale Metallurgical 
Society, in place of Mr. H. F. Padbury; Mr. J. 
Wilkinson, President of the Leeds Metallurgical 
Society, in place of Mr. W. R. Berry; Mr. E. 
Marks, President of the Staffordshire Iron and Steel 
Institute, in place of Mr. W. M. Larke ; Mr. Roose- 
velt Griffiths, President of the Swansea and District 
Metallurgical Society, in place of Mr. T. J. Canning ; 
and Mr. W. Barr (who was also a member of 
Council), President of the West of Scotland Iron 
and Steel Institute, in place of Mr. T. M. Service. 
Mr. W. E. Bardgett had succeeded Dr. J. E. 
Hurst as the representative of the Institution of 
Metallurgists on the Council. The secretary then 
gave notice ‘that three vice-presidents, namely, 
Mr. W. B. Baxter, Mr. H. H. Burton and Mr. R. 
Mather, and five members of Council, namely, 
Professor J. H. Andrew, Mr. N. H. Rollason, Mr. 
Mr. R. A. Hacking, Mr. D. F. Campbell and 
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Mr. I. F. L. Elliot, were due to retire at the next 
annual general meeting, but were eligible for re- 
election. The secretary’s final announcements were 
that Andrew Carnegie Research Scholarship had 
been awarded to Mr. H. Féppl (Cambridge Univer- 
sity); Mr. H. Ford (City and Guilds College) ; 
Miss C. Margaretha Hyden, of Imatra, Finland, for 
work in Sheffield; and Mr. N. H. Polakowski 
(University College of Swansea). 


Fiow or GasEs IN MopEt FuRNACEs. 


Following on the conclusion of the business meet- 
ing, a discussion on “‘ The Flow and Mixing of Gases 
in Open-Hearth and Side-Blown Converter Models ” 
took place, based on five papers on the subject. 
Three of these, namely, ‘‘ Flow Patterns in Ducts,” 
by Dr. J. H. Chesters and Mr. A. R. Philip; 
“Flow Visualisation and Photography,” by Mr. 
R. S. Howes and Mr. A. R. Philip; and “‘ Flow 
Patterns in Modern Furnaces,” by Mr. I. M. D. 
Halliday and Mr. A. R. Philip, formed Parts I, 
II and III of a contribution entitled ‘‘ Open- 
Hearth Furnace Models,” submitted by the Research 
and Development Department of the United Steel 
Companies, Limited, Swinden House, Moorgate, 
Rotherham. The fourth and fifth papers were 
entitled, respectively, ‘“‘ Experiments on Gaseous 
Mixing in Open-Hearth Furnace Models. Part I.— 
Maerz,” by Mr. R. D. Collins and Miss J. D. Tyler, 
of the Aerodynamics Section of the Physics Depart- 
ment of the British Iron and Steel Research Asso- 
ciation ; and “‘ Experiments on the Gas and Fluid 
Flow in a Side-Blown Converter Model,” by Mr. 
M. P. Newby, of the Physics Department of the 
British Iron and Steel Research Association. 

Parts I, II and III of the paper “‘ Open Hearth 
Models ” were all presented by Dr. J. H. Chesters. 
In Part I the authors stated that an interpretation 
of the complex flow patterns observed in three- 
dimensional models of open-hearth furnaces de- 
manded a knowledge of the flow in much simpler 
systems. Studies had therefore been made of the 
flow patterns obtained in various two-dimensional 
geometrical shapes when water was introduced 
through jets and allowed to escape over weirs. The 
behaviour of a stream could be roughly described 
by stating that it appeared to “know where it 
was going”; for example, it started to turn a 
corner before actually reaching it, but an arrange- 
ment, for instance, that of a jet introduced along 
the major axis of an ellipse, was inherently un- 
stable, while others, such as the aiming of a jet 
symmetrically into one corner of an equilateral 
triangle, were peculiarly stable. Opposing jets fre- 
quently set up very complex patterns and jets 
impinging on one another at right angles behaved 
in a peculiarly critical manner which explained the 
necessity for maintaining a reasonable gas/air ratio 
in furnaces employing this method of mixing. 

In Part I, dealing with “‘ Flow Visualisation and 
Photography,” the authors described the installa- 
tion and working of ~th scale model open-hearth 
furnaces in which water was circulated to represent 
air and gas. The model layout included the 
chequers, slag pockets, uptakes and the furnace 
chamber. A Leica model IIIA 35-mm. camera 
and a Stewartry copier were used for the recording. 
From a few photographs, a rough estimate of the 
general magnitudes of the velocities could be made. 
It was thought probably best, however, to use 
velocity measurements only as indications of the 
general order of the gas speeds likely to be met in 
the full-scale furnace. Interpretation of the results 
was complicated by the fact that the flow patterns 
through the furnace were essentially three-dimen- 
sional, whereas only two-dimensional plane sections 
could be photographed or measured. 

In Part III, concerned with ‘‘ Flow Patterns in 
Model Furnaces,” the authors, Messrs. Halliday and 
Philip, discussed the extent to which flow through a 
water model of an open-hearth furnace was com- 
parable with the flow of gases through a full-scale 
furnace. The results obtained indicated that the 
flow pattern in an open-hearth furnace was likely 
to be complex and was appreciably altered by 
certain relatively small changes in design. The 
patterns obtained on models were very different 
from those which were thought to exist in full-scale 
furnaces. For example, it had been found that a 





substantial part of the gas in the first third of a 
model furnace was actually moving backwards 
towards the incoming gas port. Flow-pattern 
research had now started on a full-scale production 
furnace under normal operating conditions and the 
preliminary results fell even more closely into line 
with predictions from models than had been 
expected. If trials on other furnaces showed an 
equally close check, it was likely that, within a 
relatively few years, the construction of a model 
prior to the building of a new design of furnace 
would be considered as essential as was now the 
case with aircraft and ships. After the presentation 
of Parts I, II and III of the paper on ** Open-Hearth 
Furnace Models,” a sound film, in colour, on flow 
patterns, prepared by the United Steel Companies, 
Limited, was shown. 

In their paper on gaseous mixing in open-hearth 
furnace models, Mr. R. D. Collins and Miss J. D. 
Tyler described a technique using models and 
applied to some designs of producer-gas fired open- 
hearth furnaces. They stated that useful results 
could be obtained from a model working at room 
temperature, in spite of the neglect of secondary 
processes, of which the buoyancy and expansion 
of the furnace gases were the most important. 
In the present experiments, air was blown through 
a model, and samples were taken from various 
positions and examined to determine what propor- 
tion of the samples originated in the gas port, and 
what proportion in the air port, by means of a tracer 
method, carbon dioxide being used as the tracer. The 
designs of furnace tested were essentially of the 
Maerz type, having a gas port that did not project 
into the furnace, no knuckle in the roof, and an air 
port or ports in the floor of the furnace against 
the end wall. For comparison with the results 
obtained, a single model of a semi-Venturi furnace 
in which the gas: air ratio was 1: 1-45, had been 
included in the experiments. The results showed 
that the use of a central air port gave a considerable 
improvement on the conventional design as regards 
mixing ; it had a threefold advantage. When two 
streams met at a sharp angle, a region of very high 
turbulent diffusion was formed ; such an arrange- 
ment provided quick mixing. In the second place, 
the effective perimeter of the jet was increased, 
since a supply of air was available to the lower side, 
which was usually screened by the hearth. Thirdly, 
the air supplied here came directly from the port, 
so that no re-circulated gas was mixed with it. 

When presenting his paper on gas and fluid flow 
in a side-blown converter model, Mr. M. P. Newby 
said that his experiments had been carried out at 
room temperature on a small-scale model of a 
side-blown converter, in order to throw light on the 
movements of metal, slag and blast. The results 
had demonstrated the existence of a back eddy filling 
a large portion of the chamber and it was thought 
that the heavy wear on the lining, which occurred 
on the back wall above the tuyeres, might be 
associated with a re-circulating stream of hot gas 
striking the wall in this region. One possible 
solution of the problem was to make the flow of the 
blast take on a helical form after it had struck the 
metal. A vortex of this nature with a vertical axis 
could be obtained by placing the tuyeres in two 
groups diametrically opposite and directing them 
at points on opposite sides of the centre of the 
chamber. The degree of spin would depend on the 
points at which the blasts were directed. Another 
possibility was to make the back wall of the converter 
bulge outwards above the tuyeres so that the re- 
circulating stream might approach the jets without 
undergoing so violent a change of direction at the 
point of entry to the jets. A final suggestion was 
that air, introduced at low velocity through a set of 
large tuyeres on the back wall, well above the normal 
tuyeres, would mix with the downward-flowing 
stream and cool it, thus making it less liable to cauge 
erosion. After presenting his paper, Mr. Newby 
exhibited a cinematigraph film to illustrate his 
experiments. 

Mr. L. E. Prosser, who opened the discussion, 
stated that the outstanding point concerning a 
qualitative model was that it could demonstrate 
to the non-mathematically inclined practical person 
exactly what was happening, and the illustration 
of the injector action of jets, with the eonsequent 





re-circulation of material, was the most prominent 
feature brought out by the technique employed. 
The next speaker, Dr. T. P. Colclough, said that he 
believed that the authors of the papers from the 
United Steel Companies, Limited, were on the 
threshold of a new era in furnace design. Up til! 
the present, designers had proceeded empirically and 
as a result of experience—sometimes very bitter 
experience—but the use of these models would 
enable them to anticipate a good many of the 
difficulties and overcome them before coming to 
bricks and hot gas. The impression conveyed 
by the authors was that the elimination of eddy 
currents was vital in furnace design. He was 
not quite sure of this. There was the great diffi- 
culty, which had been hinted at by Dr. Chesters, 
that if one had a uniform pipe flow going through 
the furnace one might not get either the combustion 
or the heat transfer desired. Secondly, evidence 
might be discerned from the results already pub- 
lished, incomplete. though they were, that the 
brickwork was being protected by the return eddy 
currents. 

Dr. J. S. Clarke said that the objectives of the 
work by Dr. Chesters and his collaborators were to 
control the flow of gases to give the necessary 
mixing for a controlled rate of heat release for the 
minimum pressure loss across the furnace. If 
Dr. Chesters based all his ideas for future furnace 
designs on the models, he had admitted that he 
might be in trouble because he dismissed the 
effect of air infiltration, which was of great import- 
ance in all furnace work. The next speaker, Mr. 
M. W. Thring, also referred to the main aim of the 
present investigations and said that this was to 
enable the flame length to be controlled so that more 
fuel could be burnt with a shorter flame when this 
was necessary. This was largely a matter of mixing 
and better aerodynamics. A second object was to 
develop means of keeping the flame off the furnace 
walls when necessary. Mr. M. P. Newby, whospoke 
next, said with regard to Dr. Chesters’s point on the 
streamlining of furnaces, that the problem of 
furnaces was rather different from that of aircraft. 
Whereas the aircraft constructor tried to eliminate 
turbulence, or to reduce it as far as possible, the 
furnace designer had to produce turbulence and 
utilise it. As turbulent flames were present so 
were also non-streamline-flow conditions in a 
furnace. The only places where streamlining 
might be in evidence were the areas where the jets 
actually impinged on the inner walls of the furnace. 
In these areas the endeavour should be to make the 
velocities as low as possible and have the walls 
as far as possible from the point of origin of the 
flame. Moreover, sudden changes of direction 
should be eliminated in these areas. 

Mr. I. Lubbock said that, in view of the amount 
of oil now being consumed for steel melting, it was 
significant that no mention had been made of simu- 
lating an oil-burner flame. It would probably be 
possible, as a first approximation, to apply the 
authors’ methods, utilising a specially-dispersed 
liquid nozzle equivalent to their present gas stream, 
on the assumption that this was the flow of the 
cracked and vaporised products of the oil droplets 
as produced in the flame front. The next speaker, 
Dr. A. H. Leckie, stated that Dr. Chesters and his 
colleagues had taken great trouble to invent the 
best technique of visualising flow, but he would 
plead for further work on the iodine-thiosulphate or 
similar visual-reaction technique, because that would 
give valuable information on mixing as well as on 
the actual flow patterns. Undoubtedly, one of the 
most important phenomena observed was the 
magnitude of the re-circulation which took place 
and he would like the authors to say if they could 
give any idea of the actual proportion of the mass 
flow involved in the re-circulation. The work of 
Mr. Collins and Miss Tyler was complementary 
to that of Dr. Chesters and his colleagues, because 
it was a study of mixing, while Dr. Chesters and his 
co-workers had chiefly studied flow patterns. 
Finally, it should be emphasised how well the single 
central air-uptake design had shown up in both 
investigations. 

Dr. H. R. Fehling, said that at the outset of the 
work on models there had been a perfectly justifiable 
suspicion that the replacement of gas by an incom- 
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pressible fluid would falsify the result and this 
suspicion did not seem to have died down com- 
pletely. There was a suspicion that even the flow 
patterns in the model and in the furnace would be 
different. As long, however, as the investigations 
were confined, both generally and locally within 
the model to high Reynolds numbers, the inertia 
forces were predominant and buoyancy forces were 
unable to change the flow pattern to any appreciable 
extent. In all similar investigations, some of the 
most critical factors determining the flow pattern 
were not the geometry of the furnace itself but the 
design and shape of the flues and ducts leading up 
to it. When the process of combustion took place 
in a flowing gas and not in a static one, its character 
was not purely thermal, but to some extent thermo- 
mechanical. A certain part of the energy released 
by combustion was converted into work in the 
direction of flow, and not indiscriminately in all 
directions. In other words, there was not simply 
an expansion due to the thermal effect in all direc- 
tions, such as had been generally assumed in the 
past. Mr. A. Robinson, who spoke next, said that 
the fundamental] object of all the recent researches 
was to speed up the working of a steel furnace, and, 
secondly, to make its life longer, both of which 
would yield greater outputs of steel. The question 
was whether, with a turbulent flame, it was possible 
to have turbulence without some eddies. The 
shape of a stee] furnace was almost an ellipse, and, 
as Dr. Chesters had shown, an ellipse seemed to give 
very unstable results ; this was perhaps one of the 
reasons why many steel furnaces had relatively 
short lives. 

Mr. R. W. Evans said that in an open-hearth 
furnace working on a very high percentage of scrap, 
the conditions were that it was often necessary to 
get the furnace charged very quickly, and, therefore, 
the scrap had to be piled up on the furnace hearth. 
It seemed that ideas regarding flow might be com- 
pletely wrecked when the paths which the gas had 
to travel in a furnace piled high with scrap were 
taken into account. Moreover, when the scrap 
had been melted right down and the hot metal 
added, the outcome was a plane slag surface and 
this condition could not be completely simulated in 
a model. The bath was then in a state of gas 
evolution, and there must be some upward thrust 
of gas into the furnace atmosphere. Another point 
was the peculiar one that two furnaces might be 
identical in design and yet behave in a distinctly 
different manner. Dr. H. T. Angus, who closed the 
discussion, referring to the terms employed, said 
that he did not think that streamline flow occurred 
in an open-hearth furnace at any point other than 
perhaps a foot or two away from the jets. What 
probably occurred was that there was a streamline 
pattern of minute eddies. 

Dr. J. H. Chesters, in reply to the discussion, 
stated, in answer to Dr. Leckie’s question on the 
order of the effect of the re-circulation, that it was 
frequently of the order of one-half to one-third, 
namely, if a measurement could be made, it would 
probably be found that there was as much as one 
half or one-third of the gas coming back as there 
was going forward. The papers under discussion 
had been written in December, 1948, and in some 
ways much progress had been made since then. Mr. 
Evans had said that the question of scrap had been 
neglected. This was not the case, it would be 
studied in its turn. Furnace designers must break 
away from conventional patterns and go right back 
to fundamentals and study two-dimensional and 
three-dimensional models. By studying these it 
was possible to produce completely revolutionary 
designs which no opeii-hearth man would anticipate 
would be worth building. They believed, however 
that some of them would be built, but all that could 
be said at that stage was that revolutions were 
never announced in advance. 

Mr. R. D. Collins, who also replied, said that 
Dr. Colclough had asked whether the elimination of 
eddy currents was a good thing. He appeared to 
think that the authors were certain that it was. 
He (Mr. Collins) agreed that the existence of eddy 
currents was of great importance and was not 
necessarily always a bad thing. It had been sug- 
gested that the large amount of semi-stagnant air 
under the roof in the Venturi furnace might help 


to keep it cool. To a mild extent this had been 
corroborated by their work on the Venturi furnace. 
Mr. Evans had referred to the piling up of scrap in 
a furnace. Experiments had shown that, in such 
a case, the pattern of flow was lifted over the scrap. 
When the word “streamline flow” was employed 
in the papers, what was meant was flow which 
followed a steady pattern, even though its instan- 
taneous value kept changing—in other words, it 
was not laminar flow but was the sort of flow which 
occurred round an aerofoil. A third reply was given 
by Mr. N. P. Newby, who said that the question of 
roof erosion had not been brought forward as much 
as it might have been during the discussion. One 
of the principal advantages of all this model work 
on furnaces was the correlation obtained between 
erosion and flow patterns. All the present papers 
had indicated that heavy erosion of the roof was 
concentrated in the area in which a rising stream of 
gas made impact on the roof. 

At this stage of the proceedings the meeting was 
adjourned, for luncheon, until 2.30 in the afternoon. 


(To be continued.) 





THE INTERNATIONAL 
ASSOCIATION FOR 
HYDRAULIC STRUCTURES 
RESEARCH. 

(Continued from page 455.) 


In our issue of October 28, we recorded the general 
programme of the third Reunion of the Association 
Internationale de Recherches pour Travaux Hydrau- 
liques, held at Grenoble on September 5, 6 and 7. 
We commence below a series of summaries of the 
papers presented at this conference. These, as 
previously mentioned, were considered in four 
sections, the first of these dealing with the subject 
of ‘“* Waves.” 


THE Stupy OF WAVES. 


Mr. J. W. Johnson and Mr. M. P. O’Brien dis- 
cussed, the methods of obtaining data on waves and 
their application in the design of harbours. The 
height, period and direction of the highest waves 
possible at a particular point in deep water could 
be estimated, they said, from an examination of 
past weather charts, in the case of the sea coast, or 
from local wind records, in a lake or sheltered bay. 
The characteristics of these waves at any other 
point, as they moved towards the shore, could be 
determined by taking into account the effects of 
refraction, which occurred when waves approached 
the shore-line at an angle, and diffraction, round 
the ends of breakwaters,etc. The maximum stresses 
were developed when a wave broke directly on a 
structure ; even though the heights of waves at 
the structure might be less than those of off-shore 
waves, the effects of refraction and diffraction might 
be such that the breaking of these waves would 
induce relatively high stresses. In some cases, 
when designing harbour works, it was possible to 
orient the structure so that much of the wave- 
energy was reflected by the structure, or was dis- 
sipated by causing the wave to break before it 
reached the structure. In harbour design, wind- 
generated waves were usually the most important 
consideration, but, in areas subject to long-period 
ground swell, surging might become a serious 
problem if the period of the ground swell was close 
to that of the fundamental, first, or second harmonic 
of the natural vibration period of the body of water 
within the harbour. In harbours of complicated 
dimensions, the natural period of which could not 
be computed easily, model studies might be required 
to solve the problem of surging. 

Mr. H. J. Schoemaker and Professor J. Th. 
Thijsse described some preliminary investigations 
carried out in the wind flume of the Waterloop- 
kundig Laboratorium, Delft, Holland, to examine 
the factors affecting the dissipation of wave 
energy at harbour walls, such as the slope of the 
wall, the water depth, the wavelength, the amplitude 
of the wave, and the angle of incidence. Waves 
generated at one end of the flume were reflected 
by a sloping wall at the other end of the flume ; 


was used. The ratio of wavelength L to water 
depth D was varied between 4 and 9. The ratio 
of wavelength L to incident-wave height H ranged 
from 15 to 20. The main factor affecting dissipation 


was found to be the ratio é, where ¢t was the hori- 


zontal projection of the sloping wall. When F 


was less than }, the reflection was nearly total ; 
as the obliquity of the slope was increased, more 


surfing occurred ; when : was greater than }, the 


reflection was small and the energy of the reflected 
wave was of the order of 0-1 of that of the incident 
wave. There was some evidence that in the region 


where * lay between 0-35 to 0-6, the loss of energy 


was relatively larger with steeper waves. Experi- 
ments were also carried out on a wall with a discon- 
tinuous slope, the upper part sloping and the lower 
part being vertical; ratios of wave-length to 
water depth of 5-7 and wave-length to incident- 
wave height of 40 were used. The relative height 
of the vertical portion and the angle of the slope 
were varied. From these experiments, the dissi- 
pation of energy appeared to be determined 
exclusively by the angle of the slope (the flatter 
the slope the greater the energy loss) but, as was 
pointed out, that could not be a general rule; as 
the point of discontinuity approached the water 
surface, more total reflection must be established. 
In the experiments, there were indications of stronger 
reflected waves only when tke slope was very flat. 
One phenomenon observed was that, when the 
slope angle was reduced, there was a strong landward 
displacement of the wave form, much greater than 
would have been expected, and a phase difference 
between the incident and reflected waves; no 
explanation of this had been found. 
Mr. L. Escande gave a review of some of the 
studies carried out at the Laboratoires d’Hydrau- 
lique de Toulouse on the subject of surge tanks. 
Methods had been developed for calculating 
analytically or graphically the oscillations generated 
in surge tanks, including those with a constriction 
in the inlet, by suddenly shutting off the supply, and 
on opening the supply valve. These methods had 
given good agreement with experimental results, 
the calculated figures in all cases being conservative. 
The question of superposed oscillations, resulting 
from successive closing and opening of the supply 
valves, had been studied experimentally and 
theoretically, and it had been found that the ampli- 
tude of the oscillations thus generated was much 
greater than that caused by a single opening or 
shutting-down operation. This might have an 
important practical significance in installations 
where the natural period of oscillation was long and 
the damping was slow. An interesting and unex- 
pected result had been revealed in experimental 
and theoretical comparisons of the surges caused 
by shutting down the supply suddenly and by a 
gradual shut-down. It was found that reducing the 
supply to zero in a linear manner over a period of 
25 seconds gave rise to an oscillation of greater 
amplitude than was caused by the instantaneous 
shut-down. Calculations on some actual hydraulic 
plants showed that shutting-down gradually might 
increase the amplitude of surge by as much as 
22 per cent., compared with a sudden shut-down. 
Mr. Escande referred briefly to new methods which 
had been developed for the solution of complex 
problems such as those arising in surge tanks in 
series, in surge tanks of variable-section area, etc. 
Sig. E. Scimemi gave an account of investiga- 
tions into the propagation of waves in the inlet 
channel feeding the service reservoir of a hydraulic- 
power undertaking, caused by a sudden inter- 
ruption of the downstream supply. Full-scale, 
model and analytical studies were carried out by 
the Hydraulic Institute of the University of Padua, 
Italy, on the Cismon-Moline works. This installa- 
tion had a normal supply of 13-5 cubic metres per 
second. The intake fed a free-surface gallery, 
which discharged into the service reservoir; the 
last section of the gallery consisted of two consecu- 
tive lines, the respective slopes of which were 1-75 
in 100 and 1-5 in 100. These two sections were 








in some experiments, a continuously-sloping wall 


joined by a short line with a very steep slope of 8 in 
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100 ; at the end of this section was a weir, known as 
Val Pulz. The service reservoir, at the end of the 
channel, was of very restricted dimensions. Since the 
liquid level at Val Pulz was more or less fixed, by 
the effect of the weir, the slope of the water-profile 
between Val Pulz and the service reservoir varied 
with the supply consumed. If the supply was 
stopped by a service interruption, the translation 
wave which formed in the reservoir would move back 
to the weir at Val Pulz before being dissipated. 
Owing to the steeply-sloped section which preceded 
the weir, the waves would not travel upstream of 
the weir. A single full-scale experiment was made ; 
all the load absorbed by the machines was released 
automatically, and the resulting change of level and 
the time required to attain maximum level in the 
reservoir were recorded. A test carried out on a 
ds-scale model of the works, in the Hydraulic 
Laboratory of the University of Padua, simulating 
the permanent regime of the channel and a complete 
interruption of the normal supply, gave results 
which agreed very closely with the full-scale test. 
This model was also tested at higher outputs, up 
to 17-5 cubic metres per second, and it was found 
that shutting off the supply did not induce pressure 
waves such as might cause big rises in the water 
level for small variations in supply. Upstream- 
of the weir the waves were almost suppressed. 
Using the method developed by Herr P. Forch- 
heimer, a theoretical analysis of the Cismon-Moline 
works was found to give values for the maximum 
water levels and the total time which agreed well 
with the experimental results, except for some 
slight differences, due to certain simplifying 
assumptions introduced into the calculation. 

Sig. G. Ruggiero reviewed analytical methods 
for determining the characteristics of waves 
generated in water-courses due to gradual variations 
of flow or level. Such fluctuations might be due to 
natural causes, such as floods, etc., or to load varia- 
tions in hydraulic plants. The usual problem to be 
solved was, given the levels and discharges observed 
during flood conditions at a section of a water course, 
to determine the levels and discharges at a section 
downstream. When the rate of change of water 
level with distance was not negligible in comparison 
with the slope of the water course, the differential 
equations of motion and continuity could not be 
solved by integration. Sig. Ruggiero described 
a simplified method of finite differences for solving 
such problems, which had been checked against 
experimental results and found to give good 
agreement. 

Mr. H. Thygesen Kristensen raised the ques- 
tion of transitory phenomena in sewer systems. 
When rainfall commenced, the side sewers would 
begin more or less suddenly to discharge into the 
main sewer. The rate of change of discharge with 
time varied with the rate at which the intensity of 
the rainfall was changing ; this could be established 
by rain measurements. The dimensions of sewer 
systems were determined for a rainfall of great 
intensity, which experience had shown to be of 
comparatively short duration and which always 
started suddenly. This sudden increase of intensity 
caused the formation of a wave of translation at 
every inlet to the sewer. If the sewer sloped 
steeply, only one such wave would be formed,which 
would travel down the sewer; but if the slope of 
the sewer was shallow, two waves would be formed 
at each inlet, one moving downwards and the other 
moving upwards. For simple systems it was 
possible to study the propagation of the waves, as 
they were modified by friction, slope, variation of 
cross-section and junctions, by application of the 
energy and continuity equations. The method, 
however, required simplification for convenient 
practical use. Results of such calculations showed, 
in a particular case, that the maximum discharge 
and highest water-level were reached much earlier 
than the standard method of calculation indicated, 
the difference in time being almost as much as 50 per 
cent. The dimensions of the sewer calculated by the 
standard methods were, therefore, too small for 
the intensity of rainfall with which it had to deal. 
It was therefore desirable to develop a method of 
simple approximate calculation to allow for wave 
motion in the sewer system. 


(To be continued.) 


LABOUR NOTES. 


Wace problems have remained very much to the 
fore. The report of the special economic committee of 
the Trades Union Congress that they had reached 
agreement on certain “ broad and general conclusions ” 
was endorsed, with but one dissentient, at the meeting 
of the full General Council of the T.U.C. on November 9. 
A statement issued subsequently by Mr. Vincent 
Tewson, C.B.E., general secretary of the T.U.C., an- 
nounced that a meeting of the special economic com- 
mittee with members of the Government would take 
place on November 14, when the conclusions of the 
General Council would be discussed. Unions affiliated 
to the T.U.C. would not be informed of the nature of 
those conclusions until after that meeting, at the earliest. 
The General Council’s delay in providing guidance for 
the individual unions was unexpected, especially in 
view of the five weeks which had elapsed since their 
announcement that the special economic committee 
had been requested to speed up their report on the 
developments in the economic situaticn arising from 
the devaluation of sterling. Moreover, the urgency 
and extent of unions’ wage claims, already presented 
or pending, showed clearly how desirable prompt and 
definite guidance was. 


Sir Stafford Cripps, Chancellor of the Exchequer, 
Mr. Ernest Bevin, Secretary of State for Foreign 
Affairs, Mr. George Isaacs, Minister of Labour, and Mr. 
Aneurin Bevan, Minister of Health, were the repre- 
sentatives of the Government who met the special 
economic committee at the House of Commons last 
Monday. It is worthy of note that that was the first 
occasion, since the announcement of devaluation on 
September 18, that Mr. Bevan had met the committee, 
and the information and assurances which he was no 
doubt able to give them with regard to the social ser- 
vices probably did much to promote the statement by 
the T.U.C., which was issued after the meeting. This 
statement created something of a precedent in that it 
appealed to the unions to stay their hands respecting 
all wage claims, pending the receipt of a pronounce- 
ment by the T.U.C. on the economic situation. As on 
the occasion of previous meetings with trade-union 
leaders, nothing was published from the Government 
side and that also, in the existing circumstances, was 
not without significance. 





The statement issued from Transport House after 
the meetings at the House of Commons read that the 
discussions were mainly concerned with the action that 
could be taken to ensure the success of the efforts 
required to avoid the dangers of inflation, to protect 
standards of living and to maintain full employment. 
Problems which had emerged in the course of the in- 
vestigation by the T.U.C. of trade-union wage policy 
had been fully examined. The special economic com- 
mittee had considered it advisable, in view of their own 
tentative proposals, and in the light of the discussions 
with the Ministers, to urge all unions concerned with 
current wage claims to postpone negotiations until the 
General Council had made a full statement on the whole 
situation. 





The implications of the Transport House statement 
appear to be that, after several weeks of discussion, 
the T.U.C. are proposing to make a strong effort to 
promote something approaching a complete stoppage 
of wage claims. Such a policy would be very much in 
line with the desires of the Government. One result 
would be that some four million wor le or about 
half of the total membership of the unions affiliated to 
the T.U.C., would be asked to accept stabilisation of 
their wages at current rates, although they had pre- 
viously decided to press claims for wage increases. 
Furthermore, those sections of employees who had no 
claims pending would be discouraged from putting any 
new claims forward. 





Any policy of wage freezing will confront both the 








T.U.C. and the Government with many difficulties. 
Payment by results, payment systems which relate 
wages to output and production, wages of the lowest- 
paid grades, and sliding-scale agreements based on the 
cost of living, are scme of the problems for which 
sclutions will have to be found. Some unions have 
declared their unwillingness to forge their cost-of- 
living agreements and others have affirmed that they 
must continue their efforts to improve the conditions 
of their lowest-paid members. The special economic 
committee will hold another meeting to-day, and the 











next regular meeting of the full General Council is due 
to take place on Wednesday. Having gained the 
co-operation of the T.U.C., the next Government 
move may well be an approach, at a lower and more 
intimate level, to the individual unions. In this event, 
Ministers would meet joint consultative bodies of 
employers and workpeople to present the Government 
case. 


The direction in which Government policy is likely 
to turn in the coming months was poe ays Fhe by 
Mr. Herbert Morrison, the Lord President of the 
Council, in a speech at Preston on November 6. After 
lamenting the economic wastage which had taken place 
in the years between the two wars, Mr. Morrison 
appealed to those ent to put the nation first, and 
declared : “* Our principle must be that those who wan 
more than a minimum standard c* '‘fe—and it is a fine 
and praiseworthy ambition—must contribute more 
than a minimum day’s effort in the way of work. It 
would be better if our methods of reward in industry 
could do more to reflect this principle. The man or 
the team who do a better day’s work than the next 
man or team should be entitled to correspondingly 
better earnings.” He said that they should be looked 
up to as people who were helping to earn the nation’s 
right to full employment and social security. 





It was wrong, Mr. Morrison stated, that such men, 
who should be the pride and strength of the country 
and of the Labour movement, should ever have to feel 
that they were being regarded as setting too fast a 
pace for their less efficient workmates. Those who 
worked harder and earned more than the minimum 
were not only not injuring their fellows, but were 
helping and supporting them. Mr. Morrison declared 
that the country’s economic problems were a lot more 
complicated than some critics made out. In fact, 
neither bigger and better cuts, nor any other simple 
remedies, could, by themselves, get us anywhere. The 
recognition by Mr. Morrison of the need for incentives 
to induce harder work, indicating, as it dces, a depar- 
ture from the aim of equa] shares for all, is a measure 
of the realities of the present economic situation. 





The executive of the Confederation of Shipbuilding 
and Engineering Unions met in York on Wednesday 
and decided to press forward negotiations on their 
claims for an all-round increase of 20s. a week for engin- 
eering employees, in spite of the request of the Trades 
Union Congress to the unions to hold over wage claims. 
A plea to withdraw the claim made to the Confederation 
by the Engineering and Allied National Employers’ 
Federation was rejected by the Confederation at their 
meeting on November 11. 





Unemployment in Great Britain rose abruptly during 
September, according to a statement issued by the 
Ministry of Labour on Monday. Persons wholly un- 
employed increased in number from 267,866, on Sep- 
tember 12, to 300,255, on October 10, a difference of 
32,389. This compared with an increase of only 
7,994 during the previous four-weekly period. The 
increase was attributed by the Ministry to “ seasonal 
fluctuations.”” The October figure represented approxi- 
mately 1-5 per cent. of the total number of emplo 
insured under the national insurance schemes. Of the 
total registered as workless on October 10, 212,000 were 
men aged 18 and over, 7,635 were youths under 18, 
74,290 were women aged 18 and over, and 6,330 were 
girls. During the week ending on September 24, 
approximately 19,000 operatives in the manufacturing 
industries were on short time, losing 14 hours each on 
the average, but, on the other hand, 930,000 employees 
worked an average of seven hours’ overtime. 





The total working population increased during 
September by 12,000 men and boys and 13,000 women 
and girls, mainly due to young people reaching the 
school-leaving age and entering employment. The 
working population numbered 23,278,000 at the end of 
September, compared with 23,146,000 at mid-1948. 
At the end of September, the number in civil employ- 
ment, including industries, commerce, and services of 
all kinds, was 22,230,000 (15,122,000 men and boys 
and 7,108,000 women and girls), while another 746,000 
persons were in the Armed Forces and 21,000 on release 
leave seeking employment. In the manufacturing 
industries, the most outstanding increases during Sep- 
tember occurred in the metal, engineering and vehicle 
group of industries, which gained 7,000 operatives ; in 
the textile industries, which gained 6,000 employees ; 
and in the chemical and allied trades, which gained 
3,000. The number of workpeople employed in the 
building and contracting trades increased by 7,000 to 
a total of 1,497,000 at the end of September. There 
was a fall of 4,200 in the number of wage earners on 
colliery books. 





The joint conciliation committee for the iron, steel, 
and non-ferrous scrap-metal industry have agreed to 
accept the wage claims of the Transport and General 
Workers’ Union. As from the pay-day in the week 
commencing on Monday, November 14, the minimum 
rate payable to employees in the industry will be 
99s. 11d. for a week of 44 hours. Proportional increases 
will also be paid to operatives in the higher grades and 
to juveniles, 
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This steel can be cyanide case-carburised to a depth 
of about 0-010 in., and is often used for bearing screws 
where a very hard surface is required. In inexpensive 


proportion of small in-|clocks and instruments, pinion teeth are usually run 
strument work is carried | in the soft condition, but for higher-class movements 
out on special Swiss-type | hardened pinions are fitted. To improve the machin- 
automatic machines, in- | ability of steels generally, lead is often added both to 
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METALS USED IN CLOCK AND 
INSTRUMENT MANUFACTURE.* 
By R. E. Tricker, M.Sc., F.1.M. 


Tue clock and instrument industry has quite a long | 4" oval component will result. The prime necessities 
history, from the individually hand-built article to | for small bar work on Swiss-type automatics, therefore, 
| are excellent finish and tolerances. 


the mass-produced instrument of to-day. In the 
spring-wound clock and watch section practically the 


whole of the improvements have been in the metallurgy | finish the leaded type is used, but it has been found 
n | necessary for small work to improve on the general 
As long ago as 1760, Harrison made a| British Standard Specification No. 249 as this is too 


of the materials and in the automatic production 
machinery. 
chronometer which only varied five seconds in two 
months on a voyage to Jamaica. The introduction of 
the steam engine and the internal-combustion engine 
gave rise to many demands for new instruments, 
followed later by the expansion of the electrical 
industry. The availability of alternating-current with 
controlled periodicity produced a large demand for 
electric clocks. In common with many other processes, 
the mass production of instruments has only been 
rendered possible by the development of alloys suited 
to high-speed accurate machinery. This, in turn, 
has given an impetus to the machine-tool maker to 
introduce faster machining rates, and so the cycle 
proceeds. 

The clock and instrument industry now possesses 
many plants using moving-belt assembly methods 
producing thousands of completed units a day. To 
keep up the flow itates the u ing supply of 
very accurately machined components in a wide variety 
of alloys and steels, and it is the aim of this paper to 
describe the metallurgical advances which have been 
made to meet this demand. As so many different 
metals must be included it is proposed to deal with 
them as far as possible in groups: turned parts, die- 
castings, — and blanked parts, spring materials, 
magnet alloys, and alloys with special applications. 

While many turned components produced from rods 
are machined on the conventional automatic machines, 








* Paper read before the Scottish Local Section of the 
Institute of Metals on February 14, 1949. Abridged. 
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| face is at all scored or is roughly ground it will rapidly 





Schaublein. On_ these | 
types, the bar feed is 
through a canon bush 
necessitating very accu- 
rately dimensioned and good-surface bars. If the sur- 


wear away the bushes and result in inaccurate dimen- 
sions on the finished parts. Further, if a bar is oval, 


Dealing first with brass, in order to obtain an accurate 


wide as regards analysis, methods of manufacture, and 
size tolerances. To illustrate the difference, Table I, on 
page 544, gives a comparison between the two specifi- 
cations, and also includes an Imperial Chemical Indus- 
tries specification. It will be noticed that, in No. 3 
brass, the copper range has been narrowed, as have the 
lead content and total impurities. Perhaps the greatest 
difference in the two specifications is in the close control 
of the tensile strength. The figures are higher, particu- 
larly for smaller rods, than the general run of B.S. No. 
249, where only one minimum is given for all sizes. 
The higher figures are, of course, obtained by further 
cold work. Where it is necessary to rivet cver the end 
of a compcenent, a grade slightly higher in copper and 
lower in lead is used. 

In a general survey of this nature, which endeavours 
to give an all-round view of clock and instrument 
metallurgy, it is obvious that ferrous and non-ferrous 
materials are inseparable, and that certain steels niust 
be mentioned. The majority of pinions, spindles, 
many screws, arbors, etc., are turned, screwed, or 
gear-cut from steel rod on Swiss machines, and here 
again special steels have had to be worked out or 
adapted from existing specifications. For many parts, 
sulphur-containing free-cutting mild steel is used. In 
order to produce a fine finish on small components, the 
size and distribution of the sulphides are rather critical, 
and it is desirable also to keep the tensile strength in 
the region of 37 to 42 tons per square inch, the 
hardness being 170 to 200 D.P.N. (diamond-pyramid 


cluding those of Bechler, | 


the sulphur-containing type of mild steel and to the 
higher straight carbon steels up to 1 per cent. carbon. 
This addition cannot be detected under the microscope, 
and, in the case of the higher-carbon steel, has no 
adverse effects on the capacity to harden or on the 
wear-resistance. 

Table II, page 544, shows the usual range of steels 
employed, and it will be observed that there are several 
types intermediate between the free-cutting mild and 
1 per cent. carbon. These are chosen according to the 
stresses involved and the hardness required. All 
contain either sulphur or lead. It will be noticed 
that the analyses of Nos. 4L and 3L, and of Nos. 2L 
and 1L are similar. The difference lies in the amount 
of cold work applied to the rods. It is Found that in 
very long spindles, for example, less distortion will 
take place using material with the lower initial tensile 
strength (i.e., Nos. 4L and 2L) than with the harder- 
drawn variety. There is, however, a slight sacrifice in 
machining speeds to give a good finish. It is very 
important with parts which are to be hardened that 
there should be no decarburisation on the surface of 
the rods, and a clause to this effect is included in 
most manufacturers’ specifications. A close tolerance 
limit is also required on these rods. In many cases 
a + limit of 0-01 mm. or 0-0004 in., and in some 
rods + 0:005 mm. or 0-0002 in., is required. In 
general this can only be controlled commercially by 
grinding and reeling. 

There are several types of pinion in common use 
to-day, namely, the leaf pinion, the lantern, and the 
die-cast lantern. Fig. 1, on this page, illustrates 
these varieties. Leaf pinions are shown in the upper 
row, lantern pinions in the middle row, and die- 
cast lantern pinions in the lower row. The leaf 
type is cut on a special gear-cutting machine from 
blanks turned in an automatic machine. The lantern 
type is a compound pinion using a high-carbon hardened 
steel wire threaded into a brass collar by special 
machines. The die-cast variety is assembled in the 
die and then pressure-cast with zine alloy to form a 
complete unit. The materials most commonly used for 
die-castings are zinc-base, aluminium-base, and tin-base 
alloys. The usual composition limits are given in 
Table III, page 544. Great use is made of the saving in 
machining operations which can be effected by the 
introduction of zinc-base die-castings, both as case com- 





numbers). 


ponents and as internal supports for movements. Fig. 2 








illustrates some of their various applications. The 
centre casting is the combined housing for a speedo- 
meter, oil-pressure gauge, and ammeter. The two 
upper items are the cradle and end plate for a small 
motor. At the lower left-hand corner is shown the 
internal cradle for a speedometer and at the lower right- 
hand corner an oil pressure-gauge case and housing. 

The main characteristics of the chosen alloy as 
adapted to instrument work must be its ability for 
production to very accurate thin sections, its non- 
liability to corrosion, and its freedom from movement 
due to ageing. It has been found that the best all- 
round composition for work of this kind is the Mazak 3 
of B.S. 10044 type, as detailed in Table TI. With 
this alloy it is possible to work to a minimum wall 
thickness of 0-020 in., if required. Where used inside 
an instrument it is of paramount importance that no 
serious corrosion should take place, otherwise the rather 
bulky corrosion product would become detached and 
soon interfere with the sensitive mechanism. It is 
for this reason that the impurities must be very closely 
controlled, as it has been well established that it is the 
presence of very small quantities of tin, lead, and 
cadmium in conditions of normal humidity which leads 
to intercrystalline corrosion. For most applications a 
chromate treatment is given to the surface as an 
additional protection, 

The last essential property is freedom from move- 
ment due to ageing after the instrument has been 
assembled. It does not need any explanation to 
appreciate that if the alloy expands or contracts it 
would interfere with the positions of sensitively set 
dimensions and so give rise to trouble. With a zinc- 
base alloy, as shown in Table III, there first occurs a 
shrinkage of the order of 0-00065 in. per inch which is 
complete after five weeks’ normal ageing, followed by 
an expansion of 0-00013 in. per inch over about three 
years. It will be seen that the major movement is in 
the initial shrinkage. For critical components it is 
usual to give an accelerated ageing of three hours at 
100 deg. C. before final machining. After this it is 
found that the movement is negligible. The tensile 
strength of 16 tons to 18 tons per square inch, with an 
impact value of 35 to 45 ft.-lb., and a hardness of 60 to 
70 D.P.N., are adequate mechanical properties for most 
constructional part of instruments, but where used for 
wheels and moving barrels the properties are not so 
acceptable. Experiments have been made with both 
these items, without much advantage being shown, as 
compared with brass, owing to the relative softness 
of the zinc-base alloy, and to the rapid decrease of 
impact or shock properties as the temperatures are 
lowered to, say, — 10 deg. C. 

The principal use of tin-base die-castings is for coun- 
ters, such as are used on speedometers, and other 
integrating counter mechanisms. This alloy gives 
very sharp figures. On account of the high cost of 
tin, there is a tendency to change over to plastics of the 
polystyrene type. The composition is now usually 
as shown in Table III; during the war more lead was 
added owing to the scarcity of tin. Aluminium-base 
alloys are used where advantage can be taken of their 
light weight, as for cases of aircraft instruments. 
The 12 per cent. silicon type is preferred for its ease of 
casting, but care must be taken when these alloys 
are to be anodised. 

The most jmportant parts produced by bjanking 
and forming from strip are such items as plates and 
wheels, for which special brasses have been developed. 
The plates must perform two main functions, namely, 
to act as a support for the movement and to locate 
each train of gears accurately in mesh ; and to provide 
bearings for the spindles. Plate strip must be dead 
flat and, most important of all, remain flat after stamp- 
ing. Fig. 3, on page 543, shows how large an amount of 
material is removed from the inside of some plates, 
and unless the strip has been properly processed, 
remanent stresses will relieve themselves and buckle 
the plate slightly. This effect does not always take 
place immediately, and many clocks have been 
assembled and then after several days it has been 
found that the plates have warped. This results in 
the bearing holes canting over at an angle and binding 
up the gear train, in addition to altering end clearances. 
A bent plate can be corrected (although this entails 
an extra operation) by a method known as chequering. 
This is done by means of a press tool carrying a large 
number of small raised teeth and results in the effect 
illustrated in Fig. 3. The pricking of numerous dents 
in the surface relieves the stresses and results in a 
plate which will stay flat. This operation is a palliative 
and should not be necessary, but some makers also 
employ it for decorative purposes. 

It is essential that no burrs should be produced while 
stamping and piercing the holes, also that the small 
punches should withdraw easily. For this purpose lead 
is added to the brass and the strip is cold rolled to a 
temper of 140 to 160 D.P.N. for plates and 160 to 190 
D.P.N. for wheels. As in many commercial clock 
movements the bearings of the pinions are merely 
holes in the plates, an «/8-brass mixture is preferred, 
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the theory being that the harder £ particle takes the 


load in an « matrix. 

Fig. 4, on page 543, shows one method of producing 
clock wheels in large-scale production, using this brass. 
The teeth are hobbed in a stack of pressed blanks on a 
mandrel by a special automatic machine, and the 
mandrel is then removed. Some manufacturers blank 
wheels straight out complete with teeth, but in any 
case the qualities required for the brass are the same, 
i.e., no burrs must be formed. Where a plate or other 
similar component has some portion with a slight bend 
in it, it is customary to use a leaded brass with higher 
copper and less lead to increase the percentage elonga- 
tion a little. Plates and wheels have been tried out | 
in specially treated Duralumin and appear to be | 
satisfactory. Brasses to the general lead-free specifi- | 
cations B.S. 265, 266, and 267 are used to a great extent 
for items such as bezels, slip-rings, cases, and similar | 
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washers, friction discs, release springs, etc. Another 
application is for steel escape wheels which have to | 
hardened. The main requirements in this strip, «s 
supplied, are perfect spheroidisation of the carbidcs 
for ease in cutting and hardening, and a good surfac.. 
This steel will be mentioned again later in connection 
with mainspring materials. 

It has been found necessary to call for rather different 
properties in the steel according to whether the com- 
ponents are to be blanked and formed, blanked only, 
or are to be gear-cut. The analysis is precisely the 
same, but the finishing technique employed by the 
suppliers has to be varied. Many blanked and forme: 
components are made from bright mild steel to on 
of the various temper specifications of the old B.S. No. 
847 (1939) which has recently been changed to B.S. No. 
1449 (1948) and has a slightly different form. Thi- 
type of work follows conventional lines, but as man 
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Analysis. Mechanical Propertie- 
Minimum 
Specification. Cu, Zn, Pb, Sn, Fe, — Tensile 
Per Per Per Per Per “— Size, Strength, 
cent. cent. cent. | cent. cent. et Tons per 
cent. sq. in. 
| 
British Standard Specifica- 55-60 | remainder 2-3-5 - - 0-75 All sizes 25 
tion No. 249. | max 
[= Pasay oe te Up to and including 
2-5 3a 
No, 3 brass (S. Smith and 58-60 | remainder 1-5-2-0 0-10 0°10 0-50 2-50 to 5-0 mm, 36 
Sons). j se max. max. max. 5-0 to 10-0 mm. 34 
Over 10 mm. 30 
794 (Imperial Chemical In- 60-63 | remainder 2-0 — — 0-75 — 
dustries, Limited, Metals | max, 
Division). 
TABLE II.—CarBON-STEEL ROD MATERIALS. 
Analysis. Tensile 
Strength. 
Specification. Tons pet 
, Si, Mn, 2 8, Pb, sq. in. 
Per cent. Per cent Per cent. Per cent. Per cent. Per cent. 

Free-cutting (sulphur con- 0-15-0-20 0-30 max. 0-60-0-80 0-04 max, 0-20-0-25 — 37-42 all sizes 
taining) .: | 5 9.9 7-42 all si 
Free-cutting (leaded) 0-12-0-15 0-20 max. 0-60-0-90 0-05 max. 0-20-0-25 0-15-0-25 37-42 al sizes 
No, 5* wa Rp 0-40-0-45 0-30 max. 0-70-0-90 0-05 max. 0-20-0-30 | — 50-60 all sizes 
No. 4L* 0-60-0-75 0-30 max. 0-70-0-80 0-05 max. 0-20-0-25 | 0-15-0-20 | 38-45 all sizes 

No. 3L* 0:60-0:75 | 0-30 max. | 0-70-0-80 | 0:05 max, | 0-20-0°25 | 0-15-0-20 —S 
a 603 
No. 2L* 0-90-1-10 0-30 max. 0-40-0-30 0-05 max. 0-05 max. | 0-15-0°20 42-46 all sizes 
No. 1L* 0-90-1-10 0-30 max. 6-40-0-80 0-05 max. 0-05 max. 0-15-0-20 eo 
a ¢ 
* Messrs. S. Smith and Sons. + Up to and including 2-0 mm. ¢ Over 2-0 mm. 
TABLE IIIl.—D1e-CasTInG MATERIALS. 
Analysis. 
Type. i) < oe 7 7 F 
” Al, Cu, Mg, Fe, Pb, Cd, Sn, Zn 
, Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
Zine-base alloys (B.S. | 3-9-4-3 0-03 max. | 0-03-0-06 0-075 max. | 0-003 max. | 0-003 max. | 0-001 max. remainder 
10044). = - 
soa 7 | 
Sn, Per cent. | Sb, Per cent. | Cu, Per cent. | Pb, Per cent. 
| 
- “= r 
Tin-base alloys (a) 75 20 5 ae” 
(b) | 64-66 14-16 17-1¢ 
Si, Mn, Fe, Zn, Cu, Pb, Ti, ; Al 
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
Aluminium-base alloys..; 10-0-13-0) 0-05 max. | 0-60 max. | 0-10 max. | 0-10 max. | 0-10 max. | 0-20 max. | remainder 








parts which have to be formed or deep-drawn. As 
this is conventional practice no further reference need 
be made to these brasses. 

For escapement work small quantities of nickel 
silver are used. Although this does give some improve- 
ment in mechanical properties over the brasses, it is 
principally employed for the sake of appearance, as it 
obviates plating. Here again a special leaded type is 
used with about 2 per cent. lead and a nickel content of 
12 to 15 per cent. Quite a number of parts are blanked 
from steel strip. In the case of clock and watch hands, 
which have to be blued, it is found necessary, in order 
to produce a good colour, that the carbon shall be kept 
high. The practice, therefore, is to blank them either 
from a 0-9 per cent. carbon strip or from mild steel 
and then to cyanide case-harden them. In either case 
this is followed by hardening, polishing, and temper 





blueing. This 0-9 per cent. carbon steel strip is 
used in practically all small work, such as spring 











such parts have to be plated, it is necessary to specify 
a good finish for the strip. Where a case is to be 
enamelled only, it is frequently pressed out from tin- 
plate for additional corrosion-resistance. Smaller 
quantities of aluminium strip are used for such items 
as pointers, where the weight of the moving part has to 
be considered. Bases 
There are two main classes of mainspring materials in 
use to-day—the straight 1 per cent. carbon steel and the 
silico-manganese steel. The carbon steel is used 
mainly for the smaller table-type clocks and watches, 
while silico-manganese steel finds its principal applica- 
tion in the larger clocks and chime movements. The 
larger clocks use spring thicknesses of up to, say, 
0-022 in., and it has been found that silico-manganese 
steel is less sensitive to slight deviation in heat-treat- 
ment in such thick sections and does not suffer the 
same proportion of breakages when wound round a 
small arbor. Before the 1939-45 war, this country 
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had to rely to a large extent on imported Swedish | care is taken with the setting temperature a reasonably 
spring-steel strip, but recently great strides have been | elastic spring can be consistently produced. Such 


made towards satisfying our own needs. There is 
now a modern English plant producing most of this 
country’s mainsprings and toy springs. In the 
majority of cases the hardened and tempered strip is 
supplied in large coils to the instrument and clock 
manufacturers, who make up their own springs. It is 
most important that the correct physical properties 
are maintained, and the tests applied usually include 
microscopic, tensile, D.P.N. hardness, and a 180-deg. 
bend test round a specified diameter, according to the 
thickness of the strip. Watch springs are at present 
practically all made from 1-0 to 1-2 per cent. carbon 
steel, but a patent has recently been taken out in the 
United States by the Elgin Watch Company, for a 
material called “ Elgiloy.”’ This is not really a steel ; its 
nominal percentage analysis is as follows: Co 40, Cr 20, 
Ni 15-5, Fe 15, Mo 7, Mn 2, C 0-15, and Be 0-03, but this 
can be varied. It reacts as a precipitation-hardening 
alloy in the same way that beryllium copper can be 


hardened after only a final low-temperature treatment. | 


The conventional carbon-steel spring strip is either 
oil- or air-hardened from about 780 to 800 deg. C., and 
then tempered back in the neighbourhood of 260 to 
320 deg. C., according to the desired properties and 
thickness of the strip. With Elgiloy the billets are 
hot rolled to,about 0-050 to 0-060 in. and then solution- 
treated at about 1,100 to 1,200 deg. C. In this condi- 
tion the alloy can be cold rolled to the thickness of 
watch springs, say, 0-004 to 0-006 in., without inter- 
mediate anneals. The final properties are brought out 
by a precipitation- hardening treatment of about 5 hours 
at 480 deg. C. It is claimed that the alloy is non- 
magnetic and immune from corrosion. ; 

Hairsprings are an extremely important part of very 
many clocks and instruments. As several different 
materials are used for hairsprings according to the 
function they have to perform, their various uses will 
first be outlined and each dealt with individually later. 
The commonest spring in use to-day is made from 
phosphor- bronze, usually containing 7 to 8 per cent. tin. 
This can be easily cold worked to give quite considerable 
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springs have, to a large extent, superseded the steel 
hairspring, which suffers from corrosion trouble both 
in storage and use. They are generally employed in 
cheap alarm clocks, where temperature compensation 
is not a great advantage, owing to the fact that there 
are greater errors in the components and assembly 
which prevent such clocks from being regulated to 
seconds a day. Another large use for phosphor 
bronze is in “ zero-ising’’ springs where the pointer 
of an instrument has to work against its torque and 
be returned to zero when the stress is removed. An 
application of this kind is very well illustrated in the 
magnetic speedometer which is fitted to the majority 
of motor vehicles. 

With fine watch movements and good-class clocks 
the balance must be compensated for temperature 
differences to allow the mechanism to keep time. In 
the past this was accomplished by a split balance using 
a bi-metal rim with a steel hairspring, but this is very 
costly to make and, apart from chronometers and cer- 
tain very high-class watches, it is now customary to use 
a solid brass or nickel-silver balance wheel and to com- 
pensate its expansion with the hairspring. Such a 
hairspring must be made from a substance having a 
practically nil or slightly positive thermo-elastic coeffi- 
cient, and these materials have been developed from 
the original Invar to the Elvinar type common to-day. 
There are several variations of this alloy, but they all 
function in the same way. Another by no means 
unimportant advantage is that it is not so susceptible 
to magnetism as steel. 

When an instrument hairspring has to carry an 
electric current, phosphor bronze suffers from the 
disadvantage of having only 10 to 20 per cent. of the 
conductivity of copper, so a cadmium-copper alloy 
is often used for delicate applications such as galvano- 
meters, milliammeters, ete. This will give a conduc- 
tivity of 80 to 90 per cent., but the springs need very 
careful handling as they are rather soft. Where a 
spring is to be highly stressed and take large deflections 
it is usual to employ beryllium copper. This material 
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can be hardened up to approximately 350 to 400 D.P.N., 
gives a robust spring, and does not suffer much from 
drift. This latter quality is very important, particu- 
larly with aircraft instruments such as high-speed revo- 
lution counters, where the total permissible error may 
be only 0-5 per cent. The alloy is also, of course, 
resistant to corrosion. 

Before proceeding to the chemical and physical 
characteristics of the alloys used, the method of 
producing hairsprings may be outlined. The wire is 
obtained from the manufacturers to a specified con- 
trolled analysis and in the soft condition, i.e., it has 
been close- or strand-annealed to remove the effects of 
cold work. The size is calculated according to the 
amount of cold work which the hairspring manufacturer 
intends subsequently to apply to the wire. After the 
wire has been accepted it is drawn down with a carefully 
controlled draft through diamond dies to final size, 
cleaned, and rolled through highly-finished rolls to a 
ribbon. This flattening should be accomplished pre- 
ferably in one pass, and gives a ribbon with a width to 
thickness ratio of, say, 8:1. When it is realised that 
the torque of a hairspring varies as the cube of the 
thickness it will be appreciated that the accuracy of the 
ribbon must be of a high order, and it is commonly 
measured in production to 1/1,000 of a millimetre, or 
0-00004 in. 

The springy ribbon is cut to length as it leaves 
the rolls and is wound into a “box” (open on one 
side) for setting to a spiral. The number of pieces 
in a box determines the pitch of the spring, and it 
is necessary so to set the ribbon that it retains this 
form. This is accomplished by heating the box, 
either on a hot plate or in a small furnace, with gas 
protection to avoid staining, for a sufficient time to 
remove the coiling stresses. The temperature and 
time vary, of course, with the alloy, but with the 
exception of precipitation alloys of the beryllium-copper 
type the time is of the order of a few minutes. 

When cold, springs will fall from the box, or can be 
separated quite easily by shaking gently in a small 
bottle. The springs are then mounted on collets or 
centre-pieces so that they can be attached to their 
spindles. The analyses and physical properties of 
the common hairspring alloys are shown in Table IV, 
on page 546. 








The formula for the calculation of the torque is : 
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where : 

torque in dyne-cm. 

Young’s modulus in dynes per sq. cm. 
width of strip in cm. 

thickness of strip in cm. 

length of strip in cm. 

full-scale deflection in radians. 


It will be noticed that Young’s modulus E entets into 
the calculation and, contrary to some statements, it is 
definitely found that this varies according to the degree 
of cold working of the strip. Any initial calculation 
for a hairspring, therefore, can only be approximate 
and exact dimensions are obtained by trial springs. 
For temperature-compensation alloys a Coulomb’s 
pendulum is used to show the variation of the elastic 
modulus with temperature. Each batch of material 
is usually checked. The final checks are taken with a 
standard watch under controlled heat conditions. 
The following sections deal with spring components of 
a different nature, i.e., bellows, diaphragms, and 
capsules, which are produced from strip. Bellows are 
principally used in expansion devices such as car 
thermostats, and as they are severely worked during 
their manufacture are commonly made from 80 : 20 
brass or Tombac. Fig. 5, on page 545, shows the 
sequence of operations followed by one manufacturer 
in forming the complete bellows. The starting point 
is a plain disc which is deep-drawn ‘in stages with 
appropriate anneals until it arrives at the final thin- 
walled tube. This is then spun up with a spinning tool 
into a series of convolutions giving the correct collapsed 
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in Fig. 7, on page 545, is oval with a wall thickness 
varying between 0-005 and 0-040 in., according to the 
presses involved. The Bourdon tube on the left is 
of steel; that on the upper right-hand side is of 
beryllium copper and that on the lower right-hand side, 
of phosphor bronze. When phosphor bronze is used, 
the tube is preferably of a hardness between 140 and 
160 D.P.N., while beryllium copper is supplied in the 
solution-treated condition. The first step is to cut to 
length and bend. A jig has been made which will bend 
these tubes without filling if the production is large ; 
the alternative method is to fill with either common 
table salt or Cerrobend. These latter fillers are subse- 
quently boiled out and the tube thoroughly cleaned 
and dried. Low-pressure Bourdon tubes in phosphor 
bronze are usually given a stress relief treatment of 
280 deg. C. for 1 hour to eliminate subsequent drift. 
The end-pieces are then soldered into the phosphor- 
bronze tube, making sure of removing all flux. 

It will be noticed how the accent on drift keeps recur- 
ring and how important it is that many of the materials 
for clock and instrument manufacture should be as 
stress-free as possible. The point has been mentioned 
in connection with plates, capsules, Bourdon tubes, 
and hairsprings. With Bourdon tubes made in 
beryllium copper a slightly different technique is used. 
After bending in the solution-treated condition, the 
end-pieces are silver-soldered in for strength and then 
the whole assembly is given the precipitation-hardening 
treatment. As the temperature employed is well below 
the melting point of the silver solder this treatment 
gives a very stable tube. 

Steel tubes for higher pressures are usually made from 
a chromium-molybdenum steel containing about 





0-35 to 0-45 per cent. carbon, 1 per cent. chromium, 


TABLE IV.—HAIRSPRING MATERIALS. 








> re Electrical 
re. Approximate ae "E Conductivity, U 
Analysis. | vague ee schee Per cent. — 
| .b. persq. in. > L of Copper. 
Phosphor bronze . .| Sn7, PO-25 per cent., remain- 16 16 General use for clocks and return 
} -der Cu. | springs. 
Beryllium copper ..| Be 1-9-2-1, Co 0-3 per cent., 18 25-30 Used for highly stressed springs 
remainder Cu. 
Cadmium copper ..| Cd 1-0 per cent., remainder Cu 13 85-90 Used where high conductivity is 
essential. 
Elinvar Ni 35, Cr 8, C 0-06 per cent., | 23 _ Used for temperature compensa- 
Mo, Si, etc., remainder Fe tion, as in watches. 
Metelinvar .. Ni 40, Cr 6, W 3, Mn 2, Mo 24 —_ Used for temperature compensa- 
1-5, C 0-60 per cent., re- tion, as in watches. 
' mainder Fe. 
Nivarox ., Ni 35, Cr 8, Ti 1-0, Be 0-9, 25 —_ Used for temperature compensa- 
_ per cent., remainder tion, as in watches. 
e. 
Steel .| € 0-90-1-10 per cent. 28 _- Used in a few clocks; also 


watches with bi-metallic ba- 


| lance. 





length of the bellows. This process very slightly 
thins the wall at the extreme edge and so tends to 
produce a very flexible unit. There are other ways of 
making these bellows, namely, the hydraulic-pressure 
method, also a method of stamping out slightly 
formed blanks, turning the edges over, and soldering. 
Such a bellows is shown at the front left-hand side of 
Fig. 5. If this latter method is used, 70: 30 brass is 
often specified, but other metals can be employed. 

Capsules are, in effect, a singel-unit bellows, as shown 
in Fig. 6, on page 545. They are used in altimeters 
and air-speed indicators, and must be rendered very 
sensitive in order to respond to small differences in 
height by the change in barometric pressure, or pressure 
from the Pitot tube in the case of the speed indicator. 
Obviously, the thinner they can be made, consistent 
with strength, the more sensitive they will be, and the 
materials usually employed are phosphor bronze and 
beryllium copper. Important points to be taken into 
account are freedom from drift, i.e., failure to return 
to the zero position after stressing, and from hysteresis 
which shows itself by producing readings, in ascending 
the pressure scale, different from those given on 
descending. 

A typical material is standard beryllium-copper 
strip about 0-005 to 0-007 in. thick, containing 1-9 to 
2-1 per cent. beryllium, with up to 0-3 per cent. cobalt 
for grain refinement. Round corrugated blanks are 
stamped from the solution-treated strip. The corru- 
gations are added to give strength and the correct 
characteristics to the capsule. These blanks are then 
heat treated to produce precipitation-hardening to the 
degree required, which may not be necessarily the 
maximum obtainable. The edges of the blanks are 
next soldered up by various methods dependent upon 
the applications intended, but for some instruments 
brazing is adopted. It should be possible to use induc- 
tion heating for this purpose. 

An example of a tube acting as a spring is the Bourdon 
tube as used in pressure gauges. Phosphor bronze 
can be employed up to pressures of 1,000 lb. per square 
inch, after which it is usual to change over to beryllium 





copper and steel. A Bourdon-tube section, as shown 


and 0-25 to 0-40 per cent. molybdenum. The tubes 
are formed in the soft condition, after which they are 
hardened at 900 deg. C. and tempered at about 400 deg. 
C. After sand-blasting they are given a stress relief to 
prevent zero shift. The ends are screwed into their 
end blocks with molten solder to ensure a pressure-tight 
joint. Owing to the difference in modulus of elasticity 
between phosphor bronze and steel, a greater deflection 
can be accommodated with the former without increas- 
ing the gearing ratio. 

Before leaving spring materials an interesting appli- 
cation may be mentioned of wire in flexion. This is 
the driving flex, which is a very important part of some 
instrument work, notably speedometers, and is made 
by taking a central wire and wrapping round it several 
layers—three, four, or up to seven—according to the 
strength required. Each layer is laid at an angle 
different from the one beneath it and is wound four 
or five wires at a time. Thus a flex is usually known 
as “four start 3} mm.,” for example. The material 
for the wires is usually a patented 0-40 to 0-50 per cent. 
carbon steel giving a tensile strength of 95 to 120 tons 
per square inch. 

Turning now to magnet alloys; small magnets are 
used in many instruments, such as the magnetic 
speedometers fitted to most cars and, of course, syn- 
chronous electric-clock movements. The range is 
illustrated in Fig. 8, on page 545, which shows instru- 
ment and electric-clock magnets; that at the top 
centre is an Alnico et, those on the left-hand side 
are 15-per cent. cobalt steel magnets, and the remainder 
are 35 per cent. cobalt-steel magnets. Most of them are 
produced as hot stampings from strip, but special 
types are produced by powder metallurgy, and from 
such alloys as Alni, Ainico, and, finally, Alcomax. 
As this subject has been fully covered by publications 
of the Permanent Magnet Association it is not proposed 
to elaborate it here. 

Although it is the aim of the instrument manufacturer 
to make his products as light as possible, he does not 
always choose, say, Alcomax or Alnico automatically. 
Economics enter very largely into his choice, and also 
the ease with which the magnet can be produced, 
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For instance, the problems of holes and of machining 
arise. Tungsten and chromium magnets. can be 
machined easily, but the difficulty becomes greater 
with the cobalt steels. The 3, 6, 9, and 15-per cent. 
cobalt magnets can be machined, but it is increasingly 
difficult with the 35-per cent. cobalt alloy. Alni and 
Alnico can only be produced as castings or by powder 
metallurgy, and holes are cast in. Any cleaning up 
must be done by grinding. The Alcomax alloys are 
also being used for special applications. 

In conclusion, it is proposed to deal briefly with one 
or two alloys which have special applications, The 
first is a nickel-iron alloy usually known as Thermo- 
- with an analysis controlled to rather fine limits. 

t is used to secure compensation in a magnetic-type 
speedometer or tachometer, where the “drag cup,” 
as it is called, is usually made of pure aluminium. The 
resistance of aluminium varies approximately 0-36 per 
cent. per deg. C., so that an error would be introduced 
into the instrument on either side of its calibration 
temperature. Compensation is obtained by arranging 
that the lines of force of the magnet shall be increased or 
decreased by a shunt across the poles. When the 
temperature rises the conductivity capacity of the shunt 
decreases and more lines of force are diverted to the 
magnet. With a fall in temperature the reverse occurs. 
The material employed then should show as nearly 
as possible a straight-line relationship between tempera- 
ture and magnetic permeability; this, of course, 
becomes nil at the Curie point—another feature of this 
alloy which must be controlled. 

The alloy is used in the form of pieces blanked from 
strip. Melts have to be made up to very close limits 
and their magnetic properties measured. This i 
such a sensitive business that only approximately 
50 per cent. of the melts are usable. Another alloy 
for the same purpose is known as JAE metal, and has 
a composition, approximately, nickel 70 and copper 30 
per cent. It has not such an intensive effect, and is 
limited to a much smaller range of temperature. 
Alternatively, it is possible to use an aluminium- 
manganese alloy giving a very low temperature/resisti- 
vity coefficient to correct the drag cup instead of having 
to shunt the magnet. Where it is possible to use a 
heavier drag cup, a copper-nickel-manganese alloy of 
94:4:2 composition is also available. This has a 
very low temperature coefficient of electrical resistance, 
but, of course, is handicapped for use in a very light, 
sensitive moving component by having a much higher 
density than the aluminium-manganese alloy. 

In most clock and instrument movements it is difficult 
to re-oil the fast-moving side of the train, and normally 
the initial oiling of the bearings should last for a very 
long period, often years. A great deal of research 
has been carried out on oils which will not creep, gum- 
up, or freeze. This is rather outside the scope of the 
— paper, but mention may be made of the sintered- 

ronze bearing. This type of alloy provides a constant 
reservoir of fresh oil and is used particularly in electric 
clocks and small motors where a very long bearing area 
has to be kept adequately lubricated. The normal 
oil content of sintered-bronze bearings is 30 vol.-per 
cent., but they can be obtained to give 50 vol.-per cent. 
These small bearings are made by powder metallurgy. 
with an analysis of approximately 10 per cent. tin 
and a small addition of graphite. It is usual for the 
instrument manufacturer to impregnate them with oil 
before assembly. 


Is 





ILLUMINATED INDUSTRIAL MAGNIFIER.—Many small 
assembly and inspection operations in industrial estab- 
lishments would be facilitated, and eyestrain prevented, 
by the use of a magnifier of comparatively low power, 
especially if both the user’s eyes can be employed with it 
simultaneously. Such a magnifier, known as the EDM 
105, has been produced by Engineering Developments 
(England), Limited, 50, Pall Mall, London, 8.W.1. It 
comprises an aspherical plastic lens, which is 5 in. in 
diameter, so that binocular vision is possible, mounted in 
the base of a 12-in. diameter reflector of translucent 
plastic material in the form of an inverted bowl. Fitted 
behind the is a circular fi t lamp, the 
light from which is focused on the object being examined. 
The focal length of the lens is 10 in., and the working 
distance, i.e., the distance between the lens and the 
object, is 5 in., that between the eyes and the lens being 
6in.; the magnification obtained is about two diameters. 
The lens and refiector are mounted on a bench stand 
which enables the height and the angle of vision to be 
adjusted. The stand, however, can be designed and 
made to suit any special requirements. It is pointed 
out that the use of an aspherical lens gives convenient 
binocular vision and reduces the muscular effort required 
for accommodation and convergence, thus enabling small 
objects to be examined for long periods without fatigue. 
The magnified image seen is stereoscopic and since both 
the user’s hands are free, the object, while under examina- 
tion, can be turned about and small adjustments made 
with ease. 


Aact, 
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AIR-OPERATED TYRE-FITTING 
MACHINE. 


One of the least mechanised operations in motor-car 
construction is the fitting of outer covers and inner 
tubes to the wheels; since the earliest days of car | 
manufacturing, this has been carried out largely by 
hand, requiring heavy work by skilled men. Messrs. 
Harvey Frost and Company, Limited, Bishop’s Stort- 
ford, Hertfordshire, have developed a machine which 
is designed to enable unskilled workers to perform this 
operation in a shorter time and with the minimum effort. 

The tyre-fitting machine is semi-automatic and 
works from a compressed-air supply. It consists of a 
circular worktable mounted on a telescopic tubular 
support with a heavy cast base, two air-operated tyre- 
manipulating tools fitted at the perimeter of the table, 
and a hand-operated rotating arm and pressure wheel 
for pressing the upper bead of the tyre down over the 
rim of the wheel. Three jaws slide radially in the table 
and act as a chuck which holds the wheel in place. A 
photograph of the machine, with a wheel and a partly- 
fitted tyre, is reproduced on this page. Located at one 
side of the table are three levers which operate valves 
controlling the air supply to the tyre-manipulating 
tools and to the jaws. The sequence of operations 
involved in fitting a tyre is as follows. The wheel is 
placed in position on the table and clamped down by 
the three sliding jaws, compressed air for this purpose 
being admitted through one of the control valves. 
The tyre and inner-tube assembly are soaped in the 
usual manner and the lower bead of the tyre is pushed 
over the upper rim of the wheel by hand, the valve 
being inserted through the opening in the rim at the 
same time. The tyre lifter diametrically opposite the 
control levers is then moved inwards by compressed air, 
admitted through a second control valve, thereby fore- 
ing the lower bead of the tyre into the well base of the 
wheel rim. Opening the third control valve brings a 
metal pressure plate down on to the tyre opposite the 
tyre lifter and holds a portion of the upper bead under 
the upper rim. The pressure wheel is then brought down 
on to the upper bead at this point and rolled around the 
tyre by means of the arm on which it is carried, the 
operator pressing down on the arm while walking 





around the table. This forces the upper bead on to the | 
wheel and completes the operation. The machine will | 
handle wheels with rim diameters between 15} in. and 
194 in. and tyres up to 24 in. in diameter. The pressure- 
wheel, lifter, and pressure-plate mechanisms are 


| adjusted to suit the tyre size and, once set, do not 
| require readjustment so long as tyres of the same size are 


used. In its present form the machine is designed to 
handle car wheels only and is not intended for heavier 
use, 





Tue Fitm LIBRARY OF THE ROYAL MICROSCOPICAL 
Socrety.—A ciné-micrographic film library, has been 
set up by the Royal Microscopical Society, to make 
available to universities, technical schools, and other 
bodies, scientific films dealing with subjects which come 
within the range of the Society’s activities. Most of 
these films are concerned with biological studies, but 
there are two films, prepared by the Institut Pasteur, 
Paris, which may be of interest to students of instrument 
technology ; they deal with the manufacture of micro- 
needles and micro-pipettes. The films may be hired 
on application to the Assistant Secretary, Royal Micro- 
scopical Society, B.M.A. House, Tavistock-square, 
London, W.C.1. The fees are 7s. 6d. for each 400-ft. 
reel, provided that the reel is returned on the following 
day ; if the films are retained more than one day, there 
is an additional charge of 1s. per day. 





THE BRUCE BALL NATIONAL CERTIFICATE PRIZE.— 
The Council of the Institution of Mechanical Engineers 
have announced the receipt from Mr. Bruce Ball, M.A., 
M.1I.Mech.E., on behalf of the directors of his company, 
Messrs. Glenfield and Kennedy, Limited, of a donation 
to the Institution to found a prize to be awarded annually 
to a National Certificate student in Scotland, on similar 
lines to the Hele-Shaw Prize available annually in 
England, but only once every five years in Scotland. 
The gift is associated with the name of Mr. Bruce Ball’s 
late father, Mr. Edmund Bruce Ball, who for many years 
took a keen interest in the National Certificate scheme 
in Scotland, and the award will therefore be entitled 
“The Bruce Ball National Certificate Prize.” It will 
be awarded annually to a student in Scotland deemed 
by the Council to have shown outstanding industry 
and merit in part-time courses leading to the award by 
the Institution and the Scottish Education Department 
of both the Ordinary and Higher National Certificates in 
Mechanical Engineering. It will be a condition of the 
award of the prize that the student must have followed 
complete courses, and that an assurance is also received 
from the principal of the college he has attended that he 
has been in regular employment in engineering workshops 
during normal working hours for a reasonable period 
of training. 


INFORMATION SERVICES 
COMMITTEE OF THE ROYAL 
SOCIETY. 


As recorded on page 509 of our last week’s issue, an 
account of the work of the Information Services 
Committee of the Royal Society was given by the 
assistant secretary of the Society, Dr. D. C. Martin, 
at a recent meeting of Aslib. The Committee, which 
held its first meeting on November 23, 1948, was 
formed to follow up the recommendations of the 
Conference on Scientific Information Services organised 
by the Royal Society in 1948 (see ENGINEERING, vol. 
166, page 86 (1948) ). 

One of the conclusions of the 1948 Conference was 
that the manuscripts of original scientific papers were 
often inadequately prepared when submitted to pub- 
lishing bodies. After studying the instructions to 
authors issued by some 50 publishing organisations, a 
pamphlet of general advice to authors has been prepared 
in draft by a sub-committee. This draft is being 
submitted to various authorities for comment, and the 
Information Services Committee propose to invite the 
Council of the Royal Society to publish the pamphlet 
and issue it to universities and research establishments. 
The Committee have recommended to the Council 
that they should seek for an increase in the Parlia- 
mentary Grant-in-Aid of Scientific Publications, which 
is administered by the Royal Society, particularly 
from the point of view of enabling scientific societies to 
obtain additional staff and facilities for editorial 
work. 

For private study, a scientist may often wish to ~ 
obtain from a library a photo-copy of a paper not 
otherwise available. Although there is a clause in 
the law of copyright which allows, under certain condi- 
tions, copying for the p s of private study, the 
general terms of the Act prescribe that no copying of 
any work may be done without the permission of the 
proprietor of such work. The Committee have, there- 
fore, drafted a “ Fair Copying Declaration ” and have 
submitted it to the leading organisations publishing 
scientific papers. About 100 of these organisations 
have signed the declaration, and it has been circulated 
throughout the world by the United Nations Educa- 
tional Scientific and Cultural Organisation (Unesco). 
The Declaration, which was published in full in the 
August 13 issue of Nature, applies only to scientific 
periodical publications, and states that “We will 
regard it as fair dealing for the purpose of private 
study or research when a non-profit-making organisa- 
tion, such as a library, archives office, museum, or 
information service, owning or handling scientific or 
technical periodicals published by us, makes and 
delivers a single reproduction of a part of an issue 
thereof to a person or his agent representing in writing 
that he desires such reproduction in lieu of a loan or 
manual transcription, and that he requires it solely for 
the p of private study, research, criticism or 
review, and that he undertakes not to sell or reproduce 
for publication the copy supplied, provided: (1) the 
recipient of the copy is given notice that he is liable 
for infringement of copyright by misuse of the copy, 
and that it is illegal to use the copy for any further 
reproduction. (2) The organisation making and fur- 
nishing the copy does so without profit to itself. 
(3) Proper acknowledgment is given to the publication 
from which the copy is made. (4) Not more than one 
copy of any one excerpt shall be furnished to any one 

rson.” The signatories to the declaration reserve 
the right to take action against any person misusing 
this privilege, and to withdraw the declaration. It will 
be operative, in the first instance, for an experimental 
period of two years from July, 1949. 

The Abstracting Services Consultative Committee 
has been set up and has recommended that every paper 
appearing in a scientific journal should be accom- 
panied by a synopsis which should be independent of 
the text and illustrations and should preferably appear 
at the beginning of the paper. A leaflet entitled 
“Guide for the Preparation of Synopses” has been 
prepared and has been submitted by the Royal 
Society to scientific societies and other scientific 
publications. Another activity of the Abstracting 
Services Consultative Committee is the compilation of 
a comprehensive list of journals containing abstracts, 
in which are listed 127 British journals, together 
with an appendix giving similar information on jour- 
nals issued in other Commonwealth countries. This 
document was issued in June, 1949, at a price of 
2s. 6d., and is obtainable from the Cambridge Univer- 
sity Press, Bentley House, 200, Euston-road, London, 
N.W.1. 

Among other work carried out by the Information 
Services Committee and its representatives, the estab- 
lishment of recognised qualifications for translators 
of scientific works is under discussion. It is likely 
that a scheme, recommended by the British Common- 
wealth Scientific Official Conference Standing Com- 
mittee, for creating and maintaining a central location- 





index of translations will soon be put into operation. 
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NOTES ON NEW BOOKS. 
Elementary Structural Problems in Steel and Timber. 
By Dr. C. R. Youne and Proressor C. F. Morrison. 
Third edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
4.50 dols.}] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 36s. net.] 
Tuts book, the second edition of which was reviewed 
in our 142nd volume (1936), presents a number of 
worked examples as a guide to students and junior 
structural designers in the application of structural 
theory to practical design problems. Exercises are set 
at the end of each chapter. The book is in two parts, 
dealing, respectively, with steel structures and timber 
structures. The section on steel construction, which 
has not been changed much from that in the second 
edition, comprises 256 pages of examples on tension 
and compression members and their details, beams, box 
girders and plate girders, steel trusses, cranes and 
crane supports, moving loads on beams, trusses and 
girders, and the design of a 50-ft. span highway bridge. 
The section on timber structures, covering 56 pages, 
has been completely rewritten, and is now representa- 
tive of modern wooden-structural design in the United 
States; this section comprises chapters on timber 
and its connections, including the use of metal split- 
ring connectors, tension and compression members and 
their details, timber beams and floors, timber roof- 
framing (with a section by Professor C. F. Morrison on 
the design of a glued-laminated tied arch) and the 
design of timber trestles. As indicated in our review 
of the second edition, the book is based on American 
specifications and standards. 


Organic Chemistry for Students of Engineering. By 
Dr. F. R. Storrie. J. M. Dent and Sons, Limited, 
10, Bedford-street, London, W.C.2. [Price 2s. 3d. 
net. ]} 

ALTHOUGH, according to some authorities, the present 

age is that of the specialist, it is equally true that many 

of the barriers which, at one time, divided various 
branches of science into more or less watertight com- 
partments, are disappearing rapidly. A generation or 





so ago the engineer and the organic chemist had little | 


in common, but, nowadays, the former uses in increas- 
ing quantities materials made by the latter. 
object of enabling their students of engineering to 
acquire some knowledge of the materials produced 


by the organic chemist, the authorities of the University | 


of Glasgow, some years ago, arranged for them a short 
course of lectures on organic chemistry. 
were delivered by Dr. F. R. Storrie, Lecturer in Chemis- 
try at the University, who has now issued the contents 
of the course in book form in order that they may 
reach a wider circle of readers. The author has divided 
his subject into two main parts and, in the first, he 
describes briefly the fundamental features of organic 
chemistry. He then proceeds to show how organic 
components are classified into open-chain or aliphatic 
compounds (such as the hydrocarbons, alcohols, ethers, 


With the | 


These lectures | 


aldehydes and ketones, fatty acids and amines) and | 
cyclic compounds (including the aromatic and hetero- | 


cyclic compounds). The constitution, method of 


preparation and uses of these substances are explained | 


in lucid terms and chemical equations and diagrams 
are freely employed. 
the author deals with fuels, lubricants, plastics and other 
organic materials used by the engineer. The book 
should prove of value not only to stuents but to a 
much wider engineering public. 





actory Steam Plant. By G. E. H. Lewis, M.Inst.F., 

A.M.I.E.E. Sir Isaac Pitman and Sons, Limited, 

Parker-street, London, W.C.2. [Price 25s. net.] 
ALTHOUGH many text-books have been published on 
the economical operation of factory steam plant, 
experience during recent years, since coal has become 
less plentiful and much more costly than formerly, 
has shown that their lessons have not been learned so 
thoroughly as might have been expected. Some of 
these books, undoubtedly, have failed in their purpose 
because they were too theoretical. The average 
engineer in charge of a small plant is usually more 
concerned to obtain the best results from the equipment 
that he has than to study the theory of combustion and 
fuel conservation in the abstract. 
that Mr. Lewis’s book is largely illustrated by reference 
to the products of particular manufacturers is not 
ground for adverse criticism, for the examples are 
well chosen and are likely to be familiar to many of 
his readers. The fundamental principles are stated, 
but the emphasis is on practical applications and 
evidently full use has been made of the investiga- 
tions into the operation of actual plants carried out 
by the fuel efficiency officers of the Ministry of Fuel 
and Power. Of this work, the author has had first-hand 
experience in a variety of fields, so that he is able to 
write with an assurance which is aided by a commend- 
able directness of style that, in itself, is eminently 
practical. 





In the second part of his book | 


The fact, therefore, | 





ENGINEERING. 
DUST-COLLECTING GRINDING 
MACHINE. 

AN interesting self-contained grinding machine of 
the pedestal type, designed to collect the grinding 
dust internally, has been produced by Messrs. Murad 
Developments, Limited, Stocklake, Aylesbury, Bucks., 
and was displayed at the recent Engineering and 
Marine Exhibition. Impellers on the motor shaft 
are used to create a powerful air stream to draw the 
dust downwards into a chamber at the base, where 
the air is filtered before being directed upwards to cool 
the motor windings and expelled. Two models, 
basically the same in design, are available. 
has 8-in. diameter wheels and is intended primarily for 
the grinding of tools or small components which can be 
conveniently held by hand on the work rest, while the 
larger, illustrated on this page, has 16-in. diameter 

wheels and is intended for production grinding. 

The two grinding wheels are held between clamp 
plates on opposite ends of the motor shaft in the usual 
way, the motor being totally enclosed in a housing 
bolted to the top of a heavy cast-iron pedestal. Two 
impellers, shrouded by the motor housing, are keyed to 
the shaft to create the air stream for each wheel, 
one being mounted on each side of the rotor. The shaft 
is ground all over and is carried in heavy-duty ball- 
bearings with means for grease lubrication. The 
grinding wheels are protected by metal guards fitted 
with sliding hoods which cover the upper parts of the 
wheels ; the guards, besides offering the usual protec- 
tion against wheel breakage and accidents, also direct 


| the dust and the air stream downwards. They are each 

















pivoted at the side of the pedestal over a hole leading 
to the lower of the two horizontal chambers into 
which the pedestal is divided. 

The lower chamber is sealed from the base and 
connected to the upper through two dust filters. From 
the left- and right-hand side of the upper compartment, 
a cored passage in the motor housing leads to the 
nearest of the two shrouded impellers. When the 
machine is running, air is drawn over the grinding 
wheels, and the dust is sucked down inside the wheel 
guards and into the lower chamber. Here the air 
stream is filtered and the dust deposited. The purified 
air is then drawn into the upper chamber and blown 
by the impellers over the motor windings, being finally 
expelled at the rear of the motor housing. 

The model illustrated has a squirrel-cage induction 
motor designed to run at a speed of 1,440 r.p.m. from 
the normal 440-volt three-phase supply; it stands 
3 ft. 94 in. high and has a maximum width of 2 ft. 10 in. ; 
it weighs approximately 7 cwt. The motor speed of 
the smaller machine is about 2,800 r.p.m. Work 
rests are supplied with the smaller model, and on the 
larger any form of work rest to suit the user may be 
fitted to brackets mounted on the two hexagenal bars 
projecting at the front. The makers point out that 
this method of trapping the dust, and the absence of an 
external dust-extraction system allow the grinder to be 
placed in any convenient position without danger to 
the slides of nearby precision machines. Dust is 
emptied from the lower chamber by taking off a bolted 
cover at the front ; it is not necessary to have access to 
the rear, so the grinder may be set up close to 
a wall. 
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CATALOGUES. 


Resistance Thermometer Controller.—A. resistance ther- 
mometer controller, which has been designed for use 
with creep test equipment is described in an illustrated 
leaflet sent us by Messrs. Sunvic Controls, Limited, 10, 
Essex-street, London, W.C.2. 


Plastics in Textile Industry.—Messrs. Bakelite, Limited, 
18, Grosvenor-gardens, London, S.W.1, have issued an 
illustrated brochure dealing with typical applications of 
their plastics in rayon manufacture ; nylon, cotton, 
jute, flax and silk spinning and knitting machines. 


Direct-Current Amplifier.—Details of a direct-current 
amplifier which has been designed by Messrs. Sunvic 
Controls, Limited, 10, Essex-street, London, W.C.2,to 
meet the need for a high-speed sensitive instrument for 
use in thermocouple and strain gauge work are given in 
a pamphlet which has recently been issued. 


Portable Dynamometer W attmeters.—Portablo dynamo- 
meter wattmeters, which comply with the appropriate 
British Standard specification and can be supplied for 
use on frequencies up to 10,000 cycles per second, are the 
subject of a leaflet published by Messrs. Everitt, Edg- 
cumbe and Company, Limited, Colindeep-lane, Hendon, 
London, N.W.9. 


Fluorescent Lighting.—Messrs. Ekco-Ensign, Limited, 
Southend-on-Sea, Essex, have sent us an illustrated 
brochure entitled ** Ekco Planned Lighting,” in which 
photographs are reproduced of some of the fluorescent 
lighting systems they have installed in various public, 
commercial and factory buildings. 


Radio Compass Indicator.—A radio compass indicator, 
which has been developed by Salford Electrical Instru- 
ments, Limited, Salford, combines the original radio 
compass bearing indicator and the compass remote 
indicator, both of which had to be used to obtain the 
bearing of an aircraft relative to a ground transmitter, 





in one instrument. Details of the new designs are given 


jan a leaflet which has recently been received. 


| 


Photometric Terms.—A leaflet, which has been issued 
by Messrs. Everett, Edgcumbe and Company, Limited, 
Colindeep-lane, Hendon, London, N.W.9, is intended to 
familiarise those persons, not necessarily experts, who 
have to measure either exterior or interior illumination 
with the standard terms used in photometry. The 
explanations are clear and concise, and short descriptions 
of the instruments available for determining the various 


| quantities are also given. 


Insulation Testing.—-The Record Electrical Company. 
Limited, Broadheath, Altringham, Cheshire, have sent 
us an illustrated leaflet describing and giving the general 
specification of their ‘‘ Major ” insulation and continuity 
tester. This instrument incorporates a generator and 
a slipping coutch to give a constant testing voltage. and 
it can be supplied with either a 500-, 250-, or 100-volt 
generator suitable for 50-, 20-, or 10-megobm ranges, 
respectively, the continuity range being 30 ohms. It 
weighs less than 5 Ib., and is fitted with a 24 in. scale. 


Safety Equipment for Furnaces.—A booklet issued 
recently by Elcontrol, Limited, 28a, Tilehouse-street, 
Hitchin, Hertfordshire, describes their equipment for 
preventing explosions in furnaces in the event of flame 
failure. By means of a twin steel probe, an electric 
current is passed through part of the flame, and any 
failure of this current, caused by the extinction of the 
flame, effects an electronic control unit which imme- 
diately closes a valve in the fuel supply line. The control 
unit takes its power from the usual alternating-current 
mains supply at a rate of approximately 12 watts. 


Sprayed Asbestos Insulation.—We have received from 
Messrs. Newalls Insulation Company, Limited, Washing- 
ton, County Durham, a well-illustrated brochure des- 
cribing the applications and characteristics of their 
“*Limpet ” sprayed asbestos thermal and sound insula- 
tion. Specially prepared asbestos is discharged through 
the main nozzle of a spray gun, and mixes thoroughly 
with a spray of water which is discharged simultaneously. 
The process is particularly suited for the thermal insu- 
lation of ships and industrial plant and for improving 
the acoustics of buildings. The booklet includes tables 
of thermal-conductivity variation with temperature and 
sound-absorption coefficients for various thicknesses of 
sprayed -asbestos coating. 


Industrial Noise Measuring Instrument.—We have 
received from Messrs. A. E. Cawkell, 7, Victory Arcade, 
The Broadway, Southall, Middlesex, an illustrated cata- 
logue describing a portable instrument for measuring the 
noise produced by vacuum cleaners, sewing machines 
and similar equipment. A small microphone is brought 
to a standard distance from the appliance under test, 
and the resulting noise level is indicated directly on a 
meter set in the front panel on the instrument; alter- 
natively a small contact microphone may be clipped to 
the appliance. The instrument, which is also suitable 
for production testing, is operated from a 200-240 volts 
alternating-curre’ t supply and covers an audio-frequency 





range from 20 to 20,000 cycles per record. 
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A-THEORY OF 
ATMOSPHERIC BURNERS. 


By T. WesrerpisK anv E. C. Lanrztvs. 


An atmospheric burner for gaseous fuel usually 
consists of a nozzle, a mixing tube, a diffuser, and 
a burner head. A turbulent jet of gas is injected by 
the nozzle into the mixing tube, the gas entraining 
the air required for primary combustion; in the 
diffuser, gas and air are thoroughly mixed ; through 
ports in the burner head the mixture flows out, 
primary combustion taking place after the mixture 
has left the ports. The momentum of the gas causes 
air and mixture to flow ; this flow is counteracted by 
resistances such as the resistance in the ports of 
the burner head, the counter-pressure set up by 
combustion (= flame pressure), the resistance to 
flow of, say, an incandescent mantle, etc. It 
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stands to reason, therefore, that the effect of a 
burner is not controlled merely by the functioning 
of the injector, but also by the resistances beyond 
the injector. 

Though there exist numerous publications on the 
functioning of injectors in general, so far as the 
authors are aware no theoretical discussions can be 
found in literature on the combination of injector, 
diffuser, and burner head, i.e., on the complete 
burner. The present article contains a short account 
of a new theory of atmospheric burners, enabling 
cakculations for such burners to be made and their 
functioning to be described by simple formule 
which allow of practical conclusions. The following 
symbols are used : 


p, = Constant 


P = working pressure of nozzle. 

p = difference in pressure with the surrounding 
atmosphere, with suffixes as indicated in 
Fig. 5. 

dy density of air. 

dg density of gas 

dy density of mixture. 


inflow velocity of air. 
velocity of discharge of gas from nozzle. 
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ENGINEERING. 
Um = velocity of the mixture, with suffixes as indi- 
cated in Fig. 5. 
Og = area of diffuser. 
Og = area of mixing tube. 
Og = area of nozzle. 
Om = area of ports. 
| = ratio of area of mixing tube to area of diffuser 
Og 
- Og 
€ — ratio of area of nozzle to area of diffuser ~ 02. 
On 
6 + A ee a eae 
e = correction factor. 
u = discharge coefficient of nozzle. 
Z «= ratio air: gas. 


The effect of a burner is entirely determined by 
the velocity v,,, and the composition Z (= ratio air 
to gas, by volume) of the mixture flowing through 
the port holes. The object will therefore be to 


Fig. 5. 
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investigate how these quantities depend on all the 
other quantities involved, viz., the geometrical 
form of the burner, the working pressure and 
density of the gas, and lastly the properties of the 
flame produced. It is obvious that the air entrain- 
ment Z can be computed once the velocity v,,3 is 
known, the relation between Z and v,,, being 
expressed by the equation of continuity. The value 
of v,,3 can be found in the following way. 

In the plane AB, Fig. 1, dividing the injector 
from the burner head, a certain pressure 7;, called 
the burner pressure, will exist. It will be easily 
understood that this pressure opposes the flow, 
and hence the velocity v,,, of the mixture to the 
left of AB. The dependence of v,,, on the burner 
pressure can be computed from hydrodynamical 
principles; it is shown in Fig. 2 (the injector 
characteristic). On the other hand, the burner 
pressure is necessary to overcome the resistance in 
and beyond the burner head ; hence there will exist 


another relation between p, and v,,3, a higher pres- 
sure being needed for a higher velocity. So far 
this relation can be found only empirically ; it is 
also shown in Fig. 2 (the burner characteristic). 
Now the pressure and velocity actually prevailing 
in AB must satisfy both relations and are, there- 
fore, determined by the point of intersection W 
(Fig. 2) of both curves: the “ Working Point.” 
If both curves are known they enable the burner 
eng and the rate of flow to be determined and 
rom these finally the air entrainment can be cal- 
culated. Itis thus possible to predict the behaviour 
of the complete burner as indicated by these quanti- 
ties. From this it is seen that the effect of the com- 
plete burner depends not only on the construction 
of the injector but also on the burner head that goes 
with it. To illustrate this, the following example 
from the authors’ measurements on butane burners 
may be given. 

At the normal working pressure of 20 cm. gauge 
water column, but without a burner head, the 
injector of a burner for inverted incandescent light 
gave an air entrainment Z = 35. If the burner 
head was put on, Z dropped to 29. On the flame 
being lit Z became 20, and finally the resistance of 
the incandescent mantle reduced Z to 19. This 
shows the influence of the different burner features 
to be so great that it is absolutely necessary to treat 
the problem in the way indicated above. 

Before giving the deduction of the desired relation 
between the burner pressure and the rate of flow 
of the gas mixture, the authors want to say some- 
thing about the method used, for the problem ‘as 
given in the foregoing cannot be solved. It must 
first be simplified by assuming certain hypotheses 
about the distribution of the velocities and the 
pressure throughout the entire injector. These 
simplifictions are the following. The pressure is 
assumed to be constant throughout any cross- 
section of the injector; by doing so the problem 
is reduced to a unidimensional one. The density 
d,, of the mixture is assumed to be constant through- 
out the cross-section at the end of the mixing tube, 
as well as in the diffuser. The inflow of air is 
assumed to be constant and parallel to the axis 
throughout the cross-section at the entrance of the 
mixing tube. In this way the authors have given 
part of the solution without calculation and can use 
the hydrodynamical equations to calculate the 
remaining unknowns. The solution thus found 
must of course be looked upon as a first approxima- 
tion. 

These hypotheses also enable the calculation to 
be simplified further by applying the well-known 
Bernoulli and impulse equations instead of the 
Euler equations of motion. They both express a 
relation between pressure and flux density of 
momentum dv* in different cross-sections. Their 
applicability depends on the conditions. The 
impulse equation is applied to the mixing tube and 
to the discontinuous transition from the diffuser 
to the ports of the burner head. The Bernoulli 
equation is used for the inflow of the air and for the 
conical part of the diffuser. In this way an approxi- 
mate form may be found for the desired relation 
between burner pressure and rate of flow. The 
approximation however, is not satisfactory because 
the third hypothesis diverges too much from reality. 
We therefore tried to compensate for the discre- 
pancy by introducing a correction in the following 
manner. 

If the inflow is made visible by means of fumes, 
it is found to be directed mainly towards the 
nozzle, as shown in Fig. 3. Comparison with the 
idealised flow according to Fig. 4 shows that, in the 
latter case, far too great a flux of momentum of the 
inflowing air is reckoned, if it is expressed by 
O d,v3, wherein vg is the mean velocity of the air. 
The actual streamlines make an acute angle with 
the axis and the highest velocities occur in the 
centre. Both facts cause a smaller flux. It is 
obvious that a correction is required here. For this 
purpose the flux of momentum of the inflowing air 
is multiplied by a correction factor c< 1, giving 
cOd,vi. It will be seen in what follows how 
the value of c may be determined experiment- 
ally. For a given mixing tube, c was found to be 





nearly independent of the working pressure and 
nozzle used. The value of c will, of course, depend 
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on the design of the mixing tube, especially of the 
entrance port. If this is carefully streamlined, 
however, a value of about 0-50 will mostly be 
found. 

Introducing this correction factor, with its 
experimentally determined value, compensates, for 
the most part, for neglecting the friction in the 
ealculations. This holds absolutely for two points 
of the pv, characteristic (viz., the points of 
intersection with the axis) and as a result the errors 
for intermediate points will remain small. The 
equation of continuity, expressing that all the gas 
and air flowing in will leave the injector, constitutes 
a second relation between the various quantities 
involved. 

Now first the shape of the injector must be defined 
by various quantities. If Oj is the area of the 
diffuser, the area of the mixing tube will be desig- 
nated by 0, =f Oj, of the nozzle by O, = e Og 
and of the ports by O,,—60O,. The difference in 
pressure with the surrounding atmosphere is called 
p with suffixes as indicated in Fig. 5, page 549. The 
densities of air, gas and mixture are given by dg, d, 
and d,, and the velocities by vg, vz and Up, (Umi, Uma 
Ums)- Lastly Z is the ratio of air to gas, by volume. 

The following relations can now be written down : 


oO ; <ar 
zZ- ef ete from which Vg can be eliminated, and 
e Og tg 


du = one, from which d,, can be eliminated if 


required. 

For the inflow of the air (Bernoulli) 

Po = — bari 
Substitution of v, gives 
eZ 
teens tap ats: 

For the mixing tube (impulse equation) 
$04 1 — Po) = Cf Od dav + € Og dgry — f Od dmrmr- 

For the conical part of the diffuser (Bernoulli) 

Pz —-P, =~ tdy (tma — tm) = $ 4m?ny a-f) 
Uma = Fm 

For the discontinuous transition to the ports 

(impulse equation) 
Od (Ps — Px) = dm (tng — & ¥ns) Od 
Uma 
Ums = eo". Um1- 

The equation of continuity 
btm 
ety 

Now, the quantities that are not of interest, viz., 
Pe Pw Pa Yar Um» me Can be eliminated. There 
are then two possibilities: to eliminate v,,, also, 
yielding a relation between p, and Z, or to eliminate 
Z, yielding a relation between p, and v,,5. 


(Z + le Ogvg =bOgrms, or Z+1= (1) 


By eliminating v,,, it is found ( neglecting the 


term © dyA), 
wm Sag 12 —- SS (gts 1 \ ee ts | 
Ps saves [ ag {(4 : * aa)” ae 2 | 
(2) 
where 
And aret 


This relation enables the value of c to be caleu- 
lated for any injector by determining the air en- 
trained with an open injector, i.e., without a burner 
head; for in this case p,=0 and b=1. The 
value of Z can be found by analysing the mixture, 
as in a gas interferometer. In a great many cases c 
was found to be about 0-50, so that it may be a good 
approximation to accept this value in designing an 
injector. If Z is eliminated instead of v,,,, a very 
simple relation can be obtained by replacing (Z + 1) 
in formula (1) by Z. The error introduced in this 
way depends on the value of Z. It is very small 
with hydrocarbons such as propane and butane. 
Thus, the important p,v,,, characteristic for the 
injector is found : 


e€ 2 1 1 
=-d -_ i ben 
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This may be written : 


where e 

f 
(which may be called the “internal pressure” of 
m3 { s-% 


the injector), and 
4 1 = 1 
f dm \e 2c 


(a dimensionless “resistance coefficient’ of the 
injector). 

ps3 may be called the “external pressure ” of the 
injector, but it is always referred to as the burner 
pressure. Equation (4) shows how the burner 
pressure decreases with increasing rate of discharge 
Ums; it can be represented by a parabola with its 
vertex on the p, axis. At this vertex v,,,—0 
and p, = pj;, hence this “ internal pressure ” can be 
realised by closing the ports, in which case, of course, 
Uns = 0. 


PRi= dgvy (4a) 


Vv (4b) 


The value of p; depends on the ratio : of the 


areas of the nozzle and the mixing tube and on the 
flux density d, v3 of the gas stream. If the working 
pressure and the gas rate are given, e and v, are 
determined and the only possible variation is that 
of f. 

A decrease of f, however, causes at the same time 
a considerable increase of the resistance coefficient, 
so that the effect of the high internal pressure is 
neutralised by a steeper drop of the pressure at 
higher velocities. This is illustrated in Fig. 6, page 
549. 

If the internal pressure is increased by applying a 
greater working pressure v,, or a higher gas density 
d,, the resistance coefficient remains the same and 
the different characteristics are as shown in Fig. 7, 
page 549. An increase in gas consumption (higher e) 
also results in an increased pressure with unchanged 
resistance, but now the corresponding air entrain- 
ment diminishes proportionally on account of 
equation (1). The resistance coefficient W depends 
only on the geometrical shape of the injector, as 
characterised by 6, f and c. It is lowest for the 
cylindrical injector and increases as the mixing 
tube is made narrower. 

The burner pressure is required for overcoming 
the friction in the port holes, the flame pressure 
and the resistance of the combustion gases, if their 
flow is obstructed by an incandescent mantle, or 
by other causes. The burner pressure therefore 
depends in a highly complicated manner on various 
circumstances and cannot be computed. The rela- 
tion between burner pressure and rate of flow 
should be determined experimentally. If this be 
done, for example with a burner for incandescent 
light, first with the gas flowing freely, then with the 
gas ignited and lastly with the flame on and the 
incandescent mantle in place, three different curves 
are found as illustrated in Fig. 8, opposite. 

The influence of each of the three factors men- 
tioned should be noticed. The overall resistance is 
chiefly made up by the flame pressure, caused by 
the increase of momentum of the accelerated flow 
of the expanding gases. This pressure is influenced 
not only by the rate of flow and the calorific value 
of the mixture but also by the combustion velocity 
of the mixture. The latter influence complicates 
the calculation of a burner; this complication, 
however, will not be pursued, as its effect is small. 
For further calculations it is desirable to represent 
the curves of Fig. 8 by an equation in p, and vps, 
which is quite possible ; for, if the curves are plotted 
on logarithmic scales, they become very nearly 
straight lines, which means that the curves can be 
represented by the equation 


Ds = Um, (5) 


a and n can be read off from these lines, as 
log ps = log a + n log vm3.- 
As shown in Fig. 2, for a complete burner, the 
rate of flow and burner pressure adjust themselves 
at the “ working point,” which is the point of inter- 
section of the p,v,,, characteristic of the injector 
and that of the burner head. These rates of flow 
and burner pressure can be calculated from equations 
(4) and (5), giving the air entrainment afterwards 
from equation (1). The decrease in velocity and air 
entrainment by the ignition of the gas, etc., can now 
be readily understood. Fig. 9, opposite, which is a 





Dy = Bi — Wdnring, (4) 





combination of Figs. 6 and 8, makes it clear also why 
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From the foregoing theoretical considerations, 
many conclusions may be drawn which are of great 
practical value in designing and improving burners. 
After a brief summary some of these will be deduced. 
To describe the form and the effect of the injector, 
the following quantities have been used: d,, d,, 
and d,, which are invariably given, and O,, v,, b. c, 
Sf, & Ps, Z and v,;. Theory furnished only two 
relations between these nine quantities, namely, 
(3) and (1). 


e dg fi 1 \)} 
Pam 5 aath ~ Fate {4 ~ 38 (2 ~ 35) fhe 
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v 


The properties of the burner head were described 
by its characteristic p,v,,, curve, which could be 
written as (5) p; =av),, of which a and n can 
be determined experimentally. There are thus 
three relations between nine quantities for the 
behaviour of the complete burner, which means that 
six can be chosen and the remaining three calculated. 
In addition, it is desired to know how each of the 
unknowns varies when one of the given quantities is 
varied. Hence, a great variety of problems can he 
solved with these three relations. The following 
are examples. 

If it is desired to calculate the effect of a given 
burner, p;, Z and v,,, are the unknowns. If, on 
the other hand, it is desired to calculate an injector 
which, at given working pressure and gas consump- 
tion, produces a certain effect Zv,,, on a given 
burner head, p;, e and f are the unknowns. Gener- 
ally, the working pressure (and, thereby, v,) will 
be given and the burner pressure will be unknown, 
but the opposite may also occur. For instance, if it 
is desired to design a burner for incandescent light 
for outdoor use, which must be insensitive to 
draught, the designer will start from a certain 
high burner pressure and can calculate the working 
pressure required for attaining that burner pressure. 

A problem will now be analysed that is of general 
interest, namely, what effects (that is which com- 
binations of Z and v,,,), can be realised at a given 
working pressure? The answer will show that 
the choice of working pressure entails certain limita- 
tions. If effects outside these limitations are 
required, the pressure should be increased. In the 
case imagined, p;, Z and v,,, are the unknowns ; 
it is desired to know their values and, at the same 
time, how maximum values can be obtained by 
varying the dimensions b, e and f of the injector. 
O, and v, will be kept constant, so the working 
pressure and gas consumption are given. First the 
influence of a variation of f on the unknowns Z and 
Um3 Will be deduced. For this purpose, a single 
P3Vmz Characteristic of a burner and then the 
Ps Ums Characteristics of a few injectors, are shown 
in Fig. 10, opposite, differing only in the cross- 
sectional area of their mixing tubes. The working 
points W yield the values of v,,, and then, from 
equation (1), Z can be computed. 

It appears that the p, v,,, curves have an envelope 
that intersects the burner characteristic in A. 
This working point A indicates the highest rate of 
flow v,, obtainable, and it is realised by giving f 
such a value, that the p,v,, curve touches the 
envelope at A. This value of f will now be caleu- 
lated. Equation (3) gives the p3v,, curves : 

da 


ar (: 1 1 
e(s-C-a) 
dmtms — Ps = 0 


And 9r+t. 


e 
F (ems Ps) = 3 dgry — 


The points A of the envelope are given by : 


ofen-ma(!-8) 


dgrg 
combined with (3). The equation for the envelope 
is obtained by eliminating f from (3) and (6) thus: 
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this decrease is smaller for the narrow mixing tube. 
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which intersects the curve of the burner p, = a v!, 
in 

e 2 
ay DTN E20 - PM dmvins 
- ft | 

, dm —2dg (: a za) f Uns 


\ 


n 
a Tms3 = 4 


° (8) 

The value of v,,3 resulting from equation (8) is the 
maximum obtainable by varying f. The corre- 
sponding value of f is computed from (6). 
another value be given to e, another set of p, vm; 
curves will be found with another envelope (7) 
and among these there is one that will also intersect 
the burner curve in A (Fig. 11). In this way two 
different injectors are obtained giving the same 
rate of flow r,,,. AS maximum values are wanted 
for v,,, and also for Z, the question arises which of the 
two injectors will give the better air entrainment ? 

The value of Z results from (1) 
b tms 
e ty 
For both injectors 6, v,,, and v, are equal. If the 
second injector is to yield the same working point 
A, e, must always be larger than e,, and so Z, > Z, 
(cf. (1)). This means that the injector f,e, gives 
the maximum air entrainment as well as maximum 
rate of flow. Such injectors will be called 
‘‘ optimal.” The condition for an optimal injector 
is given by (6): 


Z+1= 


f 1 2%) 
1 ae (E - a) ote 
dgvy , 


This is an important result. To get maximum 
effects, a burner should always be designed so 
that the relation (6) is fulfilled. Note that this 
maximum effect is not concerned with the maximum 
efficiency of the injector; the efficiency of an 
injector as a measure of its merit, as is frequently 
claimed in literature, is of no use for burners. 

Now the question that was put at the beginning 
can be answered : which combinations of Z and v3 
can be realised at a given working pressure? This 
relation between Z and v,,, can now be obtained by 











eliminating e from (8) and (1). This leads to: 

Z+1= 

pe re dgty _ 

a/ (a et ee {2a v}, = ‘ 
| om a\- a)} ms + (2b 0) dm Ys} 


see (9) 
which equation is represented in Fig. 12. 

The combinations Z and v,,, obtainable by 
optimal injectors lie on the curve of Fig. 12; for all 
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other injectors they lie below this curve. If a high | 
air entrainment is desired one has to be satisfied | 
with a low rate of discharge (point B,). When 
requiring a high rate of discharge, a low air entrain- 
ment must do (point B,). As a rule, some com- 
promise is struck (point B,). The curve of Fig. 12 
is traced for a certain working pressure and therefore 
for a given velocity v, of the jet of gas. From 
equation (9) it is seen that Z + 1 is proportional to 
vy, hence higher pressure and velocity increase the 
value of the possible Z v,,, combinations (Fig. 13). 
The curves representing equation (9) also depend on 
the value of 6, but as is shown in Fig. 13, the influ- 
ence of } is small in comparison to that of v,. 

It has thus been found which maximum results can 
be obtained for all possible combinations of values 
of b, e, fandv,. The only constants in this analysis 
were the densities of air and gas, and the burner 
characteristic ; hence the construction of the burner 
head. 

To conclude, a very short survey will be given 
of the use that can be made of the foregoing 
theoretical deductions in designing burners. Mostly 
the gas consumption will be prescribed; hence 
G = 0,v, must have a certain value. We must 
now distinguish between two cases: (a) when the 
working pressure is given. From the working pres- 
sure P the velocity of the gas stream can be calcu- 
lated by the well-known formula 

%w~ =U (10) 
u is the discharge coefficient of the nozzle, which 
can be determined experimentally. Mostly wu will 
be about 0-8. From the gas consumption and v,, 
the area O, of the nozzle can be obtained. The 


areas of the mixing tubes O, : and of the diffuser 


“*, can now be calculated. The three relations 


(1), (6) and (8) were found previously. Before 
applying these a guess must be made at the value of 
c. The authors’ experience is that c= 0-50 is a 
good value to start from. Incidentally, this value 
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now become : 





Z+1i-= : “m8 (equation of continuity) 
From (6) : 
: dition for “‘ optimal ” 
se =e inthn (ono) aD 
dgvg 
From (8) : 
n ee é (dgvg)* i mh — b 2 12 
atm: = BF dintins $ (2b )dmms- (12) 


(working point of optimal injector). 


The relative air entrainment Z and the relative 
port area b can now be chosen, and then the three 
relations permit the calculation of e, f and vy. 
Thus all quantities required are known and the 
burners can be designed. 

From (1) and (11) a new relation can be formed by 
eliminating 6 vp, : 

St adm : 7 

ooo dy (2@+1”. ° ° 
which is, of course, valid for optimal injectors only. 
The air entrainment is here expressed only in the 
ratio of the areas of mixing tube and nozzle and 
independently of v,. This equation can be used 
instead of (11). The computation of f, e and »v,,, 
can be simplified by making a graph of the equations ; 
the graph permits the values of f and e to be read 
off for any value of Z and b. 

(b) When the working pressure is not given. The 
choice is then free of the air entrainment Z and also 
of the velocity v,,3 in the burner. The unknowns are 
now f, e and v, and the same equations (1), (11) or 
(13) and (12) hold. From these another relation 
may be deduced that needs fewer calculations to 


(13) 


give the desired result. Substituting 
ants _ L¢ 
Fs a 


from (11) into (12) gives 
a tms + #2 — 0°) dpving = 25 dyvp, 
which, with equation (10) becomes 


(14) 





also simplifies the three relations mentioned, which 


avns + 3 (2b — 0) dmvng = ws P. 
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The course of calculations is now as follows: 
£ from (13), P from (14), v from P in (10), ¢ from 


(1), then f from (13), and lastly O, from G and v,. 

A great variety of burners for the most divergent 
_ purposes has been designed by the authors according 
to the above theory and satisfactory results have 
been obtained in all cases. Although the experience 
of the authors covers only burners for butane and 
propane, they are convinced that the theory may 
also be employed with satisfactory results in the 
design of burners for manufactured or natural gases. 





LITERATURE. 


Historic Researches. Chapters in the History of Physical 
and Chemical Discovery. By Dr. T. W. CHALMERS, 
M.I.Mech.E. Morgan Brothers (Publishers), Limited, 
28, Essex-street, Strand, London, W.C.2. [Price 
21s, net.) 

THE publication in book form of the series of 38 

articles contributed by Dr. Chalmers to The 

Engineer between 1944 and 1948 is welcome and 

timely. That a scientific education worthy of the 

name should include some study of the history of 

Science is now generally conceded. To be of genuine 

value, however, the history of science needs to be 

treated scientifically by those who are primarily 
scientists. A history of science is not a history 
of scientists, but a record of the facts they dis- 
covered by observation and experiment, and of the 
development of the ideas that led or misled them in 
their endeavour to interpret these facts. Even the 
latter must be largely conjectural, for it does not 
follow, nor is it generally true, that these ideas were 
finally written up for publication as they were 
evolved ; and historical accuracy, though desirable 
and possible in regard to those who have won battles 
or signed treaties, may not be attainable here. 

The free interchange of information that formerly 

existed in science set minds working along similar 

lines and often resulted (see for example, pages 

54 and 62) in advances being made practically 

simultaneously in different countries. To fix the 

state of a question at a particular epoch, a com- 
prehensive knowledge of the contemporary scientific 
literature is essential. Mere information of the 

“‘name, date and place ” variety is, in comparison, 

of minor interest and Dr. Chalmers has wisely 

assembled his biographical details into a series of 
brief notes at the end of his book. It is doubtful 
whether the historical approach “ provides the 
easiest path towards the ready understanding of 
modern knowledge and opinion.” It may equally 
well be argued (and is, in fact, admitted on page 

195) that only in the light of the existing state of 

@ science can its past history be seen in proper 

perspective. 

The first topic to be considered is friction—a 
happy choice, not only on account of its vital 
importance but also because it illustrates forcibly 
the fact that the most commonplace physical 
phenomena are often the most difficult to fathom, 
and may still present unsolved problems. After a 
description of the pioneer experiments of Coulomb 
and Morin, the fundamental investigations of Beau- 
champ Tower are discussed. How little they were 
appreciated by the practical men of the time is 
revealed in a quotation from a letter published in 
The Engineer of February 29, 1884. They did, 
however, inspire Osborne Reynolds’s masterly 
theoretical analysis and led to such important 
developments as the tilting-pad thrust and journal 
bearings. The recent extremely sensitive method 
of rendering one of the bearing surfaces radioactive 
and testing the other for acquired radioactivity 
might have been mentioned. Chapter II deals with 
the mechanical equivalent of heat, the struggle to 
replace the caloric theory of heat by the view that 
heat is a form of energy and to establish the principle 
of equivalence—the first great principle of thermo- 
dynamics. Joule’s amazing skill as an experi- 
menter is clearly brought out and the later refine- 
ments in technique are indicated, though the 
important continuous-flow method introduced by 
Callendar and Barnes is omitted. Carnot’s famous 
essay is referred to, and it seems strange not to find 
a chapter on the second principle of thermcdynamics 


and the evolution of the concept of entropy. Forno 
fapparent reason, the gradual clarification of ideas 
concerning specific, latent and atomic heats by 
Black and by Dulong and Petit is reserved for 
Chapter V, which ends with an indication of the 
important part played by specific heats in the 
development of the quantum theory. 

Electrodynamics is the theme of Chapter III. 
Dr. Chalmers does not repeat the story that Oersted 
originally demonstrated to his classes that a current 
exerted no action on a magnetic needle because, 
having decided that the effect would be a maximum 
when the current ran at right angles to the axis of 
the needle, he instructed his assistant to arrange the 
apparatus in this fashion. The advent of a new 
assistant, who made the mistake of disposing the 
current parallel to the axis of the needle, altered 
his opinion. The fact that, as is mentioned on 
page 270, Oersted was ‘‘a very unhappy experi- 
menter ”’ lends some colour to the story. Ampére’s 
brilliant work on the reciprocal action of a magnet 
on a current, and on the mutual action of two 
currents, is related together with Faraday’s electro- 
magnetic-rotation experiments and his major dis- 
covery, ten years later, of electromagnetic induction 
after his tardy realisation that only when magnetic 
lines of force are cutting through a circuit can a 
current be induced in it. The ether drift experi- 
ments, designed to detect the motion of the earth 
relative to the ether and described in the following 
chapter, provide impressive examples of the refine- 
ment of optical-interference methods. The negative 
result of these experiments led, as is indicated, to 
the Fitzgerald-Lorentz contraction and the theory 
of relativity. Exception must be taken, however, 
to the statement, on page 82, that to the modern 
physicist “‘the ultimate limit of reality is the fact 
that mathematics establishes the truth of the con- 
traction.”” Mathematics merely develops the logical 
consequences of its postulates ; it is incapable of 
establishing the truth of anything, even of its own 
postulates. 

The story of chemical elements and atoms and 
the classification of the elements starts in antiquity 
and the rapid progress made after Lavoisier in the 
light of Dalton’s atomic theory, Avogadro’s 
hypothesis and Mendeléef’s periodic table is clearly 
summarised. The chapter on molecular physics 
is excellent, the derivations of the elementary 
kinetic theory formule for the pressure of a gas and 
the mean free path of its molecules being much more 
clearly presented than in the average text. The 
import of the Maxwell velocity distribution law is 
illustrated by numerical data, experimental methods 
for determining molecular velocity distributions are 
described, and the transfer processes responsible for 
diffusion, viscosity and thermal conductivity in 
gases are considered in broad outline. It is, how- 
ever, misleading to say that ‘‘ the temperature of a 
gas is an expression of the mean velocity of its 
molecules ” since it is proportional to their mean 
kinetic energy. 

Faraday’s notable contributions to the conduc- 
tion of electricity through liquids are described in 
Chapter IX. Apart from his experimental work, he 
introduced (after consultation with Whewell) a 
nomenclature, free from misleading associations, 
that helped materially to clarify the subject once 
the ionisation hypothesis had been formulated. 
Though Faraday likewise made some of the pioneer 
observations concerning the conduction of elec- 
tricity through gases, real progress was impossible 
until exhaust pumps were constructed capable of 
securing high and stable vacua. They paved the 
way for J. J. Thomson’s discovery of the electron 
and Goldstein’s discovery of positive rays, and led 
to C. T. R. Wilson’s cloud chamber and Millikan’s 
“‘oil-drop ” experiment. The other great discovery 
that arose from the high-voltage discharge tube was 
X-rays, though the account given of them here is 
too brief to do justice to their importance. The 
final chapter deals admirably with Thomson’s work 
on positive rays and Aston’s work with the mass 
spectrograph on isotopes. Subsequent improve- 
ments have given the relative isotopic masses to 
the fourth or fifth place of decimals and the respec- 
tive mass defects with corresponding precision. 





With this and the Einstein mass-energy relation, 
Dr. Chalmers brings his account down to the begin- 





nings of nuclear physics. The vivid interest of his 
narrative will certainly provide his readers with 
“‘an opportunity to dally pleasantly in the past.” 
It will also enable them more justly to appreciate 
the present. 


Treatise on Powder Metallurgy. Volume I. Technology of 
Metal Powders and Their Products. By Dr. CLAvus G, 
GoETZEL. Interscience Publishers, Incorporated, 
215, Fourth-avenue, New York 3, U.S.A. [Price 
15 dols.}; and Interscience Publishers, Limited, 
2a, Southampton-row, London, W.C.1. [Price 120s.) 

Srxce the powder metallurgy technique emerged, 
a few years before the recent war, as a competitive 
process for the mass-production of small metal 
parts, there has been an increasing spate of investi- 
gations, both academic and industrial, into almost 
all aspects of metal powders. Much of this work 
has received due publicity, but not all has formed 
an equally valuable contribution to the pool of 
metallurgical knowledge. If a general criticism 
may be levelled against the literature of powder 
metallurgy, it would be on the ground that the 
process lends itself much too easily to eloquent 
treatment, so that when now a sizeable volume 
appears, with the announcement of an additional 
two to follow, some doubt regarding the contents 
may be pardonable. It is gratifying, therefore, to 
be able to state that this book gives a sound and 
up-to-date presentation of the art as it is to-day. 

The book contains 20 chapters, the first seven 
of which deal adequately with the history of 
powder metallurgy, current methods of powder 
manufacture, the properties of different powders, 
the range of powders commercially available in the 
United States, and the various methods employed 
in preparing metal powders for the market. An 
interesting discussion is also included on a “ critical 
evaluation” of powder metallurgy, as compared 
with orthodox metallurgical methods, in which the 
author sets out the technical and economic advan- 
tages and limitations of the process under such 
headings as materials, man-power and equipment. 
The next five chapters deal with the pressing 
operation. The work that has been done on deter- 
mining the pressure distribution in powders during 
compaction is effectively summarised, and con- 
siderable space is devoted to the methods that have 
to be employed to obtain uniform density in 
pressings that have a non-uniform cross-section in 
the direction of pressing. Die materials, die wear 
and die design are discussed, with special emphasis 
upon conditions in industrial practice. The last of 
these chapters contains a useful collection of data 
on the operation of presses, largely compiled from 
information supplied by the respective manufac- 
turers, all of whom are located in the United States. 
Hot pressing is accorded a separate chapter, which 
is not surprising in view of the author’s important 
work in this field, but all other investigations are 
included in substantial detail. The final seven 
chapters cover the principles of sintering, the 
methods of sintering used with different powders, 
the various types of sintering equipment, any neces- 
sary after-treatment of the sintered compacts, and 
the various finishing treatments employed in the 
metallurgical industry generally. 

Though the author points out that a true science 
of powder metallurgy has not yet been developed, 
his discussion of the principles of sintering is both 
lucid and comprehensive. It is useful, and perhaps 
interesting even for people outside the industry, to 
see a table giving the temperature range and 
applications of different types of sintering furnaces. 
The important question of sintering atmospheres is 
dealt with in an informative manner. 

The style of the book is readable, and it should 
appeal strongly, on its merits, to both the expert 
and the student. Relevant references to the litera- 
ture are given in footnotes and each chapter is 
briefly summarised at the end. There are the usual 
indexes, some 300 illustrations, and a great deal of 
information in tabular form. Though the book is 
not cheap, it may be regarded as good value for the 
money. Volume II, it is stated, will deal with 
“ Applied and Physical Powder Metallurgy,” and 
Volume III is to contain a classified and annotated 
bibliography. 








Nov. 25, 1949. 


ENGINEERING. 








THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 541.) 


WueEN the members reassembled after the lun- 
cheon interval, at 2.30 in the afternoon of Thursday, 
November 10, the first day of the annual autumn 
yeneral meeting of the Iron and Steel Institute, 
Sir Andrew McCance, the President, again occupied 
the chair. 


Low-ALLoy STEELS CONTAINING BorRON. 


The first paper considered dealt with the ‘‘ Mech- 
anical Properties of Low-Carbon, Low-Alloy Steels 
Containing Boron,” and was by Mr. W. E. Bardgett 
and Dr. L. Reeve, of the United Steel Companies, 
Limited. It was presented, in turn, by both 
authors, who stated that the paper described the 
results of mechanical tests on several series of low- 
carbon (0-04 to 0-18 per cent.) low-alloy steels 
containing boron, tested in the normalised condition 
in the form of §-in. diameter bar. The outstanding 
feature of the results of steels made in an 18-lb. 
high-frequency furnace was the marked and, in 
certain cases, critica] effect of molybdenum, in the 
presence of boron, in enhancing the maximum 
stress and yield stress, the critical amount depend- 
ing on the remaining alloy content. Of the numer- 
ous steels examined, the most attractive was a 
material containing 0-14 per cent. of carbon and 
approximately 0-40 per cent. of molybdenum, with 
0-0016 per cent. of boron. This had a maximum 
stress of 38-3 tons per square inch, and a yield 
stress of 33-7 tons per square inch, with good 
ductility and toughness. The corresponding figures 
for a steel of similar composition, but without boron, 
were 30-4 tons and 16-9 tons, respectively. Thus 
the yield stress was doubled by the addition of 
0-0016 per cent. of boron. The question of mass 
effect had not been fully explored, but the results 
indicated that plates 2 in. in thickness, and probably 
greater, would yield the high-strength properties 
referred to, provided that the acid-soluble boron 
did not fall below about 0-0013 per cent. nor rise 
above about 0-007 per cent. 

Production casts of low-carbon molybdenum- 
boron steel, made in high-frequency and basic open- 
hearth furnaces, had given results confirming the 
high maximum stress and yield stress promised by 
the experimental steels. There had been no diffi- 
culty in introducing the desired quantities of boron 
into the steel by additions to the ladle, and it had 
been very uniformly distributed throughout the 
casts. The weldability of the steel, as measured 
by severely restrained cracking tests, appeared to 
be particularly good for materials of such high yield 
stress. Further experience of production casts 
was desirable to confirm these results and, with this 
end in view, several more open-hearth casts had 
been planned for the near future. 

Dr. N. P. Allen, who opened the discussion, 
stated that the search for an easily-weldable plate 
steel having a yield point above 30 tons per square 
inch, and good bending and impact properties, had 
occupied steelmakers for many years. Properties 
such as had been described in the paper could be 
attained or approximated to in a variety of ways. 
The use of molybdenum seemed to be common to 
them all, but the question arose of whether there 
was anything “‘ magical” about the use of boron 
or whether this was just another manifestation of 
the well-known effect of boron on hardenability. 
The paper had shown that the carbon present in 
the steel should be maintained on the low side and 
that remarkably high yield points could still be 
achieved with a carbon content as low as 0-050 per 
cent. That was one of the most remarkable features 
of the steel. In obtaining the desirable properties 
mentioned by the authors it was necessary to work 
on a very delicate balance of conditions and accord- 
ingly, the element of control was highly important. 
Finally, it should be emphasised that the future 
of a steel of this type depended largely on the 
cost. The fact that boron was effective only in a 
fully-killed steel, of which the yield would be low, 
was a disadvantage. 

Dr. H. A. Dickie said that the capacity of boron 


for increasing the depth hardening of steels appeared 
to be established and the new application of boron, 
proposed by the authors, could be regarded logically 
as the extension of previously-established effects. 
As a result of independent checks, his colleagues and 
himself had confirmed that the general effects 
which the authors had found could be reproduced, 
but he suggested to them that they should examine 
more closely the limits of the various elements that 
were required to produce these effects. The next 
speaker, Mr. A. Kohn, said that, in France, the 
Institut de Recherches de Ja Sidérurgie had also 
investigated boron steels and many tests had been 
carried out with the co-operation of three industrial 
laboratories. They had observed that additions of 
ferro-boron could have two principal effects ; 
firstly, they increased the austenitic grain size at the 
temperature at which austenite was formed, and, 
secondly, they moved the ‘‘ S” curve (representing 
the isothermal transformation of austenite below 
the eutectoid temperature) to the right. Boron 
greatly increased the maximum stress and the yield 
stress of l-in. diameter water-quenched bars. By 
such cooling conditions, a martensitic structure was 
formed in boron steels, whereas there was only 
troostite and ferrite in steels free from boron. In all 
other cases, however, such as in large water- 
quenched round bars or in oil-quenched and nor- 
malised bars, the effect of boron was of little import- 
ance. In some cases it might even be detrimental. 
The authors had said that a boron addition to a 
0-5 per cent. molybdenum steel lowered the tem- 
perature at which the pearlite formation took place, 
if the steels were cooled at higher velocities than 
the ‘limiting rate of cooling’; under these con- 
ditions the maximum stress and the yield stress 
were increased. Boron, no doubt, had an effect 
upon these normalised molybdenum steels, similar 
to that upon the water-quenched medium-carbon 
steels which had been studied in France. 

Mr. G. Speight said that over the last eight years 
several hundred experimental boron steels had 
been examined at the laboratories of the United Steel 
Companies, Limited, and it had been found that 
boron could occur in two forms, namely, the acid- 
soluble and the acid-insoluble. The amount of 
these two forms could be varied if the steelmaking 
conditions, and, in some cases, the heat treatments, 
were varied ; nevertheless, the maximum, amount of 
insoluble boron found in steels containing up to 
0-08 per cent. of boron was of the order of 0-004 per 
cent. The nitrogen content of the steels dealt with 
was of the order of 0-003 to 0-005 per cent. The 
fact that the proportions of these two elements 
were so close to one another indicated that the 
insoluble compound might be boron nitride. The 
three elements, titanium, aluminium and boron, 
had a decreasing order of affinity for nitrogen and 
that order, namely, titanium, aluminium and boron, 
would be, in fact, the order of a preferential precipi 
tation of nitrides. It would seem that to obtain a 
high yield by means of boron additions it was neces- 
sary to prevent the formation of boron nitride, 
as, otherwise, the effectiveness of the boron was 
lost. The elements aluminium, titanium and 
zirconium might be regarded, therefore, as ‘‘ boron 
protectors,” owing to their greater affinity for nitro- 
gen. Naturally, with steels of high-nitrogen content 
greater amounts of these boron protectors were 
needed. The last speaker, Professor H. O’Neill, 
asked the authors whether they considered that the 
return of boron-steel scrap into industry might 
lead to the upsetting of programmes and of specifi- 
cations. He wondered also whether the addition 
of boron gave rise to any practical difficulties in 
steelmaking. 

Mr. W. E. Bardgett, in answer to the discussion, 
said that there was nothing magical about the effect 
of boron, although there were some peculiar features 
in so far as the molybdenum content was concerned. 
With regard to what could be done on a production 
basis, they had still a good deal to learn, though 
their results were extremely encouraging so far as 
they had gone, particularly in connection with 
the uniformity of distribution of the boron in the 
steel, which had caused them some nervousness 
at the outset. The return of boron-containing 





scrap steel need cause no concern because the boron 
could be oxidised out when the steel was remelted. 


PROPERTIES OF THE [RON-NICKEL SysTEMS. 


The subsequent four papers on the agenda were 
taken together for the purpose of discussion. The 
first was entitled ‘‘ Further X-Ray Study of the 
Equilibrium Diagram of the Fe-Ni System,” by 
Professor E. A. Owen and Dr. Y. H. Liu, of the 
University College of North Wales, Bangor. The 
second paper dealt with the “Free Energy and 
Metastable States in the Fe-Ni and Fe-Mn Systems,” 
by Dr. F. W. Jones and Dr. W. I. Pumphrey, and 
described work carried out at the National Physical 
Laboratory. The third contribution was “‘ Micro- 
scopical Studies on the Iron-Nickel-Aluminium 
System; Part I—«+ f Alloys and Isothermal 
Sections of the Phase Equilibrium Diagram,” by 
Dr. A. J. Bradley, F.R.S., of the B.S.A. Group 
Research Centre, Sheffield, and the fourth was the 
“Constitution of Iron-Nickel-Chromium Alloys at 
650 deg. to 800 deg. C.,” by Mr. W. P. Rees, Mr. 
B. D. Burns and Mr. A. J. Cook, of the National 
Physical Laboratory. 

The first paper, by Professor Owen and Dr. Liu, 
was _ presented, in their absence, by Dr. A. H. Sully, 
of the Fulmer Research Institute. The authors 
of the paper said that they had carried out their 
X-ray investigations on materials in powder and 
in lump form, at room and at elevated temperatures. 
At temperatures of the order of 350 deg. C., extremely 
long periods of annealing were necessary to attain 
a state of equilibrium. No difference had been 
observed between the results obtained using powder 
and those obtained using lump material. The 
equilibrium diagram for the system, which had been 
recorded in 1939 by E. A. Owen and A. H. Sully, 
had been confirmed, in the main, by the present 
work. 

The second paper on free energy and metastable 
states, by Dr. F. W. Jones and Dr. W. I. Pumphrey, 
was presented by the former. The authors stated 
that they had studied the transformations which 
occurred in iron-rich binary iron-nickel and iron- 
manganese alloys at heating and cooling rates of 
the order of 10 deg. C. per minute. The progress 
of the transformation on continuous heating and 
cooling had been followed dilatometrically and the 
conclusion had been reached that the energy 
of lattiee strain arising from the transformations 
appeared to be insufficient to explain the observed 
hysteresis between the transformations on heating 
and cooling. 

Dr. A. J. Bradley, F.R.S., in the course of his 
paper on microscopical studies on the iron-nickel- 
aluminium system, stated that in spite of many 
publications on this system, a satisfactory equili- 
brium diagram had not yet been produced. It had 
been decided, therefore, to make a thorough investi- 
gation of all alloys containing less than 50 atomic 
per cent. of aluminium, using quenched microsec- 
tions, from 1,350 deg. to 750 deg. C., at temperature 
intervals of 100 deg.C. The miscibility gap between 
the « face-centred cubic phase, and the 8 body- 
centred cubic phase fields of the Fe-Ni-Al systems, 
reported by W. Koster in 1933, had been found to 
consist of five separate fegions, and not merely 
three, as Bradley and Taylor had thought in 1938, 
as the result of X-ray work only. Microphotographs 
clearly showed the characteristic two-phase patterns 
obtained after adequate heat-treatment at all 
temperatures from 1,250 deg. C., downwards, from 
alloys in the «+ 8, «+ and «+ pf’ gaps. 
Later papers would illustrate microsections from the 
other two-phase regions, together with the corre- 
sponding three-phase triangles. 

The last of the four papers, that entitled “‘ Cons 
stitution of Iron-Nickel-Chromium Alloys at 650 deg- 
to 800 deg. C.,” by Messrs. W. P. Rees, B. D. Burns 
and A. J. Cook, was presented by Mr. Rees. The 
authors stated that they had prepared numerous 
iron-nickel-chromium alloys with a range of composi- 
tions extending from 40 to 80 per cent. of iron, 
0 to 60 per cent. of nickel, and 0 to 50 per cent. of 
chromium, using component elements of very high 
purity. Metallographic and X-ray investigations 
of the alloy structures had been made to determine 
the limits of composition at which the complex 
sigma constituent, observed in iron-chromium alloys, 
did not exist as an equilibrium component after 
annealing the alloys at 650 deg. and 800 deg. C. 
The results showed that these limits extended into 
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a range of compositions considerably lower in 
chromium content than had been previously stated. 
A feature of the alloys was the sluggish behaviour 
of the more highly alloyed compositions during 
annealing treatments, and it had been found that 
the transition from the y phase to the (y+ o) 
phase was not always a single-stage reaction, but 
could be preceded by the precipitation of an inter- 
mediate « phase which was very persistent in some 
compositions. 

Dr. G. V. Raynor, in opening the discussion, said 
that the four papers dealt with aspects of the con- 
stitution of alloys. One was entirely micrographi- 
cal, another reported the use of both micrographic 
and X-ray methods, a third was entirely on X-ray 
research, and, in the fourth, problems of thermo- 
dynamics were considered. As a result of Dr. 
Bradley’s work metailurgists had a much more 
definite picture of the equilibrium relationships in 
the system studied. In the paper on the iron- 
nickel-chromium system, X-ray and micrographic 
work had both been used and the results obtained 
had agreed tolerably well. The work of Professor 
Owen and Dr. Liu was very welcome; it was a 
straightforward piece of work and called for little 
comment. Drs. Jones and Pumphrey, in their 
thermodynamical investigation, had used the results 
of Owen and Liu to calculate thermodynamical 
quantities to be used in investigating the trans- 
formation of « to y and of y to « in the iron-nickel 
system. The next speaker, Dr. N. P. Allen, stated 
that in view of the great directness of the X-ray 
method it should be considered to be decisive in 
the last resort where doubt existed. Granting, 
however, that the final decision must lie with the 
X-ray method, the microscope had many advanta- 
ges in the matter of sensitivity and the ‘“‘ breadth ” of 
information that it gave and these features were most 
valuable in the hands of an experienced investigator. 
Dr. H. Hoselitz, who spoke next, considered that 
the views expressed by Owen and Liu concerning the 
validity of the chosen method of determining the 
true equilibrium states should be supported by 
quantitative phase-analyses data. 

Dr. K. W. Andrews thought that the paper by 
Rees, Burns and Cook provided a basis for the 
study of many commercial alloys, and especially 
those in which the possible occurrence of the o 
phase had to be considered. A subsequent speaker, 
Mr. A. Taylor, said that, throughout his investiga- 
tion, Dr. Bradley had used iron, nickel and alumi- 
nium of high purity and by employing prolonged 
annealing periods had probably succeeded in ap- 
proaching very closely to true equilibrium. One 
striking point, however, was that no mention had 
been made of the gas contents of his alloys. The 
metals had been melted under hydrogen and the 
question was how far could dissolved hydrogen 
affect the equilibrium conditions. 

After a contribution to the discussion by Mr. J. 
Gordon Parr, the President brought the session to 
a close and intimated that in view of the lateness 
of the hour, the authors would reply in writing. 


(To be céntinued.) 





NEW IRON FOUNDRY FOR MEssRS. RANSOMES SIMS 
AND JEFFERIES ; ADDENDUM.—In our description of the 
Nacton Foundry of Messrs. Ransomes Sims ard Jefferies, 
Limited, Ipswich, we omitted, by an oversight, to state 
that the mechanical sand-handling and preparation 
plant had been supplied by Messrs. Stone-Wallwork, 
Limited, 157, Victoria-street, London, S.W.1. The plant 
was first mentioned in the second paragraph on page 474, 
ante, as being housed in the central bay connecting the 
general and the plough-share foundries. 





THE PRODUCTION OF CARBON BLACK.—In a written 
answer to a question by Mr. J. Lewis in the House of 
Commons on Thursday, November 10, the President of 
the Board of Trade (the Rt. Hon. H. Wilson) said that 
during the first six months of 1949, 14,279 tons of carbon 
blacks, made from natural gas, and 2,498 tons of other 
blacks had been imported. Production of furnace black 
had already been begun in one of the three factories 
which were being built in this country; and it was 
expected that the other two, which would make furnace 
blacks similar to the brands now being imported from 
America and suitable for use in the tyre industry, would 
be working about the middle of next year. It was hoped 


that the output of these tbree factories would supply 
about half the country’s requirements. 





THE 17TH INTERNATIONAL 
NAVIGATION CONGRESS. 
(Continued from page 527.) 


*QursTion 3” in Section I (Inland Navigation) 
of the proceedings of the 17th International Navi- 
gation Congress, held at Lisbon from September 10 
to 19, concerned the function of storage reservoirs 
in main or side valleys in regulating the flow of 
water, whether canalised or not, in order to reduce 
flooding ; the case of water used for power, and the 
study of models in these connections. The general 
reporter for this question was Senhor Afonso 
Zuzarte de Mendonga, of the Ministry of Public 
Works, Lisbon, and there were six papers submitted, 
one each from the United States, France, Italy, the 
Netherlands, Portugal and Czechoslovakia. 

Like the other American papers, previously 
summarised, that of Brigadier-General Gordon R. 
Young, of the United States Corps of Engineers, 
had been written for the 1940 Congress, which, but 
for the war, would have been held in Berlin. It 
dealt with flood-control policy before and since 
1930, the Pittsburgh flood-control project, the 
Crooked Creek reservoir, and multiple-purpose 
reservoirs. Previous to 1930, the only important 
Federal flood-control schemes were those on the 
Lower Mississippi and Sacramento Rivers, in neither 
of which cases could the control be exercised by 
reservoirs ; they were based, therefore, primarily on 
the use of levees and floodways, aided by rectifica- 
tion of the channels. Most of the inland waterways, 
Brigadier Young pointed out, were either canalised 
rivers, large rivers with enough water to permit of 
regulation, or sea-level canals. Most of the reser- 
voirs provided up to 1930 were for water supply, 
power or irrigation. After the economic depression 
of 1929, however, the Government began to under- 
take public works to alleviate unemployment and 
among these were several for flood control. Under 
successive Acts of Congress, some 400 projects had 
been put in hand, at a total estimated cost of about 
1,500 million dollars ; they were mainly for small 
rivers, for which the use of reservoirs would afford 
almost complete protection. 

The Pittsburgh project was selected by the author 
as a typical example. Pittsburgh is located in 
western Pennsylvania at the junction of the Alle- 
ghany and Monongahela Rivers, which unite to form 
the Ohio River, and is subject to floods ; the highest 
recorded occurred in 1936 and caused damage to the 
total of 94 million dollars. The protection scheme 
adopted by Congress consisted of asystem of ten reser- 
voirs. One of these, at Crooked Creek, was described 
in detail. It comprised a dam of earth, carried 
to the site, spread by bulldozers and compacted 
with sheep’s-foot rollers. There was a controlled 
outlet, via a tunnel cut through the rock under 
one abutment of the dam, with gates in a tower 
at the intake; and an uncontrolled spitlway was 
provided at some distance from the dam by cutting 
through the natural rim of the reservoir. The 
method of arriving at the design of the dam, the 
spillway and the outlet, and the general time- 
schedule for the construction of the dam, were 
described at length in the paper. It was estimated 
that the reduction in flood damage resulting from 
this one reservoir would pay for the whole cost of 
construction in the event of another flood com- 
parable with that of 1936. 

The possibility of using a flood-control reservoir 
for other purposes was kept in mind when preparing 
designs, and some such multiple-purpose reservoirs 
hae been constructed. For example, the Tygart 
Dam, a concrete structure in the Monongahela 
basin, 207 ft. high to the spillway, and forming part 
of the Pittsburgh project, would normally be empty 
at the beginning of the year. Until the beginning 
of April, which was the critical flood period, it was 
operated solely for flood control, being emptied as 
quickly as possible after each flood; but from 
April 1 to July 1 it was allowed to fill to a depth 
of 130 ft., representing about a third of its storage 
capacity of 328,000 acre-feet. This stored water, 
during the rest of the year, augmented the canalised 
Monongahela River, which carried a considerable 
traffic and was hampered at times by low water. 





The remaining two-thirds of the capacity was 





retained for flood control. Another example was 
the Bluestone Dam on the New River, West 
Virginia ; in this case the top 30 ft. of the reservoir 
was reserved at all times for flood control and th: 
rest of the capacity was used to generate power 
The Conchas Dam, in New Mexico, was used in 
part for flood control, partly for conservation, and 
partly—to the extent of about half of the full 
reservoir capacity of 300,000 acre-feet—for irri- 
gation and water supply. It was not a universal 
rule, the author explained, that power could be 
effectively obtained from a  flood-control dam, 
because of the peculiar economic conditions obtain- 
ing on many sites ; but where such a development 
appeared likely at some future date, provision was 
made by inserting penstocks when the dam was 
built, so that turbines could be installed later 
without reconstruction of the dam. 

The subject of the paper submitted by Mr. R. 
Coquand and his co-author, Mr. Cuq (France) was 
the function of storage reservoirs in the control of 
flow and the reduction of floods. The layout of 
such reservoirs, they observed, introduced a number 
of difficult problems, depending on the opposing 
purposes for which the reservoirs might be required 
—the retention of flood water, the improvement of 
low-water conditions, the generation of power, etc. 
The provision of complete protection against floods 
entailed the building of dams and ancillary works 
of considerable size, and such schemes were seldom 
financially profitable; on the other hand, a less 
complete protection, the efficacy of which might 
vary somewhat with circumstances and might even 
necessitate the acceptance of slight risks, could 
often be achieved at a low cost by constructing a 
reservoir which would at once reduce flooding, 
regulate the low-water flow, and produce electric 
power, and, under such conditions, the venture 
might be profitable. A proper statistical study 
would enable orders to be framed for the most 
useful and economical operation of the plant ; but 
it was necessary to decide which function of the 
reservoir would be the most important and to 
regulate the other functions accordingly. Any 
improvement that could be made in foretelling with 
precision and rapidity the onset of flood or low- 
water conditions would add greatly to the efficiency 
of operation. 

The Italian paper was presented jointly by Pro- 
fessor Ing. Mario Giandotti, Dott. Ing. Giovanni 
Marchetti, both of Rome, and Professor Ing. Dino 
Tonini, of Venice, and dealt with the main charac- 
teristics of storage reservoirs in Italy, the first of 
the two sections of the paper reviewing the subject 
broadly and the second part describing in particular 
those of the Po basin. Examples cited to illustrate 
the five ‘‘standard”’ types of watercourse were 
the Adige, an Alpine river; the Po, in a class by 
itself ; the Arno, a river of the Appenines, having a 
mainly impermeable basin; the Volturno, also 
flowing from the Appenines, but fed from semi- 
permeable basins; and the Simeto, in Sicily, the 
valley of which is largely impermeable. In the 
case of the Alpine rivers, those in the semi-permeable 
basins, and the River Po, about three quarters of the 
flow could be exploited ; but in the impermeable 
basins of the Appenines and those of the islands, 
only about half of the discharge could be utilised by 
constructing dams, etc. The storage reservoirs 
must have a considerable capacity in order to 
regulate the flow over a period of several years 
(9-9 times the flow per month in the case of the 
River Po and 23-6 times in the case of the Simeto) ; 
but much less capacity sufficed if only a two-year 
period of regulation was required (1-25 times the 
mean monthly flow for the Po and 4-44 times for 
the Simeto). The reservoirs already constructed in 
Italy were used almost entirely for hydro-electric 
power generation ; they numbered 116 at the end 
of 1946, with a total capacity of 2-13 million cubic 
metres. In their description of the navigation of 
the Po, the authors stated that the river was navi- 
gable from the confluence with the Adda to the sea, 
a distance of 317 km. From the Adda to the con- 
fluence with the Mincio there was a depth of water 
of 14 m. during 298 days of an average year, 2 m. 
during 210 days, and 2} m. during 145 days. From 
the Mincio to the mouth of the Po at Cavanella 








there was 2} m. of water throughout the year and 








Nov. 25, 1949. _ 


3 m. for 330 days. The total capacity of the 
natural lakes regulated and of the artificial reser- 
voirs was estimated to be 2-8 million cubic metres, 
the effect of which on the Po was to produce varia- 
tions in the mean flow of about 20 cm. These 
reservoirs could supply 1,500 million KWh per 
annum, and could irrigate about 150,000 hectares 
(say, 375,000 acres) of very fertile land. 

The authors of the Dutch paper in this series were 
Mr. F. Volker and Mr. J. C. Schonfeld, both of the 
Rijkswaterstaat, and their subject was the effect 
of variable flow upon the regime of a river; more 
especially, of flood waters, the theory developed in 
the early part of the paper being examined later in 
its application to the wave caused on the Rhine and 
its branches by the breaking of the Méhne dam in 
1943. In great rivers, flood waters rose so slowly 
that the accelerations might be neglected and 
Chézy’s formula used to obtain the discharge ; 
‘* flood water,” in the paper, was defined as the rising 
and falling of a stream at such a rate that the 
storage of water in the river affected the discharge 
appreciably. The simplified case was taken of the 
flow in a prismatic canal of rectangular cross-section, 
given a longitudinal slope. Where there was 
initially a steady flow, and the discharge was then 
graduaily increased to a maximum and as gradually 
decreased to the initial value, the effect was to intro- 
duce a single flood-water wave into the channel. 
The volume of water above the original steady 
water-level was constant ; and the development of 
the flood-water wave was as though the water 
below the initia] level maintained its steady motion 
while the flood-water wave moved along above it, 
gradually becoming longer and lower, but without 
loss of volume. On these premises, the authors 
developed an argument to cover the behaviour of 
the stream in various circumstances, such as an 
increase in the steady flow under the influence of 
the discharge from a tributary, or the effect of a 
canalised river, which would be to maintain the 
height and uniformity of section of the flood-water 
wave for a longer period than in a river not canalised. 

Professor A. A. Manzanares, of Lisbon, contri- 
buted a paper in which he reviewed generally the 
various aspects of river navigation, with special 
reference to the rivers of Portugal, and indicated 
the need for regulating, by means of barrages, the 
flow of water in these rivers in order to improve the 
navigation, because of the great variations of dis- 
charge and the lengthy periods of low water. He 
concluded that the construction of such barrages, 
purely in the interests of navigation, would not be 
economic, and that it was necessary to prepare 
plans on a wider basis, to take due account of the 
influence of flood discharges and the scouring of 
solid materials. It would be advisable, in his 
opinion, to construct reservoirs which could be used 
for electric-power production rather than for irriga- 
tion, as the primary purpose, illustrating his argu- 
ment by reference to the effect of barrages on the 
Zezere upon the flood waters of the Tagus. Separate 
consideration was given in the paper to the problem 
presented by the rivers Lima, Tagus and Guadiana. 

The final paper in this group, presented by Dr. 
Alois Bratrének of Prague, dealt with ‘‘ The Navi- 
gability of the River Elbe, in Czechoslovakia, and 
the Possibility of its Improvement by Storage 
Reservoirs.” It was in the catchment area of the 
Elbe, within the borders of Czechoslovakia, he said, 
that the greatest possibility existed of building 
storage reservoirs with which to improve the 
navigation of the river over its whole course to 
Magdeburg. The area of the basin below the last 
lock at Strekov, was’48,565 sq. km. and the average 
annual discharge was 294 cub. m. per second, the 
maximum rate being 4,400 cub. m. per second and 
the minimum only 36 cub. m. persecond. The ideal 
would be so to improve the navigation that the most 
common type of barge, namely, the ‘‘ Elbe barge ” 
of 900 tons displacement, could use the river all the 
year round, which would require a minimum dis- 
charge rate of 290 cub. m. per second. Such a 
result could only be achieved by building storage 
reservoirs which would be used primarily for other 
needs. In the basin of the Vitava, within the next 
30 years, storage reservoirs would be built with a 
total capacity of about 880 million cub. m., and 
further reservoirs could be constructed on the 
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tributaries, which would add an additional 100 mil- 
lion cub. m.; but the water which would be avail- 
able would be only about 630 million cub. m. at 
the lowest lock, at Strekov, and only about 500 
million would be available for improving the navi- 
gation. By regulating the low-water condition of 
the Elbe, by reducing the width of the low-water 
channel, a navigability of about 63 per cent. could 
be achieved ; but this would introduce difficulties in 
the operation of the ports along the river, raising 
problems that would require further consideration. 
Should these obstacles prove to be insurmountable, 
the only alternative would be to construct additional 
locks, below Strekov ; a suggestion which also would 
need careful study from the point of view of the 
economics of navigation on this river. 


REGULATION OF NATURAL AND ARTIFICIAL 
EstTUARIES. 


In Section II (Maritime Navigation), two “‘ ques- 
tions ’’ were put to the members of the Congress 
for discussion, the first of these dedling with the 
regulation of natural and artificial estuaries, the 
improvement of that part of an estuarial stream 
affected by the sea and by tides, recent observations 
and results, and the comparison of results with those 
given by tests on models and by calculation. The 
general reporter on papers relating to this ‘‘ question” 
was Mr. Henrique Schreck, Director-General of the 
port of Leixoes, who had ten papers to review, 
three being from Great Britain and one each from 
Belgium, Spain, the United States, France, Italy, 
Holland and Portugal. 

The Belgian paper was submitted jointly by 
Mr. Léon Bonnet, of Antwerp, and Professor J. 
Lamoen, of Brussels (who contributed an article on 
‘* Tides and Current Velocities in a Sea-Level Canal” 
to our issue of July 29); it described tests with a 
model of the portion of the Scheldt in the neighbour- 
hood of the new bridge at Termonde, carried out 
in the hydraulic research laboratory of the Belgian 
Ministry of Public Works. The horizontal scale 
of the model was 1 : 150 and the vertical scale, 1 : 50. 
The purpose of the research was to examine the 
possibility of improving the direction of the flood- 
tide currents in the navigable channel through the 
new bridge to be built (and since completed) at 
Termonde, without causing shoaling of the channel ; 
these currents, on the flood tide, ran obliquely to 
the axes of the piers supporting the bridge. The 
river bed, in the model, was made of pumice stone, 
ground to a small size so that the density of the 
particles approximately represented to scale that 
of the actual sand in the river and, therefore, the 
pumice simulated the behaviour of sand ; it could 
be displaced by the water at rates of flow as low as 
20 cm. per second. No attempt was made to repro- 
duce tidal action in the model, but uniform cur- 
rents were caused to flow at speeds that would 
ensure movement of the pumice. Various schemes 
of regulation were tested. The idea of using groins 
was rejected because they were found to cause 
eddies that would impede navigation, and eventually 
a system of training by continuous banks was 
adopted. Experience since the construction of the 
bridge and the banks proved satisfactory, the direc- 
tion of the current and the depth of water in the 
channel being in accordance with the predictions of 
the model tests, and favourable to navigation. 

The second paper in this series, by Sr. E. Alvarez 
Valderrama (Spain), described two small estuaries 
on the north-west coast of Spain, namely, those of 
Noya and Betanzos, where the tidal range is about 
4-00 m. The Noys estuary opens into that of the 
Tambre and forms a channel for two tributaries 
of the Tambre, the Rio Traba and the Rio San 
Francisco. It; was proposed to construct a dam 
across the estuary, with a wide canal to give access 
from the Tambre to the town of Noya, and an outline 
of the relevant calculations was given in the paper. 
The estuary of Betanzos, situated between Ferrol 
and Corunna, is exposed to north-westerly gales, 
and the entrance to the harbour is made difficult 
by swells from the Atlantic. It narrows rapidly 
to the inlet of El Pedrido, which gives access to 
the harbour itself, which widens out considerably 
beyond El Pedrido. Sr. Valderrama described, and 
illustrated with diagrams, both the Noya and 
Betanzos estuaries and the proposed improvements 
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by the construction of artificial channels. In the 
case of Betanzos, this would be, in effect, a continua- 
tion to seaward of the relatively narrow passage of 
El Pedrido. In each case, the main principles 
guiding the design of the works were summarised, 
but in neither was it possible to report results, as 
the projects were not sufficiently far advanced. 

The American paper—another that had beer 
written for the abandoned Congress of 1940 and was- 
presented without modification—was contributed’ 
by Brigadier General Paul W. Thompson, Director 
of the United States Waterways Experiment Station. 
Without giving his paper a specific title, Brigadier 
General Thompson surveyed the ‘“ question” as 
it was posed, illustrating his points by reference to 
the examples of the East River, New York—‘“‘a 
simple case of current alignments in a waterway 
where adequate depths already exist’; the Passes 
of the Mississippi—‘‘a difficult case of depth- 
improvement in a silt-carrying waterway”; and 
the Lake of Maracaibo, in Venezuela, which he 
described as “‘a highly difficult case of depth- 
improvement over an outer bar.”” While describing 
in some detail the methods adopted in these three 
cases, he observed at the outset that ‘‘ There is no 
royal road to the solution of an estuary problem. 
The engineer confronted with such a problem has 
only three avenues of attack : rationalisation, experi- 
ence, and the small-scale model. Seldom is any 
one of these sufficient in itself; and frequently all 
of them in combination will leave the engineer in a 
position of hope rather than of assurance.” 

In the case of the East River scheme, the use of a 
small-scale model was amply justified. The im- 
provement of the Hell Gate channel between Hallet 
Point and Wards Island involved removing a part 
of the Point—a valuable site, and of solid rock, 
which would be expensive to remove. Model tests 
showed that the desired improvement could be 
made with considerably less excavation and dredg- 
ing than had seemed probable according to plans 
prepared without the benefit of the model. The 
Passes of the Mississippi offered a different problem, 
consideration of which began about 1875, in order 
to provide a sufficient depth of water up to New 
Orleans, 114 miles from the mouth of the river. 
The technique of using small-scale models was 
unknown at that date, but the method to be adopted 
for the main channel was tried out on a smaller 
channel, with satisfactory results. Between 1875 
and 1879, jetties were constructed to regulate the 
flow in the South Pass channel, and it was then 
found that there was an interesting interaction 
between the sediment-laden currents from the river 
and the littoral currents in the Gulf outside, the 
effect of which was that most of the sediment was 
deposited to the west of the Passes or in front of 
them. To reduce the consequent maintenance 
costs, therefore, it was decided to realign the bar 
channel more to the east, when the cost of maintain- 
ing the channel dropped almost to zero. When the 
success of the South Pass jetties became evident, 
similar tactics were adopted at the South-west 
Pass, the work being put in hand in 1904; but the 
method was not so successful in this case and various 
modifications were made at later dates. The most 
recent, in 1937, gave a depth of 35 ft. at the bar, 
but shoaling was observed upstream. 

In the case of the Lake of Maracaibo, the problem 
was one of obtaining a sufficient depth of water 
(about 14 ft.) over the outer bar separating the Lake 
from the Gulf of Venezuela. The normal rate of 
salt-water flow into and out of the Lake through 
the relatively narrow entrance ranged from 150,000 
to 400,000 cub. ft. per second, but, during the wet 
season, the fresh-water discharge from the Lake 
was sometimes enough to produce a constant ebb 
flow. The shoaling at the bar having necessitated 
loading the small tankers, which used the harbour, 
to only 9 ft. instead of 12 ft. draught, it was decided 
to undertake a model study, to determine whether 
to make an artificial channel or to wait until (as 
seemed likely) a new channel was formed naturally. 
The model tests showed that no large change in the 
configuration of the estuary bed were likely to 
follow from the cutting of a new artificial channel ; 
and that hopes of early formation of a new natural 
channel were unduly optimistic. 


(To be continued.) 
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THE BUILDING EXHIBITION 
AT OLYMPIA. 


As briefly recorded on page 537, ante, the 23rd 
Building Exhibition was opened at Olympia on 
Thursday, November 17, and will remain open 
from 10 a.m. to 8 p.m. daily, except Sundays, until 
December 1. Both the Grand Hall and National 
Hall are filled, together with the galleries, and a 
wide range of materials and machinery is shown. 
The exhibits of Government departments deal with 
the overall planning of building and the most 
economical methods of using the materials available. 
The great diversity of exhibits and ideas which are 
evident at the exhibition suggest that building in 
this country should be a more fully mechanised 
operation, and carried out at a much greater rate 
than is actually the case. One is left with the 
impression that so far as the mechanics of building 
are concerned, this country is well to the fore, 
and many good machines are available, but that 
much remains to be done in order that these 
machines shall be put to use in large numbers and 
worked to their full capacity. 

The wide range of building equipment manufac- 
tured by the Chaseside Engineering Company, 
Limited, Station Works, Hertford, includes items 
such as mobile cranes, dumpers and shunting 
tractors. Among their latest products is a brick- 
stacking attachment which is shown at the exhibi- 
tion ; it is illustrated in Fig. 1, on this page. This 
attachment is used in conjunction with one of 
the maker’s mechanical shovels and is capable 
of lifting 3,000 bricks in one hour on to a scaffold 
16 ft. high; it will also transport bricks from the 
stack to the work. The stacker consists of a steel- 
lattice jib which is attached to the mechanical 
shovel and has, at its outer end, two arms which 
carry a detachable steel box. The box is filled with 
bricks from the stack, transported by the vehicle, 
and lifted on to the scaffolding, where the bricks 
are unloaded. Other materials, such as concrete 
lintels, tiles or timber, can be carried equally well. 
The mechanical shovel itself can be supplied with 
a scoop capacity of 4, ? or 1 cub. yard, and will 
discharge at any height between 2 ft. and 13 ft. 6 in. 
from the ground. It is carried on a tractor chassis 
with twin rear wheels and enclosed driver’s cab. 
The engine may be either the Fordson Major 
industrial unit or the Perkins P.6 Diesel. The 
‘* Hi-Lift ’’ mechanical shovel which is shown fitted 
with the brick-stacking attachment can also be used 
as a bulldozer or a 1-ton crane. 





Brick-Stackine ATTACHMENT; CHASESIDE ENGINEERING CoMPANY, LIMITED. 


An interesting small mobile crane which will lift 
a load of 15 cwt. is shown by Messrs. R. H. Neal and 
Company, Limited, Plant House, Ealing, London, 
W.5. It is known as the GM-type crane and is 
intended for use by builders and contractors or 
others requiring a light and easily-mancuvred | 
crane. Three types of jib or mast are available | 
and the illustration in Fig. 2 shows the crane | 
fitted with a 20-ft. lattice jib. The unit is mounted | 
on four pneumatic-tyred road wheels and powered | 
by a 6-h.p. air-cooled petrol engine or water-cooled 
Diesel. Hoisting, lowering, slewing and travelling 
are power operated and hydraulically controlled, 
the maximum hoisting speeds being 150 ft. per 
minute with a single rope and a load not greater 
than 7} cwt., and 75 ft. per minute, with a double 
rope and loads up to 15 cwt. The maximum 
slewing speed which can be attained with full load 
is 4 rpm. and the maximum travelling speed 
2}m.p.h. The turning circle is 13 ft. 9 in. and the 
weight of the crane, without jib or mast, is 50 cwt. 
Steering and derricking motions are manually 
operated and the crane may be driven from one 
place to another with the jib in any position. 
The hoisting mechanism is similar to that used in all 
Neal cranes and incorporates an automatic friction 
clutch which is brought into action when the hoist 
brake is released, and allows the lowering motion 
to be controlled accurately. The brake can be 
left in the “on” position during lifting and is then 
applied automatically if lifting is discontinued, 
thus holding the load safely suspended. Instead 
of the lattice jib shown in the illustration, a 15 ft. 
channel jib or a telescopic mast can be supplied with 
the crane. The latter is available in two sizes, 
one capable of being extended in 2 ft. stages from 
15 ft. to 25 ft., and the other from 25 ft. to 40 ft. 
Either can be raised or lowered in the usual way 
by the derricking unit, and in both the telescoping 
movement is operated by an auxiliary hand- 
operated winch at the bottom of the lower section of 
the mast. Each mast is fitted with a fixed boom 
across the upper end, which enables the crane to lift 
objects from the top of high structures without the 
mast fouling the structure. The loads which may 
be lifted by the crane when either mast is attached 
are, in general, less than 15 cwt. and depend on the 
radius at which the load is carried. 

Messrs. Frederick Parker, Limited, Viaduct 
Works, Catherine-street (Extension), Leicester, have 
recently introduced, and are showing on their stand, 
a new smali motor-driven concrete mixer known as 














the ‘‘ Mini-Giant.”” This machine is illustrated in 
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Fie. 2. 15-Cwr. Mosite CRANE; MEsSBs, 
R. H. Neat anp Company, LiwmTepD, 


Fig. 3. It is designed to handle 3 cub. ft. of 
unmixed material, making approximately 2 cub. ft. 
of mixed concrete, and has been introduced to meet 
the demand for a mixer to deal with small quan- 
tities, where the use of a standard-sized model would 
be uneconomical or impracticable. It should be of 
particular interest to factory owners and works man- 
agers who require the use of asmall mixer in a factory 
for the laying and repairing of concrete floors, 
machinery beds, general maintenance and similar 
purposes. The mixer is easy to man-handle, being 
mounted on two 16-in. by 4-in. pneumatic-tyred 
wheels and fitted with a towbar; steel wheels are 
available if required, and the towbar may be removed 
when the machine is in operation. The mixing 
drum is tilted by a double lever and can be loaded 
or discharged at eitherside. It is driven by a 1-h.p. 
Villiers petrol engine, transmission being by roller 
cham and machine-cut chain wheels. The bearings 
are bushed and Stauffer lubricators are fitted. The 
height of the mixer is 4 ft. 11 in., its length is 
2 ft. 34 in. (4 ft. 10 in. with towbar) and its width 
is 3ft.5in. The feed height is 3 ft. 3 in., and the 
discharge height 2 ft. 0 in. 

Another small concrete mixer, the 3}T trailer- 
type tilting mixer, can be seen on the stand of 
Messrs. Stothert and Pitt, Limited, Bath, Somerset. 
It is mounted on two pneumatic-tyred wheels and 
is designed for being towed behind a vehicle at 
any speed within the capacity of the towing vehicle. 
It is illustrated in Fig. 5. The mixing mechanism 
is the same as that of the firm’s standard 3} T 
mixers, but the chassis, wheels and suspension are 
new. The mixer is arranged with its supporting 
frame at right angles to the direction of travel 
so that the track width is comparatively large, thus 
ensuring stability under towing conditions. The 
two wheels are fitted with 4-00 in. x 17 in. pneu- 
matic tyres and rotate on roller bearings. The 
suspension consists of silico-manganese steel coil 
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PaRKER, LIMITED. 











Fie. 4. Vrsratinc Taste ror Concrete; Messrs. E. P. ALLAM AND 


Company, LiMiTED. 
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springs fitted between the axle and the frame. 
Internal-expanding brakes, 8 in. in diameter, are 
actuated by a system of levers whenever the 
trailer tends to overrun the towing vehicles ; 
they can be locked in the off position if it is required 
to reverse or man-handle the mixer. The towbar 
is of tubular steel, 6 ft. 14 in. long, and is detach- 
able. It has a spring-loaded towing eye with 
a 1}-in. diameter hole for the locking pin. When 
in use, the mixer is stabilised by four adjust- 
able supporting legs which relieve the tyres of all 
load. The mixer drum is driven by either a Lister 
D-type 1}-h.p. water-cooled petrol engine or a 
Petter A-type 1}-h.p. air-cooled petrol engine, and 
will handle 5 cub. ft. of unmixed concrete or 
3} cub. ft. of mixed concrete. Transmission is by 
roller chain and sprockets. 

Messrs. E. P. Allam and Company, Limited, 45, 
Great Peter-street, London, S.W.1, are showing on 
their stand a vibrating machine for the rapid pro- 
duction of high-grade concrete blocks and slabs. 
Known as the “ Vibroblock,” it consists of a 24 in. 
by 14 in. table, fabricated from ¥,-in. steel sheet 
and supported en four legs attached to a heavy base 
by rubber shock absorbers. Fitted under the 
table is a totally-enclosed vibrator which may be of 
the electric or mechanical type. In the “ PB” 
model shown in Fig. 4, the latter is used, being 
driven by a short V-belt from a I-h.p. J.A.P. 








Messrs, STOTHERT AND Prrt, Lim1TED. 


air-cooled petrol engine mounted on an extension 
of the base. In the case of the electric vibrator, 
power is obtained from the mains supply, the 
consumption being 250 watts. Concrete is placed 
in special moulds on the table and vibrated 
for about 20 seconds at a frequency of approxi- 
mately 3,000 cycles per minute. A very lean and 
dry mix may be used and in consequence the blocks 
or slabs may be turned out of the moulds immedi- 
ately and left to set. The product is strong, 
uniform and well finished, having a very low water 
absorption, and a production rate of up to 1,000 
blocks or 2,000 slabs per day can be obtained with 
one Vibrobloc machine and two or three moulds. 
Special moulds, designed to British Standard 
Specifications, or to any other measurements, are 
supplied by the manufacturers, and solid or hollow 
blocks and slabs can be produced to suit individual 
requirements. The machine is transportable and 
weighs 227 lb. in the case of the model illustrated 
or 154 Ib. in the case of the electrically-powered 
model. It does not require bolting down and can 
be used on any level floor or on soft or hard ground. 

Several types of concrete-vibrating equipment are 
shown by Concrete Vibration, Limited, 2, Caxton- 
street, London, S.W.1. These are designed for the 
vibration of concrete shuttering, surface tamping, 
the immersion vibration of concrete, the vibra- 
tion of concrete moulds and similar purposes, All 





the equipments employ Sinex electric vibrators, 
which are made in various sizes and wound to 


‘suit the required alternating-current voltage ; they 


are arranged to give a high-frequency vibrating 
action, frequencies of 3,000 and 6,000 cycles per 
second being commonly used. Among the equip- 
ments is a range of vibrating tables which are used 
to consolidate dry mixes of concrete in moulds 
placed on top of the tables, this method being 
largely used by the manufacturers of pre-cast 
concrete products. One such table has a 6-ft. by 
3-ft. top and is fitted with a 500-watt vibrator 
giving 6,000 impulses per minute. It is carried by 
six rubber mountings and will handle units weighing 
up to 25 ewt. Sinex vibrators are also used for 
other purposes, being fitted, for instance, to 
vibrating screens used for the grading of aggregates 
and sand. 


(To be continued.) 





BristoL ‘‘ HERCULES 630” ENGINES.—The Bristol 
Aeroplane Company, Filton, Bristol, have announced 
that the Air Registration Board have approved the 
extension of the period between overhauls on the 
“ Hercules 630’ engine, from 800 hours to 900 hours. 
The “‘ Hercules 630 ” engines are fitted to the Vickers 
“ Viking ” air liners in service with Messrs. Airwork 
Limited, a charter company. 





THE LaTE Mr. J. DAVENPORT.—We note with regret 
the death of Mr. James Davenport, which occurred on 
November 12, after a long illness, at his home, “‘ Mid 
Trees,” Huddersfield-road, Brighouse, Yorkshire. Mr. 
Davenport, who was 72 years of age, had been associated 
with Messrs. Hopkinsons Limited, Huddersfield, for 
many years and latterly had occupied the position of 
foundry sales manager. He was elected a member of 
the Institute of British Foundrymen in 1926. 





THE FARADAY LECTURE OF THE INSTITUTION OF ELEC- 
TRICAL ENGINEERS.—Dr. R. A. Smith, M.A., A.M.I.E.E., 
will speak op “‘ Radar” as the subject of the Faraday 
Lecture which is to be given at 6 p.m. on Monday, 
December 5, in the Town Hall, Birmingham. Members 
of the general public are invited to attend. Tickets can 
be obtained from Mr. W. F. Baker, Messrs. Canning and 
Company, Great Hampton-street, Birmingham. En- 
velopes should be marked “ Faraday,” and a stamped 
(1d.) addressed envelope should be enclosed. Applicants 
from electricity supply undertakings should apply to 
Mr. J. R. Anderson, 14, Dale End, Birmingham, 4 ; 
from manufactures to Mr. H. M. Fricke, Messrs. Johnson 
and Phillips, Suffolk-street, Birmingham; and from 
education authorities and municipal departments to 
Mr. C. F. Partridge, Technical College, Suffolk-street, 
Birmingham. 





SINGLE-SCREW CARGO 


THE CALEDON SHIPBUILDING 





ENGINEERING. 


MOTORSHIP 


AND 


. 25, 1949. 


‘“ WANSTEAD.” 


ENGINEERING COMPANY, LIMITED, DUNDEE. 








—_- 


~~ ponies 





THE SINGLE-SCREW 
CARGO MOTORSHIP ‘‘ WANSTEAD.”’ 

THe single-screw motor cargo vessel Wanstead, 
built by the Caledon Shipbuilding and Engineering 
Company, Limited, Dundee, for the Britain Steamship 
Company, Limited, by Messrs. Watts, Watts 
and Company, Limited, successfully completed her 
trials and was handed over to the owners on Monday, 
October 31. The Wanstead is the first of three sister 
ships, all of which are being built by the Caledon 
Shipbuilding Company, and has been designed for 
service between the eastern Canadian ports and the 
Continental ports of Hamburg, Antwerp and Rotter- 
dam. This service is, possibly, one of the most 
exacting in the world; the vessels have been streng- 
thened, therefore, so that they may cope with icing 
conditions and have been given a stability which will 
not be affected by the formation of ice on the decks 
and superstructure. Special attention also has been 
paid to the accommodation, all the cabins for the 
officers and crew being disposed amidships and each 
adult member of the crew provided with a single-berth 
cabin. Furthermore, the vessel has been designed so 
that, when at sea, she can be worked in heavy weather 
without members of the crew having to go on deck. 

A photograph of the Wanstead, taken during her trials 
is reproduced at the —_ this page, from which it 
will ‘s seen that she a well-raked stem, single 
funnel and “ goal-post” masts, a form of mast 
which gives an exceptionally clear view forward. The 
deadweight tonnage as an open shelter-deck vessel is 
8,300 tons on a mean draught of 25 ft. The length 
overall is 468 ft. and between perpendiculars 440 ft., 
and the moulded breadth is 64 ft. There are two 
decks, namely, a shelter deck and a second deck, the 
former being the strength deck, the depth moulded 
to the shelter deck being 43 ft. 3 in. and to the second 
deck, 27 ft. 6 in. There are five cargo holds, together 
with their associated ’tween decks and an extra ’tween- 
deck space arranged over the steering flat. The hull 
form, which was tank-tested, is unusual in that a 
knuckle line extends fore and aft, rising with the 
sheer forward; the knuckle line at the stern can be 
seen in Fig. 1. The forecastle has been eliminated 
and as will be seen from the illustration, this results 
in the shelter deck having a clear sweep to the front 
of the bridge superstructure. 

The hull is divided into cargo spaces, fore and after 
peaks, engine room, etc., by nine watertight bulkheads. 
The bulkheads, however, do not extend to the shelter 
deck level, terminating at the second deck, but large 
webs are fitted in the *tween decks immediately over 
some of the main bulkheads so that, if required, ’tween 
deck watertight bulkheads can be inserted at a later 





Fie. 1. VEssEL ON TRIALS. 

date. The quarters for the officers and crew are 
located on three decks, the captain’s day room and 
cabin being arranged under the navigating bridge, 
the cabins for the chief engineer and first officer, 
together with the dining saloon and lounge, in the 
midships deckhouse, and the remainder of the accom- 
modation on a stringer deck located between the shelter 
and second decks. The height between the accommo- 
dation deck and the shelter deck is 7 ft. 9 in. and the 
height of the cargo "tween decks in way of the accommo- 
dation deck, 8 ft. Forward and abaft the accommo- 
dation it varies from 17 ft. 6 in. to 24 ft. The second 
deck has no sheer and the “tween-deck spaces are 
arranged throughout for the carriage of general cargo. 
The midships ’tween-deck are icularly suit- 
able for the stowage of motor vehicles, for the loading 
of which doors have been provided in the ship’s side at 
second-deck level, each of which is fitted with a coffer- 
dam. These doors can, of course, be used for loading 
other types of cargo and are especially useful for 
stowage of cargo by the fork-lift type of truck. 

Special attention has been paid to the design of the 
water- ballast and fuel-oil tanks to ensure that the vessel 
has adequate draught when in light or partly-loaded 
conditions. There is a continuous double bottom, divi- 
ded for the carriage of fuel oil and fresh water. The 
spaces at the sides of the shaft tunnel in No. 4 hold are 
arranged for the carriage of fuel oil, and similar spaces 
in No. 5 hold for the carriage of water ballast. There 
are no oil tanks in way of the cargo spaces, but No. 6 
tank occupies a portion of No. 4 hold. There is a 
permanent cross bunker at the forward end of the 
machinery space for 310 tons of Diesel oil and a deep 
tank at the after end of No. 3 hold. Ice strengthening 
is provided by fitting intermediate frames forward for 
three-fifths of the length. 

Comprehensive arra’ ents have been made for 
handling the cargo so that it may be discharged 
in the shortest possible time. There are six hatches 
on the shelter deck, No. 1 having a width of 18 ft. 
and a length of 24 ft. 9 in., Nos. 2, 3 and 4 a width of 
26 ft. and a length of 35 ft. and No. 5 a width and 
length of 22 ft. and 35 ft., respectively. No. 6 hatch, 
which gives access to the ’tween-deck space above the 
steering flat, is, of course, considerably smaller, having 
a width of 10 ft. and a length of 12 ft. The derricks 
are carried on six pairs of tubular steel self-supporting 
derrick posts, three pairs forward and three abaft of 
the superstructure. The hatches have steel covers, 
each divided along the centre line into port and star- 
board sections arranged so that they can be moved 
bodily athwartship towards the sides of the vessel. 
During this operation, the outboard sides of the covers 
are supported by struts fitted with wheels, which roll 
along rails laid on the deck in the athwartships direction. 








On No. 6 hatch, however, the cover is arranged to 
slide forward. The derricks have a capacity of 5 tons, 
with the exception of those serving the after part of 
No. 2 hatch and the forward of No. 3 hatch, which 
have a capacity of 10 tons. e hatches are served by 
twelve 3-ton and four 5-ton electric cargo winches and 
two 5-ton combined cargo and warping winches. The 
control gear, in each case, is located close to the hatch- 
way so that the operators have a clear view of the 
hatch and load at all times. The operators are pro- 
vided with adjustable cycle-type seats and, during 
inclement weather, are protected by covered structures. 
The contactor gear is situated in steel deckhouses 
located between Nos. 2 and 3 hatches and Nos. 5 and 
6 hatches, respectively. Contactor gear is also situated 
in the after portion of a deckhouse between Nos. 1 and 
2 hatches, the forward portion of which is used as a 
store for wire hawsers and reels. Portholes with 
rollers are provided in the fore end of the deck store 
to allow the hawsers to pass through, thereby keeping 
the decks clear of reels. A similar arrangement has 
been adopted for the after deckhouse store, between 
Nos. 5 and 6 hatches. 

The Wanstead is si ggg by a five-cylinder Doxford 
single-acting two-stroke opposed-piston oil engine 
having an output of 6,250 indicated horse-power, 
equivalent to 5,500 shaft horse-power, at 110 r.p.m. 
The cylinders have a bore of 670 mm., and the com- 
bined stroke is 2,320 mm. The mean indicated pressure 
in the cylinders during service is approximately 90 Ib. 
per square inch and the maximum combustion pressure 
640 lb. per square inch, with a mean piston speed of 
approximately 840 ft. per minute. The engine, which 
was built under licence by Messrs. Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock, is a 
standard Doxford unit, the upper pistons being con- 
nected to the crankshaft by fore-and-aft cross beams, 
side rods and connecting rods in the usual manner. 
The scavenge pump, which is of the reciprocating 
double-acting type, has a diameter of 1,750 mm. and a 
stroke of 1,380 mm. ; it is situated between Nos. 3 and 
4 cylinders and is operated from the main crankshaft. 
The engine controls, main gauges and telegraphs are 
situated on the starboard side of the engine at engine- 
room floor level. 

All the auxiliary machinery is electrically operated, 
current for this purpose being provided by three 
Diesel-driven generators supplied by the Atlas Diesel 
Company, Limited, Beresford-avenue, Wembley, Mid- 
dlesex. They are of the Polar-Atlas two-stroke type, 
and each has an output of 250 kW at 550 r.p.m.; they 
can be seen in Fig. 2, opposite, which shows a view of 
the port side of the engine room, looking forward. Air 
for starting the main engines and those of the genera- 
tors is supplied by two compressors, situated in the 
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starboard wing of the engine room and driven by 
72 h.p. electric motors. They were supplied by Messrs. 
Reavell and Company, Limited, Ipswich, and each 
has a free-air capacity of 145 cub. ft. per minute, 
the air being delivered at a maximum pressure of 600 lb. 
per square inch. An emergency air compressor also 
is installed in the engine room; like the main com- 
pressors, it was supplied by Messrs. Reavell and Com- 
pany, but is driven by a small Diesel engine made by 
Messrs. Capel and Company, Limited, Colchester. 

The majority of the engine-room pumps were supplied 

by Messrs. Drysdale and Company, Limited, Yoker, 
Glasgow. There are two lubricating-oil circulating 
pumps of the Vertoil type, each of which has a capacity 
of 55 tons an hour when delivering against a pressure 
of 40 lb. per square inch. The cylinder jackets and 
pistons of the main engine are cooled with fresh water 
in accordance with usual Doxford practice. The fresh 
water for this service is circulated by two self-priming 
centrifugal pumps, each of which is capable of delivering 
250 tons of water an hour against a pressure of 45 Ib. 
per square inch. The heat exchanger, which was 
made by Messrs. Serck Radiators, Limited, Birming- 
ham, is capable of cooling 250 tons of water an hour 
from 150 deg. F. to 135 deg. F.; it is supplied with sea 
water by a centrifugal pump capable of delivering 
approximately 330 tons per hour against a pressure of 
30 Ib. per square inch. This pump also supplies the 
lubricating-oil cooler, the ballast pump acting as a 
stand-by for this service. The ballast pump has a 
capacity of 330 tons an hour and is arranged so that 
the inlet can be connected to the sea, the bilges, the 
main pipe line and ballast tanks. The pump delivers 
to the ballast tanks, overboard and deck water services 
in addition to acting as a stand-by. 
_ A Nelvin combined waste-heat and oil-fired boiler 
is installed at the forward end of the engine room. It 
has a diameter of 7 ft. 7 in. and a height of 16 ft. 9 in. 
It supplies steam at 100 Ib. per square inch for general 
purposes, including heating of the accommodation, and, 
when burning oil, has a capacity of about 3,000 Ib. of 
steam per hour. Distilled water for engine-cooling is 
supplied by an evaporator having a capacity of 10 tons 
per day, in conjunction with a distiller capable of 
supplying 1,000 gallons per day. Storage tanks for 
fuel oil are arranged in the double bottom. The total 
fuel capacity of the ship is 1,000 tons, which, at service 
speed, gives a radius of 15,250 nautical miles. 

The engine room is exceptionally well laid out, there 


AUXILIARY GENERATORS. 





being ample room to carry out overhauls of the auxiliary 
machinery when the vessel is at sea. Several depar- 
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tures have been made from standard practice; the 
engine-room floor, for example, instead of consisting 
of the usual chequered plating, is made up from grids 
except in way of the control platform, so that all 
pipes, etc., are visible. Furthermore, the various pipes 
are painted in distinctive colours so that each service 
can be quickly recognised. The auxiliaries, such as 
pumps, etc., are arranged so that all parts likely to 
need adjustment are raised above floor level to give 
easy access. The engineer’s workshop is at engine 
room floor level and the equipment includes a screw- 
cutting lathe, a pillar drilling machine and bench 
grinder. At the moment, no refrigerating plant is 
installed beyond that required for the provision rooms, 
but space has been left in the port wing of the engine 
room so that, if required, it can be fitted at a later date. 

The accommodation, undoubtedly, is the most 
interesting feature of the Wanstead as it incorporates 
the many desirable features set out in the paper read 
before the Institution of Naval Architects by Mr. E. H. 
Watts in April, 1945, entitled ‘“‘ Crew’s Accommodation 
in Tramp Ships.” As previously indicated, the 
quarters for the officers and crew are disposed amid- 
ships over three decks, the captain being under the 
bridge, the first officer and chief engineer in the deck- 
house on the shelter deck and the remainder of the 
officers and crew on a stringer deck arranged between 
the second and shelter decks. The deckhouse also 
contains an owner’s suite, the second officer’s cabin, the 
dining saloon, officers’ lounge and ship’s office. The 
owner’s suite is at the forward end and occupies space 
on each side of the ship’s centre line. It comprises 
two interconnected bedrooms with fitted furniture in 
veneered plywood and a single bathroom. The chief 
officer’s quarters comprise a bedroom and a dayroom, 
located aft of the owner’s suite on the port side, while 
the chief engineer is accommodated in similar quarters 
on the starboard side. Both the chief engineer and 
chief officer have their own private bathroom and the 
dayrooms and cabins are exceptionally well furnished ; 
this can be appreciated from a study of the photograph 
reproduced in Fig. 7, on page 562, which shows the 
chief engineer’s dayroom. The ship’s office is situated 
abaft the chief officer’s dayroom, followed by the 
officers’ lounge, which extends the full width of the 
superstructure. The dining saloon is immediately for- 
ward of the lounge in the midships position, the ship’s 
office being at one side and the pantry at the other side. 
Photographs of the officers’ dining saloon and lounge 
are reproduced in Figs. 5 and 6, on page 562, respec- 
tively. 
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As previously mentioned, the remainder of the 
accommodation is arranged on a deck situated between 
the main and shelter decks. The accommodation, 
recreation rooms, etc., occupy the full width of the ship, 
but all the cabins for the officers and crew are inboard, 
leaving a space 8 ft. wide between the cabins and the 
ship’s side. These spaces form long galleries on each 
side of the vessel, which are used for recreation, that on 
the starboard side being reserved for officers and that on 
the port side for. the crew; part of the officers’ gallery 
is illustrated in Fig. 3, on this page. The galleries are 
lighted by rectangular windows in the ship’s side, 
which can be seen in Fig. 1. The deck and engineer 
officers, occupy the starboard side of the accommoda- 
tion and the crew the port side, each member of the 
crew, with a few minor exceptions, having his own 
cabin. Each cabin is furnished with a cot bed, a com- 
bined chest of drawers and dressing table, and a 


wardrobe. 

A further recreation room for the crew is peste 
at the after end ef the port gallery. This is furnished 
with settees, armchairs and card tables, and ample 
facilities are provided for playing darts, table tennis, 
etc. A doorway at the after end of the crew’s recreation 
room leads into the crew’s cafeteria, a distinct innova- 
tion for a ship of this size. It is arranged to seat 26 
at tables either for four or two persons, the members 
of the crew being served at a counter, which can be 
seen in Fig. 4, on page 562, which shows a general view 
of the cafeteria. Other features on board the Wanstead 
which should be mentioned are the laundry, which can 
cater for the needs of all on board, the hospital, 
situated aft on the boat deck, and the drying rooms 
for wet clothes. Special attention has been paid also 
to the ventilation system, which is arranged so that 
heated air or air at atmospheric temperature can be 
admitted to each cabin at the will of the occupant. 





THE WORKS OF FREDERICK BRABY AND COMPANY.— 
The directors of Messrs. Frederick Braby and Company, 
Limited, have announced a threefold extension and 
modernisation scheme. The first project is the erection 
and equipment of a factory at Crayford, Kent, to which 
will be transferred the whole of the manufacturing 
processes now carried on at the firm’s Deptford works 
and the greater part of those conducted at their Fitzroy 
works, Euston-road, London. The second project in- 
volves the mechanisation of the Glasgow works rolling 
mills, and the third the extension of the firm’s Liverpool 
works. 











560 ENGINEERING. otk 
LAUNCHES AND TRIAL TRIPS. BRITISH STANDARD 
M.S. “ SraBmiry.”—Single-screw cargo vessel, built SPECIFICATIONS. 

by the Goole Shipbuilding and Repairing Company,} The following publications of interest 


Limited, Goole, for Messrs. F. T. Everard and Sons, 
Limited, London, E.C.3. Main dimensions: 225 ft. 
by 36 ft. by 16 ft.; deadweight capacity, 1,700 tons. 
Diesel engine of 800 b.h.p. at 250 r.p.m., supplied by 
Messrs. Newbury Diesel Company, Limited, Newbury, 
Berkshire. Trial trip, November 10. 

M.S. “‘ Locnwoop.”—Single-screw general cargo vessel, 
carrying twelve passengers, built by The Burntisland 
Shipbuilding Company, Limited, Burntisland, Fife, for 
Messrs. Wood Lines, Limited, an associated company of 
the Joseph Constantine Steamship Line, Limited, Middles- 
brough. Main dimensions: 276 ft. (between perpen- 
diculars) by 41 ft. 9 in. by 26 ft. 9 in. to shelter deck ; 
deadweight capacity, about 2,370 tons on a loaded 
draught of 17 ft. 8} in.; gross tonnage, 1,689. British 
Polar eight-cylinder Diesel engine, of 1,200 b.h.p., 
constructed by Messrs. British Polar Engines, Limited, 
Glasgow. Trial trip, November 15. 


M.S. “ BrrrisH ARDOUR.”—Single-screw tanker, built 
and engined by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Walker, Newcastle-upon-Tyne, to 
the order of the British Tanker Company, Limited, for 
the Anglo-Iranian Oil Company, Limited, London, 
E.C.2. Thirty-fifth vessel built for the British Tanker 
Company. Main dimensions: 490 ft. (overall) by 61 ft. 
9 in. by 34 ft. 1 in.; deadweight capacity, 12,198 tons 
on @ summer draught of 27 ft. 7 in. Swan Hunter- 
Doxford four-cylinder opposed-piston oil engine, to 
develop 3,100 b.h.p. at 105 r.p.m. in service. Trial 
speed, 11-9 knots. Trial trip, November 15. 


M.S. “La Sterra.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. Buries Markes, Limited, 
London, E.C.3. Main dimensions: 435 ft. by 60 ft. by 
29 ft. 3 in. ; deadweight capacity, 9,350 tons on a draught 
of about 25 ft. 10 in. Doxford five-cylinder opposed- 
piston oil engine, to develop a service speed of 14 knots. 
Launch, November 17. 


M.S. “Harry RICHARDSON.”—Single-screw collier: 
built by Messrs. Hall, Russell and Company, Limited, 
Aberdeen, to the order of the British Electricity Autho- 
rity (London Division), London, W.1, for service between 
Northern ports and the Thames. Main dimensions: 
260 ft. (between perpendiculars) by 39 ft. 6 in. by 18 ft. 
6 in.; deadweight capacity, about 2,700 tons. British 
Polar eight-cylinder marine Diesel engine, to develop 
1,180 b.h.p. at 225 r.p.m., constructed by Messrs. British 
Polar Engines, Limited, Glasgow, and installed by the 
shipbuilders. Launch, November 18. 


8.S. “ GapInia.”—Twin-screw tanker for the carriage 
of oil in bulk, built and engined by Messrs. Smith’s 
Dock Company, Limited, South Bank-on-Tees, to the 
order of the Anglo-Saxon Petroleum Company, Limited, 
London, E.C.3, for their shallow-draught service to Lake 
Maracaibo, Venezuela. Seventh vessel of a series of 
eight. Main dimensions: 405 ft. 10 in. (between perpen- 
diculars) by 62 ft. 6 in. by 21 ft. 6 in. to harbour deck ; 
deadweight capacity, approximately 7,900 tons on a 
draught of 18 ft. 7% in. Twin set of triple-expansion 

urfa d g engines and two Babcock and Wilcox 
watee-tube boilers, to give a service speed of about 12 
knots. Launch, November 18. 


M.S. “‘ Janus.”—Single-screw tanker for the carriage 
of oil in bulk, built by the Furness Shipbuilding Company, 
Limited, Haverton Hill, County Durham, for A/S Anders 
Jahre & Co., Sandefjord, Norway. Fourth of a series of 
ten similar vessels. Main dimensions: 589 ft. (overall) 
by 80 ft. by 42 ft.3 in. ; deadweight capacity, 24,850 tons 
on @ summer draught of 32 ft. 3 in. N.E.M.-Doxford 
six-cylinder single-acting two-stroke opposed-piston 
reversible oil engine, to develop 6,800 b.h.p. at 116 r.p.m. 
in service, constructed by The North Eastern Marine 
Engineering Company (1938), Limited, Wallsend-on- 
Tyne. Speed, 14 knots. Launch, November 21. 


M.S. “ THorsHavn.”—Single-screw tanker for the 
carriage of oil in bulk, built by Messrs. Joseph L. Thomp- 
son and Sons, Limited, Sunderland, for A/S Thor Dahl, 
Sandefjord, Norway. Main dimensions: 502 ft. 6 in. 
(overall) by 67 ft. 44 in. by 37 ft. 4 in. to upper deck; 
deadweight capacity, 15,000 tons on a summer draught 
of 29 ft. 1 in. Doxford four-cylinder opposed-piston 
oil engine, to develop 4,400 b.h.p. and a speed of 134 
knots, constructed by Messrs. William Doxford and Sons, 
Limited, Sunderland. Launch, November 21. 


M.S. “ WANGANUI.”—Single-screw hopper grab dred- 
ger, built by Messrs. Henry Robb, Limited, Leith, 
for the Wanganui Harbour Board, New Zealand. Main 
dimensions: 107 ft. 6 in. (between perpendiculars) by 
27 ft. by 10 ft. 6 in.; hopper capacity, 5,300 cub. ft. ; 
designed to carry 250 tons on a mean draught of 9 ft. 
British Polar four-cylinder two-stroke Diesel engine, 
developing 360 b.h.p. at 350 r.p.m., constructed by 
Messrs. British Polar Engines, Limited, Glasgow. Speed, 
8 knots. Launch, November 22. 








engineering r 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales De ent of 
the Institution, 24, Victoria-street, London, §.W.1, 
at the price quoted at the end of each paragraph. 


Schedule of Weights of Building Materials.—A revised 
edition of B.S. No. 648, o: published in Decem- 
ber, 1935, and entitled Schedule of of Unit Weights of 
Building Materials,” has now been published. The 
purpose urpose of the ublication, which has been renamed 

Schedule of Weights of Building Materials,” is to 
a yay the data eee in structural Pe ape 
and for this purpose weights which are a 
values are given, these being deemed sufficiently 
accurate for the purpose involved. For special cases, 
where extreme is required, it is recommended 
that the actual material to - used should be weighed. 
The schedule contains the weights, per foot, per square 
foot, or per cubic foot, of the usual building materials, 
such as asbestos-cement roofing, hollow and solid 
walling blocks of various materials, boarding, brickwork, 
concrete, flooring, glass, pipes of various types, plaster, 
plywood, slating, stone, , timber and zinc sheet. 

Additional information is given in appendices. The 
first of these contains the weights of some of the less- 
commonly used materials and also a range of weights 
applicable to certain materials upon whioh # the averages 
contained in the schedule have been based. The second 
appendix contains details of the various gauge systems 
applied to wire and sheet metal. [Price 38., postage 
included. ]} 


Indirect Cylinders for Hot Water.—Two new speci- 
fications, B.S. No. 1565 and No. 1566, concern indirect 
cylinders of the annular type having domed ends for 
the circulation or storage of hot water. B.S. No. 1565 
covers galvanised mild-steel cylinders, and B.S. No. 
1566 copper cylinders. Both specifications provide 
for a range of seven sizes of indirect cylinder in two 
classes, having maximum permissible working heads 
of 60 ft. and 30 ft., respectively. The s cations 
deal with minimum thicknesses of ma minimum 
heating surfaces, methods of manufacture, radius of 
curvature, hand holes andscrewed connections for pi 
and for auxiliary electric heating. The latter provision 
gives a variety of methods so that purchasers ma 
choose that most suitable for the operating conditions. 
The test requirements deal with D amg | heaters and 
complete cylinders. A labelling clause gives details of 
the various marks to be added to the cylinders in all 
cases, and, in this, it is recommended that, to assist 
in their installation, information should be ‘added on 
the function of the various connections and the correct 
method of mounting the cylinders. All the main 
dimensions of the cylinders are set out in a table and 
drawings illustrate the methods of measuring them. 
[Price 2s. 6d. each, postage included.] 





BOOKS RECEIVED. 


The Field Scientific Liaison Work of Unesco. United 
Nations Educational, Scientific and Cultural Organi- 
sation, 19, Avenue Kléber, Paris (16e), France. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
1s. 6d. net.] 

Instituto de Pesquisas Tecnolégicas. Legislagao Metro- 
légica. [Gratis.] Regulamentagao referente as Medigoes, 
Medidas e Instrumentos de Medir Comerciais. [Gratis.] 
The Superintendent, Instituto de Pesquisas Tecno- 
légicas, Séo Paulo, Brazil. 

Radio Aerials. By PROFEssOR E. B. MOULLIN. Geoffrey 
Cumberlege, Oxford University Press, Amen House, 
Warwick-square, London, E.C.4. [Price 50s. net.] 

Analysis and Lubrication of Bearings. By PROFESSOR 
Minton C. SHaw and E. FRED Macks. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 10 dols.] McGraw-Hill 
Publishing Company, Limited, Aldwych House, Ald- 
wych, London, W.C.2. [Price 85s.] 

British Intelligence Objectives Sub-Commiitee Surveys. 
Report No. 23. The Non-Ferrous Metal Industry in 
Germany During the Period 1939-1945. By Dr. LESLIE 
AITCHISON and Dr. Vora Konpic. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 3s. 6d. net.] 

Electric Models from Odds and Ends. By D. C. Goum 
and E. PATTERSON. Penguin Books, West Drayton, 
Middlesex. [Price 1s. 6d.] 

The Story of Atomic Energy. By Dr. FREDERICK 
Soppy, F.R.S. The Nova Atlantis Publishing Com- 
pany, Limited, 53, Museum-street, London, W.C.1, 
[Price 15s. net in boards, 20s. net cloth-bound.] 

United States Coast and Geodetic Survey. Special Publi- 
cation No. 243. Fundamental Tables for the Deflection 
of the Vertical. By FREDERICK W. DARLING: The 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
20 cents.) 
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PERSONAL. 


THE Rr. Hon. Lorp CUNLIFFE has been appointed 
chairman of the National Gas and Oil Engine Company, 
Limited. Mr. ALAN P. Goop, who has been acting 
chairman since LORD FaLMOUTH’s resignation last May, 
now becomes deputy chairman. 

REAR-ADMIRAL (E) THE Hon. D. C. MAXWELL, C.B., 
C.B.E., M.I.Mech.E., F.R.S.A., is to be Engineer-in- 
Chief of the Fleet, in succession to VICE-ADMIRAL (E) 
Str Denys C. Forp, K.C.B., C.B.E., M.I.Mech.E., « 
from March 1, 1950. 

Sm ARTHUR SmovuT, President of the Institute of 
Metals, has been re-elected an honorary member of 
Council of the Chemical, Metallurgical, and Mining 
Society of South Africa, for the year ending June 30,1950. 

At the annual general meeting of the Junior InstTI- 
TUTION OF ENGINEERS, 39, Victoria-street, London, 
8.W.1, held on November 18, Mr. 8S. J. CRISPIN, 
L.R.I.B.A., M.I.Struct.E., was elected chairman; Mr. 
P. B. HEBBERT, Assoc.I.Mech.E., and Mr. N. E. PILLin- 
GER, vice-chairmen; Mr. S. H. Hore, M.1.Mech.E., 
honorary treasurer; Mr. W. N. 8S. BEVAN, honorary 
editor; and Mr. J. A. ROBERTS, honorary librarian. 

Some new staff appointments, to take effect as from 
January 1, 1950, have been announced by Messrs. 
Westinghouse Brake and Signal Company, Limited, 82, 
York Way, Kings Cross, London, N.1. These comprise 
Mr. N. G. CapMAN, at present chief brake engineer, who 
is to be deputy works manager (engineering); Mr. K. H. 
LEEcH, chief design engineer, to be chief mechanical 
engineer; Mr. C. F. B. SHaTrTock, assistant design 
engineer, to be deputy chief mechanical engineer (design) ; 
Mr. J. W. KERsHaw, to be deputy chief mechanical 
engineer (brakes); and Mr. H. M. HOATHER, assistant 
brake engineer, to be brake equip t 

Mr. BERNARD TEBB, M.I.Mech.E., who has — for 
some years works manager of the Mastabar Belt Fastener 
Company, Limited, has been appointed to the board. 

“wr. J. Hov~psworTs, A.M.I.Mech.E., who joined 
Messrs. A. A. Jones and Shipman Limited, Narborough- 
road South, Leicester, in 1936, has been elected to the 
board as a technical director. 

"rr. C. F. A. DoBson has resigned his appointment as 
manager of the conduit department of the General 
Electric Company, Limited, on account of illness, and, 
on his return, will take up a senior position in the sales 





gin: 


y organisation of the company. Mr. W. Lewis SMITH, 


manager of the Pirelli-General wire and cable, and the 
wiring sundries departments, now takes over control of 
the conduit department and will be responsible for the 
general management of these three departments. 

Mr. C. G. E. Parrort, A.M.I.P.E., has been appointed 
to the staff of the British Electrical and Allied Manufac- 
turers’ Association, 36 and 38, Kingsway, London, 
W.C.2. 

Mr. F. J. J. Prior, formerly assistant divisional 
engineer, Western Region, British Railways, Plymouth, 
has been appointed district engineer, London Midland 
Region, Derby South. Mr. C. J. CHAPLIN, district engi- 
neer, London Midland Region, Bradford, has been 
appointed assistant engineer (Maintenance), Euston. 

Mr. E. R. Jones, secretary and chief accountant of 
Messrs. Ruston and Hornsby, Limited, Lincoln, has been 
appointed to the board. 

Messrs. B.S.A. Tools Limited, Mackadown-lane, 
announce that Mr. T. E. PARKINSON has been appointed 
manager of their London headquarters. He is responsible 
for the machine and smaill-tool activities of the B.S.A. 
Tools Group in London and the Southern area. MR. 
R. N. Foyer has been appointed continental representa- 
tive for B.S.A. Tools Limited, and the Index Automatic 
Machine Company, Limited. 

Messrs. ALUMINIUM LIMITED have announced that 
they have acquired a share interest in WEST AFRICAN 
ALUMINIUM, LIMITED. This company, which is incor- 
porated in the Gold Coast Colony, holds certain conces- 
sions on bauxite properties and hydro-electric sites and 
other rights in that territory. 

Messrs. THE ENGLISH ELECTRIC COMPANY, LIMITED, 
Queen’s House, Kingsway, London, W.C.2, inform us 
that the ROcCKLEA MARINE ENGINEERING WORKS, 
Brisbane, were handed over to them by the Australian 
Commonwealth Government on November 9. The fac- 
tory, which formed part of Australia’s war effort, will 
now be used to manufacture certain electrical plant of 
the English Electric Company’s design. 

Messrs. I.T.D. LimTep, Stacatrue House, 142, 
Sloane-street, Sloane-square, London, W.1, have com- 
pleted negotiations whereby Stacatruc fork-lift trucks 
and Stacashovels will be manufactured under licence, in 
Italy, by Messrs. Moromeccanica Soc. Pp. AZ., Milan, 
@ subsidiary company of MESSRS. FINMECCANIOA Soc. 
P. AZ. 

Messrs. CRAWFORD AND COMPANY (TOTTENHAM) 
LimITED have appointed MeEssrs. ACBARS LIMITED, 
57a, Holborn Viaduct, E.C.1, to be stockists of their 
products in the London area, as from December 1. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—Raw materials for steel-ingot produc- 
tion continue to give much satisfaction, the regular 
supplies assisting operators to maintain outputs at the 
recent gratifying level. Chiefly on account of a slacken- 
ing in the demand for sections and bars, ingots for 
re-rolling purposes exceed current needs, and a proportion 
is finding its way into stock. Orders for sections and 
bars for home delivery are scarce, while foreign business 
is difficult to secure in face of the price-cutting policy of 
continental sellers. In contrast with the re-rollers, 
sheet makers and plate makers are busy. Most of the 
demand for plates is from the shipyards, but while the 
yards are active at the moment, additional contracts 
would be welcomed to ensure continuity of work. Follow- 
ing a short period when the volume of bookings did not 
come up to the productive capacity of the mills, orders 
for sheets have again outstripped the rated output. The 
demand from home and overseas is strong, both for black 
and galvanised varieties, especially in the thinner 
gauges. Semies have eased, and it is rare to hear now 
of any shortage of billets. 

Scottish Coal.—A steady improvement in produc- 
tivity has been witnessed in recent weeks. Outputs 
during the first fortnight of the month averaged 489,700 
tons, compared with the target of 500,000 tons. Strikes 
have notably decreased, and on several days, losses from 
this cause have been negligible. The scheduled commit- 
ments to consumers have been correspondingly facilitated, 
and with consumption only moderate in certain cases, 
a satisfactory supply position is being maintained. 
Manufacturing firms on the whole are as busily engaged 
as ever, and some grades of industrial fuel fall short of 
requirements, but an adequate tonnage of dross is avail- 
able to make up deficiencies. Power stations and gas- 
works have substantial reserves, while deliveries generally 
prove adequate to meet the demand for electricity and 
gas without serious encroachment on stocks. A more 
active demand animates the domestic trade, but deliveries 
approximate to the basic allocation, which is sufficient 
for currént needs, and, here also, withdrawals from 
ground reserves are small. More gum is available by 
reason of the larger pit outputs, and is slow to clear in 
places. Export shipments remain on a heavy scale, par- 
ticularly for Scandinavian destinations, while France, 
Eire, Holland, Spain, and Portugal are also prominent. 
Export bunkers (including foreign, Admiralty, and 
trawler), shipped last month, amounted to 60,716 tons, 
which compared with the revised total of 67,211 tons for 
September. The total shipped during the first ten 
months of the year aggregated 649,428 tons. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—With production maintaining 
its recent improvement, there has been an increased 
activity apparent on the steam-coal market throughout 
the past week. On the export side it has been reflected 
by more frequent deliveries to some of the continental 
countries, which recently were awarded increased alloca- 
tions, in addition to the steady shipments going forward 
to the principal foreign markets. Belgium, in particular, 
was a market showing increased activity last week 
but more trade was also being conducted with Holland, 
Norway and Switzerland, An interesting development 
last week was the report that offers had been made to 
supply United States consumers with about 12,000 tons 
of Welsh anthracites for delivery over three months. 
This follows a resumption of interest by these consumers 
and, if the American miners’ strike is prolonged, business 
may mature. The interest displayed by these consumers 
earlier came to nothing owing to the acute scarcity of 
local supplies. A very strong tone was displayed by all 
sections of the steam-coal market throughout the past 
week. The demand came forward on broad lines for all 
classes, but new business was not easy to negotiate owing 
to the well-filled nature of order books over some little 
while ahead. The home section continued to account 
for the bulk of present productions but a good level of 
foreign trade was maintained. Chief activity continued 
to centre in the French, South American, Italian and 
Spanish trades. A fair level of activity was maintained 
with Portugal, but as yet there has been no development 
in reports that offers had been made by local shippers 
for deliveries to this country for 1950. Cokes and patent 
fuel continued to attract a sustained interest from 
foreign sources and supplies were not easy to arrange. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that although the demand for tin-plates was good, less 
business was done last week, with both home and over- 
seas clients. Makers have well-filled order books and 
are maintaining production. This, for October, was at 
the rate of 16} million boxes, each of 108 Ib., per annum ; 
it will be increased when more labour becomes available. 
Steel sheets and heavy iron and steel scrap continue to 
be in demand. 


NOTES FROM SOUTH YORKSHIRE. | 








SHEFFIELD, Wednesday. 

Iron and Steel.—Staggered hours of working have 
tended to disturb the flow of production, but power cuts 
have not been numerous. More gas for industry is 
available than a year ago but it is announced that no 
additional industrial users can be supplied with gas this 
winter. The production of steel continues at a high 
level, with higher prices quoted for alloy steels using 
materials rendered dearer by devaluation. Some steel- 
makers have booked business as a result of devaluation 
and, in the lighter branches of industry, there has been 
an accession of orders and a marked tendency to take 
advantage of the Exports Credits Scheme. More steel 
has been reaching the forges and rolling mills, where the 
labour shortage is being partly offset by the employment 
of foreign persons. All the tool factories are very busy ; 
they are heavily booked on home account, but are not 
receiving as many renewals as formerly in the export 
branch, owing to numerous import restrictions. The new 
manufacturing season in agricultural-machine parts has 
got into its stride ; indications are that the demand is not 
relaxing from the very good level of business in recent 
years. Spares are heavily ordered as well as agricultural 
edge tools. Some late orders in cutlery and silverware 
are being burried through the factories. Transport has 
not been working too well during the foggy spells, and 
both arrivals and dispatches at works have been delayed. 

South Yorkshire Coal Trade.—Additional coal is being 
raised as a result of more pits working a Saturday shift, 
but officials of the Coal Board urge the desirability of the 
extension of Saturday working. Apart from one or two 
holiday setbacks, the weekly output of the Yorkshire 
coalfield, this year, has been higher than it was last year. 
The Doncaster area has beaten the target for three 
successive weeks. The latest weekly return for South 
Yorkshire shows an output of 745,651 tons, or 4,500 tons 
more than in the previous week. The demand is very 
strong and production is earmarked for many weeks 
ahead. All allocations for export are earmarked for two 
months. Industrial steams are eagerly sought and there 
is a sustained call for locomotive hards. Coking coal is 
adequate in quantity, with the result that hard coke is 
in sufficient supply and more coke-oven gas is reaching 
the purifying plants. House coal is active and patent 
fuel moves very freely. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers have 
bookings that keep their plants busily occupied and .the 
volume of business passing is on a rather improved scale 
though buyers are still inclined to act very cautiously in 
negotiating for forward supplies of material to deal with 
their expected requirements. The distribution of raw 
material from home sources of supply is maintained at 
a satisfactory level though some complaint is heard of a 
shortage of mineral wagons. Stocks of foreign ore at 
consumers’ works, however, are substantial. There is a 
continued ready sale for the heavy supplies of iron and 
steel scrap, users of which, however, have been able 
to accumulate moderate stocks. Larger deliveries of 
scrap from home sources are expected on a scale that will 
compensate for the shrinkage of imports from abroad. 
There is no pig iron available for export, suppliers, in 


fact, do not cover fully the needs of home users and a, 


little continental pig iron is still imported. Most semi- 
finished products are fairly plentiful. The heavy out- 
put of certain finished descriptions of material are 
inadequate for current needs. 


Foundry and Basic Iron.—The shortage of ordinary 
foundry pig iron is still compelling the considerable use 
of cast-iron scrap. Production at Tees-side blast- 
furnaces ceased a considerable time ago and the resump- 
tion of make in the Middlesbrough district is unlikely. 
North of England ironfounders continue to draw the 
bulk of the pig iron they need from Midland makers. 
All the basic-iron production continues to pass into 
prompt use at makers’ own consuming plants. 


Hematite, Low Phosphorus and Refined Iron.—Quite 
good quantities of East-Coast hematite are reaching the 
works of regular customers but still bigger deliveries 
would be very acceptable. Outputs of iron, low in 
phosphorus, are steadily taken up. Manufacturers of 
refined iron are able to provide a little tonnage for export 
after dealing with the needs of buyers of long standing. 

Manufactured Iron and Steel.—The departments of 
industry furnishing semi-finished and finished iron 
commodities have a good deal of work to complete, but 
could give reasonable early attention to new business. 
Sheet bars continue in brisk demand and billets are in 
quite good request, but other types of steel semies are 
plentiful and rather slow of sale. Re-rollers now hold 
satisfactory reserve supplies of continental semi-finished 
steel. Sheets and shipbuilding material are wanted in 





much larger parcels than can be provided. 


NOTICES OF MEETINGS. 





It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section: Monday, November 28, 5.30 p.m., Victoria- 
embankment, W.C.2. Discussion on ‘‘ Achievemert of 
Reliability in Radio Equipment,” opened by Dr. G. W. 
Sutton and Mr. F. E. McGinnety. North-Eastern Centre : 
Monday, November 28, 6.15 p.m., Neville Hall, New- 
castle-upon-Tyne. ‘‘ Design of High-Voltage Trans- 
mission Lines, Especially in India and Pakistan,” by Mr. 
A. F. Coventry. Also at the Southern Centre: Wednes- 
day, November 30, 6.30 p.m., 17, New Canal, Salisbury. 
Education Circle: Tuesday, November 29, 6 p.m., 
Victoria-embankment, W.C.2. Discussion on “ The 
Electron-Theory Approach to Electromagnetism,” 
opened by Professor J. Thompson. East Midland Centre : 
Tuesday, November 29, 6.30 p.m., Loughborough College, 
Loughborough. ‘ Visual Methods in Engineering Teach- 
ing,” by Mr. H. E. Dance. North Midland Centre: 
Tuesday, November 29, 6.30 p.m., 1, Whitehall-road, 
Leeds. ‘“‘ Overhead Line Regulations,” by Mr. H. W. 
Grimmitt. London Students’ Section: Wednesday, 
November 30, 7 p.m., Victoria-embankment, W.C.2. 
“Some Remote Indication Methods,” by Mr. R. J. 
Redding. Institution: Thursday, December 1, 5.30 
p.m., Victoria-embankment, W.C.2. “Medical and 
Psychological Aspects of Electric Shock,” by Dr. Mac- 
donald Critchley. 

JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Sec- 
tion: Monday, November 28, 7.30 p.m., 198, West-street, 
Sheffield. ‘‘ Some Inventions of Sir Henry Bessemer,” 
by Mr. Geo. Baker. Institution: Friday, December 2, 
6.30 p.m., 39, Victoria-street, S.W.1. Film Evening. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 29, 5.30 p.m., Great George-street, S.W.1. “ Re- 
medial Measures for the Improvement of Railway-Track 
Formation,” by Mr. A. H. Toms and Mr. W. F. Beatty. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, November 29, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘ Marine Salvage in Peace 
and War,” by Commander T. McKenzie. 

Soctrety OF INSTRUMENT TECHNOLOGY.—Tuesday, 
November 29, 7 p.m., Manson House, Portland-place, 
W.1. “Instrumentation on the Martin Open-Hearth 
Furnace in France,” by Mr. G. Husson and Mr. R. 
Rodicq. To be read by Mr. W. Fahie. 


INSTITUTION OF PRODUCTION. ENGINEERS.—Luion 
Section: Tuesday, November 29, 7 p.m., Town Hall, 
Luton. *‘ Arc Welding as a Production Process,” by 
Mr.. K. Doherty. South Wales- Section: Wednesday, 
November 30, 6.45 p.m., South Wales Institute of 
Engineers, Park-place, Cardiff. ‘‘ Payment by Results,” 
by Mr. E. C. Gordon: England. 

RoyaL Society OF ARTS.—-Wednesday, November 30, 
2.30 p.m., John Adam-street, W.C.2. ‘‘ The Manufac- 
ture of Plate and Sheet Glass,”” by Dr. H. Moore. 

CHEMICAL SOCIETY.—Wednesday, November 30, 2.30 
p.m. and 8 p.m., Royal Institution, Albemarle-street, 
W.1. Symposium on “ Fluorine Chemistry.” 

REINFORCED CONCRETE ASSOCIATION.— Wednesday, 
November 30, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“Heat and Sound Insulation of Reinforced-Concrete 
Buildings,” by Mr. C. W. Glover. 

LIVERPOOL ENGINEERING SOCIETY.—Wednesday, 
November 30, 6 p.m., 9, The Temple, 24, Dale-street, 
Liverpool. Film on “ Modern Chainmaking.” 

INSTITUTE OF BRITISH FOUNDRYMEN.—London Branch: 
Wednesday, November 30, 7.30 p.m., Waldorf Hotel, 
Aldwych, W.C.2. “ High Productivity and the United 
States Steel Foundries,” by Mr. F. A. Martin. 

Royat AERONAUTICAL Soctrety.—Thursday, Decem- 
ber 1, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘“‘ Weight Aspect in Aircraft Design,” by 
Mr. L. W. Rosenthal. 

INSTITUTION OF ENGINEERING INSPECTION.—London 
Centre: Thursday, December 1, 6 p.m., Royal Society of 
Arts, John Adam-street, W.C.2. “‘ Visual and Other 
Aids to Instruction,” by Mr. H. E. Dance. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—Scottish 
Section: Thursday, December 1, 6.30 p.m., University, 
Glasgow. “Electronics,” by Mr. A. A. M. Turnbull. 

INCORPORATED PLANT ENGINEERS.—Thursday, Decem- 
ber 1, 7.30 p.m., Gas Showroom, Church-street, Peter- 
borough. ‘“‘ Modern Power Stations,” by Mr. A. L. 
Berridge. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
December 2, 5.30 p.m., Storey’s-gate, St. James’s Park, 
8.W.1. “ Provision of Technological Courses in Univer- 
sities, Technical Colleges and National Colleges,” by Dr. 
D. S. Anderson. London Graduates’ Section: Thursday, 
December 1, 6.30 p.m., Storey’s-gate, S.W.1. “‘ Water 





Treatment for Industrial Purposes,” by Mr. S. E. Smith. 
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TRACTION ON BRITISH 
RAILWAYS. 

Tue late Sir Nigel Gresley, in his presidential 
address to the Institution of Mechanical Engineers 
in 1936, reviewing the tendency towards higher 
express-train speeds in most of the principal railway- 
operating countries at that time, pointed out various 
reasons which tended to restrict similar develop- 
ments in the British Isles. One of the chief of these 
was the density of traffic on the British main lines 
and the consequent difficulty of providing a clear 
road for extra high-speed services on lines which 
were used also for slower traffic and for goods 
trains not fitted with continuous brakes. In the 
same address, however, he gave particulars of the 
first year’s working of the “ Silver Jubilee ” train, 
between London and Newcastle, that showed clearly 
the financial advantages of providing a high-speed 
service, and considered that ‘‘ the day was not far 
distant when light high-speed trains, for which a 
supplement would be charged, would run between 
London and the big industrial centres, and that 
heavy trains consisting of one class only would 
run at speeds no less than those of the best speeds 
of that day.” The first forecast, he added, had been 
realised and the second was “‘ bound to follow before 
long.” The war that subsequently interfered with the 
further fulfilment of Sir Nigel’s prophecy has done 
worse things than that to the railways; and 
economic changes in the post-war years have 
changed greatly the background of railway opera- 
tion that he knew. The labour shortages of the 
war years, due to the demands of national defence, 
have persisted, and rising costs in every direction 
have made a direct comparison almost impossible 
to achieve between the railways’ economic position 
to-day and that obtaining in Gresley’s day. One 
effect of these changed conditions, however, has 
been a widespread closing of small stations and of 
minor branches, so that the obstacles which he 
perceived to the running of more high-speed trains 
are somewhat reduced in one respect. Concurrently, 
the economics of steam-locomotive operation have 
been greatly affected by difficulties of coal supply, 
of cleaning and maintenance, and of rostering, due 
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to limitations on the working hours of train crews. 








These factors are matters of common observation 
and knowledge, even though their relative signi- 
ficance in particular cases may not be appreciated 
extensively among the railway-travelling public ; 
thus the time was obviously ripe for an authoritative 
survey of the problems and possible future develop- 
ments of motive power on the British Railways. 

The need has been admirably met by the paper— 
“Some Thoughts on Railway Motive Power ”— 
which Sir Eustace Missenden, chairman of the 


‘Railway Executive, delivered to the Institute of 


Transport on Monday, November 21. While pre- 
facing his address with the statement that he was 
putting forward his personal views and hoped that, 
in so doing, he would not affect the deliberations 
and conclusions of the committee now sitting, under 
the egis of the Railway Executive, to assess the 
comparative economics of the various forms of 
motive power, Sir Eustace presented such a 
balanced summary of the essential considerations 
that it is difficult to see how the committee’s 
findings can differ greatly. He foresees “an early 


566 | and progressive extension of electrification for main - 


line passenger and freight traffic as well as for inter- 
urban and suburban services ”’ and is of the opinion 
that “it is most unlikely that Diesel traction will 
sweep this country as it has done the United States.” 

As preliminary to his comparison of the principal 


5 | forms of railway motive power, Sir Eustace gave 


some interesting figures relating to the motive power 
now employed on the British Railways. The main 
item is still the steam locomotive, to the total 
number, in 1948, of 20,211, and having a gross 
book value (with tenders) of more than 97,500,000/. 
Electric locomotives numbered only 17, but there 
were 67 Diesel-electric locomotives, chiefly employed 
on shunting duties, and 40 Diesel railcars. The 
remaining power-driven rolling stock comprised two 
petrol-engined locomotives, and 2,025 electric 
coaching vehicles ; the value of these electric vehicles 
was 16,385,000]. During 1948, the expenditure on 
steam-train working was slightly more than 
83,000,0001., this figure including wages of engine 
crews, fuel, water, lubricants, clothing, stores, etc. 
The corresponding cost of electric-train working 
was rather less than 4,300,000/. The expenditure 
on maintenance was 25,512,0001. for steam loco- 
motives and their tenders, and 1,418,000/. for the 
electric coaching vehicles. The “engine miles run 
on public service ” (presumably, not including elec- 
tric stock) exceeded 518 millions, and the fuel con- 
sumption was 13,893,000 tons of coal, 4,210 tons of 
Diesel oil, and some 728 million units of electricity. 
The staff employed, numbered, in round figures, 
96,000 drivers, motormen, firemen and cleaners, and 
34,000 locomotive running-shed staff. The average 
coal consumption, it will be noted, is just under 
700 tons per locomotive per annum. The present 
cost of coal, Sir Eustace mentioned, is three times 
the pre-war price; but all costs of labour and 
materials, on a job basis, have increased in much 
the same proportion, so that devices for economising 
fue] are liable to be compared on other bases than 
the mere cost of the fuel saved. 

Examining the probable public requirements 
and operating trends to be expected during the 
next 30 years, and the types of motive power most 
likely to meet them effectively, Sir Eustace 
expressed the view that schemes for the co-ordina- 
tion of the different forms of transport, together 
with a revised system of charges, would have far- 
reaching effects ; and that the next few years would 
witness the closing of an increased number of 
unremunerative lines, and of the smaller stations on 
main lines. The number of stations already closed 
is enough to be noticeable by the long-distance 
traveller. It would be interesting (though, probably, 
the value of the information would hardly justify 
the cost of collating it) to know how many of these 
stations became unremunerative by reason of falling 
traffic receipts and in how many instances the failure 
to make ends meet was due to rising costs. There is 
matter for debate, perhaps, in the question whether 
each station needs to show an individual profit on a 
year’s working ; it is not to be supposed that the 
Post Office makes a profit on every letter or postal 
packet conveyed to its destination, and the railways 
are now as much a public service as the Post Office, 
though differently organised and administered. 
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Sir Eustace predicts that, ‘“‘as soon as circum- 
stances permit,’’ passenger services will be acceler- 
ated and will become more frequent, and that they 
will be based to an increasing extent on the time- 
interval principle. ‘‘The value of time-interval 
services,” in his opinion, “‘is such that we cannot 
wait for electrification or Dieselisation to develop 
them”; in consequence of which, many trains 
are likely to be shorter and lighter, a result to which 
new forms of vehicle construction will contribute. 
“‘ Next-day delivery ” of merchandise, he considers, 
will have to be ensured on a much wider scale than 
formerly, and this will involve more and faster 
freight trains, possibly of lighter weight. It was 
in the light of these probabilities that he proceeded 
to consider the alternative types of motive power. 

Still first in importance in this country, though 
becoming rapidly outmoded in the United States 
and Canada, is the steam locomotive—‘‘ expensive 
to operate, service and maintain, inefficient and an 
extravagant user of coal, its operating characteristics 
and the dirt and smell, prevent it from providing 
the quality of service required and expected by the 
public, and which the railways must give if they are 
to survive.” The gas-turbine locomotive, using 
a cheap grade of fuel oil, might compete favourably 
with Diesel-electric traction, the gas turbine replac- 
ing the Diesel engine. The Diesel and the electric 
locomotive types possess important operating advan- 
tages: they accelerate rapidly, can be driven from 
either end, improve the working conditions in 
tunnels and on long gradients, are economical in 
operation, and have a greater availability than steam 
locomotives. The Diesel locomotive has the 
further advantage that it requires no conductor rail 
or overhead wire—both involving heavy capital 
outlay and maintenance—but it needs some form of 
transmission between the power unit and the wheels. 
Sir Eustace mentioned the 1,600-h.p. 4-8-4 ‘‘ Fell” 
locomotive with mechanical drive, now under con- 
struction experimentally, but regarded the Diesel- 
electric type as the only one of immediate availa- 
bility. As he pointed out, however, a 1,600-h.p. 
single-unit main-line Diesel-electric locomotive costs 
between 70,0007. and 80,000/.—about four times 
the cost of a steam locomotive ; and two such units 
are needed for the heaviest expresses, which 
increases the outlay greatly. Moreover, it may not be 
possible, in this country, so to arrange rosters as to 
derive the full benefit of the Diesel-electric loco- 
motive’s potential availability, to compensate for 
the higher first cost and the shorter life as compared 
with steam locomotives; even on the Euston- 
Glasgow run, Sir Eustace mentioned, the L.M.R. 
twin-Diesel locomotives cover only about 5,600 
miles a week. Many American Diesel locomotives 
cover 1,000 miles a day on seven days a week. 

There remains electrification, recommended by 
the Weir Committee in 1929, but estimated even then 
to involve a net capital outlay of some 2601. millions, 
excluding the cost of generating plant, transmission 
lines and substations. Sir Eustace estimated 
that the present-day cost would be twice or thrice 
this figure, but considered that, in view of the 
changed conditions on branch lines and the develop- 
ment of Diesel traction for the lighter traffic and 
for short distances, complete electrification, as 
envisaged by the Weir Committee, would not now 
be contemplated. “It is my belief,” he said, 
“that, on balance, once immediate economic 
difficulties are over and capital investment is less 
restricted, conditions will be not less favourable 
for electrification—both main-line and suburban— 
than before the war; in certain respects, they will 
be much more so.” The provision of suitable sup- 
plies of locomotive coal is becoming increasingly 
more difficult, whereas generating stations can use 
coal of grades that a steam locomotive cannot use. 
The problems of finding manpower for the coal 
mines, and operating and maintenance staff for 
steam locomotives also tend to become more acute 
and are not likely to lessen with the passage of 
time. The adoption of electrification or of Diesel- 
electric traction would overcome many of these 
difficulties, too; which leads Sir Eustace to the 
conclusion that ‘‘a bold electrification policy, 
coupled with judicious use of Diesel traction, and 
backed by faith in our industry, can, as nothing else, 
bring about the rehabilitation of British Railways.” 


THE WORK OF THE WATER 
POLLUTION RESEARCH 
BOARD. 


BETWEEN the years 1933 and 1937, the staff of 
the Water Pollution Research Laboratory carried 
out an investigation into the effect of the discharge 
of crude sewage on the amount and hardness of the 
mud and other deposits in the estuary of the River 
Mersey. The investigation did not cover the ques- 
tion of the causes of the silting, but it was shown 
that most of the material removed from the upper 
estuary by dredging was brought in by the sea and 
that the crude sewage discharged into the river had 
no significant effect on the rate of sedimentation of 
the flocculated mud, carried to and fro by the tidal 
stream, or on its resistance to erosion after it had 
been deposited. At the request of the Mersey Docks 
and Harbour Board a similar, but less detailed, 
investigation has now been carried out in an attempt 
to determine the effect of discharging, into the head 
of the Mersey Estuary, an alkaline sludge produced 
during the manufacture of sodium carbonate by 
Imperial Chemical Industries. It is estimated that 
the volume of sludge to be discharged would be 
about 8,250,000 gallons per day containing about 
491 tons of undissolved solids; ultimately, the 
daily discharge of undissolved solids might increase 
to 670 tons. The sludge is at present discharged 
to lagoons, but it dries very slowly and the Company 
has asked that the possibility of turning it into the 
river might be considered. 

It is proposed that the sludge should be thickened 
by sedimentation and then pumped to the estuary ; 
no definite point of discharge is suggested but it is 
hoped that it might be near the head of the estuary 
in order to limit the length of pipe required. Clear 
liquor run off from the sludge would, after treat- 
ment, be discharged to the River Weaver and would 
finally enter the estuary by way of the Manchester 
Ship Canal. The estuary of the Mersey consists of 
three main parts :—Liverpool Bay; the Narrows, 
a deep channel about 6 miles long; and the Upper 
Basin, a tidal-lagoon about 23 miles long and 
extending from Bromborough to Warrington. The 
greatest breadth of the lagoon is about 3 miles 
and there is a narrow constriction at Runcorn. At 
low water almost the whole of the Upper Basin 
is exposed, the higher banks being submerged only 
near high water of spring tides. In some parts of 
the basin the position of the main channel, which 
is not more than | to 2 ft. deep at low water, fre- 
quently changes, but near the Cheshire side it has 
remained fairly constant for some 30 or 40 years. 
It is assumed that the sludge would be discharged 
to this section. The effects of discharge at two 
positions were investigated, one at Runcorn and 
the other 34 miles nearer Warrington. Laboratory 
experiments indicated that the sludge after treat- 
ment with carbon dioxide, would have no specific 
accelerating effect on the rate of sedimentation of 
Mersey mud. At the turn of the tide, both at high 
and low water, a large proportion of the mud in 
suspension is deposited, but shortly after the turn 
of the tide the concentration of suspended matter 
increases, indicating that material which has been 
deposited is being eroded. Deposits containing 
solids derived from the sludge would be re-eroded 
by the succeeding tide with no greater difficulty 
than deposits containing no such solids. None of 
the material discharged at high water, however, 
would be carried out of the estuary at a single ebb. 

At the end of the detailed account of this work, 
which appears in the latest report* of the Water 
Pollution Research Board, the Director states that, 
while it may be possible to suggest methods of pre- 
treatment of waste which would reduce its effects 
on the formation and stability of deposits, it is 
extremely difficult to predict the effect over a 
period of years of a waste on the growth and con- 
solidation of banks in an estuary. He adds “ there 
is an urgent need for basic investigation—possibly 
with the aid of large-scale models—of the factors 
which affect erosion and deposition in estuaries, 
particularly since so many estuaries have to be 








* Report of the Water Pollution Research Board with the 
Report of the Director of Water Pollution Research for the 
Year 1948. H.M. Stationery Office. [Price 1s. 3d. net.) 





maintained as navigable waterways and at the same 
time are polluted by such large volumes of sewaye 
and industrial wastes from the towns on their 
banks.” 

It would appear that an investigation bearing on 
this matter has already been put in hand. It js 
not dealt with in the section of the report cont .i- 
buted by the Director, presumably because it dovs 
not fall within the activities of the year 1948, but 
it is mentioned in the introductory section contvi- 
buted by the chairman of the Board. On behalf 
of the Port of London Authority, an exhaustive 
examination of the causes of silting in the Thames 
Estuary has been undertaken. The work is being 
carried out by the Water Pollution Research 
Laboratory in conjunction with the Hydraulic 
Research Organisation of the Department of Scien- 
tific and Industrial Research. A large working 
model of the Thames Estuary, from Teddington to 
the Nore, on which tidal movement can be repro- 
duced, is being constructed, the main object of the 
survey being to investigate the forces governing the 
movements and deposition of sand, mud and other 
solid matter, so that the most effective methods of 
maintaining the navigable waterway may be deter- 
mined. At the same time, a survey will be made to 
ascertain the degree of pollution of the estuary 
water, the character of the bottom deposits, the 
quantity, nature and origin of the material carried 
in suspension at different states of the tide, and the 
effect of polluting substances on the physical and 
chemical properties of the suspended material. The 
Port of London Authority have made a laboratory 
at Tilbury available for the investigations and have 
provided a surveying launch. The work is expected 
to take at least three years. 

The greater part of the report is made up of 
accounts of the various investigations which are in 
hand, many of which have been carried on over a 
number of years and have figured in earlier reports. 
The large-scale work at Minworth with plant pro- 
vided by the Birmingham, Tame and Rea Dis- 
trict Drainage Board is continuing and it is stated 
that, under the scheme for the reconstruction of 
the Minworth works, the process of alternating 
double filtration, worked out by the Water Pollution 
Research Laboratory, will be used for the entire 
area, 42 acres, of rectangular filters. A sewage- 
works investigation which appears to have been 
brought to a satisfactory conclusion is concerned 
with the control of flies in percolating filters. Work 
has been carried on for about five years and it has 
been established that Gammexane applied in care- 
fully controlled quantities forms an effective control ; 
but the recommended quantities should not be 
exceeded, as the material is strongly toxic to fish. 

Details are given of investigations on various 
trade wastes, including those from the processing of 
sisal, coffee and grain and the manufacture of cider. 
Of more direct interest to the engineering profession 
is the work concerned with the treatment of acidic 
waste waters from the pickling of steel and those 
containing cyanide from electro-plating works. In 
some cases, acidic waters are allowed to flow through 
a tank packed with lumps of limestone, but the 
method is stated to be of little value, as the lime- 
stone quickly becomes coated with reaction pro- 
ducts. Experiments carried out at the laboratory 
with an improved process, in which the waste 
water was passed upward at a high rate through 
graded particles of limestone, so that the particles 
were kept in constant motion, showed that the 
limiting concentration of sulphuric acid above 
which inactivation of the bed occurred increased as 
the temperature of the waste water decreased, and 
that a bed rendered inactive by passing acid of 
too high a concentration could be reactivated by 
treatment with a solution of ammonium acetate, 
sodium thiosulphate or sodium hexametaphosphate. 
In earlier reports, experiments were described 
which showed that cyanide in waste waters from 
electro-plating processes could be much reduced by 
treatment with ferrous sulphate and lime. The 
cyanide, however, was not completely removed and 
complex cyanides of metals such as copper were 
not easily decomposed. An alternative process by 
which cyanide can be completely removed is the 
application of chlorine or hypochlorates in alkaline 
solution. 
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in succession held the office of Astronomer Royal at 
NOTES. Greenwich. Another notable figure was Thomas 


Tue THomas HawksLey LECTURE. 


Dr. A. ParkKER, C.B.E., Director of Fuel Research 
to the Department of Scientific and Industrial 
Research, presented the 36th Thomas Hawksley 
Lecture at a meeting of the Institution of Mechanical 
Engineers, on Friday, November 18, with the 
President, Dr. H. J. Gough, C.B., F.R.S., in the 
chair. The subject of the lecture—‘t World Energy 
Resources and their Utilisation ’—recalls the third 
Thomas Hawksley lecture, on ‘“‘The World’s Sup- 
plies of Fuel and Motive Power,” which was given 
in 1915 by the late Sir Dugald Clerk. The recent 
title reflects, only slightly perhaps, the broader 
view which is now taken of the subject, although it is 
interesting to find that projects that were being 
discussed in 1915, such as the complete electrifica- 
tion of railways, are still under discussion. Dr. 
Parker, an abridgment of whose lecture we com- 
mence to print on page 568 of this issue, had taken 
great trouble to draw up statistics which would 
convey a comprehensive picture of the subject. 
He dealt with coal, peat, petroleum, oil shale, 
natural gas, atomic energy, wood, vegetable and 
animal wastes, non-tidal water power, tidal power, 
wind power, terrestrial heat energy, solar energy, 
food and man-power, and showed that coal and 
lignites represent the largest long-term reserve, 
whereas the reserves of petroleum are likely to 
be comparatively short-lived, at the present rate 
of consumption. It has been estimated, he said, 
that the total annual consumption of fuel and energy 
in the world is equivalent to 400 therms per person. 
The actual] distribution was very uneven, but if the 
figure of 1,200 therms is taken, which is the average 
consumption per person in the United States (after 
deducting the consumption due to the provision of 
warmth, hot water and cooking heat), it represents 
an allotment to each individual of 27 servants, 
assuming that the 1,200 therms are used in pro- 
viding manual] labour with the same overall average 
efficiency as that possible with food as a fuel. In 
this country, the corresponding figure is 13 or 14 
servants. It is interesting to speculate on the 
additional effect of the division of labour, as it has 
grown up since the Industria] Revolution ; it would 
probably be impossible to estimate the number of 
additional servants so provided, but the total figure 
would doubtless make even an Indian prince envious. 
At the conclusion of the lecture, a vote of thanks 
was proposed by Mr. A. C. Hartley, C.B.E., seconded 
by Dr. 8. Livingston Smith, and carried by 
acclamation. 


Sm Henry Saviiz, 1549-1622. 

On November 30 occurs the 400th anniversary of 
the birth of Sir Henry Savile, the Elizabethan 
scholar who founded the famous Savilian Professor- 
ships of Geometry and Astronomy at Oxford, the 
first of such chairs to be established in an English 
university. For 330 years the term “ Savilian ” has 
perpetuated the name of Savile, but he is remem- 
bered at Oxford for many other things. Sent there 
as a boy of 12, by 21 he was a Fellow of Merton 
College, of which from 1585 till his death at Eton 
on February 19, 1622, he was Warden. For the 
greater part of that period he was also Provost of 
Eton, and lectures are to be given at both colleges 
to mark his quater-centenary. It was in 1619, 
when he was 70 years of age, that he made provision 
for the establishment of the chairs, and his choice 
of the first occupants fell on Henry Briggs, known 
for his great work on logarithms, and the physician, 
John Bainbridge, who in 1618 observed and des- 
cribed a comet. About.20 years before this, Gresham 
College had been founded in London and the story 
of the Savilian professors is closely connected with 
it, and also with the promoters of the Royal Society. 
Thus among the Savilian professors of the Seven- 
teenth Century are found the names of Christopher 
Wren, John Wallis and Seth Ward. Wallis held 
the Savilian Chair of Geometry for 54 years. In 
1691, David Gregory was brought from Edinburgh 
to fill the Chair of Astronomy, and he became the 
first to teach the Newtonian philosophy at Oxford, 
as he had been the first in Edinburgh. In the list 
of Savilian professors of the Eighteenth Century are 
found the names of Halley, Bradley and Bliss, who 


Hornsby, who was not only the Savilian Astronomer, 
but also Sedleian Professor of Natural Philosophy, 
Radcliffe Librarian and Radcliffe Observer. It was 
in Hornsby’s early years that the Radcliffe Obser- 
vatory was built by the Trustees of the generous 
Dr. John Radcliffe. The building still stands, but 
is no longer used for its original purpose, a new 
Radcliffe Observatory having been erected at 
Klapper Kop, near Pretoria, South Africa. Mathe- 
matical teaching at Oxford and Cambridge in the 
Eighteenth Century fell far below that of the 
continental schools, but a reformation set in with 
the Nineteenth Century and among the Savilian 
Professors of Geometry were the notable Henry John 
Stephen Smith and J. J. Sylvester. The late G. H. 
Hardy held the same chair from 1919 to 1931, 
when he was succeeded by Professor E. C. Titch- 
marsh. Astronomy also made progress and under 
the Rev. Charles Pritchard, the new “ Savilian 
Observatory for Astronomical Physics’ now the 
University Observatory, was built. The solar tele- 
scope at this Observatory was illustrated and 
described in ENGINEERING, vol. 147, pages 267 and 
334 (1929). It was here that the late H. H. Turner 
did his important work in seismology. The present 
Savilian Astronomer is Professor H. H. Plaskett, 
from Harvard. In the preamble to the deed of 
foundation of the Savilian chairs it was stated that 
they were open to mathematicians from any part of 
Christendom, but Professor Plaskett is the first 
holder from overseas. 


Tue Festival OF Brirarn, 1951. 


The Festival of Britain is to be held from May to 
September, 1951, and the chief exhibition centre 
will be on a 27-acre site now being prepared on the 
south bank of the Thames between County Hall 
and Waterloo Bridge. One of its main objects is 
to direct attention to “ British contributions to 
civilisation,” and the exhibits are being selected to 
illustrate past and contemporary British achieve- 
ments in science and technology and to show how 
these can further developments in the social as well 
as in the technical and industrial fields. The Festival 
is not being organised as a trade fair, though there 
will be information offices to help potential buyers 
and to facilitate contact between them and the 
designers or manufacturers of the products displayed. 
Supplementary exhibitions in London and Glasgow 
are being prepared to show certain activities in 
greater detail or to cover those which, for various 
reasons, cannot be represented or displayed ade- 
quately at the main centre. Some of the heavier 
equipment of the shipbuilding and engineering 
industries will be set’ out in the Kelvin Hall, 
Glasgow, and scientific matters are to be dealt with 
in the Science Museum. All the 30 to 40 buildings 
on the south bank site will be temporary, with the 
exception of the L.C.C.’s concert hall, the foundation 
work for which was described and illustrated on 
page 389 in our issue of October 14. The largest 
of the temporary buildings is to be surmounted 
by an aluminium dome approximately 365 ft. in 
diameter, and is to house those exhibits relating to 
geographical exploration and to fundamental dis- 
coveries in science. Others will include displays to 
illustrate the part of research and mechanisation in 
British agriculture, the increasing scope being found 
for raw materials, and some typical developments 
in the maritime and transport fields. Telecommuni- 
cations, radio, radar, and television will be demon- 
strated. 


THE BuDAPEST SUSPENSION BRIDGE. 


On November 20, the reconstructed suspension 
bridge over the Danube at Budapest, known as 
the Lanchid, was officially opened with much 
ceremony. The bridge had been in service since 
January, 1849, when the retreating Hungarians 
passed over it, pursued by the Imperialists, until 
three years ago, when another retreating army, 
the German, escaped across it and then destroyed it. 
Designed by William Tierney Clark, F.R.S. (1783- 
1852), the bridge was always admired for its beauty 
and when completed was regarded “‘as another 
monument of the skill and perseverance of our 








countrymen.” A graceful three-span suspension 
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bridge with a centre span of 670 ft., it gave a clear 
waterway 1,250 ft. wide. The towers, with their 
foundations, are 200 ft. high, and the original 
wrought-iron chains, weighing 1,300 tons, had a 
sectional area of 520 sq. in. It was the first per- 
manent bridge to be built over the Danube below 
Vienna since the days of the Romans. The cost was 
650,0001. The new bridge is a replica of the old one 
and much of the original ironwork, salved from the 
river bed, has been used in the work. The stone 
towers still show the marks of German and Russian 
shells. W. T. Clark was born at Bristol and was 
apprenticed to a millwright. After serving at the 
Coalbrookdale Works, Shropshire, where he experi- 
mented on cast iron and wrought iron, he was em- 
ployed by John Rennie. From 1811 to 1832 he was 
engineer to the Middlesex Waterworks. During that 
period, he was associated with many notable works, 
including the old Hammersmith suspension bridge, 
the Thames and Medway Canal, the Gravesend 
Town Pier, and bridges for Russia and other 
countries. 


Tue INstTrruTION OF GAs ENGINEERS. 


The fifteenth autumn research meeting of the 
Institution of Gas Engineers will be held at the 
Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, London, S.W.1, on Tuesday and 
Wednesday, November 29 and 30, commencing 
each morning at 10 o’clock. The programme will 
include the presentation and discussion of four 
reports and five papers. The former comprise the 
10th Report of the Chairmen’s Technical Committee, 
1948-49; the 26th Report of the Gas Education 
Committee, 1948-49; the Second Interim Report 
on Purification in Oxide Boxes—Preliminary Experi- 
ments on the Extraction of Sulphur from Spent 
Oxide, by Dr. F. J. Dent and Dr. L. A. Moignard, 
of the Gas Research Board ; and the 40th Report of 
the Refractory Materials Joint Committee, 1948-49. 
The five papers are: ‘“‘An Application of the 
Fluidised-Solids Technique to Coal-Gas Purification 
—Part II,” by Mr. R. H. Wiiliamson and Dr. J. E. 
Garside, of the Gas Research Board; “ Electro- 
Detarring,” by Mr. K. W. Francombe, of Whessoe 
Limited, Darlington ; ‘“‘Some Phases in the De- 
velopment of the Rectangular Type of Continuous 
Vertical Retort,” by Dr. J. Burns and Dr. F. R. 
Weston, of the North Thames Gas Board; “‘A 
Survey of the Liquor Disposal Problem,” by Mr. 
E. H. M. Badger, of the North Thames Gas Board ; 
and ‘“‘The Catalytic Synthesis of Methane as a 
Method of Enrichment in Town-Gas Manufacture,” 
by Dr. F. J. Dent and Dr. D. Hebden, of the Gas 
Research Board. 


DisPLay OF ENGINEERING PRODUCTS. 

A display of engineering products and processes 
organised by the London Section of the Engineering 
Industries Association, 9, Seymour-street, London, 
W.1, was held at the Royal Horticultural Society’s 
New Hall, Westminster, on Wednesday, Novem- 
ber 23. The firms taking part in this display, which 
was the second of its type to be held in the London 
region, are members of the association and were 
representative of most branches of the light-engi- 
neering industry. The exhibits showed not only 
their finished products, but also many of the 
processes used in making them, and the display 
was, therefore, of particular interest to the exhi- 
bitors themselves, who were able to see what 
their neighbours are doing and to obtain a better 
idea of where to look when requiring components, 
placing sub-contracts, and so on. The Engineering 
Industries Association, which sponsored the display, 
was founded in 1941 for the purpose of protecting 
the interests of its members, who consist entirely of 
engineering firms, or firms indirectly interested in 
engineering. It is stated to be a non-political body 
and advises members on the many current problems 
which they face—problems such as those of taxation, 
costing, export procedure and price control, day to 
day difficulties which arise in the course of their 
business. Among the wide variety of exhibits were 
machine tools, industrial equipment, electronic con- 
trol gear, domestic labour-saving appliances, new 
materials and surface finishes, and similar products. 
An interesting new double-roll feed equipment was 
shown by one firm, while another demonstrated a 
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particularly flexible overhead conveyor system. 
Sound-recording equipment could be heard in 
operation on one stand and on another a strip of 
toughened glass was twisted and untwisted con- 
tinuously to demonstrate its flexibility. Several 
firms showed space-heating equipment and radiators, 
while light electronic apparatus was well represented. 


METALLURGICAL APPLICATIONS OF THE ELECTRON 
MICROSCOPE. 


The development of the electron microscope since 
the first magnified electron-photograph of an oxide 
cathode was taken in Berlin in 1932 has been rapid, 
and there is now available a wealth of experimental 
evidence for assessing the present utility of the 
instrument and its limitations in the various fields 
of scientific research. Its scope as a new tool in 
the study of metallurgical problems and the inter- 
pretation of the photographs it produces, therefore, 
formed the subject of discussions following the 
summarising of thirteen papers at the Royal 
Institution, Albemarle-street, London, W.1, on 
Wednesday, November 16, at a meeting organised 
by the Institute of Metals in association with other 
scientific and engineering bodies. During the 
morning session, when Sir Arthur Smout, J.P., 
President of the Institute of Metals, was in the 
chair, Dr. V. E. Cosslett acted as rapporteur and 
reviewed papers concerned mainly with the general 
features and operation of the microscope and the 
preparation of specimens for examination. The 
afternoon session was held under the chairmanship of 
Dr. F. C. Toy, President of the Institute of Physics, 
and Dr. N. P. Allen then summarised six papers 
dealing more with the metallurgical purposes for 
which the microseope had been used, and the inter- 
pretation of the. results it gave. The general trend 
of the discussion indicated that the instrument had 
proved somewhat disappointing in solving metal- 
lurgical problems, even though it may have con- 
firmed much that was already established by the 
lower magnifying powers of the optical instrument, 
and by X-ray and other techniques. The examina- 
tion of metal surfaces by the use of transparent 
replicas in the electron microscope, and the selection 
of suitable etching reagents still remained important 
problems, and could apparently lead to differing 
interpretations of the results obtained ; so much so, 
that it was essential to proceed cautiously and to 
try to correlate such results with those of other 
techniques before venturing to draw general 
conclusions. 





LETTERS TO THE EDITOR. 


A REVIEW OF DIMENSIONAL 
ANALYSIS. 


To THE Eprror oF ENGINEERING. 


Smr,—The essential content of Professor W. J. 
Duncan’s article on the above subject* may be 
separated into two parts: one dealing with the 
principle ef physical dimensions and the use of non- 
dimensional variables and parameters; the other 
with the claims of dimensional analysis to give 
information about the solutions of differential 
equations of physics beyond what is obtained from 
their form. With reference to the first part, the 
principle of dimensions has long been established by 
great men of science and the use of non-dimensional 
parameters is illustrated by the ‘“‘ Numbers” to 
which are attached the names of Reynolds, Péclet, 
Froude and Mach, involving kinematic viscosity, 
thermometric conductivity, surface-wave formation 
under gravity, and the speed of sound. It is 
astonishing that text-books so often present the 
differential equations of mathematical physics in 
awkward and complicated forms when transforma- 
tion to non-dimensional variables reduces them to 
far simpler forms. In this respect it is to be hoped 
that Professor Duncan’s words may not fall on deaf 
ears. 

With regard to the second part, in reply to the 
request for information on the history of the subject, 
Lanchester’s book on units contains a chapter on 





* The article appeared in ENGINEERING, vol. 167, 
Pages 533 and 556 (1949). 





dimensional analysis with typical examples in 
hydrodynamics constructed at a time when a great 
gulf seemed to have been fixed between practical 
“hydraulics” and mathematical hydrodynamics. 
In the first decade of the century the writer was 
disposed to believe in the existence of a valid 
method in spite of his inability to follow the argu- 
ment, but has since come to the conclusion that, in 
form, the arguments are inconsequert, the con- 
clusions arbitrary and the claims spurious, while 
in fact they are merely attempts to establish 
empirical relations by the mixture of flair and 
experiment. This point of view was by no means 
easy to reach when loose exposition obscured the 
inconsequent nature of the arguments, especially in 
problems of turbulent fluid motion for which no 
formal solution was available as a check. 

In the past 40 years, a great body of new experi- 
mental knowledge has been accumulated about 
viscous fluid motion with regular or irregular forma- 
tion of eddies. At the same time much effort has 
been expended on solutions of the general equations 
and though these have failed to obtain solutions 
when general turbulence has been fully developed, 
the interpretation of experimental results in terms 
of the fundamental concepts of mathematical hydro- 
dynamics has made progress which may well be 
called revolutionary. The gulf between hydraulics 
and hydrodynamics has been effectively bridged in 
the sense that engineers will be well advised to refer 
their problems of turbulent flow to experimental 
physicists and applied mathematicians who are 
versed in these new developments. 

Professor Duncan’s first example, the simple 
pendulum, has a formal solution obtained by the 
usual methods which may therefore be compared 
with those of dimensional analysis. A real pendu- 
lum is dynamically specified as having mass, m, 
length of arm, J, radius of gyration, h, and its motion 
by a variable angle of rotation ¢, of the arm about the 
pivot, in a gravitational field of local magnitude, g. 
The equation of angular motion may be written 
down in terms of Newton’s laws of motion, 


mt +n) EF = motsin ¢. 


Since m is a common factor it may be eliminated 
by division without reference to dimensions. The 
length of the simple equivalent pendulum 1,, is 
defined by the equation 
7+ 

a 

The arm is rigid but weightless and the bob has 

any finite mass but has no linear dimensions ; 


clearly, therefore, an abstract entity which cannot 
be realised in the laboratory. 


Putting ¢ 


hy 


“, which defines a new unit of time 
— (2). dividing both sides of the differential 


equation by 1 .1,, and writing ¢ for =, we obtain the 
1 
differential equation in its simplest non-dimensional 
form, 
ap 


sin ¢. 


If the maximum angle of rotation is ¢, < x, the 
¢ 
sin — 





known solution is = en(t,k), Jacobi’s 


$y 
ke 
elliptic function with k= sin fs The quarter 


period = K (Kk) in units of time ¢,, or K.¢, in 
seconds. The functions sn(t,k) and K(k) have 
been computed and tabulated. 

If ¢,, measured in radians, is so small that 
sin ¢, = ¢, is a sufficient approximation, the 
solution takes a simpler form (restoring the second 
as unit of time), 


The half period = mt, seconds = x (J 


It is seen that some knowledge of elementary 











rigid dynamics and mathematics is required by a 
student who desires to follow the analysis from th« 
statement of the problem to the solution. This 
straightforward logic may be compared with the 
language of dimensional analysis. In Professor 
Duncan’s own words, “‘The conclusions to be drawn 
from dimensional analysis are entirely contingent 
on the user’s initial judgment as to the variables 
which are relevant to the problem ; for example, if 
it be assumed that the periodic time, T, of a simple 
pendulum depends only on its length, 1, and the 
acceleration of gravity, g, dimensional analysis 


provides the result that T = k : F. where & is a 


universal constant. But if these assumptions are 
widened to allow (in accordance with the facts), 
that the periodic time depends also on the angular 
amplitude of the motion, dimensional analysis 


yields T = (:)* f (¢,), where the form of the func- 


tion cannot be found by dimensional analysis. 
Note, however, that if it were assumed that T 
depended only on I, g, and the mass of the bob, 
dimensional analysis would have indicated that T 
was independent of the mass.” 

Thus from three assumptions, entirely contingent 
on the user’s judgment but widened in accordance 
with the facts, dimensional analysis “ provides ” 
‘yields ” or “indicates” three conclusions with 
notable absence of formal logic. The last conclusion 
is implied in the first assumption that T depends only 
on I and g, and even so, he is not justified in 
assuming more than a functional relation, not even 
that it is periodic, without further appeal to experi- 
ment or to the known solution. 

In the case of turbulent fluid motion there is no 
available solution of the differential equations, and 
here Professor Duncan is more cautious. A usual 
form of solution put forward by dimensional analysts 
for the resistance of a body moving in a viscous 
fluid is F = p V?/? k, R® where R is Reynolds 
Number. 

Professor Duncan inserts £, before k,R”® and 
thereby avoids a major fallacy at the cost of throwing 
overboard dimensional analysis, since the function 
of R is now entirely arbitrary. On a minor point, 
he is no doubt aware that the factor V* applies only 
over a limited range and then only approximately. 

The writer suggests that if he applies the same 
cautious inspection to other examples of dimensional 
analysis he will come to the conclusion, expressed 
above, that its claims are unfounded. 

Yours faithfully, 
A. R. L. 
Geneva. 
November 19, 1949. 





THE RECOVERY OF STRAIN 
GAUGES. 


To THE Eprror oF ENGINEERING. 


Str,—It occurs to me that some of your readers 
may be interested in a method devised by Mr. R. J. 
Linton, the senior technician in our laboratories, 
for recovering strain gauges after use. A small 
tin box measuring 2 in. by 1 in. by 1 in., is 
made with one of the long faces open. The box is 
lightly packed with cotton wool, which is impreg- 
nated with about 25 cc. of acetone, and is then 
placed with the open face over the strain gauge. 
The box is left in this position for about two hours, 
after which it is taken away, when it will be found 
that the strain gauge can be removed easily with 
tweezers or a pen-knife. If the gauge does not 
then come away easily, the cotton wool should be 
further soaked with acetone and the box again 
placed over the gauge. Gauges removed in this 
way have proved quite satisfactory for further use, 
and as the cost of a new gauge is considerably more 
than that of the acetone used to remove an old one 
the method makes for economy in laboratory work. 


Yours faithfully, 
W. T. MarsHAtt. 
Department of Engineering, 
University College, 
Dundee. 
November 19, 1949. 
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THE INTERNATIONAL 
ASSOCIATION FOR 
HYDRAULIC STRUCTURES 
RESEARCH. 

(Continued from page 542.) 

WE continue below our summary of the papers 
presented at the third Reunion of the Association 
Internationale de Recherches pour Travaux Hy- 
drauliques, held at Grenoble from September 5 to 7. 
Taking the papers in their sequence as issued, the 
series on ‘‘ Waves ”’ was followed by that on “‘ Trans- 
port of Material”; this order is being followed in 
our summary. 

Mr. F. Suquet, in a paper entitled ‘‘ Quelques 
Remarques sur la Construction des Epures de 
Propagation de la Houle par |’ Analogie Ondulatoire,” 
discussed the construction of diagrams for deter- 
mining the characteristics of wave propagation 
in shallow water of non-uniform depth, based 
on analogies to optical and acoustical wave theory. 
He demonstrated a construction for taking into 
account the effect of current: knowing the locus 
of the wave-crests at a particular instant, the new 
position of the wave-crests after a time interval At 
could be determined by selecting a series of points 
on the original wave-crest line, and from each of 
these points drawing a vector parallel to the direction 
of the current and of magnitude v . At, where v was 
the current velocity. With the end of each vector 
as centre, a series of circles of radius c. At was 
drawn, c being the wave velocity at the point 
under consideration, neglecting the effect of the 
current. The envelope curve to these circles then 
gave the locus of wavecrests after a time interval 
At. The orthogonal trajectories of the wave crests 
could be traced on the diagram ; these orthogonals 
were analogous to light rays. The wavelengths 
could be measured from the diagram, and the ampli- 
tude could be calculated if it was assumed that there 
was no transfer of energy across the orthogonals. 
Mr. Suquet went on to discuss the validity of the 
various assumptions made. The assumption of 
constant energy in the channels defined by the 
orthogonals might lead to serious error ; if the depth 
of water varied rapidly, there was a transverse flow 
and a transfer of energy along the crest, and under 
certain conditions the nature of the propagation 
might be completely altered. However, if the 
method was applied only to cases where the variation 
in water depth was gradual, excellent results could 
be obtained ; this had been demonstrated by prac- 
tical tests carried out at the University of California. 
Another source of error was involved in calcu- 
lating the wave velocity by the usual first-order 
expression derived from the irrotational wave 
theory, which assumed an infinitely small amplitude. 
When the amplitude was appreciable, this expres- 
sion gave too low a velocity, especially in the 
presence of a large camber. 

Mr. F. Biesel presented a paper, “Etude de 
lAmortissement des Houles dQ & la Perméabilité 
du Fond,” in which he gave a method for calcu- 
lating the damping effect of a permeable bed-ma- 
terial. Assuming the damping factor k of the bed- 
material to be small, and neglecting terms involving 
k, Mr. Biesel developed a solution for the case where 
the wave amplitude decreased as a function of the 
distance travelled ; by establishing the equations of 
wave motion, and the flow equations in the per- 
meable layer, and ensuring the continuity of pres- 
sure and vertical velocity at the junction of the 
water and the permeable bed, he obtained an 
expression for the damping factor, which was 
proportional to the coefficient of permeability of 
the bed material and to the velocity of propagation 
of the wave. Mr. Biesel also dealt with the case, of 
less practical importance, where the wave-damping 
was a function of time. If the same permeable 
material was used in full-scale and in model tests, 
the damping factor would vary as the inverse square 
root of the scale of the model. In practice, the 
coefficient of permeability often caused important 
variations ; in model tests, light materials were 
often used with a density much less than that of 
natural soils. The coefficient of permeability of 
Plexiglas grains, for instance, was 28 times as great 
as that of fine sand. 





Mr. G. D. Ransford’s paper described “‘ A Wave 
Machine of Novel Type,” constructed at the Neyrpic 
Laboratory. This machine was based upon the 
classical three-link mechanism, adjustment of 
the linkage being possible to confer various types 
of motion on the wave-blade. The design was 
evolved, as far as possible, to satisfy the following 
conditions : (1) for long waves in relatively shallow 
water, the wave blade should move parallel to itself ; 
(2) for deep waves, the wave blade should rotate 
about its lower edge, the latter remaining sta- 
tionary ; (3) for waves intermediate between these 
two types, the lower edge of the wave plate should 
have a range of horizontal motion, relative to the 
upper edge, adjustable between 0 and 100 per cent. ; 
(4) the vertical movement of the lower edge of the 
wave-blade should be kept to a minimum; (5) the 
mean position of the wave-blade should be vertical, 
for all positions of the centre of rotation of the 
blade. These conditions had been satisfied without 
too great a sacrifice in mechanical simplicity. 


TRANSPORT OF MATERIAL. 


Sir Claude Inglis, in a paper on “The Effect of 
Variations of Charge and Grade on the Slopes and 
Shapes of Channels,” discussed the factors control- 
ling the equilibrium in irrigation canals and rivers ; 
the slopes and shapes of irrigation canals in allu- 
vium depended upon the relationship between 
discharge and the grade and charge of materials 
exposed on the bed. An increased charge of fine 
suspended material, which required an increased 
slope to carry it, led to the deposition of silt on the 
bed, and hence to a finer bed material and a reduced 
drag, thus enabling the discharge to carry the 
increased charge. When the floods subsided, the 
heavy charge of fine silt decreased and silt was 
washed out of the bed mix, leaving coarser material 
exposed on the bed, with a correspondingly higher 
drag to balance the reduced charge. The effect was 
to cause an overall grading of material from coarse 
at the head of the canal system to fine at the tail. 
Drawing off water from the river for the canals 
increased the charge in the river downstream, and 
therefore required a steeper slope downstream, with 
a consequent rise of level at and above the canal. 
When the gates of a barrage were closed to head up 
water, silt and sand were deposited upstream. 
Subsequently, when the gates were opened to pass 
a flood, the upsteam velocities were higher than 
the original velocities before the barrage was closed, 
and a supercharge of material would be washed 
through, causing accretion downstream. This 
would be followed by further accretion upstream, 
and so on, until a new regime was established at 
a higher level. 

Mr. W. Jarocki’s paper, on “‘ Circulation Trans- 
versale Artificielle,”’ described methods by which an 
artificial transverse circulation could be set up in a 
river or canal, with the object of controlling the 
erosion of the bed and the banks and the deposition 
of suspended matter. Guide plates, set at an 
angle to the normal direction of flow, could be 
oriented in various ways to produce such a trans- 
verse circulation, and experiments had shown that 
they would modify the profile of the river bed in a 
way not possible by other methods. The guideplates, 
preferably of arc or aerofoil section, could be placed 
at the surface, at mid-depth, or at the bottom of the 
stream, and could be used singly or in groups. 
Placed at the surface or at the bottom of the river, 
they set up a single helical rotation of the water- 
stream, whereas at mid-depth they gave rise to a 
double helical motion. These guideplate arrange- 
ments had been used experimentally in a channel 
with a hairpin bend in it, to control the undermining 
of the concave bank. Experiments had also demon- 
strated the possibilities of deepening the channel 
and of using a submerged barrage to protect the 
deepened channel from accretion. Another appli- 
cation, suggested by Mr. Jarocki, was the protection 
of bridge-piers from being undermined. Mr. 
Jarocki gave details of the dimensions and arrange- 
ments which had given the most successful results. 

Mr. J. A. S. Rolfe, in a paper on “ Recent De- 
velopments in the Study of Bed Load Transport in 
Tidal Models,” discussed the problem of obtaining 
similarity of bed movement in tidal models. He 
Teviewed investigations on bed movement, in 





none of which, he stated, had the effects of varying 
velocity been considered ; and no studies had been 
made with very light bed materials, in which the 
lifting of particles had been observed to be of 
major significance. The use of lightweight bed 
materials, such as granules of pumice sand having 
a cellular form and air inclusion, had become 
general. This material showed excellend bed-move- 
ment characteristics, but had the severe disadvan- 
tage of absorbing water and thus gradually increasing 
its effective specific gravity, so that in an extended 
model test the bed-sensitivity would change during 
the test. Light plastic materials were free from 
this disability, and could be closely specified. The 
question of particle size was the subject of con- 
troversy ; the requirements for similarity of lifting 
and settling were controversial, but both required 
something larger than the equivalent in nature. 
Uniformity of grain size and specific gravity tended 
to lead to the formation of ripples on the model 
bed, which might or might not correspond with 
natura] conditions. There was not enough informa- 
tion available to ensure the correct reproduction 
of natural ripple. A programme of research had 
been initiated by Sir Bruce White, Wolfe Barry 
and Partners, to investigate the movement of a 
bed composed of uniform-sized particles with con- 
stant specific gravity, and the effects of varying 
grain size and specific gravity, with a view to veri- 
fying the shear-lift theory ; the variations in particle 
lift through a tide cycle at a series of water depths ; 
model-scale limitatjons from the point of view of 
ripple-formation ; and silt lift, travel in complete 
suspensions, and settlement, under tide-cycle 
influences using ultra-lightweight materials. 

Dr. H. L. Uppal gave a paper on “A Study of 
Certain Aspects of Transportation of Bed Load in 
Lined Canals,” describing some experimental] investi- 
gations on different grades of canal-bed material. 
The ripple patterns formed at the flow-velocity 
which just caused movement of the particles was 
studied in model tests, in sands ranging from 
0-12 mm. to 1-75 mm. in diameter; in the sands 
of up to 0-75 mm. diameter, well-defined ripples 
were formed with marked crests and troughs, 
whereas the larger sands did not form properly- 
defined ripples. The laws of movement for the 
two groups of sands thus defined were also different ; 
flow formule, such as those of Lacey and other 
workers, which applied to the finer sands, did not 
work so well with the second group. The 
movement of gravel entering the Upper Bari Doab 
Canal from the River Ravi had been kept under 
observation ; between 1937 and 1941, the rate of 
movement of the gravel was about 250 ft. to 300 ft. 
per year. This rate was reduced considerably when 
gravel deflectors were constructed near the head of 
the canal, to divert the gravel back into the river. 

The main programme of tests was carried out on 
the flow of gravel in lined channels. The rate of 
mevement of gravel of different sizes, the behaviour 
of gravels of different shapes, and the saturation- 
carrying capacity for different particles, that is, the 
limiting carrying capacity beyond which deposition 
commenced in the channel, were studied. For the 
range of materials tested (gravel from } in. to 
24 in. diameter) the velocity of travel was found 
to be independent of the grade of material; the 
shape of the particles, however, greatly affected 
the rate of flow, discs and five-sided particles 
showing considerably greater resistance to move- 
ment than spherical and egg-shaped stones. The 
saturation-carrying capacity was plotted against 
the diameter of the gravel, at a particular depth of 
water ; it was found that a family of curves resulted, 
the curve for each depth having a cusp. The 
saturation-carrying capacity increased with the 
size of gravel until it reached a maximum at the 
cusp; with further increase in gravel size, it 
decreased. Increasing the depth of water in the 
channel caused an increase in the value of the 
critical diameter and critical saturation capacity. 
An increase in the mean velocity near the bed also 
increased the saturation-carrying capacity. Cam- 
bering the bed increased the transporting capacity 
of the channel. The effect of a smoothly-finished 
cemented channel, compared with a stone-pitched 
channel, on the transport of bed material was 


considerable, (To be continued.) 
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THEIR UTILISATION.* 
By Dr. A. Parker, C.B.E. 


WITHIN the last 250 years, a period so short in rela- 
tion to the age of the world that it is no more than a 
pin-point on the graph of time, there have been remark- 
able developments in the use of fossil fuels for the pro- 
duction of heat, light, and power in the service of man. 
These developments have had a profound effect on 
the ways and standards of life and on human affairs 
generally. Their effect is well illustrated by the 
changes that have taken place in Great Britain since 
the beginning of the Eighteenth Century. Coal has 
been used in Great Britain as a source of heat for at 
least eight conturies, but the quantity was very small 
before 1700. Even by that year, the annual produc- 
tion was only about 3 million tons for a population of 
6 or 7 millions. Realisation of the possibilities in the 
use of coal for the generation of heat, light, and power, 
combined with the skill and enterprise of our engineers 
and industrialists of the Eighteenth and Nineteenth 
Centuries, gave Britain a good lead in the mechanisation 
and industrialisation that followed. By 1800, the 
annual output of coal had been increased to between 
10 and 15 million tons, and the population had risen 
to 10 or 11 millions. Then began the great accelera- 
tion in the growth of industry until, by 1900, the output 
of coal was in the region of 220 million tons a year, 
the population had reached 37 millions, and the country 
had definitely moved over to dependence mainly on 
industry instead of on agriculture. 

All these developments during the Nineteenth Cen- 
tury were based mainly on coal as the source of heat, 
light, and power, and on the reciprocating steam engine. 
By 1900, the gas industry was firmly established in 
Great Britain and some other countries ; by-product 
coke ovens were replacing the older, wasteful methods 
of making coke for the metallurgical industries ; the 
manufacture of water gas and of producer gas from 
coke and coal had reached an advanced stage; and 
internal-combustion engines, with gas as the fuel, were 
being widely used. Though the first oil wells in 
Roumania and in America had been drilled about 
50 years earlier, the total production of petroleum was 
relatively very small. The harnessing of water power 
on any great scale was in its infancy, and electricity 
was almost a | 

Within the last 50 years, scientific and technical 
advances have been so rapid that they seem to have 
outstripped the capacity of the mind of man to organise 
the use of this new knowledge for the maximum com- 
mon benefit. Advances during this short period have 
included great improvements in internal-combustion 
engines, using oil, for power for transport by land, sea, 
and air; the development of the gas turbine and the 
jet engine for high-speed aircraft ; great increases in 
the efficiency of boilers and steam turbines for the 
generation of electricity on a scale many times greater 
than at the opening of the Twentieth Century ; and a 
substantial increase in the utilisation of water power. 
All these advances, with improvements in agriculture 
and in other directions, have enabled the world to 
support an increasing population at a higher average 
standard of living. In Great Britain, the population 
has risen since 1900 by about 13 millions, to the present- 
day figure of more than 50 millions. World popula- 
tion has increased to a figure in the region of 2,200 mil- 
lions; and the annual rate of increase is now about 
20 millions or nearly 1 per cent. of the total. If the 
same ive rate of growth continues, world 
population will reach 3,500 millions by the year 2000. 
Clearly, there must be a limit to the size of the popula- 
tion that can properly be supported; this limit has 
variously been estimated—or guessed—at figures 
between 4,000 and 9,000 millions. 

So far, the energy used to supplement the labour of 
men and animals has been derived mainly from the 
combustion of coal and petroleum. It has been 
estimated that, since the beginning of historical records, 
the total quantity of coal that has been used is about 
85,000 million tons, and the total quantity of petroleum 
is about 9,000 million tons. But the outstanding facts 
are that, of this total quantity of coal, one-half has been 
used during the last 30 years, and one-half of the 
petroleum during the last ten years. Since 1900, the 
world production of coal has been three times the total 
amount before that year, and the corresponding pre- 
duction of petroleum has been about 40 times. 

The stores of coal and petroleum in the earth’s crust 
are the accumulation of quantities of energy collected 
over geological periods of many millions of years by 
Nature’s method of saving a very small part of the 
energy received by radiation from the sun. The rates 
at which coal and petroleum are now being used are 
very great in comparison with the rates of accumulation 


—so great relatively that the position is similar to that 
of a nation saving part of its income every year for, 
say, a hundred years, and then spending the accumu- 
lated balance so rapidly as to exhaust it in a few days. 
If this is the position, there will eventually come a time 
when the reserves of stored energy will be exhausted 
and mankind will be compelled to obtain energy solely 
from income. With an increase in the population and 
the drive to improve the average standard of living, 
the demand for energy in the form of heat and power is 
certain to go on increasing. Further, with changes in 
the situation in the world as a whole, there will be more 
pronounced local or national changes. 

Wise planning can only be achieved on the basis of 
a knowledge of the extent and type of those resources 
and the various ways of utilising them. Information 
on the resources, though far from complete, is steadily 
increasing; and rapid advances are being made in 
science and technology. It is important, therefore, 
that the situation should be reviewed periodically, to 
ensure that planning of utilisation of resources, includ- 
ing research and development work, is in the right 
direction, taking into account the factors affecting 
conditions in different parts of the world. With 
advances in knowledge and other changes, any plan 
will require modification from time to time. The 
subject has been considered in certain aspects by 
several eminent authorities, including the late Sir 


Dugald Clerk in the Thomas Hawksley Lecture of | 4 fp; 
1915* and Sir Alfred Egerton in the Lecture of 1940.7 | Asia 


Changes in the world situation within recent years, 
however, have been so marked, and progress in research 
and development work has been so rapid in some 
directions, that the time has arrived when a broad 
review of the position should be useful. 

The pri source of energy available to the earth 
is the sun. In his lecture in 1940, Sir Alfred Egerton 
mentioned that the sun is radiating energy at the 
colossal rate of 5 x 10% h.p.; that, at this rate, its 
stock of energy could last for 10 million million years, 
but that only about a two-thousand-millionth part, or 
2-3 x 10" h.p., reaches the earth. Assuming that it 
would be possible to retain one-tenth of this energy, 
allowing nine-tenths for losses due to reflection, 
absorption in the atmosphere, and for changes in 
intensity with changing angles of incidence, there 
would be available 2-3 x 10% h.p. This quantity of 
23 x 10'* h.p. is equivalent to the heat of combustion 
at 100 per cent. efficiency of 17 million million tons of 
coal a year, or about 8,000 times the heat of combustion 
of the coal and petroleum produced annually at the 
present time.. This is an enormous income of energy ; 
but it arrives or rather appears in such forms, including 
vegetation, water power, wind, and sunlight, that it 
has so far not been practicable or economic to harness 
more than a minute fraction. The stores of the fossil 
fuels, particularly coal and petroleum, can be used more 
easily and at relatively low cost. 

In 1913, the Twelfth International Geological Con- 
gress, at a meeting in Toronto, devoted special atten- 
tion to estimates of the coal resources of the world. 
In general, the data collected referred to the proved 
and probable reserves in seams of a minimum thick- 
ness of 1 ft. and at depths not greater than 4,000 ft. 
from the surface. It was concluded that the total 

roved and probable reserves of coal of all t was 
Rosen 7 and 8 million million tons, of walk shown 
5 million million tons were in North America, rather 
more than 1} million millions in Asia, and approxi- 
mately ? million millions in Europe. Since 1913, the 
estimates have been revised by several authorities. 
About 20 years ago, the World Power Conference 
undertook the task of compiling and publishing inter- 
national statistics of fuel and power resources and of 
their development and utilisation. The first three 
Statistical Year-Books of the Conference gave data for 
the years 1933-36 ; and the fourth, published in 1948, 
covers the period 1936-46. For various reasons, 
including lack of information for some areas, the data 
on some of the resources are incomplete, and the figures 
given for the different countries are by no means 
equally reliable. Even so, these Statistical Year- Books 
give the best available information. In general, the 
figures for coals and lignites are conservative, and they 
will probably be increased considerably by the dis- 
covery of new seams in several parts of the world. 

Data, taken from the latest Statistical Year- Book, 
on the resources of bituminous coals and anthracites 
and on brown coals and lignites, for each of the five 
Continents, are given in Table I, herewith, which also 
includes figures for populations and areas. Only those 
seams containing at least 1 ft. of coal or lignite have 
been considered ; bituminous coals and anthracites 
more than 4,000 ft. below the surface, and brown coals 
and lignites at a depth greater than about 1,650 ft. 
were excluded. The conservative figures in Table I 
show that the world reserves of bituminous coals and 





* The 36th Thomas Hawksley Lecture, delivered to 
the Institution of Mechanical Engineers at a meeting 
held in London on November 18, 1949. Abridged. 





* Proc. I. Mech. E., 1915, page 591. 
+t Proc. I. Mech.E., vol, 144, page 110 (1940); and 
ENGINEERING, vol. 150, page 424 (1940). 


anthracites are at least 4-9 million million tons and that 
the reserves of brown coals and lignites are not les 
than 1-2 million million tons, or an overall tota! 
for all coals and lignites of more than 6 million million 
tons. To facilitate comparison of the reserves of th 
several continents, they are expressed in Table IT a 
percentages of the world reserves; in this Table, th 
populations and areas are also given as percentages 0! 


TABLE I.—Resources of Coals, Brown Coals and Lignites ; 
and Populations and Areas. 


Reserves, Thousands of 
Million Tons. | 
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Europe | 
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1,155 
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39 
1,261 
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Totals 2,152 | 51-05 























TABLE IIT.—Resources of Coals and Lignites, and Popula- 
tions and Areas, as Percentages of World Totals. 


Probable Reserves. 
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Continent. Brown 





Europe (includ- 
ing U.S.S.R.) | 
North America | 
South America 
Africa .. ; 
Asia... 
Australasia 
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the world totals. An outstanding point brought out 
by Table II is that one-half of the world reserves of 
coals and lignites is in North America, which eovers 
only 16 per cent. of the area and has only 8 per cent. 
of the population of the world. Europe and Russia 
together, with an area larger than that of North 
America and a population more than three times as 
great, have much smaller reserves of coals and lignites ; 
while Asia, with more than one-half of the population 
of the world, has less than one-fifth of the total reserves 
of coals and lignites. That is the broad ition 
according to the data so far available; but geological 
surveys are not nearly so advanced in Asia and some 
other continental areas as in North America and 
Europe. Even in the two last-named areas, new coal- 
fields are being discovered from time to time, and 
systematic surveys may lead to the discovery of very 
large additional reserves in other parts of the world. 

The next useful step is to consider the data for those 
countries with substantial reserves or in which pro- 
duction has been developed to an important extent. 
For this purpose, the figures for probable reserves 
for sel countries are collected together in Table ITI, 
opposite, which also includes figures for populations 
and areas. Table III shows that the largest share of 
the world reserves of coals and lignites, nearly 3 million 
million tons or roughly one-half, is in the United States. 
The U.S.S.R. is next in order with 1-2 million million 
tons, and China is a close third. There is then a big 
drop with Germany fourth at a total of 331 thousand 
million tons, the Union of South Africa fifth at 202 
thousand millions and the United Kingdom sixth at 
169 thousand millions. Adding together the figures 
for the reserves in those countries in Table III that 
are in the Commonwealth of Nations gives 503 thousand 
million tons of bituminous coals and anthracites and 
75 thousand million tons of brown coals and lignites, 
or a total fer all coals and lignites of 578 thousand 
millions. This is only one-fifth of the reserves in the 
United States, or one-half of the reserves in either the 
U.S.S.R. or China, or less than one-tenth of world 
reserves. 

In planning for the future, it is not enough to con- 
sider only the amount and geographical situation of the 
reserves ; the state of development of their utilisation 





Pa various parts of the world must also be taken into 
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account. Britain was the first to develop modern 
industry on the basis of coal as a source of heat and 
ower. Some other countries followed rapidly, but 
there remain many large areas still pone: se. and 
where the standard of living of enormous populations 
is very low. With the spread of education, standards 
of living approaching the highest so far attained will 
gradually be demanded, with the result that industry 


TABLE III.—Resources of Coals, Brown Coals and Lignites, 
and Populations and Areas, for Selected Countries. 




















Probable Reserves, 
Thousands of Million Tons, | 
Re 2 Area, 
Berens | | Popula- = 
~ umin- | tion, sands 
Country. ous Brown | All _ /Millions. of 
Coals Coals | Coals | Square 
and and | and } Miles. 
Anthra- | Lignites.| Lignites. 
cites. | 
Europe— | 
Austria | = 2-3 23| 7 | 282 
Belgium — 10-8 — 10-8 | 8 12 
Czechoslovakia 6-4] 12-3 18-7 | 14 54 
France 6-1 0-4 6-5 41 | 213 
Germany e+] 276-1 55-9 331-0 | 66 } 182 
Netherlands . . 3-1 — 3-1 10 16 
Poland | wei — | 79-2 | 2% 151 
Portuga! 14-2 4-1 | 18-3 8 34 
U.S.S.R. ow 2-2 | 198-8 | 1,181-0 176 8,176 
United King- 
dom --| 169-4 _ 169-4 50 04 
North America— 
Canada ox 55-7 32-5 88-2 12 3,695 
United States | 1,996-0 | 838-5 2,834-5 141 3,022 
Alaska 23-9 62-0 85-9 0-1 586 
Africa— | j 
Nigeria a 0-3 | 0-2 0-5 | 28 373 
Tanganyika ..| 0-8 — 0-38 | 5 360 
Union of South! | 
Africa | 202-2 — | 2-3] 1 473 
Asia— 
China. . 904-9 | 0-6 | 995-5 | 491 4,457 
India 61-2 2-8 64-0 390 1,581 
Japan 16-0 | 0:5 16-5 | 78 268 
Australasia— 
Australia “ 13-7 38-6 52-3 8 2,973 
New Zealand 0-1 0- 0-6 | 2 104 








TABLE IV.—Production of Bituminous Coal and Anthra- 
cite by Principal Countries : Annual Averages in Millions 
of Tons. 







































































1927 | 1930 | 1933 | 1936 | 1989 | 1942 | 1945 
Country. to to | to | to | to to | to 
1929.) 1932, 1935.) 1938,| 1941.! ase, 1947. 
Euro | | | 
Belgium and | 
Luxembourg | 27/| 25| 26| 29, 27] 20| 21 
Czechoslovakia ..| 15 | 13] 11] 15{ 20! 23] 14 
France (1940-44 | | 
excluding Alsace)} 65 | 61/| 54| 45 | 43] 35] 42 
Germany ..| 154 | 120 | 124 | 173 | 158 | 148 | 64 
Netherlands 10} 12] 12; 18] 18] 11 8 
Polan o* 41 34 28 34 72 86 45 
U.S.S.R. .. ve 56 | 82] 117/158} —| 112 
United Kingdom | 251 | 224 | 217 | 232 | 220 | 199 | 193 
Other countries .. 9 10 9 a4 17 13 13 
Total .. .| 607 | 555 | 563 | 662 | 723 | — | 512 
North America— | | 
Canada .. i 8} 10| 14] 14] 1 
United States ..| 532 | 397 | 363 | 408 | 452 | 586 | 576 
Other countries .. 1 2 eS Fe | 1 
Total .. 545 | 406 | 372 | 419 | 467 | 601 | 588 
South America ee | | | | 
Total .. os 2; 2 3; 8 4 a 4 
Africa 
Union of South | | 
ca - 261 WL Se] WY a a se 
Other countries . . 1 1 1 1 2 | 2 2 
Total .. 14| 12| 18/| 16| 19] 22] 26 
Asia— 
China and Man- | } 
churia 25 | 27] 29] 20] 27] 82] 12 
India 23 | 22] 22] 25] 29] 27/| 29 
Japan .. ..| 88} 28| 34] 45| 55| 53] 23 
Other countries .. 8 8 8 12 20 22 5 
Total .. 89 | 85 | 93 | 102 | 131 | 1384 | 69 
_ ——_———S—_—a“"XF eee 
Australasia— | 
Australia 2) 9| 10) 12 | 18] 14] 14 
New Zealand <:} 1/ 1] 1| 2} 1] 1) 1 
Total .. ..| 18| 10) 11| 18; 14| 15| 15 
World total. . --|1,270 |1,070 /1,055 |1,215 [1,858 | — 1,214 





is certain to be established in several great areas, so 
far almost untouched by modern industry. 

As a measure of the present relative states of develop- 
ment, the rates of production of coals and lignites in 
the various countries is a first useful guide. In Table 


IV, herewith, data are given for the annual production 
of bituminous coals and anthracites, generally over 


the principal producing countries ; corresponding data 
for brown coals and lignites are given in Table V, 
below, which also includes the totals for world pro- 
duction of all coals and lignites. The figures in these 
two Tables are taken largely from the data in the 
statistical summaries issued by the Imperial Institute 
and partly from the data in the fourth Statistical 
Year-Book of the World Power Conference; they 


TABLE V.—Production of Brown Coal and Lignite by 
Principal Countries; Annual Averages in Millions of 
Tons. 


| 1927 | 1980 















































1933 | 1936 | 1939 | 1942 | 1945 
Country. to | to to to to to to 
1929.| 1932.) 1935.) 1938. 1941 | 1044 1947. 
en ae 
Europe— j 
Austria .. oe 3 3 3 3 4 2 
Czechoslovakia ..| 21 18 15 16 21 26 19 
France .. ..| 1/ 1] 12] 1] 2] 2] 2 
Germany | 161 | 182 | 185 | 178 | 222 | 240 | 147 
U.8.8.R. .. oa 3 = 12 17 _— —_ os 
Other countries..| 17 | 15 12 18 20 17 20 
Total .. 206 | 169 | 178 | 233 | 268 | 289 | 190 
North America— | 
Toe... «| 1. @) 61 €1. of ei yg 
Australasia— | | 
Australia --| 8] 8] 2] 3] @] 8] 6 
New Zealand ..| 1 1 1 1 1 2 2 
Total .. ..| 3| 8| 8| 4] 5] 7| 8 
Other Areas— | 
Total .. —— — 1 1 1 3 3 
World total. . ..| 213 | 176 | 186 | 242 | 278 | 303 | 208 
Bituminous coal and | 
anthracite : total 
from Table IV . ./1,270 |1,070 1,055 |1,215 |1,858; — /|1,214 
World totals for all | 
. coals and lignites /1,483 |1,246 |1,241 |1,457 |1,636| — (|1,422 























reserves in Table IIT. 

The average of world production of bituminous coal 
and anthracite over the period 1927-38 was about 
1,150 million tons a year, and the average annual pro- 
duction of brown coal and lignite was about 200 million 
tons, or a total for all coals and lignite of roughly 
1,350 million tons a year. Since 1938, conditions have 
been greatly affected by the 1939-45 war, and, for the 
period since 1941, the data for the U.S.S.R. are incom- 
plete or uncertain. At the pre-war rate of production, 
considering the world as a whole, the probable world 
reserves of bituminous coal and anthracite would be 
sufficient for more than 4,000 years; and the reserves 
of brown coal and lignite would last for more than 
6,000 years. This simple method of estimating the life 
of the reserves assumes production being continued at 
the same rate, and that it would be practicable to win 
all the reserves for utilisation at a cost that would not 
be too high. It is certain, however, that it would 
neither be practicable nor economic, under any con- 
ditions that can be foreseen, to work the whole of the 
probable reserves. Available information is insufficient 
to enable a reliable estimate to be made of the propor- 
tion of the reserves that might be classed as economic- 
ally workable, particularly with the uncertainty of 
developments in methods of mining and of changes in 
circumstances and requirements, but it seems reason- 
able to conclude that, for the world as a whole, the 
probable reserves of coals and lignites that could be 
worked economically would be sufficient, at present 
rates of production, to last for 2,000 years, or for more 
than 1,000 years if the rate of production and utilisation 
steadily increased in that time to twice the present 
rate. In addition, there would be a margin in the form 
of ‘* hidden reserves ”’ in the fields not yet discovered. 

There would thus seem to be sufficient reserves of 
coals and lignites to meet the needs of the world for 
1,000 or 2,000 years, particularly with improvements 
in the efficiency of winning and utilisation. There are, 
however, other considerations. The reserves are not 
uniformly distributed geographically nor in relation 
to population and ngeds; and they are by no means 
being uniformly exploited. The world and its peoples 
are divided into countries and nations and are likely 
to be so divided for a long time, and needs and outlook 
are markedly affected by topographical and climatic 
conditions and the availability of a variety of food- 
stuffs and other materials. It is important, therefore, 
to study the position also from the point of view of 
individual countries and localities. 

Before the 1939-45 war, the United States, Great 
Britain, Germany, and the U.S.S.R. together produced 
three-quarters of the world supply of coals and lignites, 
In the United States the probable reserves of bituminous 
coal and anthracite, 2 million million tons, are 4,700 
times the annual average production of 425 million 
tons during 1927-38 ; in addition the reserves of brown 





three-year periods, during the 21 years 1927-47, in 





coal and lignite in that country are 840,000 million tons, 
’ 


should be considered in relation to the figures for | 7° 


compared with a rate of production of only 2 or 3 million 
tons. On a conservative basis, assuming that one-third 
to one-half of the reserves are economically workable, 
these reserves could provide coal at the pit-head at a 
reasonable price at a rate of 500 million tons a year for 
at least 2,000 years. In general, the seams of coal now 
being worked in the United States are thick and com- 
paratively easily accessible, so that the cost of bringing 
the coal to the surface is relatively low, though wages 
are high. On the other hand, the coal has to be con- 
veyed long distances overland to some areas, adding 
considerably to the cost to the user. 

German reserves of coal of all types at 331,000 million 
tons are about 1,100 times the average pre-war produc- 
tion of 294 million tons a year. The reserves of bitu- 
minous coals are five times the reserves of brown coals 
and lignites, but the annual production of each of the 
two broad types was approximately the same, about 
150 million tons. The reason for this relatively greater 
exploitation of the brown coals is that they are more 
easily accessible and can be produced at much lower 
cost, even taking into account their lower calorific 
value. Methods of utilising the brown coals satis- 
factorily for many purposes, therefore, were developed. 
Difficulties of mining bituminous coals in Germany are 
greater than in the United States, and not vastly 
different from the difficulties in Great Britain. On a 
conservative basis, the reserves in Germany should be 
sufficient to provide about 300 million tons a year for 
400 years or more. 

It is only during the last 30 years that production of 
coal has become of importance in the U.S.S.R. In 
1921, the quantity of coal mined in that country was 
only about 9 million tons. Production then rose 
steadily to more than 130 million tons in 1938 and an 
average of 160 million tons, or ibly more, for the 
three years 1939-41; data for later years are incom- 
plete. The probable reserves are more than a million 
million tons. It seems reasonable to conclude that the 
workable reserves in the U.S.8.R. are sufficient to 
provide, say, 200 million tons a year for at least 2,000 


rs. 

In Great Britain, the probable reserves of 169,000 
million tons are about 700 times the average annual 
production of 231 million tons during 1927-38. As a 
result of the work of the Geological Survey, and of the 
physical and chemical survey of the national coal 
resources, which was initiated and undertaken over 
many years by the Fuel Research organisation of the 
Department of Scientific and Industrial Research, 
there is much more information about the quantities of 
each of the several types of coal in Great Britain than 
there is about the coal resources of any other country. 
This means that, though additional reserves are being 
discovered from time to time, the prospects of dis- 
covering substantial additional reserves within reason- 
able depth from the surface are not relatively so great 
as in several other countries. Further, many of the 
thicker and more easily accessible seams have already 
been extensively worked. The rate of production 
increased rapidly from about 55 million tons in 1850 
to the record output of 287 million tons in 1913, when 
the quantity exported was about 70 million tons. 
Since that time, for several reasons, output has in 
general declined and it is now about 200 million tons 
ayear. The reserves of the coals of outstanding quality 
for making metallurgical coke are already seriously 
depleted, though there are still considerable reserves 
of fairly good coking coals. It will not be practicable 
economically to exploit a large part of the probable 


reserves. 

The broad conclusion is that, in Great Britain, there 

is sufficient workable coal for the next 200 years, or 
possibly rather longer, at a rate of production of about 
250 million tons a It is necessary to ensure, 
however, that the coals of particular types and quality, 
such as good coking coals, are allocated to the uses 
for which they are specially suitable and not squandered 
for for which other more plentiful coals could 
be satisfactorily employed. Costs of production are 
likely to be relatively higher than in the past, and than 
in some other parts of the world. 
Other countries in which coals in substantial amounts 
are produced are Belgium, Czechoslovakia, France, the 
Netherlands, Poland, Canada, South Africa, China, 
India, Japan, and Australia. Of these countries, 
Poland and South Africa have an appreciable surplus 
for export, whereas France and Canada import large 
quantities. The reserves in relation to rates of pro- 
duction are smaller in Belgium, Czechoslovakia, France, 
the Netherlands, and Japan than they are in Great 
Britain ; but they are much larger in Poland, Canada, 
South Africa, China, India, and Australia. There are, 
however, other considerations, including geographical 
situation and quality; for example, in Canada, the 
coals are in general long distances from the centres of 
population and industry, so that it is less costly to 
import coals by sea from other countries than to move 
the indigenous coals by rail. 


(To be continued.) 
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LABOUR NOTES. 


Tue first gesture in response to the circular appeal 
of the Trades Union Congress general council for the 
postponement of demands for increases in wages came 
from the executive council of the Iron and Steel Trades 
Confederation, at their meeting on November 17. The 
council decided to recommend their membership, some 
100,000 strong, to to forgo for a period of 
12 months any increases to which they may become 
entitled under their existing cost-of-living agreements, 
provided that similar action is taken by other unions 
having sliding-scale agreements and that all unions 
undertake to call a halt on any new general wage 
demands. It is estimated that, in all, approximately 
one million employees, mainly in the building industry 
and in the boot- and shoe-manufacturing and hosiery 
trades, receive automatically small wage increases 
whenever the official interim index of retail prices 
rises. Similarly, their wages decrease with each fall 
of the index. The sliding-scale agreement of the 
Confederation provides for an increase of 7-2d. to 
each man working a week of six shifts, for every point 
by which cost-of-living index rises. 





The general council, in their official statement issued 
after their meeting, declare that it was not the intention 
of the Confederation to present any fresh general wage 
claims, and recall that they had agreed, within the past 
fortnight, to postpone their claim for a shorter working 
week. This they regard as being long overdue. The 
council point out that the cost-of-living agreements 
are an essential part of their wage arrangements and 
were introduced in 1940 as a substitute for other long- 
standing sliding-scale agreements based on the selling 
price of certain steel commodities. That change meant 
a considerable sacrifice in wages for large numbers of 
the more highly-skilled employees in the industry. 
In fixing basic rates, account was taken of the fact 
that those sliding scales provided part of the earnings, 
and that applied equally to the cost-of-living agree- 
ments which superseded them. The council conclude 
by stating that, nevertheless, the Confederation have 
no desire to evade their public a and a 
recognise the danger to working-class standards i 
new wage claims are pressed regardless of the effects 
of these on costs and prices, and on our national 
recovery. 





A strong personal appeal to trade unions to exercise 
restraint, in view of the economic crisis, was made by 
Mr. Arthur Deakin, general secretary of the Transport 
and General Workers’ Union, at a meeting of theatrical 
and kinematograph operatives in London on Novem- 
ber 20. He stated that when the contents of the report 
of the economic committee of the Trades Union Con- 
gress were made known, many people would be sur- 
prised. They would find that the rigorous restraint 
asked for by the committee was sought, not for a 
limited time only, but for such a period as would enable 
the country to make an economic recovery. 





The opinion that there was no task now being 
performed by American industry which workpeople in 
Britain could not execute equally well, or which British 
machines could not produce, was expressed by Mr. C. 
Henniker-Heaton the leader of a team of employers 
and employees from the cotton-spinning industry who 
landed at Southampton on November 19 after a visit 
to the United States to study productivity problems. 
The team’s tour of American factories, which had 
lasted six weeks, was sponsored by the Anglo-American 
Council on Productivity. Mr. Henniker-Heaton said 
that while production from United States mills was 
definitely greater than from mills in Britain, the 
industry in America lacked the machines able to produce 
the fine poplin and muslin materials on which British 
export trade was now concentrated. Members of the 
team will tour factories in Britain during the coming 
months to explain the results of their investigations of 
United States productivity methods. 





Notice was given at the end of October by some 
1,600 miners at Boldon, County Durham, that an 
industrial dispute existed owing to the action of three 
of the six winding enginemen at the pit in refusing to 
join the Durham Enginemen’s Association, a union 
affiliated to the National Union of Mineworkers. The 
miners also declared their intention of giving 14 days’ 
strike notice, as from November 21, unless the three 
enginemen had joined the Association by that date. 
The men concerned are members of the Colliery 
Winders’ Federation of Great Britain, and the executive 
of the Federation stated on November 11 that they 
would call a strike of their membership throughout 
the country should any attempt be made to displace 
the three enginemen belonging to their Federation. 
The probability of a strike which might have held up 
some 70 per cent. of the nation’s total coal production, 





and have involved every coalfield except South Wales, 
was averted by the decision of the Boldon miners 
that they would not hand in strike notices. In this 
they acted in accordance with advice from the execu- 
tive of the Durham County Miners’ Federation. It 
was stated, however, that the Boldon miners would not 
rest until the three enginemen did join the Durham 
Enginemen’s Association. 





Much dissatisfaction at the delay in accepting their 
claim for a pensions scheme, applicable to all wage- 
earning grades in the railway service, was expressed at 
a meeting of the Associated Society of Locomotive 
Engineers and Firemen in Glasgow on November 20. 
Mr. J. G. Baty, general secretary of the A.S.L.E.F., 
stated that, although their negotiations with the 
Railway Executive on the question had shown no 
result so far, there were signs that the Railway Execu- 
tive were not without sympathy for their claim. 
Salaried and clerical employees and small numbers of 
wage earners in the railway industry were already 
provided for by superannuation and pension schemes, 
and it was accepted by both sides that persons so 
covered were entitled to pensions. Mr. Baty said that 
the wage grades contended that uniformity was a 
paramount necessity in a nationalised industry and 
he held that the Transport Act, 1947, by which the 
railways were nationalised, supported that view. It 
was decided that the executive committee of the 
A.S.L.E.F. should seek an early meeting with the 
Railway Executive to discuss the claim afresh. 





Evidence has been submitted by the Transport and 
General Workers’ Union to the Industrial Court in 
support of their demands on behalf of labourers in the 
shipbuilding and ship-repairing industry. It is the 
contention of the Union that labourers in that industry 
should be paid a wage at least equal to the minimum 
rate received by labourers in the engineering industry. 
The Union also announce that the claims of the execu- 
tive council of the Confederation of Shipbuilding and 
Engineering Unions, for a wage increase of 20s. weekly 
for employees in the industry, have been submitted to 
the Shipbuilding Employers’ Federation. 





The employment position in Northern Ireland has 
shown a marked improvement during recent months, 
according to a statement by Sir Roland Nugent, 
Minister of Commerce, in the Northern Ireland Senate 
on November 14. 
14 and October 10, 1949 (the latter being the latest 
date for which figures were available), the number of 
men and boys signing the registers as unemployed had 
been reduced by over 10,000. In the same period, 
the number of unemployed persons, whose last employ- 
ment had been in the shipbuilding and engineering 
industries, declined by over 500, in spite of there having 
been some dismissals from those two industries during 
the four weeks ending on October 10. 





The decline in the traffic-receipts income of British 
Railways continues. Their total income from this 
source for the four weeks ending on November 6 
amounted to 23,747,0001., against 25,224,0001. for the 
four weeks ending on October 31 last year, a decline 
of 1,477,0001. Passenger fares dropped by 679,0001., 
from 7,929,0001. to 7,250,0001., and freights received 
for the carriage of merchandise and livestock dropped 
by 528,0001., from 6,927,0001. to 6,399,000/. The 
income received from the carriage of coal and coke, 
and from the conveyance of parcels by passenger train 
also declined. The position is no better when longer 
income iods are compared. During the first 44 
weeks of the present year, ending on November 6, 
the traffic-receipt income of British Railways totalled 
275,033,000/., against 282,511,000/., received during 
the 44 weeks ending on October.31, 1948. This repre- 
sents a loss of income of 7,478,000]. and two four- 
weekly periods remain to be taken into account before 
the accounts for 1949 are closed. When the accounts 
for the two complete years, 1948 and 1949, come to be 
compared the decline in traffic-receipt income may well 
approach the 8,000,000/. mark. 





A plan tor the statutory control of profits by a 
tribunal to be established under the Defence Regula- 
tions, or a new Act, was outlined by Mr. W. C. Stevens, 
the secretary of the Electrical Trades Union, at a con- 
ference of the Union at Bournemouth on November 20. 
Provision would be made for the use of such profits 
for meeting the wage claims of employees, and any 
balance would be employed for the increase of sub- 
sidies and the reduction of purchase tax. Trading 
organisations, including private firms, would be 
required to make returns of the profits which they 
proposed placing to free reserve, and would have to 
justify the amounts which they desired to set aside for 
depreciation, tax reserve and capital development. 





During the 30 weeks between March | Th 





THE PLASTIC BEHAVIOUR OF 
SOLIDS.* 
By Sm Anprew McCancr, D.Sc., LL.D., F.R.S. 


Tue distinction between the elastic and the plastic 
behaviour of solids has long been well recognised and 
many investigators have assumed that the plastic 
stage was merely a degenerated elastic stage, the 
behaviour of which could be formulated by an exten- 
sion of elasticity theory. Such was the view of Mohr, 
whose ideas were later simplified by von Mises and 
Hencky and received wide recognition. I have come 
to regard this view as untenable and to believe that 
the straight-line relationship between stress and strain 
in elasticity theory must be considered as something 
distinct and separate from the stress/strain relationship 
in plastic behaviour. The transition from the first set 
of elasticity considerations to the second set of plasticity 
conditions is the event which we designate as the 
elastic limit, and the stress at which this transition 
takes place is not uniquely determined. It will vary 
widely according to the conditions under which it is 
allowed to take place and with the rate at which stress 
is applied. It has been generally accepted for a long 
time that the more accurately one attempted to measure 
the elastic limit for a refinement of method the more 
difficult it was to detect the existence of any limit. 

I therefore regard the elastic limit as a fortuitous 
occurrence of no theoretical importance. I would go 
farther and say that in a regular metallic lattice, such 
as exists in single crystals, an elasticity range only 
arises when an admixture of atoms due to impurities 
or to other intentionally added elements is present. 
The normal behaviour for such a lattice is plastic 
behaviour.t In multigranular material or in ionic 
crystals, however, a true elastic limit can exist. My 
views on this question have recently received strong 
support from the work of the Dutch physicists Snoek. 
Dijkstra, and Polder, on the effect of minute quantities 
of carbon and nitrogen in iron, and I strongly commend 
their work to the attention of metallurgists. 

From an examination of stress hystereses effects, 
Bairstow, in 1910, found that when a cyclical stress 
less than the elastic limit was applied to a steel test- 
piece the breadth of the stress/extension loop gradually 
widened but reached ultimately a steady value. When 
that steady cyclical ent set was plotted against 
the stress the curve lay along the downward prolonga- 
tion of the plastic-extension part of the curve into the 
region of elasticity, as shown in Fig. 1, opposite. 
ere was created in this way a continuous curve of 
stress/extension which emerged with the upper curve 
for major extensions in the range of plastic behaviour, 
and this result seemed to warrant giving to this curve 
an existence of its own over the whole range of extension 
and of applied stress. In other words, it was justifiable 
to extend the curve backward to the origin. 

That the physical properties of metals are materially 
affected by cold ing is, of course, well known. 
The strength is increased, the density is lowered, the 
thermo-electric powers are affected, and it would be 
safe tosay that none of the physical properties remains 
unaffected. Let it be assumed, therefore, that the 
atoms can exist in two states: the normal state of the 
annealed metal with a regular lattice, and the state of 
cold work with a distorted lattice. With each of these 
states is associated a specific volume so that the change 
in the specific volume after cold work accurately 
reflects the proportion of atoms @ which have changed 
from one state to the other. 

In a bar being deformed by stress, this change in 
volume will have two effects on the stress. In so far 
as the increase in volume increases the length, it will 
decrease the stress required for a given extension, and 
to the extent that it increases the cross-section it will 
increase the stress. Let us separate these effects and 
make the simplest assumption for the cha: resulting 
from a small increase in the proportion of atoms @ in 
the cold-worked state : 


. (1) That the change in length is proportional to 
e: 


Br, = 26. 36? 


where 26s a constant. 
(2) That the change in cross-sectional area 5A, is 
also proportional to §@: 


3A, = c? 86? (2) 


If, in any monotonic curve representing the relation 
between the stress and the cold-work fraction @ for 
a uniform bar, a point be chosen where the slope of 
the curve is M, then for a small increase in @ the 


(1) 





* Fourth Hatfield Memorial Lecture delivered in 
Sheffield on October 28, 1949. Abridged. 

t+ I should perhaps say that I do not wish it to be 
thought from this that I disparage the theory of elasticity 
or its application to commercially available materials, 
nor its fundamental importance in engineering theory, 
for that would be quite incorrect. 
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second-order variation in the stress will be 
aM 
aa 2 
0 567. 


This must correspond to the changes in stress 3S, and 
5S, arising from (1) and (2), that is : 


aM oe . _ 
ae 6? == és, + és, 
= — 2bMd@ + c?S 56. 
‘ ds 
Remembering that M = ag the slope of the curve 


at the chosen point, the equation relating stress to @ 
becomes : 
as op ue cots 
alps paSaliany 
for which the appropriate solution is : 
2S, e—68 sinh /e? +c? @. (4) 
In this equation the stress is related to the proportion 
6 of atoms in the cold-worked state. 

For an assembly of n atoms of which r are in the 
cold-worked state as a result of plastic straining, the 
free energy F is given by : 

F 
kT 


(3) 


Ss = 





= —nlogn +rlogr + (n — r) log (n — r) 


+ r log g(T) 
and on differentiating to obtain the partial potential 


of the r atoms the ratio” = @ appears as—log (+4): 
n 


1-6 
This ratio (5) is the important one, and I have 


made the assumption that 


— = x, the extension per unit length, 
so that 


ed = 
1+2z 


a, the contraction of area 





(5) 


0 
_— *) wai 
from 0 to o with x, and @ varies from 0 to 1 with the 
contraction of area, a. 

Making this substitution in equation (4) changes the 
equation to a form in which it can at once be used, 


S = 2S, e—64¢ sinh /6* +c a. (6) 
The stress S will be the stress at the contraction of area, 
that is, the true stress on a test bar. 
The general shape of the curves to which equation (6) 
gives rise for varying values of the coefficients « and B 


These assumptions are self-consistent, i.e., ( 


of the coefficients « and f in the equation 
S (a, 8) = e—¢@ sinh fa . (7) 
were found from these results for mild steel, copper, 






































The equation applies also to other plastic materials, 
and the corresponding figures for a nitro-cellulose fibre, 
from the experimental results obtained in 1930 by 
Brown, Mann, and Pierce, as shown in Table III. I 
have confirmed its accuracy also for silk fibres, starch 
and paint films, and it may be taken that the theory 
correctly accounts for the behaviour of plastic materials 
under stress. oa 
The coefficients which have been found for the metals 
mentioned above are given in Table IV, together with 
the plastic modulus M and Young’s modulus for com- 
parison. It will be seen that the plastic modulus is 
very much less than Young’s modulus and that there 
is no obvious relation between them. There is an 
approximate straight-line relation between c*® and b, 
as might be expected, but confirmation of this must 
await further experimental results. The value of §, 
appears to correspond fairly closely to the tensile 
strength as ordinarily determined. 
































TABLE III. 
Nitro-Cellulose Fibre : « = 2-012, 8 = 2-310. 
Elongation, | Stress, Kg. per | 2 
Per cent. sq. cm. | $(a, B). 2 So. 
| | 

2-0 5-06 0-3200 | 15-81 

4-0 7°55 0-4745 | 15-91 

8-0 9-82 0-6198 15-86 

12-0 11-25 | 07128 15-79 

16-0 12-76 | 08009 15-93 

TABLE IV. 

Metal. 2 So. a | B | M. | E. 
Steel ..| 46-10 | 20-107 | 21-200 | 977-3 | 13,500 
Copper ..| 28-10 | 6-105 | 7-150 | 200-9 | 7,900 
Aluminium ..| 7-81 | 17-208 | 18-45 | 144-1 | 4,550 
Lead .. “| 1-69 30-32 32-00 54-1 | 1,050 

} 








In this connection, the maximum value of the true 
strength is obtained by putting a = 1, and the values 
so obtained are very much smaller than the theoretical 
maximum strengths calculated from elastic theory. 
In the case of steel, Smax. = 68-7 tons per square inch, 
and this agrees very closely with the value of the so- 
called technical cohesive strength, as calculated by the 
method of Kuntze, which for mild steels of this quality 
gives values of 69 to 70 tons per square inch. It seems 
that Sax. is a characteristic strength for materials, 
since a cold-drawn copper bar, while giving a very dif- 
ferent curve from that of the annealed material, gave 
the same value of the constant 2 S, as well as the same 
value for Sax. 

While the constant S, is a characteristic constant of 
the material, its exact significance is, as yet, not very 
clearly understood in relation to the inherent tensile 
properties. The sample of aluminium which was used 
to give the values of the coefficients and of S, was of 
special purity, and when a comparison was made with 
the corresponding values derived from the plastic- 
extension curves obtained by G.I. Taylor, in 1927, for 
a single aluminium crystal, marked differences were 
found : 


2S, a 
Aluminium bar ’ 7-81 18-45 17-21 
Single crystal (Taylor) 2-04 6-615 4-99 


It is clear that the crystal grain size influences all the 
coefficients and that the ratio of increase is about the 
same for §, and «, but not for £. 

The effect of grain size on physical properties, in the 
main, has been discussed only in a qualitative way. 
I have come to regard the influence of grain size as an 
effect due to surface tension. If we think of the 
crystal grains as the cross-section of small hexagonal 
cylinders pulled axially, the perimeter will be 6a, where 
a is the length of a side, and the force of surface tension 
to be overcome is 6ay. The area of the hexagon is 
34/3 a’, so that the stress due to surface tension, which 
must be added to the single crystal strength §,, is’: 

ae 

/3 a 
In terms of N, the number of grains per unit area, the 
total stress is : 
S = S, + 2-632 y/N (8) 
Actually this relation between the strength and 4/N 
was discovered empirically in 1925 for non-ferrous 
metals by Angus and Summers, but its importance 
seems to have escaped the attention of metallurgists. 

Many changes in the physical properties of metals 
with temperature are made clearer by considering them 
as a consequence of changes in surface tension. Indeed, 
I have come to the conclusion that the hardening of 
metals by plastic deformation is wholly due to the 
creation of new surfaces at slip planes and the conse- 
quent increase in the contribution of the surface-tension 








aluminium, and lead, from three equidistant points in 
each curve, and the whole range of experimental results 
was then plotted against the calculated values of 
S (a, 8). The accurate proportionality shown in Fig. 3, 
on this page, for these metals leaves no doubt as to the 
correctness of the theory which is here presented. 
This is further shown by dividing the experimental 
values for the stress for a particular value of the con- 
traction of area by the calculated value of S («, 8) to 
obtain the value of the constant 28,. In Table I 
TABLE I.—Results for Mild Steel. 
a = 20-107, B = 21-200. 
Contraction Stress, 
of Area, Tons per 8 (a, B). 2 So. 
Per cent. sq. in 
0-0283 | 16-63 0-3603 46-15 
0-1174 } 25-65 0-5599 45-81 
0-1538 | 27-20 0-5906 46-05 
0-2513 | -40 0-6580 46-19 
0-2784 | 31-30 0-6777 46-18 
0-3430 | 33-70 0-7275 46-32 
0-3781 34-95 0-7568 46-18 
0-4259 36-60 0-7963 45-96 
0-5152 40-40 0-8779 46-01 
0-5609 42-70 0-9229 46-26 
0-6510 47-20 1-0184 46-34 
Analysis: C 0-085 per cent., Mn 0-46 per cent., Si 0-05 per 
cent., 8 0-029 per cent., P 0-010 per cent. 
TABLE II.—Results for Copper. 
a = 6-015, B = 7-15. 
Contraction Stress, 
of Area, Tons per 8 (a, B). 2 So. 
Per cent. sq. in. 
0-0967 | 11-90 | 0-4180 28-46 
0-1493 14-59 0-5222 27-94 
0-1855 16-18 0-5736 28-20 
0-2298 17-60 0-6241 28-20 
0-2562 18-37 0-6515 28-19 
0-2905 19-22 0-6843 28-08 - 
0-3470 20-75 0-7360 28-19 
0-3910 21-90 0-7762 28-21 
0-4470 23-38 0-8288 28-20 
0-5090 25-10 0-8901 28-19 
0-5580 26-50 0-9413 28-15 
0-6130 28-10 | 1-0021 28-05 
0-6620 29-80 1-0595 28-12 
the results for mild steel, and in Table II those for 
copper, show clearly the constancy of 2 S, over the wide 
range from 3 to 65 per cent. contraction. 





forces arising from the increase in boundary lines. 
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_ The fundamental correctness of any theory may be 
judged by the extent to which it can account for de- 
partures from normal behaviour under conditions 
similar to those for which it was derived. Materials 
under stress exhibit a great diversity in this respect. 
They can be brittle and show no apparent plasticity at 
all, or they can extend almost indefinitely under stress, 
like tar. Even the same material can vary enormously 
in its properties at different temperatures. In equation 
(6) there are two coefficients, 6 and c, and one constant 
S,, but the character of the equation is determined 
solely by b andc. It is, therefore, a matter of interest 
to examine the consequences of changes in the magni- 
tude and sign of these coefficients, 

Take the case where c? = 0, and therefore « = £. 
The equation reduces to the simple exponential form . 


S = 8S, (1 — e—%2) (9) 


The extension of a film made from farina starch tested 
in air with a relative humidity of 66 per cent. conforms 
to these conditions very well, having values of B = 
0-550 and « = 0-534. The equation involved is : 


S = 3-92 (1 — e—1-04a), (10) 


In such films, and in many fibres, the stress /extension 
curves are considerably affected by the relative 
humidity of the air in which they are tested, and from 
the trend of the effect it can be at once deduced that 
in the presence of moisture the value of the coefficient c? 
becomes smaller until, as in the above case of farina 
starch, it is practically zero. 

The next type of curve to be considered is the case 
where ~ = 0 and the equation becomes : 


S = 2S,sinh fa. . (11) 
It is found that a number of materials conform to this, 
such as rock salt at 200 deg. C. and single crystals of 
non-cubic metals like magnesium and zinc. In ordinary 
temperatures rock salt is brittle, but Joffé found that 
it behaved plastically when tested at 200 deg. C. and 
the curve which follows his experimental results, 
expressing the strength in kilograms per square milli- 
metre, is 
S = 0-263 sinh (4-00 a) (12) 


Schmid* drew attention to the differences in the 
behaviour of metallic single crystals under shear. 
His diagram is reproduced in Fig. 4, on page 571, and 
indicates clearly two types of response. In cubic 
metals like gold, nickel, copper, and aluminium, the 
stress increases rapidly with shear, but the rate of 
increase falls away as the amount of shear becomes 
greater. The non-cubic metals like magnesium, zinc, 
cadmium, and tin, show a poor resistance to shear but 
a resistance which goes on steadily increasing with the 
extent of shear. 

The varying values of the coefficient 5 at once 
explain these differences in behaviour. Moderate or 
large values of 6 give rise to the cubic lattice type 
and small or zero values to the non-cubic type of 
curve. A similar difference is shown in the variation 
of hardness with pressure. Ball or pyramid hard- 
nesses are essentially determinations of true stress, 





* Conference on the Solid State of Matter, London, 
1934. The Physical Society. 
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and with cubic metals and hardness falls away with 
increased indentation, but it increases with non-cubic 
crystals. The illustrative examples shown in Table V 
(O’Neill*) confirm the corresponding behaviour found 
by Schmid. 
TABLE V. 





Copper. Cadmium. 





Dia., mm. 
0-0773 

63-2 | 00920 

62-6 } 0-104 

| 61-3 | 0-124 

| 59-3 0-163 

| 


! 

Hardness. | Hardness. 
67-0 21-2 
21-5 
21-9 
22-6 


23%4 





It will be of interest to give a further example of 
the identity between hardness and true stress and to 
show that equation (6) is also applicable to hardness 
values; for this purpose the increase in hardness of 
a steel strip after various reductions in thickness by 
cold-rolling can be mentioned. The results given in 
Table VI are those of Kenyon and Burns,f and they 
show the uniformity of 2H,, the constant corresponding 
to 2S, in the equation. A determination of the hardness 


TABLE VI. 





Reduction 
in Thickness, 
Per cent. 


to 
= 
é 





5 
10 
15 
20 
30 
40 -6306 
50 -6771 
60 *7225 


DOW SH Ika 
AWASmISS 








a = 4-683, 8 = 5-218. 


for 5, 10 and 15 per cent. would enable the hardness 
for any degree of cold reduction to be calculated with 
accuracy, as well as the maximum hardness to which 
the material could be hardened by cold work. 

It is natural to think that in close-packed structures, 
such as most metals possess, any permanent deforma- 
tion will have the effect of forcing the atoms farther 
away from one another and so lead to an expansion 
of volume. Other materials exist in which the atoms 
are not close-packed and it is conceivable that deforma- 
tion in such cases may have the opposite effect. Since 
the extension must be positive, the change in cross 
sectional area and consequently the value of c? must 
be negative. For such cases the solution of equation (3) 
becomes 


S = 2S,e—6 8 sinhy/o? — c® 0. . (13) 
The family of curves to which equation (13) gives 
rise is shown in Fig. 5, on page 571. The curves are 
for different values of « and £, but witha >. In 





* The Hardness of Metals. London, 1934. 
and Hall. 
t Trans. Am. Soc. for Metals, vol. 21, p. 577 (1933). 
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general, the stress rises to a maximum and then falls 
with increasing contraction of area, the rate of fall 
depending on the ratio of « to 8. This behaviour will 


. d — ais 
result in a negative value ofS and thus in instability, 


so that fracture will take place rapidly. Materials of 
this class, compressed by a uniform fluid pressure, will 
become more close-packed due to the action of the 
pressure and could be expected to approximate more 
nearly to close-packed metals in their plastic behaviour 


| in consequence. 


A very excellent confirmation of this deduction is 
found in the case of marble, which has been examined 
under compression in this way by von Karman, some 
of whose results for different pressures are reproduced 
in Fig. 6, on page 571. They show clearly with in- 
creasing pressure the transition from the brittle state 
to the normal behaviour of a plastic material. I have 
found from these curves the coefficients « and £ to 
correspond to equation (13) and have determined that 
B* and «? give a straight line when plotted against the 
external pressure, Fig.7. In consequence, x? — 8? = ¢? 
also gives a straight-line relation and it is proved that 
the effect of pressure changes c*? from a negative to a 
positive value, as shown in Fig. 8, which represents 
variation of c* with pressure. A positive value of c* 
corresponds to plastic behaviour and a negative value 
to brittle behaviour. The shaded area in Fig. 8 where 
c? is negative covers the range of brittleness. At a 
pressure of 1,120 atmospheres c?= 0, and from that 
pressure upwards marble is plastic. ; 

Other instances of an analogous nature can be cited. 
Bismuth is normally a brittle metal and yet it can be 
extruded under pressure into wire without showing any 
signs of brittleness, although such wire will revert with 
time to the brittle condition. Answers can now be 
given to some very important questions concerning 
the reverse transition from the plastic to the brittle 
state. If positive fluid pressure makes an inherently 
brittle material plastic, then negative fluid pressure, 
that is, a volumetric tension stress, will convert a 
normally plastic material into a brittle one. ae 

Clearly we can now understand better Haigh’s 
theory of the triple tensile stress, which is but another 
name for a state of uniform volumetric tension stress. 
It does not necessarily cause brittle fracture by itself— 
there is no need to assume that—but if it is sufficient 
to make c* negative within any small volume in a 
material, then application of any further stress added 
to that already within the volume will give rise to 
brittle behaviour of the material within that region. 
It can also be seen at once that if the temperature 
dependence of 6? and c? differed, a similar set of circum- 
stances might arise. If, for instance, 6? was constant 


and c? = c2({1 — 2 , then for temperatures above T, 


the transition temperature, c? would be positive and 
the material would behave plastically, while at all 
temperatures below the transition temperature c* 
would be negative and the material would be brittle. 
Such behaviour in steel is a matter of special interest 
at the present time owing to its practical importance 
in shipbuilding. Similar behaviour in zinc is not so 
widely known, but the transition temperature in this 
metal is particularly sharp, and I reproduce in Fig. 9. 
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an impact/temperature curve taken from a paper 
by Erdmann-Jesnitzer and Hahnemann on this 
metal, The curve shows the transition from plastic 
to brittle behaviour in zinc, The logical extension of 
the above temperature relation would lead at low 
temperatures, not only to c* becoming negative, but 
even 6? — c®, so that §£% = b®? —c*® would become 
imaginary. The hyperbolic functions then change to 
trigonometrical functions, and equation (14) represents 
an ordinary damped vibration, 
S = 2 Se-0 Osiny/c? — & O.. (14) 

A material satisfying this condition could not be 
cold-worked since displacement will only lead to a 
vibrational stress of decreasing amplitude. 

The peculiar elasticity of rubber has long been an 
intriguing problem and since the assumptions which 
have been put forward, and which have given a better 
insight into plastic behaviour, are of general appli- 
cation, it was natural to examine the case of rubber 
from the same point of view. 

When rubber is stretched there are very large 
volume changes—with 300 per cent. extension they 
amount to about 14 per cent. For any bar of volume 


V=Al, 
dv dA dl Z 
vrati 
and at constant volume 
dl dA 
7]. oo 


so that when a volume change takes place it can be 
assumed to be a second-order difference. Since the 
variable in previous cases is the contraction a at 


x , ; 
constant volume { a = tie where z is the extension }, 
TZ 


consistency with previous assumptions for second- 
order differences requires that : 
adv? 
Vv 
which leads to the simple equation : 
dv 
v 
for which the appropriate solution is : 
V-—V,csinhya . (18) 

_ That the change in volume is proportional to the 
fraction 6 of displaced atoms after cold work is an 
assumption which has already been made in the first 
section, and it enabled @ to be directly related to a. 
In this more general case, @ would vary as sinh ya 
and since the maximum value of @ must be unity, 
when a = 1, we get immediately : 

5 sinh ya 

 sinhy’ 
Direct substitution of this value for @ can now be 
made in equation (4), giving the most general case for 
the variation of stress with the contraction when 
deformation is accompanied by large changes in 
volume. 

_It will be seen that equation (19) reduces to the 
simpler form of relation in equation (5) when y is small, 
when sinh ya can be replaced by ya and sinh y by y. 

The volume expansion of rubber with extension has 
been measured by Vogl and Evans*, and I find their 
— are well represented by equation (19) in the 
orm : 


= y? (da? (16) 


= tyda (17) 





(19) 


v _ sinh 8-76a 


2-55 —-———— 
sinh 8-76 





per cent. 


As a measure of the contraction the ratio i a5; 

z 
was used, x being the percentage extension. It is 
interesting to note in passing that, after a 600 per cent. 
extension, the proportion of atoms displaced from their 
normal positions is about 30 per cent. 

The change in the specific volume of iron after cold 
drawing is also well represented by equation (19), as 
shown from the results of Maier contained in the Ameri- 
can Society for Metals Handbook, page 424 (1948), 
up to 84 per cent. reduction (Table VII). Beyond 
84 per cent. reduction the density falls away rapidly, 
indicating overdrawing or surface-tension effects. In 
estimating the stress/contraction curve, it is a necessary 
part of the theory that the value of y obtained from 


the change-in-volume experiments should be used when | 


determining the coefficients of « and f in equation (4), 
and it is indeed found that using this same value 
enables the true stress curve for rubber to be fitted 
exactly to equation (4) with 
2S, = 572-4, a = 8-22, B= 20-00. 

The straight line given when § is plotted against 
Z (a, B) covers extensions up to 650 per cent. for a 
sample of rubber reported in International Critical 
Tables, vol. II, page 266. 

Plastic sulphur is another interesting substance 
which conforms to the general equation, even up to 





* International Critical Tables, vol. I1, page 269. 


1,000 per cent. extension. When newly made, the 
coefficient « is zero, but after being allowed to stand, 
hardening occurs and the magnitude of a steadily 
increases with the time of standing. It would appear 
to be a very suitable substance for the study of the 
change from a plastic to a crystallo-plastic state. 
The shape of the strength/diameter curves for glass 
is similar to those for rubber, and since glass fibres, 


sinh 4-474 
TABLE VII.— V = 0-0195 








sinh 4-47. 
Reduction of Area, AV x 104 AV x 104 
Per cent, observation, calculation. 
15-0 | 35 | 32 
30-0 75 8 
54-5 255 2 
67-5 | 47 458 
78-0 | 72 | 73 
84-0 96 | 955, 





as ordinarily made, are in a severely cold-worked 
state, it may also follow a similar course in its stress 





behaviour. The relation (19) results, for high values 
| of y, in an exceedingly high rate of increase for the 
| stress as a approaches unity—that is, as the diameter 
| becomes very small—and it will be of great interest to 
| find if the very high strength of thin glass fibres is, 
| after all, a natural consequence of cold work in a 
material with a large specific volume change on 
deformation. 

Many attempts have been made to explain the 
behaviour of materials under prolonged constant 
stress—conditions which arise frequently in engineering 
practice. These attempts have not been successful, 
in my opinion, because creep has been regarded as a 
| consequence of plastic flow and such assumptions as 
| were made were based on the properties of viscous 
materials. I have come to the view that creep is solely 
the result of diffusion processes, so that any theory 
of creep must be based on the theory of diffusion. The 
fundamental equation for diffusion under a uniform 
gradient is : 


z= (20) 


2 Dt,orz = V2 Dt. 


where D is the diffusion constant. For a single sub- 
stance D is the coefficient of self-diffusion which may 


be taken as “, where p is the viscosity and p is the 


density. 

In materials under constant load two diffusion 
processes are operating: (i) Axial diffusion where the 
atoms are migrating along the axis of the bar under a 
| constant load, and (ii) cross-sectional or contractional 
| diffusion where the atoms are moving inwards and 
towards the centre of the bar from the outside under a 
stress gradient. The displacement of material arising 
from contractional diffusion will, of course, give rise 
also to elongation of the test bar. The atoms which 
are diffusing along the axis must all come from the 
original space cccupied by the bar so that, as the bar 
elongates and they have further to travel, the rate of 
transfer slows down. This slowing down can be 
expressed in terms of the distance y = V/ 2 Dt, which 
an atom can travel in time ¢, and the relaxation time t,, 
for the structure of the material in which the atom 
forms a part. This relaxation time will have a corre- 
sponding unit of distance 6 = +/ 2 Dt,, and the exten- 
| sion which takes place in an interval d,/t (using the 
square root of the time as the most convenient variable) 
and which at the commencement would be dx =V 2Dt, 
becomes, after the lapse of time t : 


dr, = aV't 2D oy =aVtV2D 


1 
1+ y 





(21) 


Bu tay/ rand dividing by 6, equation (21) be- 
1 


comes : 
dr, 


2D 1 
— a @ 2 ie 
b " / b t 
1+ = 
a/ i 1 
| wliich can be at once integrated to give : 


t 
r, = blog (1 Ji) ‘ . (22) 
1 


Similar reasoning can be applied to the contractional 
diffusion of atoms from the surface, but since a stress 





gradient equal to o~ is involved (o being Poisson’s 


ratio), we must consider variations of r? in relation to 
the time. As the bar contracts, the surface atoms 
have a shorter distance to travel to reach the centre 
so that the diffusion rate is now speeded-up as the 





test continues, instead of being slowed-down as in the 
previous case. 


So, if z* is the reduction of area by diffusion in time 
t, and c* is an area corresponding to the relaxation time 
t,, the amount by which the contraction of area a is 
increased in the interval dt will be : 

ce 
epee 


Integrating and replacing a by its corresponding 
extension on the test bar : 


t 
Ly = ~ Bog 1(1 -z) 


The total creep will be the sum of these two extensions : 


t t 
= blog(1 +a/i) - B log (1 - *) (24) 
ty t, 


where the relaxation times are given by : 

po p 

pb’ a 

I shall give a few illustrations to show how exactly 
the course of the experimentally determined creep 
values for various materials can be reproduced by these 
two expressions. While it does not pertain to my 
subject this evening, it is of interest to note that they 
are also solutions of the cognate problem of the scaling 
of metals at high temperatures. For a sheet, the 

t 


thickness of scale is the function log (1 +a/ +) 
1 


da =2D dt (23) 





t, 2 


t 
while for a wire the thickness varies as — log { 1 — zx} 


2 
The increase in weight due to scaling depends in conse- 
quence on the shape of the test sample. 
The commencement of creep is dominated by the 
axial creep proportional to /t, and an examination of 
this region has shown that A is proportional to the 


initial extension x, so that plotting — against ¢ gives 


0 
congruent curves for different stresses. This also 
proves that ¢, is a constant which is independent of the 
stress 


As an illustration, the single creep curve for a plastic 
under three different stresses is given in Fig. 10, 


opposite, and the extension = gives a straight-line 


0 
relation with log (1 + g+/t) (Fig. 11) with g = 0-085. 

With low stresses contractional creep becomes 
negligible and axial creep alone” continues. An 
excellent example of this is given by a molybdenum- 
vanadium steel under a stress of 6 tons per square inch 
at 550 deg. C., the extension of which over a period of 
20,000 hours was measured by Mr. J. Glen. The 
extension over this long period can be represented well 
by z = 0-2900 log (1 + 0-01135 4/t), as shown in Fig. 
12, opposite. 

In complex steels of this nature it is sometimes 
difficult to separate from the extension at the com- 
mencement effects due to internal physical changes 
which also cause dilatational variations, but properly 
devised experiments will in due course permit this 
to be done. Meantime, it can be said that there is no 
indication that axial creep can lead to failure or 
rupture of the test bar. After the initial plastic 
extension it continues indefinitely with the bar extend- 
ing at a continually decreasing rate. It is only from 
contractional creep that failure results. 

To examine the second stage of creep, the results of 
McKeown’s* work on pure lead have been chosen. 
Deducting the axial creep extension, the difference 
should be proportional to — log (1 — A #), with A 
a constant, and this is found to be the case from his 
curves (Fig. 13, opposite). This shows the creep 
extension of lead under 700 lb. per square inch, and 
indicates the part of the extension which leads to failure, 


plotted against —log(1 — 4). It is possible to fit 
coefficients accurately only to the higher stress curves, 
since this can be done only where the curve shows a 
pronounced upward bend. 

From these experiments it is found that B is a con- 


stant which is independent of the stress, but that the 
life or duration time ¢, conforms to the expression : 


s* = ] 1 + = 
5 oe " ty 
with S, = 520 Ib., w = 4,300, as shown in Table VIII. 
TaB_Le VIII. 


(25) 








Stress, Ib. | Life. | So 
400 1,482 520-2 
500 585 520-8 
600 | 210 520-0 
700 | 20-7 


68* | 





* Life as determined from curve in Fig. 13. 


This relation between the life under any given stress 
is an important one since it permits the calculation 








* See Jl. Inst. Metals, vol. 60, page 201 (1937). 
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of the stress necessary to cause rupture in any stated 
period. For the sample referred to, for instance, the 
stresses required would be as follows : 


To break in : Lb. 
1 day 991 
1 hour 1164 
1 minute 1355 
1 second 1522 


Once the period is determined the breaking stress is 
known, and by using a factor of safety, designers will 
be able at once to obtain the information they require 
for a safe working stress. 

The most important consequence of the diffusion 
creep theory is that there is no place in it for any 
limiting creep stress. Theoretically, any load must 
ultimately cause fracture, but the period required 
may be of so long a duration that for all practical 
purposes some stresses will be regarded as safe stresses. 
It substitutes, in place of the limiting creep stress, a 
critical life for each stress, at the end of which failure 
takes place. Creep rates are therefore, in themselves, 
no longer of any importance. 

In equation (25) the effect of temperature enters into 


: 1 : ° 
the expression through tn ,. and since the viscosity 
ee 


can be put to a first approximation as : 
E 
be = py ekT ° (26) 
this can be used to connect the stress, the critical life, 
and the temperature in one simple expression. This 
forms in itself, however, another field of inquiry which 
I must not enter into this evening. ‘ 

In concluding this lecture, I trust that the ideas 
which I have put before you this evening will now place 
the theory of plastic behaviour on a firmer foundation 
and will lead to further advances in our knowledge of 
this important subject; and I hope this record will 
remain as a personal tribute to the memory and the 
work of Dr. Hatfield. : 


7 . 





THE MOTOR INDUSTRY 
RESEARCH ASSOCIATION. 


Tue fourth annual report of the Motor Industry 
Research Association, which covers the period July 1, 
1948, to June 30, 1949, and was issued at the end of 
October, 1949, once again calls attention to the limita- 
tions imposed on their activities by their existing 
premises on the Great West-road, Brentford. These 
limitations have become increasingly evident with the 
trend of research towards problems connected more with 
the complete vehicle than with separate components. 
This type of work, the report points out, calls for more 
space and better access and whereas the proving ground 
near Nuneaton at present imposes an additional financial 
commitment, research work generally could be carried 
out more economically if the laboratory and proving 
ground existed more or less as a single unit. Further- 
more, this would have the additional advantage of plac- 
ing the Association’s entire facilities in a more favour- 
able position geographically in relation to the majority 
of firms in the industry. As the capital assets of the 
Association are now sufficient to permit a move to a 
new site, the Council has decided, in principle, that a 
new laboratory should be built on a site adjoining the 
proving ground and accordingly has opened negotia- 
tions to acquire a piece of land fronting on the A.5 road 
with a private access road to the testing ground. 

The new testing ground is situated on a disused air- 
field, namely, Lindley Airfield, near Nuneaton, War- 
wickshire, the original runways and perimeter track 
forming the testing tracks. It was described in con- 
nection with our report of the opening ceremony which 
appeared in ENGINEERING, vol. 167, page 424 (1949). 
Its acquisition represented an important addition to 
the Association’s facilities and it was only to be expected 
that the annual report would deal with this subject at 
some length. The report states that the airfield has 
been taken on a 2]-year tenancy with the option 
to renew or break the agreement at seven and 14 
years. The terms of the lease cover the occupation 
by the Association of the airfield control tower, one of 
the few permanent buildings on the site, and three large 
Nissen-type huts having a total floor area of approxi- 
mately 8,000 sq. ft. The remaining buildings, having 
been occupied for some time previously by the Ministry 
of Food in connection with crop drying, are to remain 
in this Ministry’s possession, as the report puts it, 
* for what is vaguely described as a short term.” 

When the Association took over the airfield at the 
end of September, 1948, it was necessary to carry out 
a considerable amount of repair work and install new 
services. The six miles of roadway were divided into 
circuits, which were marked with white lines, and 
various barriers and traffic signs were erected. Photo- 
electric timing devices have been installed on each of 
the two 2,000-yard straights and several other minor 
facilities provided. An important addition to the 
testing facilities is a half-mile stretch of typically-bad 
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Fic. 1. Pavé Roapb 


at TESTING GROUND. 














Fic. 2. 


Belgian pavé roadway which was completed recently ; | 
this is illustrated in Fig. 1, on this page. Other 
facilities for which specifications have been drawn up 
and estimates obtained include a “ corrugated ” road, 
similar to those encountered in parts of Africa and 
Australia, a rippled surface for the investigation of noise, 
a series of separate obstacles for susp2nsion studies, a 
dust tunnel, a skid “ pan ” and banked corners on the 
perimeter track to permit sustained high speeds. | 
Some of these, of course, can only be provided at con- | 
siderable cost, but the report states that it is intended 
to proceed with the development of the site within the 
limits imposed by financial considerations. 

A major drawback of the proving ground is the 
absence of hills, and in order to compensate for this the 
laboratory staff designed a power-absorbing trailer ; 
this was referred to briefly in our report of the annual 
open days of the Laboratory which appeared on page 6, 
ante, in the issue of July 1, 1949. The trailer has now 
been completed and will be used to simulate hills by 
providing easily adjusted loads on the towing vehicle. 
A photograph of the trailer is reproduced in Fig. 2, on 
this page, from which it will be seen that it is of the 
two-wheel type. The power is absorbed by a generator 
driven by the axle through a four-speed gearbox. The 
generator is compound wound and is capable of absorb- 
ing about 50 h.p. continuously, or about 60 h.p. for 
short periods, the energy being dissipated as heat in 








air-cooled resistances. The speed range for full torque, 


PowEr-ABSORBING TRAILER. 


is from about 6 miles per 
hour to 45 miles per hour, the speed and load being 
controlled from the towing vehicle. Work is in pro- 
gress on the development of a traction dynamometer 
for incorporation in the trailer drawbar. 

In general, the scope of the Association’s research 
activities has remained substantially the same as 
during previous years, largely due to the limitations 
already referred to. There have been no major addi- 
tions to the research programme, but, in several cases, 
investigations have begun on different aspects of the 
same general problem. In the research on leaded fuels, 
for example, work on the influence of some design and 
operating variables on the life of exhaust valves has 
been concluded and the relative merits of different 
valve and valve-seat materials are now under investi- 
gation. Similarly, the technique of noise measurement 
and analysis has advanced sufficiently for a start to 
be made on a study of the transmission and absorption 
of noise in complete cars. In additicn to those already 
mentioned, the items of work in hand include investiga- 
tions into the design and location of piston rings, the 
fatigue strength of cast crankshafts, copper-lead bear- 
ings, lubricating oils for high-speed compression-ignition 
engines, and the measurement of the stresses in vehicle 
structures, to mention but a few. 

The report contains a comprehensive summary on 
the present position of the various researches. In the 
investigations into the effects of leaded fuel on exhaus t 
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valves, for instance, tests carried out on a single- 
cylinder water-cooled engine to determine valve life, 
have shown that, when using valves of Silchrome 1 
material, the valve life is approximately inversely 
proportional to the tetra-ethyl lead content up to 
about 4 ml. tetra-ethyl lead per gallon, Under the 
same test conditions, various fuels containing the same 
amount of lead additive gave no significant difference 
of life. 

The study of the effect of the design and position of 
piston rings on oil consumption continues. A satis- 
factory technique has been developed and attention 
so far has been confined to tests on a single-cylinder 
engine, the piston of which can be fitted with a maxi- 
mum of four compression rings and two oil-control 
rings. The variation studied most so far is the arrange- 
ment of two rings, one compression and one oil-control 
ring, in various positions in cylinders of standard 
clearance, but having a bore 0-005 in. oversize. It 
has been shown that with the compression ring at the 
top of the piston and the oil-control ring either above 
or below the gudgeon pin, oil consumption and blow-by 
are increased by two to three times those of a piston 
fitted with a complete set of rings. During ordinary 
running, blow-by was irregular, but by pegging the 
rings it has been ascertained that this irregularity is 
due to changes in the relative positions of the ring 
gaps. Oil consumption has been found to be sensitive 
to the direction of the cylinder-wall lubricating jets, 
but almost insensitive to the quantity of oil supplied. 
Lowering the position of the compression ring to 
increase top-land width from } in. to § in. caused a 
rise in the piston-crown temperature, and a consider- 
able increase in the blow-by, but decreased the oil 
consumption. Future work on this subject, the report 
adds, envisages the use of a six-cylinder engine. 

The research programme on the fatigue strength of 
crankshafts has been concerned mainly with the 
effects of materials on bending fatigue strength. Cast 
shafts of low-alloy inoculated iron, chrome-molybdenum 
alloy iron, pearlitic malleable iron, high-carbon graphite 
cast steel, acicular iron and nodular iron have been 
tested. In general, the bending-fatigue strengths did 
not differ greatly from each other except that the 
strength of the high-carbon graphite cast steel was 
found to be somewhat higher, and the strength of the 
chrome-molybdenum iron a little lower, than the 
average. Four cast steels are now under test and 
the effects of shot-peening, cold-rolling and harden- 
ing will shortly be investigated. The next part of this 
research will be concerned with the effect of design 
features on torsional fatigue strength. 

The research on copper-lead bearings is concerned 
with the effect of journal hardness and the type of 
wear under fluctuating load conditions. According to 
the report, the results throughout have been incon- 
sistent and the only positive conclusion arrived at so 
far is that with clean oil there is no slow continuous 
wear process regardless of the operating conditions. 
As a consequence, tests have been carried out using oil 
to which a small quantity of abrasive material has 
been added and although it appears that, in general, 
wear decreases as shaft hardness is increased, there are 
exceptions, the results having been inconsistent in 
respect of both journal and bearing wear. It has been 
found that nominally identical bearings vary con- 
siderably in structure and although it is considered 
that this alone may not account for the inconsistency, 
it may prove necessary to abandon this work in the 
near future. 

The development and construction of a recording 
instrument for use with wire strain gauges in connec- 
tion with the examination of vehicle structures have 
been completed. The instrument has four recording 
channels, the strain signals from the four alternating- 
current polarised bridges being fed through specially- 
designed low-microphonic amplifiers to 14-in. cathode 
ray tubes and the four traces photographed on 35-mm. 
film. This instrument has been in use for several 
months but owing to the many modifications made 
to it, has become difficult to use and service. A 
second instrument is therefore being made which, 
although identical with the prototype so far as the 
circuits are concerned, will have a different arrange- 
ment of the various components. A report describing 
this equipment in detail and a further report on the 
measurement of dynamic and static stresses in a com- 
mercial vehicle have already been sent to all members. 

So far, work on the stresses in wheels of public-service 
vehicles has been confined to 5-00 in. x 20 in. wheels 
of both the three- and four-piece types and fitted with 
the correct and oversize tyres. Strains caused by 
inflation and dead loads have been investigated and 
as the strain in the wheel disc was small, attention 
is now confined almost entirely to the rim. Maximum 
stresses of the order of 10 tons per square inch have 
been measured in the gutters, fixed flanges .and 
bases of the rims. In general, stresses in the rim 
brought about by tyre inflation have been found to be 
less with the larger tyre than with the smaller tyre but, 
under maximum dead load, were higher with the 
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larger tyre, particularly in the transverse direction of 
the rim. Examination of the 5-00 in. x 20 in. wheel 
has virtually been completed and the next wheels to be 
examined will be the 6-00 in. x 20 in. and 7-33 in. x 
20 in. sizes, again with correct and oversize tyres. 

The investigations into the scuffing of gears have been 
completed and a report will be issued in the near future 
regarding the effect of some materials and heat, treat- 
ments. Attention is now confined to studies of bend- 
ing and surface fatigue of gear teeth of different 
materials and with various heat treatments. This 
work is not advanced sufficiently, however, for com- 
ments to be made on the results. Extra-mural work 
is in progress on the ventilation of public-service 
vehicles, fuel sprays for internal-combustion engines 
and piston ring movement. The object of the work 
on the ventilation of public-service vehicles, which is 
being carried out by the engineering department of 
University College, Southampton, is to determine the 
basic requirements for adequate ventilation and heating 
of the passenger saloons of double-deck vehicles. The 
work on fuel sprays is being carried out at Queen Mary 
College, University of London, and so far has been con- 
cerned with the fundamentals of spray formation, 
engine performance having received but little attention. 
The researches into piston ring movement is being 
carried out for the Association by the engineering 
laboratory of Cambridge University. Earlier work on 
this subject led to the design of pressure-backed piston 
rings and a report setting out the results of tests on 
these rings has now been issued. 

So far as the future is concerned, the report states 
that work will continue on all existing researches with 
the possible exception of that on copper-lead bearings. 
The work on leaded fuels will be directed towards a 
study of failures arising primarily from incorrect valve 
and guide operation. New work will include a study 
of some aspects of brake ‘“ fading ’’ and investigations 
into the behaviour of special piston-ring designs, the 
latter research being a development of that on piston- 
ring movement. The work gears will be extended to 
include a few low-alloy steels currently used in America 
if permission can be obtained from the Board of Trade 
for their import. 





THE METROPOLITAN WATER 
BOARD. 


Tue 46th annual report of the Metropolitan Water 
Board,* covering the twelve months ended March 31, 
1949, shows that the grand total of water supplied by 
the Board during the year was 121,060-5 million 
gallons, or 540-4 million tons; on the basis of an 
estimated average population supplied of 6,459,800, 
this represents 50-11 gallons per head per day. The 
main sources of supply are the Thames, the Lee, springs 
and wells in the Lee valley and in Kent, and gravel 
beds in the Thames valley; about two-thirds of the 
supply is obtained from the Thames, but the proportion 
of Thames water varies greatly between the five areas 
into which the Board’s total supply area is divided. 
The Central and Eastern areas together received 
39-23 per cent. of their supply from the Thames 
and 40-31 per cent. from the Lee; the Kent area 
derived 23-28 per cent. of its total from the Thames, 
and the rest from wells; but the Western area was 
supplied entirely from the Thames, and the Southern 
area to the extent of 97-22 per cent. The daily 
average flow gauged at Teddington, however, was 
appreciably less than in the previous year, being only 
792 million gallons, a decrease of 92-1 million gallons. 
The average daily abstraction of water from the river 
was also less than in 1947-48, by 20-4 million gallons, 
but this reduction was not enough to compensate 
entirely for the reduction of flow; so that the total 
abstraction, by the Board and the suburban water 
companies, expressed as a percentage of the total flow, 
rose slightly, from 22-32 per cent. to 2278 per cent. 

Supplies in bulk were provided by the Board for six 
other authorities, the largest consumer of such supplies 
being Croydon Corporation, which took over 1,084 
million gallons of Thames water. Next in order came 
the South-West Suburban Water Company, taking 
rather more than 984 million gallons. Others were the 
Barnet District Gas and Water Company and Richmond 
Corporation, both taking Thames water; and the 
Gravesend and Milton Water Works Company and the 
Sevenoaks Rural District Council, both of which were 
supplied from wells. The supply to Sevenoaks was 
the least, being only 97,000 gallons. The total quantity 
of water supplied in bulk was 2,898 million gallons, an 
increase of 339 million gallons over the figure for the 
previous year. Agreements for supplies in bulk have 
been made also with the Colne Valley Water Company 
and the Sutton District Water Company, though it 





* Metropolitan Water Board: 46th Annual Report for 
the Year ended 31st March, 1949. P.S. King and Staples, 
Limited, 14, Great Smith-street, Westminster, S.W.1. 
[Price 5s. net.] 


appears from the report that no supplies were actually 
made under these arrangements during the year under 
review. 

A statement of the number and capacity of the 
Board’s storage reservoirs shows that these number 38, 
of which 25 are in the Thames valley and 13 in the 
valley of the Lee. The total water area in acres is 
2,949-2, and the total capacity is 22,329 million gallons, 
though not all of this water is available for use. In 
addition, there are ten balancing and subsidence reser- 
voirs. The total quantity of water taken from the 
Queen Mary reservoir during the year was 39,743-8 
million gallons, and the total quantity pumped into 
it from the Thames was 40,874-8 million gallons. No 
other single reservoir approached these figures, but the 
group of reservoirs at Walton, Island Barn and Molesey, 
taken together, closely equalled them, the supply from 
this group totalling 38,427 million gallons and the 
quantity pumped in, 38,190-6 million gallons. The 
Board’s 161 slow sand filter beds have an aggregate 
acreage of 159-6, representing 0-55 acre per million 
gallons of water supplied daily. The average monthly 
rate of filtration per square foot per hour at the various 
works varied from 1-06 to 5-04 gallons. 

The pumping plant possessed by the Board amounts 
to 288 engines of 67,891 total horse-power, including 
15 portable pumps, but exclusive of subsidiary engines ; 
and the fuel consumed during the year amounted to 
145,354 tons of coal and 36 tons of coke, 1,275,658 
gallons of oil, and rather more than 36 million units of 
electricity. Reduced to the equivalent total of coal, 
these consumptions represent a total for the year of 
178,560 tons. New plant authorised included six 
electrically-driven centrifugal pumps for Hammersmith 
station, with a combined capacity of 30 million gallons 
a day, together with four Diesel-driven alternators for 
standby and peak-load purposes, and water-treatment 
plant, at a cost of 101,797/. Other items of future 
expenditure authorised were 27,5001. for the remodelling 
of Honor Oak pumping station, and 18,6001. for two 
Diesel-driven alternators and certain building work 
at North Orpington station, where the supply is 
pumped from wells. 

The total length of mains at the beginning of the year 
covered by the report was 8,442-17 miles, to which a 
further 41-99 miles was added during the year. An 
important addition to the system, authorised in 
December, 1948, was the construction of a 60-in. 
raw-water main from Hampton to Chingford, at a 
cost of 3,855,0001., to improve the supply to East 
London, where shortages have been serious during 
periods of drought. The flow of the Lee, in dry 
summers, is not enough to keep the reservoirs filled in 
the Lee valley, and extensive housing schemes in that 
area, and the construction of satellite towns at Steven- 
age and Harlow, are expected to reduce the amount of 
water available for abstraction from the river by about 
12 million gallons a day. It is proposed, therefore, to 
construct a new intake on the Thames and to lay a new 
main, 22} miles long, from Hampton to the south 
end of King George’s reservoir, in the Lee valley. The 
route is approximately a straight line, and the main 
will be laid in a deep tunnel through the London clay. 
No decisions have been taken yet on the location of the 
intake and the engine house, or the type of machinery 
to be installed. 





THE Scunapt Impact TEst.—Monsieur Henri M. 
Schnadt, a Belgian engineer who is well known on the 
Continent for a new system of impact testing which he 
has introduced, will address the Institute of Welding on 
this subject at a meeting to be held at the Institution of 
Civil Engineers, Great George-street, London, S.W.1, 
at 6 p.m. on Wednesday, November 30. The lecture 
will be given in English. 





ATOMIC-ENERGY ESTABLISHMENT, CHESTER.—The 
Ministry of Supply announce that a site at Capenhurst, 
near Chester, has been selected for the construction of an 
establishment connected with the Ministry’s atomic- 
energy programme. Part of the site is already occupied 
by a Ministry of Supply storage depot, but it will be 
necessary to acquire some 150 acres of adjoining agricul- 
tural land. The British Electricity Authority have also 
stated that a new power station is to be built in the 
same district. 





Bin LEVEL INpDICcCATOR.—The Meco bin level indicator 
has been designed by the Magnetic Equipment Company, 
78, Highbury-grove, Cosham, Portsmouth, to give a 
remote indication of the filling or emptying of a bin or 
hopper containing granular or other material. It incor- 
porates a diaphragm, which is deflected when the material 
reaches it and actuates a switch in a signalling circuit, 
so as to light a lamp, give an audible signal, or control 
the filling. When the level of the material falls the 
diaphragm returns to normal and the signalling civcuit 
is re-opened. The system is adaptable to various appli- 
cations and different materials. 








 . 
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ROAD DAMAGE BY DROUGHT. 


ALTHOUGH a severe drought was experienced in 
1947, the rainfall for the year was not the lowest 
ever recorded. The total at Kew was 19-74 in., 
compared with 30-55 in. in 1946, but in 1944 the total 
amounted to only 19-02 in. The characteristic of 
1947 was the low rainfall in the summer and autumn ; 
the figure for the last six months was 6-34 in., the 
corresponding figures for 1944 being 13-03 in. Drought, 
combined with high temperatures, in the summer of 
1947, resulted in considerable damage to road surfaces 
owing to moisture changes in the subgrade, particularly 
when this consisted of heavy clay. The extent of the 
damage depended on the type and thickness of the 
surfacing, the proximity of paved footways, and the 
nature and distribution of attendant vegetation, as well 
as the properties of the subgrade soil. The opportunity 
afforded by the failures was taken advantage of by the 
Road Research Laboratory to investigate some indi- 
vidual cases of damage with a view to assisting road 
engineers to diagnose causes of damage, so that any 
remedial action undertaken might be correctly directed. 
An account of the observations made is given in Read 
Note No. 6, Damage to Roads Caused by the Drought of 
1947 (H.M. Stationery Office, price 9d. net). 

If the moisture content of a saturated clay soil is 
above the shrinkage limit, any change in moisture 
content causes a change in volume equal to the volume 
of the water added or removed, and as in clay sub- 
grades the greater part of the volume ehanges appear to 
take place in a vertical direction, compenalively small 
changes in moisture content may affect the level of 
the road surface. Percolation through the surface will 
increase the moisture content, but, in addition, rise 
in the water table as a result of moisture transferred 
from the verges will have the same effect. Transfer 
of moisture between the verges and the subgrade is 
caused by seasonal variations in the moisture content 
of the upper layers of exposed soil. In winter, when 
there is little surface evaporation, or transpiration from 
vegetation, the moisture content in the verges increases 
above that in the soil under the road, but in summer 
the moisture content in the verges is reduced and a 
reverse transfer of moisture occurs. Changes due to 
these actions affect the subgrade at the edges of the 
road before that in the centre, the result of the differ- 
ential volume changes in the subgrade being that the 
edges of the road tend to move up and down relatively 
to the centre. 

In normal summers, the effects of evaporation and 
transpiration from vegetation are largely confined to 
the upper 2 ft. of soil and differential movements are 
not sufficient to cause serious damage to the road 
surface. In 1947, however, the low rainfall, combined 
with high summer temperatures, resulted in the effects 
of surface evaporation being felt at depths exceeding 
5 ft., particularly on roads constructed on clays and 
having exposed verges. Some of the effects experienced 
were severe longitudinal cracks in the surface of roads 
of flexible construction; the opening of longitudinal 
joints in concrete roads, owing to the slabs dropping 
at the edges; and kerbs laid on detached concrete 
foundations dropping away from the concrete slabs, 
leaving gaps, in some cases, as wide as 2 in. 

The report gives particulars of four cases of roads 
of flexible construction, that is, surfaced with tar- 
macadam or a bituminous material, and three cases of 
concrete roads. As an example of the former, reference 
may be made to the Newbury-Alton road, A.339. The 
damaged section of this road consisted of a 16-ft. 
carriageway surfaced with tar-macadam. There was 
no footpath, the carriageway being separated from the 
adjacent fields by hedges and a shallow ditch. The 
damaged section, rather more than half-a-mile long, 
was situated in a slight natural valley. Serious cracking 
developed down the centre of the road in mid-Septem- 
ber, the width of some of the cracks being as much as 
% in. There was also some surface deformation. 
Investigation showed the subgrade to be heavy clay 
and the road to be made up of 15 in. of macadam on 
2 in. to 3 in. of chalk. The moisture content of the 
subgrade was found to be 8 per cent. to 10 per cent. 
lower near the verges than under the centre of the 
road, and borings indicated that this difference extended 
to a depth of 5 ft. This percentage difference would 
be sufficient to cause the edges of the road to drop by 
3 in. to 4 in. relatively to the centre. It was con- 
sidered that the drying of the subgrade was mainly 
due to evaporation from the ditch and adjacent fields, 
moisture absorbed by the hedges being a contributory 
cause. 

An example of corresponding differential movement 
on a concrete road is furnished by the Shaveswood- 
Muddleswood road, B.2117. This has a 20-ft. reinforced- 
concrete carriageway, 9 in. thick, with a central longi- 
tudinal joint and 50-ft. bays. The concrete was laid 
on an old tar-macadam road, the total thickness of the 
construction being about 21 in. The clay content of the 
soil increased down to a depth of 4 ft. below the under- 
side of the road. Levels taken periodically since early 





in 1947 showed that drought-differential movements, of 
the order of 2 in., had taken place between the verge 
and crown of the road. A gap at the central joint 
which had developed in previous years opened a further 
4 in., and in some places there was a difference in level 
of as much as 2 in. between the slabs at the central 
joint; it was necessary to ramp the step with tar- 
macadam. An example of the development of a gap 
between the kerb and a concrete road was furnished 
on a housing estate in Middlesex. The kerb was laid 
on a detached concrete foundation and moved away 
from the slabs, leaving a gap varying from } in. to 
2 in. wide; the kerb also dropped. It was con- 
sidered that the drying-out of the subsoil under the 
kerb was mainly due to evaporation, the only vegeta- 
tion present being coarse grass. 

This displacement of a kerb may be prevented by 
laying it on the edge of the slabs, but this may be 
somewhat more expensive than a separate foundation. 
This probably applies to most remedial measures, and 
the matter is clearly one of balancing initial costs 
against maintenance charges. The report does not 
deal in detail with this as of the matter, but the 
opinion is e that for important roads appro- 

iate means should be adopted with the object of 
orestalling far more costly treatment at a later stage. 
The methods of preventing or minimising drought 
damage are to remove heavy-clay subgrade to a depth 
at which the moisture content is substantially unaffected 
by drought conditions, and to replace it by material 
not subject to volume changes; to construct cut-off 
walls on each side of the carriageway, extending to a 
depth at which little change in soil moisture content is 
likely to occur; and to control evaporation from the 
verges by laying impermeable surfaces, which may 
serve as footpaths. A useful effect also is likely to 
follow the elimination of fast-growing trees and bushes 
from near the carriageway. 





CATALOGUES. 


Starters for Electric Motors.—Direct-on-line and 
star-delta air-break starters for electric motors of from 
5 h.p. to 15 h.p. are described in a leafiet which has been 
issued by Messrs. Fred W. Davies and Son. Huddersfield. 

Pipe Couplings.—Messrs. Simplifix Couplings, Limited, 
157, Victoria-street, London, S.W.1, have sent us a copy 
of their illustrated catalogue, which gives the dimensions 
and prices of “‘ Simplifix ” pipe couplings, of the “‘ banjo ”’ 
type, designed to fit the outside diameters of copper 
tubing. 

Tool Steels.—A booklet on tool steels has come to hand 
from Messrs. Samuel Osborn and Company, Limited, 
Clyde Steel Works, Sheffield, 3. This contains data on 
the firm’s high-speed, high-carbon and high-chromium, 
tungsten, oil- and water-hardening, and other types of 
tool steels. 

Galvanometer.—The “ Flik” galvanometer, which 
is a highly sensitive instrument with a response time 
of 1/10 second, is described in a leaflet received from 
the Cambridge Instrument Company, Limited, 13, 
Grosvenor-place, London, S.W.1. It is_ specially 
suitable for the photographic recording of rapidly 
changing electrical phenomena. 

Powder Metallurgy.—A booklet, entitled ‘‘ M.P.C. 
Powder Metallurgy Production,” has been prepared and 
issued by Messrs. Metal and Plastic Compacts, Limited, 
Montgomery-street, Birmingham, 11. Illustrated des- 
creptions of the main stages of the powder-metallurgy 
process are given, namely, the manufacture and grading 
of metal powders, compacting, sintering and sizing, and 
coining when required. 

Infra-Red Heating by Electricity. A well illustrated 
pamphlet issued by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
deals with infra-red heating by electricity. It contains 
a section giving a simple explanation of what this 
method of heating involves, while other sections give 
details of the actual apparatus made by the firm for this 
purpose and describe a number of its applications. 

Electronic Valves and Devices.—An illustrated 16-page 
booklet which outlines some of the design features and 
characteristics of special valves and electronic devices, 
as well as their applications in industry and research, 
has been sent to us by Messrs. Mullard Electronic Pro- 
ducts, Limited, Century House, Shaftesbury-avenue, 
London, W.C.2. Particulars are included concerning 
the accelerometer tube, industrial photocells, gas-filled 
valves, and electronic flash tubes. 

Liquid Silicones.—We have received from Messrs. 
Albright and Wilson, Limited, 49, Park-lane, London, 
W.1, an illustrated booklet of 32 pages describing and 
tabulating some of the chief physical, chemical and 
electrical properties of their DC 200 range of liquid 
methyl silicones. Graphs are included to show tempera- 
ture effects, as well as the relationship between various 
properties. Applications of these fluids, which include 
electrical insulation and lubrication, are also referred 
to and a list is given of relevant technical papers. 


NOTES ON NEW BOOKS. 


Some Classic Locomotives. By Hamitton ELLIs. 
George Allen and Unwin, Limited, Ruskin House, 
40, Museum-street, London, W.C.1. | Price 21s. net. | 


Tue recorded history of locomotives has long been 
raised above the level of a dull catalogue of facts, and 
Mr. Hamilton Ellis is notable among those who con- 
tinue this praiseworthy work. In his latest book he 
presents a number of essays on well-known types and 
families of engines, mostly of British origin. These 
include the classic Crampton locomotives; Allan’s 
Crewe type; Beattie designs; the Metropolitan type 
(for the Metropolitan Railway); the double-framed 
2-4-0 locomotives (for which Mr. Ellis coins the name 
** Old English ”’) ; Stirling’s eight-foot bogie ‘‘ singles ’’; 
Stroudley’s class—D tank locomotives, and others 
derived from them; some of the many variations of 
the 4-4-0 type, including the North Western ‘‘ Georges,” 
and the “ Directors,” originally of the Great Central ; 
the “‘ Atlantics”’ ; the 4-6-0 type, for which there has 
never been a satisfactory name; the Smith-Deeley 
compounds ; and the Beyer-Garratt type—a compara- 
tive, but formidable, newcomer to books on locomotive 
history. The illustrations include reproductions of 
many old photographs, and of some paintings by the 
author. 


Handbook of Industrial Radiology. Edited by Dr. J. A. 
CrowTHER. Second Edition. Edward Arnold and 
Company, 14, Maddox-street, London, W.1. [Price 
21s. net.} 


Txis 200-page volume is based on a series of lectures 
which were delivered to the Industrial Radiology Group 
of the Institute of Physics, its various chapters having 
been prepared by different specialists. Although the 
general nature of X-rays is discussed, the book as a 
whole is concerned mainly with the equipment and 
techniques required to obtain satisfactory X-ray 
photographs of metals and castings, rather than with 
the meaning of the pictures so produced. Some 
sections are included however on gamma-radiography, 
on the precautions to be taken by X-ray workers, and 
on some of the lesser known applications such as the 
radiography of paintings. Basic circuits for generating 
the high voltages needed for X-ray tubes are briefly 
described, and there are numerous illustrations and 
graphs, as well as bibliographies giving references to 
more detailed information; author and subject 
indices are also given. As a collection of specialist 





articles, the book should be of considerable value to 
those already engaged in this branch of technology, as 
well as to metallurgists and others concerned with non- 
destructive methods of testing and inspection. 


Department of Scientific and Industrial Research. 
Forest Products Research. The Swelling of Wood 
Under Stress. A Discussion of its Hygroscopic, 
Elastic and Plastic Properties. By Dr. W. W. 
BarKas. H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 6s. net.] 


Tuis book is based upon a course of lectures given by 
the author at Svenska Traforskningsinstitutet, Stock- 
holm, Sweden, in 1948; it presents a description of 
fundamental work done between 1940 and 1948 by 
the Physics Section of the Forest Products Research 
Laboratory on the thermodynamics of the swelling 
of gels, referring particularly to wood, wood fibres and 
paper. The book is divided into five ore the first 
of which is concerned with the chemical and physical 
structure of wood and wood fibre, and a description of 
the characteristics of sorption of water by wood and 
the resulting swelling. The second chapter discusses 
the anisotropic elastic behaviour of wood and its 
gel material, and paper. In the third chapter, a 
generalised thermodynamic treatment of the swelling 
stresses in elastic gels is presented; equations are 
derived for the calculation of the elastic constants of 

Is from their behaviour while swelling under restraint. 
The plasticity of gels and the occurrence of both static 
and time-dependent stress-strain hysteresis are con- 
sidered in the fourth chapter ; in the last chapter the 
author deals with hysteresis in the sorption isother- 
mals of gels and shows that it is related to plasticity. 
A bibliography is included. All who are interested 
in the mechanism of the structural behaviour of 
timber will find this a valuable work; the book is 
well set out, and the author’s style of writing is pleas- 
antly free from the wordiness which sometimes 
characterises official publications. 
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DUST NUISANCE OF 
CONCRETE FLOORS. 


By ©. L. a’Court, B.So., M.I.C.E. 


RESEARCH Or service departments of organisations 
within the building industry frequently receive 
inquiries about the dust nuisance of concrete floors. 
The writer has been called to inspect numerous 
premises ranging from a laboratory, where instru- 
ments of great delicacy were in use, to a room in an 
engineering works which had been adapted for 
welfare purposes. The primary causes of this 
trouble are defective materials and workmanship, 
and it is in these directions that the real remedies lie. 
Where a high degree of freedom from dust is essential, 
other forms of floor surfacing may be desirable. 
Again, it is well to ascertain that the dust is coming 
from the floor and not from some extraneous source. 
With all such provisos, however, it is clear that 
this is a very prevalent problem, and likely to 
remain so while men and materials are as they are. 
Simple calculations arising out of the work described 
later show that, for a moderately well-laid floor, the 
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as follows. The samples for any particular set of 
experiments were cast together in multiple moulds 
prepared for the purpose, and finished with a wood 
float and a steel trowel in a manner approximating 
to actual conditions. The mix consisted of 2} parts 
of whinstone chippings, to 1} parts of sand to 1 part 
of cement. To this was added the same quantity of 
water as would have been used under average 
conditions on a job. The samples were stored in 
air for 28days. They were then given their appro- 
priate treatments, left for three days, and tested 
in duplicate. In case any slight error might be 
introduced due to growth in strength with increasing 
age during the testing of a series of samples, one 
complete set was tested first and then the duplicates 
in reverse order, the average of the two values being 
taken. 

At the start of the work, there were doubts about 
the reliability of an apparently crude test such as 
that indicated. About 200 samples, however, have 
been tested in this way. The results obtained show 
remarkable consistency. As will be seen from the 
curves given in Figs. 2,3 and 9, on pages 578 and 579, 
it is quite easy and justifiable todraw a fair curve 
through the plotted points. It has also been found, 





amount of dust removed in one form or another may 





from time to time, that well-known effects have been 


generally follow one of two quite well-defined shapes. 
In one type there is high initial abrasion, falling 
steadily until something like a constant rate is 
achieved. In the other type there is a low figure 
initially ; this rises somewhat for a time and then 
gradually falls away again until the rate is almost 
constant. The former is representative of the 
untreated and indifferently treated specimens, and 
the latter of the effectively treated specimens. Both 
are well exemplified by Fig. 2. As the initial shape 
of the curves is defined by only one or two points 
at the time intervals mentioned above, one series 
was tested at 5, 10 and 15 minutes and then at 
1 hour, 2 hours, etc. The measurements taken in 
this series confirmed the shapes described. 

As already stated, remarkable consistency in the 
types of curves was found throughout the experi- 
ments. Such was the initial suspicion of the 
experimental method that various explanations 
were considered, other than that the results were 
genuine. It was thought, for example, that the 
sand was being ground down and consequently 
becoming less effective as an abrasive medium. 
Against this, it was pointed out that the sand was 
constantly leaking away. Furthermore, at each 
weighing, the sample was carefully dusted with a 








amount eventually to as much as 4 cwt. per 1,000 sq. 
ft. of surface ; in a bad case it may be considerably 
more. 

Attention has naturally been given to this matter 
over a considerable period. The advertisement 
columns in trade journals show examples of pro- 
prietary compositions designed to deal with the 
problem. The Building Research Station have issued 
a note making reference to the following general 
types of material which can give redress when used 
under suitable conditions—sodium silicate, magnes- 
ium silicofluoride, drying oil treatments and floor 
paints. There are, in addition, other compounds 
for surface application based on silicon esters, while 
for new floors claims are made for certain integral 
treatments. The work described in this article 
was undertaken in the hope of arriving at some 
evaluation of the merits of such treatments. 

The apparatus designed for the work is shown in 
Fig. 1, on this page. Briefly, it consists of a frame 
into which a specimen.of size 6 in. by 4 in. by 1 in. 
can be fitted. The frame is given a reciprocating 
motion by means of suitable gearing driven by a 
fractional horse-power electric motor. Held in a 
separate frame, but resting on the sample, is a deep- 
cast-iron pan having a slot in the bottom. The 
pan is filled with sand, which leaks out through the 
bottom and forms an abrasive medium acting 
between the sample and the bottom of the pan. 
The sand used was Ham river sand, all passing a 
14-mesh sieve. It was thoroughly dried before use. 

For reasons which will be indicated later, the 
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faithfully exposed by the tests. In fact, this gave 
rise to the standardised form of the samples. 

In the first series of experiments, samples were 
prepared according to the best known practice. 
In the result, very little of the surface was abraded, 
and it is not possible to detect any significant differ- 
ence between the treated and untreated specimens, 
much less between various kinds of treatments. 
Again, when the method of preparation was modified 
by introducing a poorly graded sand and using an 
excess of water, the amount abraded was too high 
to show any differences. Thus it became apparent 
that the samples should be prepared to represent a 
moderate, intermediate grade of concrete. This 
mean was achieved, and found to be quite repro- 
ducible. 

The samples were weighed initially, and thereafter 
at intervals of } hour, } hour, 1 hour, 2 hours, 3 hours 
and 4 hours. A few of the tests were carried to 
10 hours. From the fourth hour onwards, however, 
the rate of abrasion was found to be nearly constant 
in all cases: consequently, in general, the tests 
were not carried beyond this time. Curves were 
drawn, plotting the quantity abraded against time 
and also the rate of abrasion against time. The 
latter curve is, of course, the differential of the 
former and is the more illustrative. Consequently, 
subsequent remarks are confined to this curve alone, 
unless otherwise mentioned. It should also be 
pointed out that it is drawn to a scale 10 times 
greater than the former, as indicated in the diagrams, 
in which the rising quantity curve is easily distin- 








method of preparing the samples was standardised 


guished from the falling rate curve. The curves 





soft brush so that, when it was put back, fresh sand 
automatically came into contact with it. As a 
general test as to whether the consistency was in 
any way a function of the particular piece of 
apparatus, specimens were made and abraded to a 
calculated depth on another type of machine. 
They were afterwards further abraded on the test 
machine. 

The natural inference was that, if the curves 
obtained were genuine, the curves for these samples 
should start at some lower ordinate, near or at the 
constant rate of abrasion. The results are shown 
in Fig. 4, on page 578. From these it was concluded 
that the curves being obtained were genuine illustra- 
tions of the functions in question. Another query 
then arose as to whether the increasing exposure 
of the aggregate might not naturally yield higher 
resistance and consequently lower abrasion rates. 
In reply to this it was noted that constant rates of 
abrasion were obtained with different aggregate 
exposures. This is made clear, for example, in 
Figs. 5 to 8, on page 579, where treated and un- 
treated samples, which had received the same 
amount of abrasion and had arrived at constant 
abrasion rates, are shown side by side. It will be 
seen that the amount of aggregate exposed was 
very difterent. It may also be mentioned that in 
some of the earlier series, parallel tests were carried 
out on sand/cement specimens. These gave curves 
of similar shape. It would appear, therefore, that 
the results are a true reflection of the condition 
existing in the matrix. During the course of this 
work a report in the Proceedings of the Swedish 
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Research Institute on analogous work was received.* 
The experiments in this Institute were done on what 
might be termed a full scale, by causing various types 
of wheels on rotating arms to travel over test pieces 
of concrete. The results of the two sets of experi- 
ments were found to be quite comparable even to the 
estimated depth of the surface effect for similar 
concretes. In general, therefore, considerable confi- 
dence is felt in the test results obtained by the 
present method. 

Although quantitative results are shown, it 
should be stressed that the results are, strictly 
speaking, qualitative in nature. In the first place, 
there is no means of determining the scale of the 
experiments in the sense of what precise relation 
one minute of wear in this machine would bear to 
weeks or months of wear under site conditions— 
quite apart from the fact that the latter can vary 
vastly in themselves. Again, as has been pointed 
out, there can only be strict comparison within one 
series since, however much care is taken to stan- 
dardise the materials used, there inevitably remains 
a human element. In this connection, attention 
should be drawn to the fact that although Figs. 2 
and 3 have been included as being indicative of two 
composite sets of results relating to particular series, 
Fig. 3 does not represent a true series, since an 
integral agent is involved in one case. Naturally, 
although the raw materials were prepared in bulk 
and subdivided, the set involving the integral agent 
had to be made separately. 

As superficial treatments, a boiled linseed oil and 
white-spirit mixture, a magnesium-silicofluoride 
solution and a commercial grade of sodium silicate 
were all tried in various dilutions. There is clear 

* “Wear Resistance Test on Concrete Floors and 
Methods of Dust Prevention.” By G. Wastlund and A. 


Eriksson. Proceedings of the Swedish Cement and Con- 
crete Institute, N.R.5(e). 








































































between them in different 
sets. Anomalous results were obtained with magne- 
sium silicofluoride until it was realised that this mate- 
ria] deteriorates on storage. It is very difficult to find 
a suitable container within the range of cheap and 
easily obtainable materials, since the solution of 
magnesium silicofluoride is reactive with most com- 
mon substances. This results in the deposition of 
silica gel within the container. As all the silica- 
containing media depend for their effectiveness 
primarily on the deposition of the silica gel within 
the surface pores, when they are spread over a 
concrete surface, the prior deposition of a part of 
this material in the container obviously leaves a very 
imperfect medium for the treatment of the surface. 
This explains the poor result shown for magnesium 
silicofluoride in the curve of Fig. 2 and gives an 
interest to the inclusion of this particular curve. 
It should also be mentioned, perhaps, that care 
should be taken to protect the eyes and any open 
wounds when using this material. It is of interest 
to compare the ordinates in Figs. 2 and 3. These 
are typical of the differences between grades of 
concrete. Thus it is apparent that the samples 
represented in Fig. 3 were somewhat inferior in the 
quality of the concrete to those represented in Fig. 2 
The initial hook on the control specimen in Fig. 3 
is unusual and may have been due to a trowelling 
phenomenon. 

For concrete floors already in existence, super- 
ficial treatments are obviously the only ones which 
are applicable. The suggestion has been made, 
however, that advantageous use might be made of 
integral treatments in the case of new floors. There 
was an indication, for example, that calcium chloride 
possesses virtues in this respect in addition to those 
for which it is normally used, which are to increase 
the rate of hardening and to offer a measure of pro- 
tection against frost during laying, by increasing the 
rate at which the concrete evolves heat. Accord- 
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work. Such use of calcium chloride would therefore 
seem to offer a very valuable addition to concrete 
technique. At present the only suggestion the 
writer can offer on the mechanism of the effective- 
ness of this treatment is that there is an indirect 
effect upon the trowelling operation—the speeding 
up of the rate of set and hardening being such that, 
willy nilly, the operative is prevented from bringing 
too much fine material to the surface. It is also 
interesting to note that the period between laying 
and final trowelling is greatly reduced, thus allowing 
the laying to be carried on later in the day or, 
alternatively, reducing the amount of overtime 
necessary for the finishing of the floor. 

A study of the curves would seem to offer the 
following information. In the normal process of 
putting down a layer of concrete and finishing it 
with float and trowel methods, a hard inner core and 
a less hard surface are produced, with a natural 
progression from one to the other. The less dense 
surface is composed of cement and fine material in 
the aggregate, brought to the surface during screed- 
ing and trowelling. As water is also brought up, 
there will be greater porosity in this layer after 
drying out. There is evidence that the quality of 
the core itself varies from one concrete to another, 
as might be expected, the evidence being the differ- 
ent rates of abrasion obtained. The softer surface 
layer may be hardened by surface treatments. The 
general effect of these is to produce, on the outer 
surface, something which may be termed a case- 
hardened film of hardness closely resembling that 
of the inner core of the concrete. When this is 
broken through, there is a certain depth through 
which the hardness diminishes slightly, reaching a 
minimum and then increasing again to that of the 
inner core. It seems a likely hypothesis that the 
surface treatments have an effect which decreases 
with depth ; to some extent they seem to reach to 
the inner core of a moderately good concrete. There 
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will be a zone, therefore, in which the greatly de- 
DUST NUISANCE OF CONCRETE FLOORS. creased effect of the surface treatment overlaps the 
decreasing core hardness, effecting an improvement 
which appears to bring the core nearer to the surface. 
This, presumably, is the explanation of the fact that 
the approximately constant rate of abrasion is 
reached at different depths for different treatments. 
The actual] depth of the soft surface layer, deduced 
by calculation from the weights abraded, would 
seem to be of the order of 4 in. for moderately good 
work. It will vary somewhat on either side of this 
figure according to the quality of the concrete. 
This value is in conformity with those obtained for 
concrete of similar quality in the Swedish tests. 

One other treatment was tried and may be 
recorded. This was the total immersion of plain 
blocks in a sodium silicate solution for three days. 
The solution was made of four parts of water to one 
of sodium silicate. Results obtained in this case 
were quite outstanding, and better than anything 
else which had been observed. The curve is shown in 
Fig. 9 together with its corresponding control. It 
may be mentioned that a subsequent check was made 
with similar water immersion when no such effective 
results were obtained. The effect is, therefore, due 
to sodium silicate and not to any increased curing. 
It is difficult to see how this method can be applied 
to normal cast in-situ work, but it may be useful for 
some kinds of pre-cast work. 

It is generally accepted that all superficial] treat- 
ments need renewal from time to time. The effect 
which is thus being observed would appear to be 
that represented by the rising part of the curves. It 
is, therefore, of interest to note that even if there is 
no subsequent treatment, the continuing effect will 
never be as bad as it would have been if no treatment 
had been given. It was assumed that the effect of 
subsequent treatments was to step down the 
ordinates of the curve and this was confirmed by 
experiment. There is, therefore, the inference that 
a condition will eventually be reached when no 
further treatment is necessary. Fig. 9 includes a 
curve for well-cured specimens. These were made 
at another time and are, therefore, not strictly com- 
parable with the other curves of this diagram. This 
curve does indicate, however, the effect of curing ; 
the specimens were made to the accepted standard 
for these tests. They were immersed in water 
when one day old, left there for four days, then kept 
in a humidity cabinet for 14 days and tested at 26 
days. Such curing as this is not practicable for 
cast in-situ work but is adaptable for pre-cast 
work, while for in-situ work it indicates a direction 
in which perfection lies. 

The general conclusions drawn from this work 
are as follows. (1) The best way to produce a non- 
dusting floor is to take every precaution in the first 
place to produce a good concrete. This will include 
the choice of clean, well-graded aggregates; the 
lowest practicabie water/cement ratio; careful 
laying, including proper use of the wood float and 
not too much of the steel trowel; and adequate 
curing. (2) If asomewhat dusty floor is abraded to a 
depth of about % in., the trouble will be very largely 
removed. This is not easy with most floors, 
because they are usually far from level, so that 
abrading machines tend to ride on the high spots 
and miss the hollows. In any case, a much greater 
overall depth of abrasion than % in. will be required 
to make sure that this figure applies to the low spots. 
It is of interest, however, to note that the method 
is incidental to Terrazzo work. (3) For really bad 
floors, there would appear to be no immediately 
effective superficial treatment, but successive treat- 
ments at intervals may eventually prove satisfac- 
tory. (4) On floors of intermediate quality, i.e., 
most floors, properly applied surface treatment will 
give considerable amelioration. Treatments may 
need to be renewed at intervals, but floors so treated 
will never be as bad as if they had never been tested, 
and eventually a condition should be reached such 
that no further treatment is necessary. (5) Suitable 
media for this kind of treatment include drving oils, 
sodium silicate and magnesium silicofluoride. (6) 
For new floors, a suitable inclusion of calcium 
chloride gives very beneficial effects. It should be 
borne in mind, however, that such use does not 
obviate the need for the usual care in laying and 
curing. 
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An Introduction to the Gas Turbine. By PROFESSOR D. G. 
SHEPHERD. Constable and Company, Limited, 10, 
Orange-street, London, W.C.2. [Price 24s. net.] 

THE gas turbine, being a relatively new type of 
power unit, is of general interest to all engineers ; 
but, though various books on the subject have been 
published, none is really comprehensive, and most 
of the useful information is in the form of published 
lectures and technical reports. These are not 
generally available to students, whose needs this 
book attempts, successfully, to meet. The author 
is well qualified for his task, having spent several 
years with Power Jets (Research and Develop- 
ments) Limited, before leaving England for A. V. 
Roe (Canada), Limited, and, later, Cornell Univer- 
sity. The book is written primarily from the aero- 
nautical aspect, though points of industrial interest 
are not ignored. The arrangement is good, funda- 
mental principles being considered first, then the 
design and operation of the major components and, 
finally, complete power plants and methods of 
testing. Each chapter concludes with a useful and 
up-to-date list of references to the literature. 

From the fundamental studies of basic thermo- 
dynamics and gas dynamics the author proceeds to 
a consideration of various gas-turbine cycles, 
indicating the influence of operating temperature 
and component efficiency on optimum compression 
ratio and on overall efficiency, and the effects of 
intercooling, heat exchange, and turbine reheating. 
In the chapter on compressors, three main types are 
reviewed, namely, the positive-displacement type 
(exemplified by the Elliot Lysholm), the centrifugal 
type and the axial-flow type. The system of 
expressing compressor performances by means of 
non-dimensional parameters is introduced, and an 
appendix on it is also included ; this system is of 
considerable importance to aircraft engineers, where 
changes in atmospheric pressure and temperature 
must be taken into account. The fouling of com- 
pressor blades, and the problems of intercooling, 
water injection and icing problems also receive atten- 
tion. The general theory of the centrifugal com- 
pressor, such as it is, is developed, and an example 
of compressor layout is described in detail, pri- 
marily from the aircraft point of view. This 
chapter also contains a good description of the 
operational characteristics of compressors, with 
particular reference to surging. The theory of the 
axial compressor is examined both from the point 
of view of the velocity triangles, and of the effect 
of airflow through cascades of aerofoils, a treatment 
based on the methods evolved by the Royal Aircraft 
Establishment. Various types of blading are 
described, the concept of free-vortex flow, as applied 
to the design of aircraft compressors and turbines, 
being introduced at an early stage. 

Though the gas turbine is supposed to be rela- 
tively free from vibrational troubles, many failures 
have occurred from this cause, especially in aero gas 
turbines. This problem is considered in detail, 
and methods of avoiding such troubles are described. 
The chapter on combustion includes much informa- 
tion which, though fundamental, might have been 
omitted from a book of this nature, the space thus 
saved being devoted to more detailed studies of 
the combustion chamber and fuel systems. The 
design of heat exchangers and intercoolers is con- 
sidered from first principles, and an example from 
practice is worked out in the appendix. The 
chapter on present-day power plants provides useful 
information about various installations, of both the 
industrial and the aircraft types, and relatively 
recent units, such as the Dart and Mamba propeller 
turbines, are described. Future developments and 
applications are also discussed. The chapter on 
testing contains up-to-date information on combus- 
tion and on gas sampling and analysis. In brief, 
it may be said that this is one of the best books on 
gas turbines yet published, though it would be still 
better if some of the elementary material, which is 
readily available in standard text-books, had been 
omitted and more attention given to the secondary 
components. Several of the charts might be 
= useful if they were reproduced to a larger 
scale, 








Invention and Innovation in the Radio Industry. By 
PROFESSOR W. RUPERT MacLauRIN. The Macmillan 
Company, 60, Fifth-avenue, New York 3, U.S.A. 
[Price 6 dols.] ; and M.icmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 51s. net.] 

Tuts book is the first of a series of ‘‘ Studies of 
Innovation,” by the Massachusetts Institute of 
Technology, dealing with the history of technological 
change in a number of different American industries. 
At present, only three other studies are projected, 
covering lighting, paper, and glass, but, from the 
foreword by Dr. Karl T. Compton, it is probable 
that other industries will be dealt with, in the 
hope that ‘“‘the evolution of a science of human 
behaviour will gain from intimate observational 
studies of the process of invention and innovation 
in American industry.” 

Professor Maclaurin starts by discussing the 
scientific pioneers of radio—Faraday, Maxwell, 
Hertz, Lodge and Popoff—and their contributions 
to the subject. He points out that none of them 
was interested in the commercial possibilities of com- 
munication at a distance, and that they were all 
engaged in university laboratories. Established 
industry seemed uninterested in the new possi- 
bilities, and, of the companies existing in America 
at the turn of the century which might have been 
interested in ‘‘ wireless,” none devoted any time or 
money to research in this field. It was not until 
Marconi, a man with enormous enthusiasm, a large 
personal fortune, and extremely useful family 
connections, arrived in England and showed that 
messages could be sent by “ wireless ” for distances 
up to eight miles, that sufficient capital was forth- 
coming to float a company, the British Marconi 
Company. In 1899, an American subsidiary was 
launched, and from then till 1919 the Marconi 
companies dominated the British and American 
radio industry. In contrast with the university 
investigators who had laid the foundations of wire- 
less, Marconi applied for patents on everything he 
did. He hoped to control all the basic patents of 
the art, and bailt up an elaborate patent structure 
which effectively placed the Marconi companies in a 
commanding position. 

The United States began to play a more prominent 
part in radio research when Fessenden and De 
Forest began their work about 1900. Fessenden, 
a university professor, between 1905 and 1913 
succeeded in establishing a wireless system which, 
from a patent point of view, was self-sustaining. 
He failed to make much money out of this, how- 
ever, for reasons which Maclaurin discusses at some 
length. De Forest, with a brilliant stroke, invented 
and patented the triode in 1907. To the engineer 
of to-day, this might seem to have placed De Forest 
in an impregnable position but, in fact, none of the 
companies which he floated prospered. Maclaurin 
comments that, for “‘ an inventor to achieve com- 
mercial success (he) must associate himself with 
men of exceptional business judgment.” After 
the brilliant individualism of Fessenden and De 
Forest, progress continued in the large industrial 
concerns—the American Telephone and Telegraph 
Company, the General Electric and the Westing- 
house Companies, the Radio Corporation of America, 
and the Bell Laboratories. The various companies 
fought not only on a basis of technical excellence, 
but on one of patent possession. The struggle over 
patents is described in considerable detail, and 
Zworykin, the inventor of the iconoscope, is quoted 
as saying ‘“‘. . . My experience . . . has impressed 
me tremendously with the importance of a good 
patent lawyer in the process of invention.” Professor 
Maclaurin discusses various aspects of industrial 
research in radio, and amply documents his book 
with tables showing the incomes, research expendi- 
ture and staffs of the major American companies 
between the two wars. He reviews the growth of 
the industry, with notes on many of its pioneers, 
and quotes extensively from them. Throughout, 
the emphasis is on the commercialisation of ideas 
rather than on the ideas themselves, and no know- 
ledge of radio technology is required to read the 
book with understanding. 

For the engineer, Professor Maclaurin’s survey 
provides an insight into aspects of the history of 
tadio which are not usually appreciated. It shows 
how difficult it is for an engineer, who has developed 
anew product having considerable commercial value, 








to reap the full financial benefits of his efforts. 
Some of Maclaurin’s conclusions are controversial, 
but all engineers will agree that “we should also 
study all possible methods of mobilising our scientific 
resources as one of the key weapons to combat a 
major depression.” 





The Factory. By Dr. ING. G. SCHLESINGER. Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
London, W.C.2. [Price 70s. net.] 

THE sub-title of this book is ‘‘ Fundamental Pro- 
blems of Materials, Labour, Overheads, Plant, 
Manufacture, Management, and Economic Control.”’ 
This gives some indication of the wide scope of the 
book, which forms a worthy memorial to the author, 
who had an exceptionally wide experience as one 
of the leading German engineers before the war and 
afterwards continued his researches on production 
engineering in this country. This record of his 
life’s work appeared only a few days before his 
recent death. Obviously, covering so much ground, 
the treatment of many of the subjects is somewhat 
condensed, but each one of them reflects the author’s 
own experience, and few fail to benefit from his 
individual researches and wise judgment. 

In Part I, dealing with the more general problems 
of factory layout and control, the author has 
selected as examples ten factories engaged on widely 
different manufactures, such as copper and brass, 
rifles, electrical and mechanical instruments, light 
and heavy machine tools, motor cars, iron and 
steel, textiles, crucibles and oil refining. These 
represent only a small selection from a total of 
some 50 factories, with personnel ranging from 80 
to 6,000, which he either established, reorganised or 
was otherwise concerned with, in Germany, Russia, 
Japan, the United States and the United Kingdom. 
After dealing with the primary questions of organi- 
sation of the factory and distribution of costs of 
production under the headings of materials, labour, 
overheads and management, the specific factors of 
materials, labour and overheads are each, in turn, 
critically handled in detail. For instance, under 
“‘The Labour Problem,” the various systems of 
wage-payment are described, and the author, as a 
result of wide experience, expresses his preference for 
straight piece-work payment as the best incentive 
to high output. Here, as elsewhere, the survey, 
though fairly thorough, obviously lacks much of 
the detail for which more specialist books must be 
consulted. 

In Part II, dealing with the problems of manu- 
facture, Dr. Schlesinger enters the field in which 
his reputation has been more widely known; the 
problems of machinability, machine tools and 
surface finish are those in which he was concerned 
throughout his whole life, and which occupied 
his last years in this country, where, from 1939 
to 1945, he was Director of Production Research 
for the Institution of Production Engineers. 
Among other problems dealt with in some detail 
are the basis for ratefixing, the economic batch of 
manufacturing, the organisation for line pro- 
duction and belt assembly, and maintenance and 
repairs. 

The great value of the book is the fact that all 
the subjects with which it deals are handled in a 
critical way, or present in brief and clear form the 
considered opinion of one who was actively con- 
cerned with them, and who possessed, moreover, 
intelligence and judgment of an exceptionally high 
order. It should find a place as a reference book in 
works libraries and as a treatise for use in educa- 
tional courses in technical colleges and universities 
now that management problems are being dealt 
with more scientifically and are being included in 
engineering college curricula. Both letterpress and 
illustrations are excellent, and the book should 
rank with the same author’s classical two-volume 
German work on machine tools, which was published 
in 1936. 





ROYAL AERONAUTICAL SocreTy.—The next associate- 
fellowship examination of the Royal Aeronautical 
Society will be held from December 19 to 22, at the 
Imperial College of Science and Technology, South 
Kensington, London, 8.W.7. Candidates will receive 
a time-table and detailed particulars nearer to the 
date of the examination. 
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MEASUREMENT OF SURFACE 
STRAINS IN DIAPHRAGMS. 


By Provessor B. C. Carrer, Sir J. C. Goss, 
D.Se., F.N.I., M. V. C. Sasrri, Ph.D., A.R.1.C., 
and K. V. Curnnappa, M.Sc. 


In the employment of metal diaphragms in pres- 
sure gauges it is almost invariably the practice to 
measure the central deflection of the plate. This 
method has good sensitivity with moderate pres- 
sures, up to, say, 100 Ib. per sq. in. As the maxi- 
mum, pressure is increased, however, the plate thick- 
ness needs to be greater in relation to the diameter 
and the maximum deflection decreases unless the 
diameter is increased sufficiently. The permissible 
diameter being limited, special] methods are needed 
at high pressures to measure deflections with 
sufficient accuracy to obtain pressure measurements 
correct to within + 1 percent. On the other hand, 
when pressure measurements are based upon surface 
strain, the same range of surface strain is available 
in all cases for diaphragms of the same material, 





as they require to be designed for the same limiting 
Fig. 1. 

















employed and the maximum service-pressure differ- 
ences will be found ; the pressure differences which 
would produce appreciable permanent set are about 
7 per cent. higher. The diaphragms were all 
machined out of thick plates of spring steel, clamped 
at the rim in suitable unions and work-hardened 
in situ by subjecting them repeatedly to cycles of 
high and low pressures, with the maximum service- 
pressure differences as the respective upper limits. 
Two well-matched strain gauges, made by Messrs. 
H. Tinsley and Company, Limited, South Norwood, 
each of about 200 ohms resistance and measuring 
§ in. by ¢; in. over the active portion of the gauge, 
were then mounted with Durofix (cellulose cement), 
one centrally on the diaphragm to measure the strain 
and the other on the union nut to compensate for 
variations in ambient temperature. Fig. 2 shows 
the high-pressure union with the diaphragm a 
held in place between a copper washer 6 on top 
and a Klingerit washer c beneath. Since the 
measurements were made under static conditions, 
a direct-current bridge of the Callendar and Griffiths 
type (used in platinum-resistance thermometry) was 
employed, using as null indicator a Moll reflecting 
galvanometer with sensitivity of 500 mm. per 








strains whatever the maximum pressure may be. 
Moreover, there is no need to adopt a larger diameter 
than is required by the technique of surface-strain 
measurement, and this is quite moderate. 

Like the central deflection, the surface strains are 
proportional to the pressure applied. Though 
various theoretical estimates of the surface strains 
are found in literature* for various boundary con- 
ditions, experimental data have not been available. 
With the aid of the bonded wire strain gauges, 
developed during the last war, surface strains can 
be measured very accurately and minutely by means 
of a resistance bridge. This prompted us to verify 
if the measurement of radial strains on circular 
diaphragms by this method could be rendered 
suitable for accurate pressure gauging. The results 
reported in this article, which were obtained at the 
India Institute of Science, Bangalore, show that the 
method has considerable merit. 

The manner in which the diaphragms are held is 
important. Initial experiments with plain thin discs 
held tightly at the edge showed that the strains pro- 
duced in such diaphragms were profoundly influ- 
enced by the conditions of clamping and were not 


TABLE I.—Dimensions of Diaphragms and Maximum 
Service Pressure Differences. 























Diaphragm No. | X, | IL. | Ill. | IV. 

Thickness over flat por- 

tion (¢ 7 oa .. | 0-0945 | 0-0735 064 0-0420 
Diameter of diaphragm 

om. - -. | 1-250 1-226 1-250 1-25 
Fillet radius (Rin.) . 0-04 0-05 0-06 0-15 
Radius of flat portion 
(3 - R) .. | 0-585 | 0-568 | 0-565 | 0-475 
Width of rim (Ain.) ..| 0-21 0-22 0-21 0-21 
Thickness of rim (Bin.) | 0-20 0-19 0-18 0-25 
Maximum service pres- 

sure difference (Ib. per 

8q. in.) aes --| 1,800 900 700 450 
repreducible. These difficulties, however, were 


completely overcome by employing diaphragms with 
integral holding rims of sufficient thicknesses and 
fillet radii, as shown in section in Fig. 1. The key 
to the lettering used in Fig. 1 is given in Table I, 
where the dimensions of the four diaphragms 


* Love, A Treatise on the Mathematical Theory of 
Elasticity, Cambridge Univ. Press (1927), Chap. XXII; 
Timoshenko and Lessels, Applied Elasticity, Constable 
and Company (1928), pages 260-295 ; H. Hencky, “* Uber 
den Spannungzustand in kriesrunden Platten,” Zeit. f, 
Math. u. Phys., 1915, vol. 63, pages 311-317 ; Clemmow. 
Proc. Roy. Soc., A, 1926, vol. 112, page 559. 





Pao an 


microampere at 
1 metre distance. 
The resistance- 
measurements 
were translated 
into strain values 
by means of the 
usual formula 
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Q. = initial resistance of the unstrained 


gauge ; 
AQ = change in resistance of the same 
gauge as a result of the strain ; 


= 4b. strain to be measured ; 


and 
F = the so-called gauge factor, fixed by the 
makers as 1-95 for the gauges em- 
ployed in the present work. 

With the electrical arrangements given above, 
resistances could be compared with an error of less 
than 400 micro-ohms ; the strain measurements were 
therefore correct to one micro-inch per inch. For 
maximum accuracy it is necessary to ensure that 


TABLE II.—REsvLtTs OBTAINED WITH 


necessary to allow about five minutes between each 
alteration of pressure and the measurement of 
resistance in order that temperature equilibrium 
may be re-established. With the copper washer 
inserted, the time lag was reduced to about a minute. 
As reference gauge, a Budenberg standard test gauge 
with a 10-in. dial and reading to 2,000 Ib. per square 
inch was employed. The pointer of this gauge was 
set by the makers to read the absolute pressures 
directly on the dial. The gauge calibrations were 
checked with a deadweight tester and found to be 
correct to + 1 Ib. per square inch up to 1,500 lb. 
per square inch. The experimental arrangement 
shown in Fig. 3, page 582, was found to be convenient 
for the calibration of strain against pressure. By 
means of the combined inlet and bleeder valve 
shown, the pressure in the gauge system could be 
increased to any desired value by allowing com- 
pressed air to enter from a cylinder, or could be 
reduced by allowing some of the gas to escape. 

The results of the pressure against strain calibra- 
tions are shown graphically in Fig. 4, from which 
it can be seen that the relationship is perfectly linear. 
Within the limits of maximum operating pressures 
given in Table I, the diaphragms were thus found 
to be perfectly elastic, responding to rising and 
falling pressures without hysteresis and without 
creep. The strain measurements were reproducible 
even after the diaphragms had been dismantled 
and re-assembled, thus showing the absence of end 
effects or clamping effects. It should be mentioned, 
however, that, due probably to an inherent weakness 
of the cement used for mounting the strain gauges, 
the basic setting of the resistance bridge, i.e., the 
reading for atmospheric pressure, showed a slight 
variation when left over a period of several days, 
and after three months the strain gauge must be 
replaced if the original standard of reproducibility 
is to be maintained. 

Table II shows a typical set of values obtained 
in four experiments with diaphragm III. It is 
evident from this table that the largest average 
deviation from the mean values is 1-25, i.e., 4 per 
cent. of the full range value of 706 micro-inches per 
inch. Even at the lower end of the scale (100 Ib. 
per square inch) the average error is less than 0-5 per 
cent. of the mean value for that pressure, but less 
than ;, per cent. of the full-scale value. 

Apart from providing a means of accurate measure- 
ment of pressure, the method possesses all the advan- 
tages inherent in electrical methods, such as wide 
choice of accessory apparatus, interchangeability of 
components,etc. Ifastrain-gauge bridge of conven- 
tional design is used (such as those manufactured by 
the Baldwin Locomotive Works, Philade:phia, 
U.S.A., or Messrs. H. Tinsley and Company, 
Limited, South Norwood, London, S.E.25), the 
method will be found to be particularly suitable 
where it is desired to read, record and control the 
static pressures at a number of distant points with 
a high degree of precision and reliability. This 
would be analogous to remote control of temperature 
with a potentiometric indicator, recorder and 





controller. 


D1apHRAGM III In Four EXPERIMENTS. 


























Absolute Strain in Micro-in. per in. Average Percentage 
Pressure, Deviation of Av. Devn. 
Lb. per sq. in. 1 | 2. 3. 4. Mean. from Mean. Av. Strain. 
13-4* 0 0 0 0 0 —_— am 
100 86 86 85 86 85-7 0-4 0-46 
200 189 189 187-5 187-5 188-3 0-7 0-37 
300 291 290 290 290 290-3 0-4 0-14 
400 394 395 394 395 394-5 0-5 0-13 
500 499 499 496-5 496-5 497-8 1-25 0-25 
600 601-5 603 600-5 601-5 601-6 0-68 0-11 
700 706 | 706 706 706 706 0-00 0-00 





the measuring and compensating gauges are matched 
to within 0-1 per cent. and that they are both at 
the same temperature. The latter precaution is of 
particular importance in the measurement of gas 
pressures as pressure changes in gases may not be 
isothermal and the temperature differences may 
well be sufficient to vitiate the accuracy of the 
measurement. Unless maximum thermal conduct- 
ance between the diaphragm and the external nut 





is ensured by having a copper washer here, it is 


* Atmospheric pressure (Bangalore). 


The radial and tangential stresses at any point 
on the surface of a circular diaphragm clamped and 
held encastré at the edge and subjected to a uniform 
fluid pressure are given by the following equations, 
which apply strictly for the case where the ratio of 
thickness to radius is about 0-1 





r 1 1\2 

pr = 95 {(1 +t) (842 2  & 
r 1 3\ 22 
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where In the special case where the strain gauge is| estimate of the slope of observed strain plotted 
Pr = radial stress ; mounted symmetrically above the centre, a = b . . de, ae 
. 7 , Le., of —. ubstitut for 
= = tangential stress ; and equation (4) reduces to against pressure, i.€., ap Substituting fo 
= «0 —Potson's Ratio; Saf {1 3m +1 =} (5) | and taking m = 5 and E = 30 x 10° for steel, we 
= eres ’ 
r = radius of the plate ; ° 12 (m +1) r? an 
z = distance of the point in question from the | whence the average strain 2 
centre of the diaphragm ; and . =" d, 13 7 4 (1) 
P «= the applied pressure difference. & = fo PS 2 = } . (6) dP 800 #2 52 r = 
E 12(m +1) 7 


The radial and tangential stresses and strain 
thus vary from point to point on the surface of the 


plate. Denoting the term $ P a (2 + =) by fo 
as usual, and taking m = 5 for steel, the values 


of ?F corresponding to various values of < have 


been worked out from equation (1) and the plot of 
Pr 


over = is given in Fig. 5. This graph shows at a 


) 

glance the distribution of stresses along any given 
diameter of the circular plate. Hence it follows 
that a strain-gauge mounted along the diameter 
of a diaphragm subjected to a uniform pressure 
will experience a gradation of strains along its length 
and the strain value obtained experimentally will 
therefore be the weighted average of these values. 
The transverse strain sensitivity of the gauge is 
only about 2 to 3 per cent. of the longitudinal 
strain sensitivity and may be disregarded. The 
average radial strain over the length of the gauge 
can be estimated as follows. 

Let L be the length of the active portion of the 
strain gauge, and a and 6 the parts of this length on 
either side of the centre. Since from (1), 

3m +1 2? 
m+1 5} 3 
the average value of p, over the length + a to — b 





Pr = fo 2 - (3) 








is given by 
a 
ee mf (1-222? 2) ac 
a+b)_, m+1 r 
se 
- 1 — 3mti LA-3ab) w 


3(m+1) Ff 





E being the Young’s Modulus. 


At the centre p, = f, and the value of ri therefore 
rT 
represents the ratio of the average stress to the 


stress at the centre. The values of F ’ for various 
0 


values of . have been calculated from equation (5), 
rT 


taking m = = and are shown in Fig.6. This graph 


shows directly what fraction of the maximum 


In the case of the diaphragms used in the present 
experiments (Fig. 1), the value of r, the effective 
radius, cannot be taken as equal to the radius of the 
flat portion only, but should extend a little beyond 
into the region of the fillet radius also, because it 
would be wrong to assume that the latter region is 
completely insensitive to pressure changes. How 
much of the fillet radius should be included in the 
effective radius can be deduced arbitrarily by trial 
and error and it has thus been found that the simple 





assumption r = . _ =, (R being the fillet radius), 


TABLE III.—CoMPARISON OF THEORETICAL AND EXPERIMENTAL VALUES. 





dé, micro-in. per in. 











| 


| 
= - ~ Percent 
tal Fillet Effective |__ ap We. pera. in, Deviation 
Diaphragm | Thickness, | a Radius, | Radius, | | 
_ tin. D in. Rin. rin. | Theoretical Exp. tee” 
| | | Calculated Experi- —, x 100 
} | from Eq. (7). mental. Theory 
| | 
| 
I | 0-0945 1-245 0-04 0-596 0-500 | 0-542 | +8-0 
II | 0-0735 1-226 0-05 | 0-580 | 0-763 0-786 | +3-0 
Ill 0-0640 1-250 0-06 | 0-585 | 1-030 1-030 | 0 
IV | 0-0420 1-250 | 0-15 0-525 | 1-778 1-743 | —2-0 








central strain is represented by the experimental 
strain value measured with a strain gauge of a given 
length in relation to the diameter of the plate and 
mounted symmetrically about the centre. Thus, 
with a gauge which has an active length equal to 


L 
half the diameter of the diaphragm (i.e., = = 1), 


the observed strain will be 79 per cent. of the 
maximum strain at the centre. : 
From equation (6) we can obtain a theoretical 





| i.e., the inclusion of one-third of the fillet radius in 
the effective radius, gives sufficiently consistent 
results. The experimental values and the theoreti- 
cal estimates based on these assumptions are given 
in Table IIT. 

It is also possible to deduce the limit of propro- 
tionality of the material of the diaphragm from the 
data given in this article. From the observed values 
of the maximum service pressure, the effective 
radius r, and the thickness ¢ of the diaphragm, the 
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value of f,, the maximum permissible stress at the 
centre, can be calculated, since 


r 
fo= P a(} + =) 
As can be seen from Fig. 5, the maximum stress that 


the plate is subjected to under any given load is at 
the periphery and this is a compressive stress on 


the gauge side of magnitude equal to 5 times the 


maximum tensile stress at the centre; there is 
a corresponding tensile stress on the other side of 
the rim. These values obtained from the present 
experiments are collected in Table IV. 








TABLE IV. 

| Maximum 

Maximum)! Corre- Radial 

Service | sponding | Stress 

Dia- Effective | Thick- | Pressure-| Stress at 

phragm | Radius, ness, Differ- at Peri- 
No. rin tin ce, Centre, poery: 
Lb. per | Lb. per b. per 

sq. in. 8q. in. sq. in. 

| 

1 | 0-508 | 0-005! 1,300 | 27,200| 41,900 
I 0-580 0-0735 | 960 29,100 44,800 
1m 0-585 0-0640 | 750 30,600 47,100 
IV 0-525 | 0-0420 480 | 36,600 | 56,400 

















The reason for the lower values in the last column 
of Table IV for the thicker diaphragms is not 
apparent, as the same material has been used 
throughout. There are differences in stress-con- 
centration factors and there may also have been 
differences in work hardening during machining. 
When designing diaphragms, therefore, a conserva- 
tive value should be taken for the limit of pro- 
portionality of the material concerned. 





THE 17TH INTERNATIONAL 
NAVIGATION CONGRESS. 


(Continued from page 555.) 


In last week’s issue, we summarised the papers 
contributed from Belgium, Spain and the United 
States on the regulation of estuaries, which was 
** Question 1 ” in Section II of the Navigation Con- 
gress at Lisbon. We give below summaries of the 
remaining papers on Question 1. 

A first draft of the French paper, dealing with the 
estuaries of the Gironde, Seine, Loire and Adour, 
was prepared in 1938 by Mr. Pierre Durepaire, in 
readiness for the intended Congress of 1940 ; but 
Mr. Durepaire, who was a dredging specialist, died 
in 1942, and his paper was completed for publication 
by Mr. René Gibert, of Nantes. All of the estuaries 
mentioned, it was stated, were liable to obstruction 
as a result of the Atlantic storms to which they 
were exposed. In each case, there were large 
variations in the tidal range, and the discharge 
of the rivers carried large quantities of solids in 
suspension. Some interesting improvement works 
had been undertaken by means of modern suction 
dredgers, capable of continuing at work in a rough 
sea; but the possibility of doing so depended 
greatly on the alignment of the channel to be 
dredged, in relation to the direction of the tide and 
of the ocean swell. Small estuaries could be dealt 
with by corrective works such as jetties, which, 
properly sited, would concentrate the currents and 
so maintain a clear channel. The most important 
section of the paper dealt with improvement 
schemes for the Seine and Loire. 

The three English papers were contributed by 
Mr. Leopold Leighton, M.I.C.E., engineer-in-chief 
of the Mersey Docks and Harbour Board; Mr. 
Oskar Elsden, M.Sc., A.M.I.C.E., assistant civil 
engineer with Sir Alexander Gibb and Partners ; 
and Captain E. C. Shankland, R.D., R.N.R., for- 
merly of the Port of London Authority. 

Mr. Leighton’s paper described the various 
dredging and revetment works undertaken from 
1890 onwards in order to maintain the channel 
through the sand bar at the mouth of the Mersey 
estuary. In the first place, dredgers only were 
employed, vessels of progressively greater size 
being constructed for the purpose, culminating in 
the building, in 1909, of the sand-pump dredger 
Leviathan, with a hopper capacity of 10,000 tons. 
Subsequently, as the channel tended to move 
northward by erosion of Taylor’s Bank, that side 
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of it was protected by a revetment of dumped 
limestone, the position and alignment of the revet- 
ment and ancillary works being determined with 
the aid of model experiments carried out at Man- 
chester University by Professor A. H. Gibson. The 
work had to be suspended during the war years 
1939-45, so that erosion of Taylor’s Spit continued 
to some extent ; but, on the cessation of hostilities, 
the alignment of the channel was restored to that of 
1937. It was expected, said Mr. Leighton, that the 
training banks would achieve the desired object of 
regulating the channel and reducing the amount of 
dredging to that required for maintenance only. 

Mr. Elsden’s paper reviewed critically the results 
obtained in model experiments on tidal effects in 
British estuaries, but some particulars were also 
given of experience with other models, notably that 
of the port of Rangoon. An interesting feature 
was a list of 15 models constructed since 1921 by 
British engineers, 11 of them relating to rivers or 
estuaries in the British Isles. One, that of Vizaga- 
patam, was made for the purpose of studying wave 
action, but all the others were tidal models. 
Although, as the author stated, there had been 
comparatively few instances in which the behaviour 
of a model had been strictly verified in practice, 
there was sufficient evidence to show that harbour 
engineers were justified in accepting the general 
results of model experiments with some confidence. 
The exaggeration of vertical scale and the unavoid- 
able formation of ripples in the sand bed prevented 
any exact comparison of model and actual topo- 
graphies, but silting could be demonstrated with 
accuracy and the coastal accretion thus caused had 
been successfully reproduced. It was possible to 
generate the littoral drift of material due to wave 
action and to show the sheltering effect of break- 
waters, but it was not possible to show fully the effect 
of gales upon tides, and attempts to reproduce 
coastal recession had not proved successful so far. 

The paper presented by Captain E. C. Shankland, 
while concerned mainly with the Yantlet Channel 
in the Thames estuary, provided also a general 
survey of the approach to the Port of London and 
its gradual adaptation to the requirements of large 
ocean-going ships. Much general information was 
included about the tides, currents, the effect of 
material carried in suspension by the Thames, 
Medway and other rivers entering the estuary, and 
the various surveys from 1775 onwards. The duty 
of providing what is now known as the Yantlet 
Channel was imposed upon the Port of London 
Authority by statute in 1909, the requirement being 
that, between the seaward limit of the Port and 
Gravesend, a distance of 24 miles, a channel should 
be made with a width of 1,000 ft., and a minimum 
depth of 30 ft. at L.W.O.S.T. Investigations, partly 
based on model experiments made between 1901 and 
1904, led to the decision to rely upon dredging and 
not on training walls, on the basis that natural 
forces would augment artificial improvements in 
dredged tidal channels, if the curvature was satis- 
factory. This argument proved to be sound in the 
case of the Yantlet Channel, in which the dredged 
cut lay generally parallel to the banks: on each side 
of it and, at the seaward end, the curve conformed 
to the direction of the strong tidal current to and 
from the West Swin and Barrow Deep. In the 
course of the Yantlet Channel, the -consecutive 
changes of course were less than 10 deg. in variation. 
As there were no training walls, the estuary 
remained hydraulically ‘‘free” and, since the 
original dredging, natural scour had increased the 
depth from 30 ft. to 33 ft. 9 in. The prospect of 
future self-maintenance appeared satisfactory, the 
dissipation of the tidal energy of the ebb tide, due 
to the shape of the estuary, being partly counter- 
acted by the stability of the channel bed, which 
collected and contained the tidal stream on the last 
quarter of the ebb—the crucial period—without 
erosion of the sides. 

The Italian paper was submitted jointly by 
Professors Ing. L. Greco and Ing. A. Buongiorno, of 
Rome, and Professor Ing. G. Ferro, of Padua. In 
Italy, the authors pointed out, the regulation of 
estuaries applied more particularly to lagoons and 
the small Appenine rivers flowing into the Adriatic ; 





the inland waterways flowing into the sea at Venice 
eliminated any important navigation on the lowest 





reaches of the large rivers of that region. Among 
the large Italian rivers, only the Tiber provided 
notable problems, arising from the triple purposes 
of protecting Rome against floods, improving the 
navigation as far as the river port of St. Paul, and 
using large volumes of water for irrigation. The 
first of these objects had been achieved by cutting 
off the bends at Spinaceto and setting back the 
embankments, among other means. Other works 
projected included enlarging the Fiumicino canal 
to take seagoing vessels. Examination of the 
questions involved in the regulation of lagoons led 
to the conclusions that, where these were tidal, they 
could be made suitable for navigation by large 
seagoing vessels by constructing twin parallel or 
converging dikes to promote the storage of water 
on the flood and, on the ebb, a sufficient flow to 
scour out the channel ; and that, when this flushing 
action could not be produced, it woul be sufficient 
to lengthen the parallel banks and, for the rest, to 
have recourse to dredging. Where a river carried 
down large quantities of matter in suspension and 
was subject to floods, it was necessary to straighten 
it artificially, to avoid deposition of silt ; but, if the 
flow were too great to be eased by cut-offs, it was 
better to provide a spillway, by-passing the surplus 
water to the sea by a canal as at Pescara. 

The joint paper contributed by Dr. J. J. Dronkers 
and Dr. Ir. J. van Veen, of the Rijkswaterstaat, 
Holland, was, in effect, two papers, relating to the 
methods of determining tidal movements in estu- 
aries on the Dutch coast, with special reference to the 
effect of closing the Zuiderzee; Dr. Dronkers 
considered the problem mathematically, and Dr. van 
Veen dealt with the instruments and models designed 
to achieve the same results electrically—as he 
described it, by calculation and imitation. The 
mathematical method developed, based on that of 
Professor Lorentz, approximated the tide on the 
basis of the sinusoidal semi-diurnal tide only, and was 
valid for a system of channels in which there was 
no fresh-water discharge. By the improved method 
of Dr. J. P. Mazure, any fresh-water discharge could 
be taken into account; and further refinements 
enabled the tides to be calculated, with due allow- 
ance for shoals and sandbanks which the rising tide 
covered. There was also an integration method, 
due to Mr. J. C. Schénfeld, which made use of 
what were termed “characteristic wave-compon- 
ents,” akin to moving waves. The electrical 
methods of Dr. van Veen were based upon the 
analogy between tidal movements in a channel 
and alternating current in a transmission line ; the 
transmission system, and also a tidal channel, were 
considered as being divided into a number of sec- 
tions, with series and parallel resistances, self- 
inductances and capacities. Each section of the 
tida] channel was replaced by an electrical network, 
in which the impedances were concentrated in 
resistances, choking coils and condensers, so that 
the instrument functioned as a calculating machine. 
In the apparatus described, the depth of a section, 
the width of the bed and the width at the surface 
were treated as constant, but electrical provision 
could be made for their variation if required ; then 
non-sinusoidal tides could be investigated, and a 
fresh-water discharge taken into account, the results 
being recorded with a cathode-ray oscillograph. 

The final paper in the group relating to “‘ Question 
1” in Section II, was presented by Senhor Duarte 
Abecasis, Secretary-General of the Portuguese Minis- 
try of Public Works, and of the Congress. His paper 
reviewed the difficulties of regulating the estuaries 
on the coast of Portugal, where heavy alluvial flows 
were associated with exposure to Atlantic gales. 
The preservation of channels by dredging, in such 
circumstances, was often uneconomic, so that silting 
resulted. Where dredging was undertaken, in the 
case of an open shore, moderately exposed, it was 
necessary that it should be guided by a knowledge 
of the natural evolution of the estuary, the tidal 
currents, and the direction of attack of the most 
violent storms ; this applied also when the siting of 
fixed structures was under consideration. Much of 
the paper was devoted to the proportions and siting 
of breakwaters and training walls or moles, several 
of which the members of the Congress visited subse- 
quently. 


(T'o be continued.) 
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Fie. 1. Memorrat PLagvus. 


MEMORIAL TO RICHARD 
TREVITHICK AND J. U. RASTRICK. 


steam engines, including the demonstration locomotive | 


which drew passengers round a circular track near | booklet of eight pages, two of which were devoted to 
Euston-square, London, in 1808, were constructed historical notes on Trevithick, Rastrick and the Hazle- 


for him at the foundry of Hazledine and Company, | 


Bridgnorth, Shropshire, under the direction of John | 


Urpeth Rastrick ; but hitherto this fact has not been 
commemorated in Bridgnorth, although there are 
memorials to Trevithick at his birthplace in Camborne 
—this was illustrated on page 403 of our 166th volume 
(1948); at Dartford, where he is buried; in Gower- 
street, London, near where his “‘ Catch-me-who-can ” 
locomotive was demonstrated; and at Merthyr 
Tydfil. On November 17, the series commemorating 
his pioneer work was completed by an interesting 
ceremony at Bridgnorth, when the model and plaque, 
illustrated herewith, were presented to the town and 
accepted by the Mayor, Councillor M. A. Banks, J.P. 
The model, which is to the scale of 2 in. to 1 ft., was 
made by Messrs. C. A. Mills and Associates, of Ruislip, 
Middlesex, and is a copy of the original high-pressure 
engine, now preserved in the Science Museum, at 
South Kensington, which was constructed by John 
Urpeth Rastrick in 1804 or 1805 in the foundry owned 
by the brothers John, Robert and Thomas Hazledine 
in Mill-street, Bridgnorth. It is the gift of Mr. John 
Pascoe, B.A. (Cantab.), deputy chairman of Messrs. 
British Timken, Limited. The bronze plaque was pre- 


sented by Major S. J. Thompson, Mr. Howard Thomp- | 


son and Mr. Edward Thompson, of Messrs. John 
Thompson Watertube Boilers, Limited. 

The commemoration was instigated by Mr. S. 
Morley Tonkin, a grandson of Captain John Tonkin, 
of Pool, Camborne, where Trevithick was born. For 
a number of years, Mr. Tonkin has been engaged 
in gathering and collating information about Trevi- 
thick’s associations with the MHazledine Foundry. 
The results were embodied in the paper on “‘ Trevithick, 
Rastrick and the Hazledine Foundry, Bridgnorth,” 
which he delivered before the Newcomen Society at a 
meeting held in London on January 12, 1949. It 
was at Mr. Tonkin’s invitation that the Mayor and 
other representatives of the Corporation of Bridgnorth, 
supported by many prominent industrialists from the 
Midlands and elsewhere, Dr. W. Watkins-Pitchford 
(President of the Bridgnorth Historical Society), Dr. 
H. W. Dickinson (past-president of the Newcomen 
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| Society), and numerous other guests, attended the) 
| luncheon on November 17 to meet the donors of the | 
| model and plaque. To Mr. Tonkin, also, we are indebted | 
Many of Richard Trevithick’s pioneer high-pressure | for the illustrations of them, reproduced above. 


The luncheon menu was in the form of a small 


| dines. Trevithick’s first visit to Shropshire was in| 
1796, when he was 25 years of age, and his second, 
apparently, in 1801; though it was possible, Mr. 
Tonkin considered, that he was there in 1800 also, 
when he was known to have bought plates from Coal- 
brookdale. On one of these occasions, he visited 
Bridgnorth, and in 1802 an engine, used in 1803 in 
his steam dredger, was built for him by John Hazledine 
and Company. In 1804, he had seven engines under 
construction at Bridgnorth at one time. In 1813 and 
1814, the works was busy with a large order from Peru, 
and in the following year, Trevithick made a fairly 
lengthy stay in the town, during which, it is claimed, 
the foundry “ cast the first screw propeller for steam- 
ship propulsion”; a claim which can hardly be 
substantiated, however, as Colonel John Stevens was 
ten years ahead of Trevithick in this. Moreover, there 
seems to be some doubt, according to the authoritative 
biography by Dr. H. W. Dickinson and the late Mr. 
Arthur Titley, whether Trevithick’s propeller was 
actually tried in a boat; and, reading between the 
lines of his correspondence with Rastrick and with 
Davies Giddy, quoted in the same volume, we feel not 
entirely convinced that the propeller was a casting. 
In his notes, Mr. Tonkin collected references to several 
Trevithick engines in and around Bridgnorth; one 
drove four stones in a flour mill and continued at work 
until 1837, another was used in a tanyard until 1840, 
and a third, a threshing engine at Stableford, was at 
work until 1855. Rastrick, who was born in 1780, 
joined Hazledine and Company about 1802 and lived 
in Bridgnorth until about 1818. The Hazledines 
came from the neighbourhood of Wellington and settled 
in Bridgnorth in 1795; a fourth brother, William, was 
an ironfounder in Shrewsbury, but it does not appear 
that he took any part in the Bridgnorth foundry, the 
operation of which seems to have owed more to Rastrick 
than to the three brothers who owned it. Rastrick 
afterwards joined William Foster at Stourbridge in 
forming the engineering firm of Foster, Rastrick and 
Company, and subsequently engaged extensively in 
railway construction. He died in Brighton in 
1856. 





THE ‘‘CANBERRA*’ JET 
BOMBER AIRCRAFT. 


A BRIEF description of the first British jet-propelled 
bomber aeroplane, the Canberra B, Mark 1, was given 
on page 288, ante. It is now possible to give seme 
details of the constructional features of this high- 
altitude high-performance bomber, which is designed 
and built by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2., whose 
design, research and testing sections are at Warton, 
Lytham, Lancashire; it was there that the first 
two prototype aircraft were erected. Production 
aircraft will be erected at Samlesbury, Mellor, Lanca- 
shire, and the manufacture of the components and 
assemblies is carried out in the Preston works of the 
company. Fig. 1, opposite, shows the aircraft in flight 
and the unswept wings will be noticed. This layout 
has been adopted to avoid fresh problems in Pog 
and handling, so that the new bombers could be 
into service with the Royal Air Force as soon as possi ie 
The Canberra wing has a gross area of 960 sq. ft., 

which gives the aeroplane an unusually low wing 
loading for a bomber; in conjunction with the high 
thrust of the two Avon engines, this low wing loading 
has enabled an exceptional climbing performance 
to be attained; the short wing span of 64 ft., corre- 
sponding to an aspect ratio of 4-3, has given the 
Canberra its good manceuvring qualities. The overall 
length of the aeroplane is 66 ft. 3 in., the height is 
15 ft. 7 in. and the track is 15 ft. 5 in. 

As mentioned on page 288, ante, particular care 
has been taken in achieving clean aerodynamic lines. 
The availability of the slim axial turbo-jet Rolls-Royce 
Avons has resulted in a low-drag engine installation, 
and all aerials and equipment are carried internally. 
A symmetrical wing-section of moderate thickness- 
chord ratio is used, ranging from 12 per cent. at the 
root to 9 per cent. at the wing tip. The inner wing has 
a dihedral of 2 deg. on the part of the wing inboard 
of the engines, and 4 deg. on the outer wing. 

The Canberra carries a crew of two, pilot and navi- 
gator. The cabin is pressurised and either warm 
or cool ventilating air can be supplied. The crew 
enter through a door in the ieee side of the 
fuselage. The canopy has two transparent plastic 
layers, with a dry-air space between them, to prevent 
the condensation of vapour. Pilot and navigator are 
both provided with ejection seats for emergency exit, 
the canopy being detachable in emergency by means of 
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AIRCRAFT IN FLIGHT. 








Fie. 2. Wixe Unper Test 1x Structurs-Testmna MACHINE. 


explosive attachment bolts; a supplementary wind- 
screen is provided to shield the pilot’s face from the 
initial impact of the airstream under these conditions. 
The navigator’s station is behind the pilot, and cannot 
be seen from outside the aeroplane except through the 
transparent hatch in the rook, 

The fuselage, of circular cross-section, is built in 
three sections, the nose section, the centre section, 
and the rear fuselage. The nose section contains the 
pressure cabin, which is separated from the unpres- 
surised = of the fuselage by a sloping pressure- 
bulkhead behind the navigator’s station. Transverse 
frames, reinforced with longitudinal stringers, support 
the skin. The bomb doors, hydraulically operated, 
move on rollers in curved tracks, so that they retract 
well into the fuselage and thus reduce drag. 

The wings are of single-spar construction, with a 
sectional rear wall, and the stiffened nose skin is con- 
tinuous over the leading edge. The main spar is 
built with booms machined from heavy extruded 
sections and a single plate web. The outer wings are 
attached to the centre section fuselage at the main spar 
and the rear wall ; fillets are not employed. An inter- 
esting feature of the joints of the main wing with the 
centre-section fuselage is that the lugs for taking the 
main attachment bolts are machined on the spar booms. 
The spar booms are continuous, but the webs are cut 
away to take the engines, and the spars are reinforced 
at this point by ring-shaped forgings. The use of 
forgings is, in fact, one of the typical features of the 
structural design of the Canberra. The engines are 
mounted from the main engine rubs, just forward of 
the main spar. 

The tail plane is perhaps the most unorthodox 
feature of the Canberra, as its incidence can be varied 
in flight, by means of electric actuators, over a range 





of + 1 deg. 52 min. to — 3 deg. 52 min. The normal 
setting is + 1 deg. The variable-incidence arrange- 
ment is designed to give good control characteristics at 
high Mach numbers, but also allows quick changes of 
trim to be made during take-off and landing ; the con- 
trol is irreversible. Fig. 1 shows the prototype aero- 
plane with a dorsal fin, but it is probable that the 
roduction aircraft will not be so fitted, as it has been 
ound that the airflow characteristics over the tail 
surfaces are satisfactory without this feature. 

The flying controls on the Canberra are not power 
assisted, with the exception of the rudder-trimming 
tab. Ailerons, elevator and rudder are all fitted with 
spring tabs. 
trimming tab; the spring tab on the rudder also 
serves for trimming out the foot-load on the rudder 
during single-engine flights, and is operated by an 
electric actuator. The control surfaces have sharp 
trailing edges to give good control at high Mach 
numbers. The flying controls are operated by push- 
pull rods and levers. ‘ 

The split flaps in each wing are in two portions, 
spanning between the aileron and the engine nacelle in 
the outer wing, and between the nacelle and fuselage 
in the inner wing. They are operated by means of 
individual hydraulic jacks under pressure from the 
main hydraulic system. The pilot’s control operates 
the selector valves through electric actuators. The 
production aircraft will be fitted with hydraulically- 
operated dive brakes on the top and bottom surfaces 
of the wing. 

The tricycle undercarriage is of the manufacturer’s 
own design. It is mounted on a forged bracket, 
attached to the rear face of the main spar. The main 
shock-absorber struts are oleo-pneumatic. The under- 
carriage is retracted hydraulically, the main units 


The elevator is also fitted with a geared | irc 





folding inwards between the engines and the fuselage, 
and the nosewheel retracting backwards into the fuselage 
behind the pressure bulkhead. The nose-wheel shock- 
absorber strut is of the lever-suspension liquid-spring 
type. Twin nose-wheels are keyed together and the 
wheel unit is fully castoring and self-centring. On 
the first prototype machine there are pneumatically- 
operated wheel brakes, but it is intended to fit later 
aircraft with hydraulic disc-type brakes. 

Engine maintenance and removal is facilitated by 
removable cowlings; to change the engines very 
few connections have to be broken, since all the auxi- 
liaries are grouped on an auxiliary gearbox carried in 
the inner wing. The engine bays are each provided 
with a fire-detection system. 

The hydraulic system, which operates bomb doors, 
undercarriage, flaps, and dive brakes (when these are 
fitted) is fed by two engine-driven hydraulic pumps, 
one carried on each auxiliary gearbox, but in the event 
of engine failure, the system will operate on one pump. 
The electric generators are also duplicated. A 24-volt 
direct-current system supplies the usual electric ser- 
vices, the inverters for supplying alternating-current 
for various military’ equipment, and the electrical 
actuators which control the hydraulic selector valves, 
the fuel cocks, the variable tailplane incidence, the 
rudder-trimming tab, and the cabin air-mixing valve. 

By means of the air-mixing valve, the pilot can 
control the temperature of the cabin air; an air 
cooler is provided in the inner wing, and air from 
the engine-driven cabin blower can be passed through 
the cooler, can by- it entirely, or can divide to 
provide a mixture of hot and cold air. 

The research and development section at Warton 
possesses some interesting test equipment, including a 
general-purpose wind tunnel, 9 ft. by 7 ft., of the 
closed return-circuit t This tunnel is built in 
steel. The working section is 18 ft. long, and at the 
two-hour overload output of 250 h.p., a maximum air 
speed of 200 ft. per second can be attained. Automatic 
electronic contro] ensures that the tunnel pressure is 
maintained at a steady value. An automatic six- 
component balance below the working section transmits 
readings to the observer’s desk, which is on the main 
platform opposite the working section of the tunnel. 
There is also a high-speed tunnel of the straight-through 
type, with a working section 3 ft. 8 in. by 1 ft., which 
uses a Rolls-Royce Nene engine acting as an ejector 
pump. This t 1 has reached a Mach number of 
0-98. For structural testing, a large ‘ cathedral ”- 
type test frame, with automatic loading, enables full- 
size components to be tested. A wing under test 
in this machine is shown in Fig. 2. The frame has 
an overall length of 84 ft., an overall width of 34 ft., 
and a maximum height of 29 ft. It has been designed 
to withstand vertical loads, side loads and torsional 
loads without any necessity for. ground anchorage. 
The frame is spanned by six loading bridges, each 
carrying a loading unit of 20 tons to 25 tons capacity ; 
the loading unit consists of a box-section weighbeam 
pivoted near one end. The straining gear, which is 
electrically driven, is carried on the other end of the 
weighbeam, and the beam is supported, between the 
pivot and the straining gear, by a hydraulic capsule 
which serves to measure the load applied by the 
straining gear. The applied load is distributed as 
required on the specimen through a link-and-lever 
system. Each straining motor has two running speeds 
and a three-speed gear, giving a range of six straining 
speeds between 0-44 in. and 8-1 in. per minute. 

Design work on the Canberra was started in 1945 ; 
the first prototype made its initial flight in May this 
year and has now completed nearly 100 hours of 
experimental flying. It is understood that the aero- 
plane has behaved well at all altitudes, over the whole 
range of centre of gravity positions. The second and 
third prototype aircraft are also flying, and the fourth 

i raft is ex to fly in a few weeks’ time. The 
second ai is an experimental machine fitted with 
two Rolls-Royce Nene engines, but the standard pro- 
duction bombers will be fitted with Rolls-Royce 
Avons. From the commencement of construction of 
the first prototype, the design has been completely 
jigged ft tooled, so that it should be possible to go 
ahead with quantity production with the minimum 
of delay. 








THE ENGINEERING SECTION OF THE BRITISH ASSOCIA- 
TION.—At the meeting of the British Association which 
is to be held in Birmingham next year from August 30 to 
September 6, an experiment is to be made in Section G 
(Engineering), with the object of in sing its capacity 
It is intended to hold two sessions simultaneously through- 
out the meeting, one concerned mainly with engineering 
science and the other with practical aspects. Offers of 
papers to be presented at the meeting, and preferably 
from 2,000 to 2,500 words in length, would be welcomed 
by the Recorder of the Section, Dr. H. S. Rowell, 40, 
New-road, Ware, Hertfordshire. 
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WEIGHING BUCKETs. 











Fie. 1. CompreTe MAcHIne. 
AUTOMATIC BATCH-WEIGHING 
MACHINE. 

An interesting electrically-driven mechanism is 
incorporated in the Model *‘ A” Hy-tra-lec automatic 


weighing machine which has been developed by the 
Wright Machinery Company, Durham, North Carolina, | 


U.S.A., and is now made in this coun by Messrs. 
Industrial Products (Speco), Limited, New Grove 
Mansions, 7, Boston Manor-road, Brentford, Middlesex. 
The machine has been designed for continuously 
measuring out accurately weighed quantities, of free- 
flowing and semi free-flowing products, of any constant 
weight between } oz. and 2} oz. (14 gm. to 70 gm.). 
Other models of the machine are available, covering a 
range of from 2 oz. to 5 Ib. (57 gm. to 2 kg. 300 gm.). 

The Model “‘ A” machine has been designed specifi- 
cally for potato crisps and similar foods. Other models 
will handle confectionery, shelled nuts, raisins, etc., 
and almost any dry product which will flow when 
placed on an inclined surface or on a vibrating plate. 
Many such products vary in density or bulk, and 
normal volumetric ‘“‘ weighing ” is therefore not always 
suitable. They require net weighing, which is difficult 
to perform satisfactorily at high speed. The machine 
has been submitted to the standards department of 
the Board of Trade for approval; pending the result 
of these negotiations, it is not possible to give the 
maximum rate of weighing. The recommended rate 
for potato crisps, however, is 30 packets per minute, 
when the bags are offered to the spout by hand. 

A general view of the machine is given in Fig. 1. 
The weighing mechanism and drive are contained in 
the enclosed upper part of the machine, which carries 
a Y-shaped discharge chute. The box-like stand is 
fitted with certain controls and pockets but is other- 
wise empty, so that it can collect any material spilt 
in the weighing process (which is only likely to occur 
with an untrained operator). It is lined with aluminium 
inside and is fitted with a door at the back. The 
driving mechanism is shown from the rear, with the 
cover removed, in Fig. 3, and the weighing buckets 
and associated mechanism are shown from the front 
in Fig. 2. The material to be weighed is fed, usually 
by a conveyor, on to a trough-shaped vibrator on 
the top left-hand side of the machine, whence it falls 
in a steady continuous stream into the weighing-out 
ES of the machine. This consists essentially of two 

uckets, which are moved alternately into a position 
directly under the delivery end of the vibrator. As 
soon as the desired weight of material has fallen into a 
bucket, a series of movements is automatically initiated : 
the filled bucket is moved to one side, where it is tipped 
to discharge its contents down one side of the Y-shaped 
chute, while the other bucket is moved in from the 








Fie, 3. AvuTomMaTic MECHANISM, 


opposite side of the machine to the weighing-out posi- 
tion under the vibrator. The cycle is then repeated. 
Fig. 2 shows, towards the left-hand side, a bucket in 
the tipped, discharging position, and, towards the right- 
hand side, a bucket in the weighing-out position. The 
flat plate set at an angle between the two buckets is 
so as to ensure that, as the buckets and plate 
move laterally, the material falls on to the plate during 
the brief interval when neither bucket is directly under 
the discharge end of the vibrator. During the lateral 
movements of the buckets the plate is rocked so that 
at one instant the material is deflected into the filled 
bucket, and a moment later it is deflected into the empty 
bucket. For some materials, the plate is replaced by 
a third bucket which operates in the same manner. 
The bucket in the filling position is supported on a 
cradle. The cradle is attached to the top of a vertical 
square rod which is free to move vertically and is guided 
by eight rollers. Two floats, partly immersed in a 
tank of oil, are fixed to the bottom of the rod. The oil 
level, the buoyancy of the floats, and the other relevant 
factors, are such that, when the desired quantity of 
material has fallen into the bucket, the combined 
weight of the material, bucket, cradle and floats, 
overcomes the buoyancy effect and causes the whole 
assembly to drop about ¥ in. This closes a merc 
switch which operates a clutch, the driving half of which 
is coupled through a train of gears to a continuously- 
motor. The driven half of the clutch then 
transmits the drive to the machine. A heart-shaped 
cam mechanism lifts the filled bucket off the cradle, 
and a carriage, which supports the buckets and deflector 
plate and itself runs on rollers in horizontal guides, is 
moved laterally under the action of a pair of levers (at the 





front and back of the machine) which are driven by a 
Geneva mechanism. When the carriage reaches the 
end of its travel, the other bucket is lowered on to the 
weighing cradle, and the next cycle commences. 
During the movement of the carriage from one end to 
the other, the buckets are tilted by means of rollers 
projecting from the sides of the buckets and engaging 
in suitably shaped cam paths. The deflector plate is 
mounted on a shaft, and is tilted by a crank (at one end 
of the shaft), which carries a roller running in an 
inclined path, visible at the top of Fig. 2. 

The floats are always pre-loaded, i.e., they are always 
tending to raise the cradle, but are prevented by a stop. 
Thus, when the material falls into the bucket it is 
only the last fraction of the desired weight which 
initiates the downward movement of the bucket, 
bucket contents and cradle. To set the machine for a 
required minimum weight, an amount of rice or grain, 
equal to this weight, is hand-fed into the bucket and 
the oil in the tank is adjusted to the correct level for 
the weight. This is effected by means of a block of 
aluminium, partly immersed in the oil, which is raised 
or lowered by a vertical screw, which is rotated by a 
handwheel operated through bevel gears. A careful 
consideration of the principle of the machine, as 
described above, will reveal that, with the machine 
preset for a minimum weight, the maximum weight 
of the discharged batches will depend on the unit 
weight of the product. In other words, if potato crisps 
are being weighed, the weight of the discharge cannot 
be nearer to the minimum weight than by an amount 
equal to the weight of one crisp. In practice, the 
variation is usually plus one or two crisps. 

The design of the machine includes a number of 
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refinements which it is unn to detail here. 
Mention may be made, however, of a simple means of 
obviating errors due to the expansion or contraction 
of the oil in the tank with variations in temperature. 
A small vertical tube is connected at its lower end to 
the side of the tank near the bottom, and, at its upper 
end, to a closed vessel which is rectangular and com- 
paratively large in plan. The bottom of this vessel is on 
the same level as the oil in the tank, so that, when the 
oil expands, the rise in level is very slight, due to the 
large area available for expansion. The machine is 
fitted with normal controls for the motor and for the 
vibrator, the amplitude of vibration of which can be 
adjusted to vary the rate of delivery of material. It 
can be used singly or in groups (with a common con- 
veyor to feed the material), and the weighed-out quan- 
tities can be bagged manually by an operator as 
they are discharged from the chute, or by special 
machines. 








EXHIBITION OF WET-MILLING AND MIXING PLANT.— 
An exhibition of wét-milling and mixing plant made by 
subsidiary companies of Messrs. Vickers-Armstrongs 
Limited was opened at Vickers House, Broadway, 
Westminster, S.W.1, on November 16, by Commander 
Sir Robert Micklem, C.B.E., R.N., chairman of Vickers- 
Armstrongs Limited, and closes to-day, Decem- 
ber 2. The principal exhibits are the paint and ink- 
making machinery marketed by the Keenok Company 
and by G. J. Worssam and Son, and now made at Messrs. 
Vickers-Armstrongs’ Crayford and Weymouth works, 
respectively. Other exhibits illustrate structural steel- 
cwork by Palmers Hebburn Oompany, Limited, and 
scientific instruments by Cooke, Troughton and Simms, 
Limited. 





INSTRUCTIONAL TRAIN FOR 
LONDON TRANSPORT RAILWAY 
STAFF. 


Ir is perhaps an interesting side-light on the great 
extent of the area served by London Transport that 
the Chief Mechanical Engineer (Railways) has found it 
necessary to introduce a mobile school in the form of a 
train, suitably equipped with standard items of rolling- 
stock equipment, for the instruction of the maintenance 
staff who are employed at the various depots of the 
Executive. Mr. W. S. Graff-Baker, the Chief Mechani- 
cal Engineer, speaking to representatives of the 
technical Press on Monday, November 14, said that an 
examination of rolling-stock failures occuring over a 
period showed that an appreciable proportion were 
attributable to ignorance on the part of the maintenance 
staff. It was no longer sufficient to leave the men 
concerned to acquire knowledge of the equipments 
during their normal duties ; courses of instruction were 
necessary. It would have been possible to provide 
several permanent schools at depots, or to’ transport 
the men to one central school but, all things considered, 
it was better to provide a mobile school, which would 
be in charge of a full-time instructor and would visit 
the various depots in turn. 

Advantage will be taken of the slack periods in the 
depots (when the maximum number of vehicles is in 
traffic), to instruct the men during working hours. 
Every effort will be made to provide samples of new 
equipments at the time of, or before, their introduction 
into service. It is proposed to institute courses for 
all grades of the rolling-stock maintenance staff, 
although priority will be given at first to carriage exam- 
iners and carriage cleaners, who are future examiners. 
A course will consist of six to ten sessions, depending 





on the subject, and each session will be of two hours’ 
duration. One hour will be spent in theoretical 
teaching, with the aid of drawings, diagrams and 
photographs, and the remaining hour in practical 
demonstrations using the equipments in the train. 

As will be seen from Fig. 1, the train consists of 
five cars converted from tube-type trailers of 1919, 
which had been withdrawn from service for scrapping. 
The interior of each car: has been entirely recon- 
structed; one is fitted out as a lecture room, with 
tiered seating for twelve persons, an epidiascope and a 
blackboard. The instructor’s office is also in this car. 
Figs. 3 and 4, on page 590, show two views of car 
No. 1075, which contains the following equipments. 
Metropolitan-Vickers electro-pneumatic traction con- 
trol equipment (Fig. 3), as used on the Metropolitan 
Line electric coaching stock, has been fitted up with 
special lights to indicate the sequence of operation of 
the contactors, each light being switched on as the 
corresponding contactor is closed. An automatic 
** Wedgelock ” coupler of the type used on the latest 
tube and surface-line rolling stock is shown in Fig. 4. 
Fixed and movable coupler heads are mounted on a 
stand to demonstrate the action, the movable head being 
connected to an air cylinder to simulate the movement 
of a car. The drawbar coupling, and the coupling 
of all the services between one car and the next, which, 
in practice, are carried out automatically, can be 
observed. A model of the lighting system used on 
tube stock of the Piccadilly and Central Lines, is illus- 
trated on the left of Fig. 4, wired up on a bench and 
fed from a 50-volt supply. The model shows the 
complete layout for a three-car unit; faults can be 
arranged so as to provide instruction in the location 
and correction of troubles encountered in service. 
Car No. 1075 also houses a motor-generator, together 
with a 23-cell accumulator, which provides a 50-volt 
direct-current supply for some of the equipments 
and the emergency lighting. The motor-generator also 
supplies alternating current at 100 volts and 850 cycles 
for fluorescent lighting in three of the cars. 

Car No. 1077, a part of which is shown in Fig. 5, 
on page 590, contains various types of Westinghouse 
brake equipment, namely, an automatic Westinghouse 
brake, an electro-pneumatic brake with retarder control, 
an electro-pneumatic brake of the regenerative type, 
and an electro-pneumatic brake with self-lapping 
controller. The demonstration equipment includes 
brake cylinders and rigging, so that the entire action, 
from the movement of the brake handle to the applica- 
tion of the brake blocks, can be observed. This car 
also contains a standard CP 28-type air compressor, 
which supplies compressed air throughout the 
train. 

Part of car No. 1078 is shown in Fig. 2; it contains 
door equipment, axleboxes, trip cocks, shoe gear and 
several other items. The double sliding doors are of 
the pneumatically-operated type, mounted in the car 
so that the operation of the door gear and interlocks 
can be examined. The mechanism includes the guard’s 
door-control box, and the passenger push-button con- 
trol, which is already in use on the Central Line and is 
being introduced progressively on other lines. Various 
types of axleboxes are mounted on journal ends so 
that the staff can be taught the correct method of 
packing. Positive and negative collector shoes, and a 
trip cock (which applies the brakes in the event of the 
driver ignoring a danger signal) are mounted in the 
exact positions in relation to dummy rails, so that the 
equipment has the same aspect as when viewed from 
an inspection pit ; thus the equipment can be examined 
and the correct methods of gauging and isolating can 
be demonstrated. This car also contains dummy car 
ends, with the jumpers between the cars, and other 
apparatus, so that various methods of isolating electri- 
cal faults can be demonstrated. 

Fig. 6, on page 520, shows the British Thomson- 
Houston type-PCM traction control equipment, with 
cam-operated contactors, which is used on the latest 
tube stock and on the new surface-line stock shortly 
to be brought into service. This equipment, which is 
housed in car No. 1079, is normally carried underneath 
the car, but has been mounted for demonstration 
purposes at such a height that it presents the same 
aspect as it would to a man working ina pit. The same 
car also contains the older B.T.H. type of traction- 
control equipment, with electro-pneumatic contactors, 
which is used on the District Line and on some of the 
older tube stock. It has been fitted with a special type 
of indicator to show the sequence of the contactor 
operation. This takes the form of a wiring diagram 
of the power circuit, in which the contactors are repre- 
sented by lamps. As each contactor closes, the 
appropriate lamp lights up, so that the circuit can be 

on the diagram at each successive stage of the 
operation. The train also contains various cut-away 
items of equipment on benches, and wiring and other 
diagrams. Perspex has been used to a considerable 
extent for the covers of apparatus, so that the interiors 
can be seen. 
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CONTRACTS. 


Messrs. TUBE INVESTMENTS, LIMITED, The Adelphi, 
London, W.C.2, inform us that their subsidiary com- 
panies, Tubes Limited, Birmingham, and Howell ard 
Company, Limited, Sheffield, are now completing a 
contract for 147,000 ft. of precision steel boiler tubing 
for the Siamese Navy. 

Messrs. DOBSON AND BARLOW LIMITED, Bolton, have 
received an order from Industries Reunides, Matarazzo, 
Brazil, for a large number of “ Nelson” continuous 
rayon-spinning machines, the total value of which 
approaches 500,000/., to be erected in a special section of 
the Brazilian organisation’s rayon factory near Sao 
Paulo. The contract follows an agreement concluded 
between Industries Reunides, on the one hand, and 
Messrs. Dobson and Barlow and Messrs. Lustrafil 
Limited, Nelson, on the other hand, for the exclusive 
rights, in Brazil, for the ‘“‘ Nelson ”’ process for con- 
tinuous rayon spinning. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ FERNCASTLE.”—Sing .e-screw tanker for carry- 
ing oil in bulk, built by the Furness Shipbuilding Com- 
pany, Limited, Haverton Hill, County Durham, for A/S 
Glittre, Oslo, Norway. Second of a series of ten similar 
vessels on order. Main dimensions: 589 ft. (overall) 
by 80 ft. by 42 ft. 3 in.; deadweight capacity, 24,750 
tons on a summer draught of 32 ft. 34 in. N.E.M.- 
Doxford six-cylinder opposed-piston single-acting two- 
stroke reversible oil engine, to develop 6,800 b.h.p. at 
116 r.p.m. in service, constructed by The North Eastern 
Marine Engineering Company (1938), Limited, Wallsend- 
on-Tyne. Speed, 14 knots. Trial trip, November 3. 

M.S. “ BRITISH COMMANDER.”—Single-screw tanker, 
for carrying petroleum in bulk, built and engined by 
Messrs. Harland and Wolff, Limited, Govan, Glasgow, 
for the British Tanker Company, Limited, London, 
E.C.2. Second vessel of an order for three. Main 
dimensions: 463 ft. (between perpendiculars) by 
61 ft. 6 in. by 34 ft.; deadweight capacity, about 12,300 
tons. Harland-B. and W. six-cylinder single-acting four- 
stroke Diesel engine, to provide service horse-power at 
115 r.p.m. Launch, November 21. 


M.S. “ Pinta.”—Single-screw coaster, built and engined 
by Messrs. Chantiers et Ateliers Augustin Normand, 
Le Havre, France, for the Compagnie Générale Trans- 
atlantique, Paris. Main dimensions: 194 ft. 11 in. 
(between perpendiculars) by 30 ft. 6 in. by 18 ft. 4} in.; 
deadweight capacity, 850 metric tons on a draught of 
13 ft. 34 in. M.A.N.-type two-stroke single-acting 
Diesel engine of 750 h.p. at 180 r.p.m. Launch, 
November 21. 


S.S. “ TREGOTHNAN.”—Single-screw cargo vessel, 
built and engined by Messrs. John Readhead and Sons, 
Limited, South Shields, for The Hain Steamship Com- 
pany, Limited, London, E.C.3. Eighty-fourth vessel built 
for these owners. Main dimensions : 447 ft. 6 in. (overall) 
by 57 ft. 6 in. by 38 ft. to upper deck; deadweight 
capacity, about 9,500 tons. Triple-expansion recipro- 
cating engine working in conjunction with a Bauer-Wach 
exhaust steam turbine, and three oil-fired boilers. Trial 
trip, November 22. 


S.S. ‘‘ NORTHERN CHIEF.’”’—Single-screw trawler, 
built by Messrs. Cochrane and Sons, Limited, Selby, 
Yorkshire, for Messrs. Northern Trawlers Limited, 
Grimsby, a subsidiary of Messrs. Associated Fisheries 
Limited, London E.C.3. First vessel of an order for 
three. Main dimensions: 178 ft. (between perpen- 
diculars) by 31 ft. by 16 ft.; fishroom capacity, 15,150 
cub. ft.; gross tonnage, 650. Triple-expansion engines, 
to develop 1,100 i.h.p., and one oil-burning boiler, con- 
structed and installed by Messrs. Amos and Smith, 
Limited, Hull. Launch, November 22. 

M.S. “‘ DALEBY.”—Single-screw cargo vessel, to carry 
ten passengers, built by Sir James Laing ard Sons, 
Limited, Sunderland, for Sir R. Ropner and Company, 
Limited, Darlington. First vessel of an order for two. 
Main dimensions: 417 ft. 6 in. (between perpendiculars) 
by 56 ft. 6 in. by 36 ft. to upper deck; deadweight 
capacity, about 7,770 tons on a draught of 23 ft. 6 in. 
Hawthorn-Doxford four-cylinder opposed-piston oil 
engine, developing 3,000 b.h.p. at 105 r.p.m., constructed 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne. Service speed, 12} knots. 
Launch, November 22. 

S.S. “* Dorset.” —Single-screw refrigerated and general 
cargo vessel, built and engined by Messrs. Alexander 
Stephen and Sons, Limited, Glasgow, for the Federal 
Steam Navigation Company, Limited, London, E.C.3. 
Nineteenth vessel built for these owners and their 
associated company, The New Zealand Shipping Company 
Limited. Main dimensions : 470 ft. (overall) by 64 ft. 6 in. 
by 42 ft.; deadweight capacity, 11,800 tons on a draught 
of 29 ft. ; gross tonnage, 9,800 ; refrigerated cargo space, 
405,000 cub. ft. Parsons-type géared turbines developing 


BOOKS RECEIVED. 


The Institution of Heating and Ventilating Engineers. 
Psychometric Chart and Hygrometric Nomogram. 
Offices of the Institution, 75, Eaton-place, London, 
S.W.1. [Price 4s.] 

Beton-Kalender 1945-1950. Taschenbuch fur Beton- und 
Stahlbetonbau sowie die verwandten Fdcher. Wilhelm 
Ernst und Sohn, Hohenzollerndamm 169, Berlin- 
Wilmersdorf, Germany. [Price 10 D.M.) 

Description of a Relay Calculator. By the Staff of the 
Computation Laboratory. Harvard University Press, 
Cambridge 38, Massachusetts, U.S.A. [Price 8 dols.] 
Oxford University Press (Geoffrey Cumberlege), Amen 
House, Warwick-square, London, E.C.4. [Price 
63s. net.] 

Methods of Increasing Output. O. W. Roskill and Com- 
pany (Reports), Limited, 14, Great College-street, 
London, S.W.1. [Price 20s., post free.] 

Einfihrung in den Bergbau. By Dr.-Inc. A. GruM- 
BRECHT. Verlag Glickauf, Bismarckstrasse 41, Esser, 
Germany. [Price 20.80 D.M.] 

Design of Direct Current Machines. By L. GREENWOOD. 
Macdonald and Company (Publishers), Limited, 19, 
Ludgate-hill, London, E.C.4. [Price 25s. net.] 

United States National Bureau of Standards. Circular 
No, 481. High-Frequency Voltage Measurement. By 
Myron C. SEtBy. The Superintendent of D ts, 
U.S. Government Printing Office, Washington 25, 
D.C., U.S.A. [Price 20 cents.] 

The Channel Tunnel and Ferry. Locomotion Papers. 
No. 4. By J. L. Harrineton. The Oakwood Press, 
Tanglewood, South Godstone, Surrey. [Price 2s. 6d. 
net.) 

The Institution of Structural Engineers. Report on Mining 
Subsidence and Its Effect on Structures. Offices of the 
Institution, 11, Upper Belgrave-street, London, S.W.1. 
[Price 5s.]} 

A Shorter Intermediate Mechanics. By D. HUMPHREY 
and Dr. J. Topprne. Longmans, Green and Company, 
Limited, 6 and 7, Clifford-street, London, W.1. [Price 
15s.] 

Theoretical Hydrodynamics. By PROFESSOR L. M. MILNE- 
THOMSON. Second edition. Macmillan and Company, 
Limited, St. Martin’s-street, London, W.C.2. [Price 
60s. net.) 

The Airplane and Its Engine. By C. H. CHATFIELD, 
ProressorR C. FAYETTE TAYLOR, and PROFESSOR 
SHATSWELL OBER. Fifth edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 4.50 dols.] McGraw-Hill 
Publishing Company, Limited, Aldwych House, Ald- 
wych, London, W.C.2. [Price 38s. 6d.] 

Engineering Developments in the Gaseous Diffusion Pro- 
cess. Edited by MANSON BENEDICT and CLARKE 
WILtiaMs. McGraw-Hill Book Company, Incorpor- 
ated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 1.25 dols.] McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
(Price 11s.] 

The Measurement of Air Flow. By E. OwWER. 
revised edition. 





Third 
Chapman and Hall, Limited, 37, 


Essex-street, Strand, London, W.C.2. [Price 30s. 
net.) 
Thermodynamics. Principles and Applications to Engi- 


neering. By Dr.-InG. ERNST SCHMIDT. Translated 
from the third German edition by J. Kestin. Oxford 
University Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 35s. net.] 

Fire in Buildings. By Eric L. Birp and STanLey J. 
Dockine. Adam and Charles Black, Limited, 4, 5 
and 6, Soho-square, London, W.1. [Price 15s. net.] 

Institute of Petroleum. Standard Methods for Testing 
Petroleum and its Products. Tenth edition. Offices of 
the Institute, Manson House, 26, Portland-place, 
London, W.1. [Price 31s. 6d., post free.] 

Civil Engineering Drawings, Specifications, and Quantities. 
By J. MARSHALL RopGER. Edited and revised by 
FraNK J. Crass. Ernest Benn, Limited, Bouverie 
House, Fleet-street, London, E.C.4. [Price 25s. net.] 

Schnitt-, Stanz- und Ziehwerkzeuge. By Dr.-ING. GER- 

HARD OEHLER and Fritz KAISER. Springer-Verlag, 

Reichpietschufer 20, Berlin W. 35, Germany. [Price 

18 DM.) 

Classifax No. 104-1. The Principles of Symmetrical 

Components. An Introduction to the Elements of the 

Theory. By CHARLES A. GROVER. Classifax Publica- 

tions, 9, White Moss-avenue, Manchester 21. [Price 

4s. net.) 

Instituto de Pesquisas Tecnolégicas, Sao Paulo. Bulletin 

No. 34. Meio Século de Tecnologia (1899-1949). By 

Joao Lum MEILLER and Francisco I. DE ARAUJO 

Strrva. No. 36. As Modernas Fontes de Energia. By 

Joao Lui MEILER. The Superintendent, Instituto 

de Pesquisas Tecnolégicas, Sao Paulo, Brazil. [Gratis.] 

The Design, Construction and Maintenance of Docks, 

Wharves and Piers. By F. M. Du-PLat-TAYLor. 

Third edition, revised and enlarged. Eyre and Spottis- 

woode (Publishers), Limited, 15, Bedford-street, 





8,000 s.h.p. Speed, 16 knots. Trial trip, November 24, 


PERSONAL. 


CoLONEL L. C. Hu, D.S.O., M.C., B.Sc. (Lond.), 
A.R.S.M., has been elected President of the Institution 
of Mining and Metallurgy, Salisbury House, Finsbury 
Circus, London, E.C.2, for the session 1950-51. He will 
take office at the annual general meeting to be held on 
May 18, 1950. 


Mr. C. A. P. SOUTHWELL, M.C., B.Se., has been 
nominated President. of the Institute of Petroleum, 
26, Portland-place, London, W.1, for the session 1950-51. 
He was elected to the Council in 1936 and was made a 
vice-president in 1948. 


Mr. G. MACKENZIE JUNNER, F.R.S.A., M.I.Mech.E., 
President of the Institute of Road Transport Engineers, 
has been re-elected chairman of the Institute for the 
year 1949-50. CapraIn C, F. ROBERTS, M.C., M.I.Mech.E., 
Mr. N. G. Brookes, M.I.Mech.E., and Mr. W. E. SMITH 
have been elected vice-chairmen for the year 1949-50. 
Mr. A. H. Dack has been re-elected honorary treasurer, 
and Mr. J. H. VINCENT, honorary secretary. 


Mr. L. V. Amor, M.I.Mech.E., has retired from the 
position of chief engineer to Messrs. Guest Keen Bald- 
wins Iron and Steel Company, Limited, East Moors, 
Cardiff; Mr. Amor was appointed to the position in 
1935. The acting chief engineer is now Mr. TREVOR 
JENKINS, M.I.Struct.E. 

Mr. C. H. Brapsury, M.I.C.E., M.I.Mech.E., has 
been appointed chief engineer of Messrs. Petters Limited, 
Small Engine Division, Staines. 


Messrs. THE ENGLISH ELECTRIC COMPANY, LIMITED, 
Queen’s House, Kingsway, London, W.C.2, have trans- 
ferred their Diesel-engine division to Brownsover Hall, 
Rugby (Telephone: Rugby 2278-9). New divisional 
appointments comprise Mr. C. R. PARKER as assistant 
general manager; Mr. L. I. HapLow as chief estimating 
engineer; Mr. G. N. Petry as chief sales engineer ; 
Mr. F. V. MorGan as chief contracts engineer; and 
Mr. J. A. BARKER as chief of the dual fuel department. 


Mr. H. G.. NELSON, A.M.LC.E., A.M.I.Mech.E., 
A.M.I.E.E., has been appointed deputy managing direc- 
tor of the English Electric Company, Limited. He will 
relinguish his appointment as managing director of 
Messrs. D. Napier and Son, Limited, but will retain his 
seat on the board of that and other companies. Mr. H. 
Sammons, M.I.Mech.E., F.R.Ae.S., has succeeded Mr. 
Nelson as managing director of Messrs. Napier. AIR 
VICE-MARSHAL SIR CONRAD COLLIER, K.C.B., who has 
taken up an appointment with the English Electric 
Company, has been elected to the board of Messrs. 
Napier and will act as consultant on the use of radio in 
the operation of aircraft. 

On January 1, 1950, the HorpoInt ELEcTRIC APPLI- 

ANCE COMPANY, LIMITED, an associate of the BRITISH 
THOMSON-HoOUsTON COMPANY, LIMITED, will assume 
responsibility for the direct manufacture of the electrical 
appliances marketed, and the name of the factory at 
Peterborough will change from “‘ BTH ” to “* Hotpoint.” 
Mr. C. W. STOODLEY, who was general superintendent of 
the parent firm’s Rugby Works and sub-factories, was 
appointed general works manager of the Hotpoint 
Company on November 1. On the same date, Mr. H. 
DREGHORN, B.Sc., was appointed general superintendent 
of the parent company’s Rugby Works and sub-factories, 
Mr. B. E. PEDLER, planning engineer, and Mr. L. SAYLEs, 
works plant engineer. 
Mr. C. J. SARJEANT has relinquished his position as 
manager of the control-gear engineering department of 
the British Thomson-Houston Company, Limited, Rugby, 
for reasons of health, and is now devoting himself entirely 
to technical matters. Mr. C. F. Gumuson, who was ap- 
pointed deputy chief control-gear engineer in January, 
1948, is succeeding Mr. Sarjeant as manager of that 
department. 


Mr. James M. Mowat, B.Sc., F.1I.M., chief of research 
at the Parkhead Steel Works, Glasgow, E.1, of Messrs. 
William Beardmore and Company, Limited, has been 
appointed a special director of the company. 

Mr. STEWART Scotr HALL has been appointed director 
general of Technical Development (Air), Ministry of 
Supply. His previous post of principal director of 
Technical Development (Air) has been abolished. 
Proressor H. D. Conway, Professor of Mechanics, 
The College of Engineering, Cornell University, Ithaca, 
New York, U.S.A., and formerly University demonstrator 
in Engineering at Cambridge University, has been 
awarded the D.Sc. (Eng.) degree of the University of 
London. 


Messrs. BRYCE FUEL INJECTION LIMITED, Ironbarks 
Works, Staines, have appointed as their agents : Aberdeen 
Car Electrical Service, Limited, Crimon-place, Aberdeen, 
to cover North Scotland; Millburn Garages, Limited, 
Millburn-street, Glasgow, to cover South Scotland ; 
Injection Maintenance, Limited, 84-86, Parliament- 
street, Burnley, to cover Lancashire and Westmorland ; 
and Diesel Injection, Limited, 8, Bath-street, Notting- 





Strand, London, W.C.2. [Price 105s. net.] 





ham, to cover the East Midlands. 
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NOTES FROM THE NORTH. 
GLAsGcow, Wednesday. 


Scottish Steel.—Production at melting shops is on a 
high level, with adequate supplies of raw materials to 
meet the sustained outputs. Scrap, in particular, 
remains in satisfactory supply. Blast furnaces are also 
operating very steadily to meet requirements for steel- 
making and foundry irons. Against the weakening 
tendency discernible in markets recently, a slight improve- 
ment in export business generally, and the booking of 
sheets in particular, has provided some stimulus. The 
lull in overseas buying which followed the devaluation of 
the pound shows signs of changing to more active trading. 
Canadian inquiries for both iron and steel commodities 
have been more numerous, and some actual bookings 
have been made. Makers have also secured more orders 
from Australia and New Zealand importers. Canadian 
buyers have shown a special interest in light sheets, but 
quotas are restricted, of course, by the needs of the 
home market. Aggregate bookings for sheets again 
exceed the output capacity of the rolling mills, while 
the state of order books ensures maximum operations 
practically to the end of Period 1, 1950. The heavy 
mills of the sheet makers are steadily employed in the 
production of medium plates. Shipyards and other 
consumers are receiving regular deliveries of plates, and 
the prospects for plate makers are that they will be fully 
engaged for the next six months. The demand for 
sections and bars remains inadequate for the capacity 
of the re-rolling industry. 


Scottish Coal.—For the first time this year coal produc- 
tion during the week ended November 19 exceeded the 
weekly target average of 500,000 tons. Outputs fluc- 
tuate week by week because of the unequal number of 
pits operating each Saturday, but over the 11-day fort- 
night the average output has risen to 492,200 tons. 
There is, of course, no hope of overtaking the deficit on 
the year’s target to date, although last year’s total of 
23,783,900 tons may be equalled. During the first 
46 weeks of the year 20,905,700 tons were mined com- 
pared with 20,921,700 tons in the same period of 1948. 
Commenting on the recent trend of production Lord 
Balfour, chairman of the division, stated he was confident 
that fortnightly outputs from now until the end of the 
year would skow a further improvement. Inland con- 
sumers are satisfied with the quantity of the coal received, 
while complaints regarding qual‘ty are only of normal 
dimensions. The consumption for manufacturing and 
processing purposes remains high, but the charge on 
supplies is lightened by the relatively small space- 
heating requirements. Power stations and gasworks 
burn less fuel than might have been expected at this time 
of year, and reserves are sound. Round coal is in fair 
supply and domestic tonnages are readily provided. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Full production is clearing off many 
old orders and reducing considerably the back log of 
orders accumulated during the war years. In the case 
of the railway-wheel mill at the works of the Steel, 
Peech and Tozer branch of the United Steel Companies, 
Limited, a state has been reached when it has been 
decided that two shifts, instead of three, will satisfy the 
demand, Accordingly, 33 men have been discharged. 
In many works there is still a heavy backlog, but as new 
business is relatively quiet, a change from full employ- 
ment in the course of next year is regarded as probable. 
A Sheffield firm of engineers has been surveying the 
Canadian position on the spot and has decided upon 
marketing plans for big sales of engineers’ equipment in 
Canada. Regional representation has been arranged, 
and large stocks will be carried in Canada as a temporary 
measure until distribution can build up adequate reserves. 
It is regarded as essential that Canadian retailers should 
be able to call on supplies quickly. It is understood that 
the devaluation of the pound has helped considerably. 
The lengths to which Sheffield firms will go to make 
their works comfortable and attractive is indicated by 
the fact that an interior colour scheme of pale blue and 
cream gloss paint has been adopted at the new light 
forge at Hadfield’s works. Over a thousand firms in 
Sheffield and Rotherham are now operating a system of 
staggered hours of working, imposed by the necessity to 
conserve power. The altered times of shifts is disliked 
by the managements and the men, and hamper pro- 
duction. One late shift a week is worked between the 
awkward times of 11.30 a.m. and 8 p.m. 


South Yorkshire Coal Trade.—The production of coal 
is being increased week by week, and some collieries have 
exceeded their targets four weeks in succession. The 
demand is being satisfied in spite of delays caused by 
foggy weather and wagon shortage. A full dispatch 
according to programme is being made to the ports for 
export and coastwise trading. House coal is more active 
and patent fuel moves briskly. Hard-coke production is 
satisfactory, and coke-oven gas is fairly plentiful. 


NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—As a result of the campaign 
for additional production, stimulated by the usual 
seasonal influences, the output from the South Wales 
coal mines has again been very satisfactory. In the week 
ended November 19, production in the area, at 496,666 
tons, reached the highest level of the year and also the 
second highest since nationalisation of the mines: The 
total was more than 7.000 tons greater than was the 
case a fortnight earlier, this having set up the previous 
record for the year. A year ago, production was 463,061 
tons and, at that time, there were 3,000 more employees 
in the pits than in the latest period. As a result of the 
extra coal available on the market, the export section 
has displayed a good activity. Additional allocations 
for the last quarter of the year were made to several 
foreign countries and shippers have been able to keep 
up to date with these programmes. The biggest increase 
in activities has again centred in the Belgian section, 
and shipments have gone forward on brisk lines. Once 
again the French trade has absorbed substantial quanti- 
ties, while trade with Italy has been maintained. A 
temporary difficulty in covering shipping requirements 
has slowed down deliveries to South America, but 
exporters still have to make very large shipments under 
existing contracts. The Spanish trade has been very 
well maintained, while the Portuguese section has been 
busier, although there is still no indication of a resump- 
tion of trade with the railways, the largest customers in 
that country. The inland d d has r ined very 
active in spite of the previous heavy forward sales made 
in this direction. As a result, all classes of coal are very 
well placed with outlets over the next couple of months. 
Cokes and patent fuel continue to attract good foreign 
attention and order books are usually well filled. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, inland business in tin-plate was a little 
more active, but that the export section was quieter. 
only a very few orders being booked. Steel sheets con- 
tinue to be in exceptionally strong demand, while 
purchases of iron and steel scrap are mainly confined to 
the heavier and better qualities. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The production of iron and steel 
is maintained at a high level and supplies of nearly all 
commodities are less restricted than for a considerable 
time but the continued feeling of uncertainty regarding 
a turn of market movement is holding up- business. 
Buyers are still pursuing a cautious policy and are dis- 
inclined to place orders far in advance of actual early 
needs until conditions in the economic position and the 
political situation become such as to encourage the hope 
of a more settled state generally in the near future. 
Supplies of raw material from home sources are ample 
for current needs and stocks of foreign iron ore are 
substantial. There is still a ready sale for the large 
supplies of iron and steel scrap which continue to come 
forward though users have been able to build up moderate 
reserve tonnages. 


Foundry and Basic Iron.—lIncreasing deliveries of 
ordinary foundry pig iron have not yet overtaken the 
demand but are dealing satisfactorily with the urgent 
needs of regular customers. The outputs of the basic 
blast furnaces continue to flow into immediate use at 
adjoining steel plants. 


Hematite, Low Phosphorus and Refined Iron.—Dis- 
tributable parcels of East-Coast hematite cover the actual 
needs of regular users but further improvement in 
deliveries would be acceptable. Low- and medium- 
phosphorus iron outputs are steadily taken up and 
manufacturers of refined iron are able to deal satis- 
factorily with the demand of customers of long standing. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers are occupied on running contracts 
but would welcome the purchase of certain commodities. 
Most descriptions of semi-finished steel are in ample 
supply and finished-steel producers are much better able 
than of late to give attention to delivery claims. Sheets 
are still in heavier demand than makers can provide. 
On the other hand, shipbuilders are now receiving quite 
satisfactory parcels of material. Mr. Robert Boardman, 
managing director of the Tees-side firm of Furness Ship- 
building Company, Limited, speaking after the launching 
of the 24,850 tons tanker Janus said that the firm had 
orders on their books for the construction of 360,000 tons 
deadweight of shipping. Of this 250,000 tons were 
foreign orders—150,000 tons for Norway alone. The 
Janus, built for a Norwegian firm, was the fourth of ten 
similar vessels, eight of which were going to Norway and 
two to the United States. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





Society OF ENGINEERS.—Monday, December 5, 5.30 
p.m., Geological Society, Burlington House, Piccadilly, 
W.1. “ Welding Research and Practice in the United 
States,” by Mr. H. G. Taylor. 


INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, December 5, 6 p.m., Town Hall, 
Birmingham. Faraday Lecture on “ Radar,” by Dr. 
R.A. Smith. North-Western Centre: Tuesday, December 
6, 6.15 p.m., Engineers’ Club, Manchester. ‘“‘ Electro- 
magnetic Problems,” by Professor G. W. O. Howe. 
Radio Section: Wednesday, December 7, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘“ Solar Radio-Frequency 
Radiation,” by Dr. J. L. Pawsey (read by Mr. J. 8. Hey). 
Utilisation Section: Thursday, December 8, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘‘ Electrical Control] Gear 
for Machine Tools,” by Mr. A. R. H. Thorne. 

LIVERPOOL ENGINEERING SOcIETY.—Monday, Decem- 
ber 5, 6.30 p.m., Royal Institution, Colquitt-street, Liver- 
pool. ‘“‘ Commissioning of Generating Stations,” by Mr. 
F. J. Hutchinson. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, December 5, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘‘ Steam Traps,” by Mr. F. 
Burgess. Midland Section: Wednesday, December 7, 
7 p.m., James Watt Institute, Birmingham. “ Trans- 
former Automatic Voltage Regulators,” by Mr. G. A. P. 
Jewiss. Institution: Friday, December 9, 6.30 p.m., 
39, Victoria-street, S.W.1. ‘“‘ Problems of Broad- 
casting,” by Mr. H. Bishop. Western Group: Friday, 
December 9, 7.30 p.m., Technical College, Bath. “ Henry 
Maudslay and the Maudslay Scholarship,” by Mr. J. 
Foster Petree. 

INSTITUTION OF PRODUCTION ENGINEERS.—Y orkshire 
Section: Monday, December 5, 7 p.m., Hotel Metropole, 
Leeds. ‘‘ Grinding Wheels,” by Mr. G. H. Bottomley. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch : Monday, December 5, 7.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Manufacture of Cast Magnets,” 
by Mr. A. Braybrook and Mr. D. Hadfield. London 
Branch: Thursday. December 8, 7 p.m., Waldorf Hotel, 
Aldwych, W.C.2. ‘“‘ Casting Copper-Lead Bearings,” by 
Mr. P. D. Liddiard and Mr. P. G. Forrester. Lancashire 
Branch: Saturday, December 10, 3 p.m., Engineers’ 
Club, Manchester. ‘‘ The Founder, the Engineer, and 
the Future,”’ by Dr. J. G. Pearce. 

INSTITUTION OF CrvIL ENGINEERS.—Tuesday, Decem- 
ber 6, 5.30 p.m., Great George-street, S.W.1. ‘‘ Im- 
provements in Jetty Design, with Reference to Systems of 
Fendering,” by Mr. G. W. Rooke. Midlands Association : 
Thursday, December 8, 6 p.m., James Watt Institute, 
Birmingham. Film: ‘ Magnel System of Pre-stressed 
Concrete.” 

CHEMICAL ENGINEERING GROUP.—Tuesday, Decem- 
ber 6, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘‘ Underground Corrosion of Ferrous 
Metals,” by Mr. K. R. Butlin and Mr. W. H. J. Vernon. 

INSTITUTION OF MECHANICAL — ENGINEERS.—South 
Wales Branch: Tuesday, December 6, 6 p.m., Mack- 
worth Hotel, Swansea. ‘The Air Injector Employing 
Low-Pressure Air as the Driving Fluid,” by Professor 


L. J. Kastner and Mr. J. R. Spooner. Institution 
(Hydraulics Group): Friday, December 9, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. “ Laminar 


Flow Aerofoil Theory and the Design of Kaplan-Turbine 
Blades,” by Mr. S. P. Hutton. 

RoYAL AERONAUTICAL SOCIETY.—Tuesday, December 
6, 7 p.m., 4, Hamilton-place, W.1. “ Design of Tail 
Pipes for Jet Engines, Including Reheat,” by Mr. J. L. 
Edwards. 

RoyaL Society OF ARTS.—Wednesday, December 7, 
2.30 p.m., John Adam-street, W.C.2. “‘Is Pride in 
Workmanship Declining ? ” by Mr. Cyril Dee. 

NEWCOMEN SoclETY.—Wednesday, December 7, 5.30 
p.m., Institution of Civil Engineers, Great George-street, 
S.W.1. ‘“ On Norris-Pattern Locomotives Constructed 
in England,” by Mr. P. C. Dewhurst. ‘‘ The Eastern 
Counties and Their Outstanding Steam Engines,” by 
Mr. Ronald H. Clark. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.— Wednesday, December 7, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
$.W.1. “ Air Conditioning of Aircraft Cabins,” by Mr. 
J. R. Leach. 

Royat InstiTuTIon.—Friday, December 9, 9 p.m., 
21, Albemarle-street, W.1. ‘‘ Oxidation-Reduction Re- 
actions,” by Professor M. G. Evans. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, December 9, 6.15 p.m., Neville 
Hall, Newcastle. “A Spring Foundation for Forge 
Hammers,” by Mr. C. E. Iliffe and Mr. J. Henderson. 
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LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLe Bak 3663 and 3664. 


All editorial corres 
to the Editor and a 
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Accounts are payable to ‘“‘ ENGINEERING,”’’ Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bark, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


‘““ ENGINEERING ” ‘may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada .... te 
For Canada 
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Subscribers receiving incomplete copies through 

newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art. paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot * guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” ‘‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch.™ The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six ; and 
33} per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first: post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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STANDARDISATION OF 
LOCOMOTIVE LIMITS AND 
FITS. 


As a catch-word, “‘ standardisation ”’ is in danger 
of ousting “‘ research.” It holds out, in the minds of 
planners, promises of cheaper or increased produc- 
tion, with the advantage of seeming to require no 
great capital expenditure, but to embrace it too 
fully is to ignore the changing pattern of engineering 
development. The standardisation of limits and 
fits for locomotive parts, however, is a field where 
the risk of sterilisation is almost negligible, provided 
the end is kept in view. On page 601, we summarise 
the paper on the limits and fits system of the Loco- 
motive Manufacturers Association, which Mr. J. F. 
Alcock presented to the Institution of Locomotive 
Engineers on November 23. The discussion follow- 
ing the reading of the paper, which is also sum- 
marised, centered on the appropriateness of the 
L.M.A. system, as compared with that of the 
London Midland Region, British Railways, which 
was the subject of an article on page 521 of our issue 
of November 18. 

It may well be asked why, after nearly a century 
and a half of locomotive history, this matter has 
been raised only recently. The fact is, however, 
as Sir William Stanier pointed out, that as long 
ago as 1912 at least one firm was engaged on the 
task of formulating a system. The special require- 
ments of the Indian State Railways, for which 
locomotives were being built in this country by 
more than one manufacturer, were being cared 
for by their consulting engineers. Within the past 
few years the London Midland Region and the 
private locomotive builders have followed suit, 
although their resultant systems differ. Further- 
more, as Sir William also remarked, the practic- 
ability of adopting a system has resulted from com- 
paratively recent improvements in grinding ma- 
chines ; the old and costly fitting methods have been 
eliminated wherever possible, the limits and fits have 
been specified on the drawings, and the machine 





shops follow the instructions. The fundamental 


99 | interference. 





difference between the L.M.A. and L.M.R. systems 
lies in the fact that the L.M.A. have standardised 
limits and fits, whereas the L.M.R. have, in addition, 
followed the example of the British Standards 
Institution and reduced a multiplicity of limits and 
fits to several series. 

Although Mr. Alcock devoted much of his paper 
to the special case of interference fits for ax’es and 


584| wheel centres (a case which cannot, and need not, 


be based on one of a series of standard limits and 


86 | fits), he said sufficient to indicate the manner in 


which the L.M.A. system had been eyolved. It was 
intended at first to work to British Standard Specifi- 
cation No. 164, but preliminary investigation 
revealed that the long-established practices of 
individual builders, although differing in detail, 
could be brought in line with no great inconvenience 
—not, however, in line with B.S. 164. That would 
have required extensive provision of new gauges, in 
addition to changes in conventional manufacturing 
methods. A compromise, not unreasonable in the 


99 | Circumstances, was agreed upon, and, in effect, the 


average practice was standardised. Customers 
remain free to request that their special require- 
ments should be met, but there are obviously advan- 
tages if the L.M.A. system can be followed wherever 
possible. 

The nature of the fit of, say, a shaft in a hole, is 
determined mainly by the amount of clearance or 
In the workshop, however, it is 
neither practicable nor economical to produce all 
shafts, or all holes, to exactly the same diameter. 
It is necessary therefore to allow a tolerance on the 
size of the hole and on the size of the shaft. For 
ease of manufacture, the tolerances must be as 
great as possible, but at the same time the fit result - 
ing from a shaft turned to the upper limit and a hole 
bored to the lower limit, and vice versa, must be 
acceptable (unless selective assembly is practised). 
Thus, for a particular shaft and hole, the most appro- 
priate limits and fit can be determined. Another 
shaft and hole, identical except that they are larger 
in diameter, would require increased tolerances and 
clearance. Clearly, taking the whole range of 
mating parts in locomotives, if each case was treated 
on its merits from the point of view of size, nature of 
fit and tolerances, the varieties would run into 
thousands and the provision of gauges would be 
unnecessarily expensive. 

In at least one respect it is more important for the 
private locomotive builders, than for a railway com- 
pany, to adopt a standard system, since the builders 
have to manufacture parts for many different types 
of locomotives for service overseas and at home. 
To solve the problem in the manner advocated by 
the British Standards Institution, it is necessary to 
devise a rational system of limits and fits, so that 
as many as possible of the cases arising in locomotive 
design can be made to conform. The method 
adopted in B.S. 164 for engineering generally is to 
specify several series of tolerances for holes, each 
series being allotted a code letter, which represents a 
certain quality of tolerance, and specifying the actual 
limits for all diameters up to 25-29 in. for each series. 
On the hole basis and with the unilateral system, the 
low limit for all holes is the nominal size, and the 
high limit is the nominal size plus the tolerance. 
Different qualities of fit (clearance, interference and 
transition) are obtained by adopting several series 
of codes for shafts, in which, however, there are two 
variables—one to take care of the fit, and the other 
to provide various tolerances. There are thus more 
codes for shafts than for holes ; the fit is determined 
by varying the size of the shaft. 

By adopting wherever possible the standard 
codes of B.S. 164, the London Midland Region 
have greatly simplified the gauge problem. They 
were careful, however, not to apply the system 
outside its useful range, to such dimensions as the 
diameters of wheel centres, cylinder bores and 
piston heads. In these cases—mostly of compara- 
tively large dimensions—standard limits and fits 
are specified in figures, each case being treated on its 
merits. The recent article on the L.M.R. system 
dealt largely with such special cases, since the 
great majority of limits and fits are specified by 
codes and were therefore readily dismissed in a few 
words. Thus Mr. Alcock’s argument in favour 
of a “ locomotive basis,” in which he cited the cases 
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of piston rods, cylinder bores, crankpins and the 
fit of tyres on wheel centres, is not strictly relevant. 
The parts which can conveniently be manufactured 
to the B.S. or L.M.R. systems are the far more 
numerous pins, bolts, shafts, spigots, keys, holes, 
bushes, keyways, etc. 

It has been suggested that, since it is not generally 
necessary to work to more than three decimal 
places in locomotive work, B.S. 164, in which limits 
are expressed to four places, is not practicable. 
A typical example will illustrate that this is based on 
false premises. A hole 2 in. in diameter to B.S. 
code V (which is widely used by the London Midland 
Region) is allowed a tolerance of 0-0028 in. ; in other 
words, the machinist is allowed a tolerance of almost 
three thousandths of an inch, which is not particu- 
larly rigid. The fact that the tolerance is actually 
0-0028 in. does not directly concern him, since he is 
provided with the appropriate code V plug gauge. 
It is the gauge maker, who, in any case, would have 
to work to not less than four decimal places, who is 
concerned with the tolerance of 0-0028 in. On the 
L.M.R., the gauge maker leaves an allowance for 
wear on the “go” gauge of approximately 10 per 
cent. of the code tolerance, and is himself allowed a 
tolerance in the manufacture of the gauge of 10 per 
cent. Thus, tolerances are adequate in the machine 
shop and are inevitably finer in the tool-room. 

The task which the L.M.A. undertook was, to 
say the least, formidable. Even without submitting 
a draft to the British Standards Institution, or to 
the users of locomotives in many countries overseas, 
it took two years to finalise the system. A lead 
has now been given, but in this matter it is really 
a question of all or nothing ; half measures will not 
provide even half the advantages of standardisation. 
It would seem, therefore, that the question of 
the practicability and desirability of perfecting the 
system needs careful consideration. It cannot be 
a simple matter to decide, since, for the system to be 
an unqualified success, overseas railways which are 
customers of the member firms of the L.M.A. 
should be consulted. The aim should be to evolve a 
system which is acceptable to the whole of British 
Railways, consulting engineers and overseas rail- 
ways concerned, makers of proprietary components 
and to the L.M.A. Furthermore, the system 
should conform as closely as possible with B.S. 164, 
It should not be difficult to adhere to the B.S. 
limits with the addition of “‘ hybrid ” codes similar 
to those introduced by the London Midland Region, 
but it would probably be necessary to provide for 
different fits for certain pairs of mating parts, to 
suit conditions in different countries. 

Such a task would properly be undertaken by 
a committee working under the zgis of the British 
Standards Institution, especially if the recom- 
mendation to enlarge the functions and powers 
of the Institution, recently put forward by the 
Committee for Standardisation of Engineering 
Products, is adopted. The work of the committee 
would be considerably facilitated, however, if the 
full-time services of an engineer were made available. 
It is a subject which demands the undivided atten- 
tion of one man, who should be in a position to 
comprehend the whcle of the issues involved. 

An attempt to devise a standard system for all 
locomotives built for this country, and for many 
countries overseas, would not have seemed so 
ambitious a few years ago, when the building was 
carried out by firms and railways in this country, 
but the position will change in the near future. In 
India, for example, locomotive workshops are in 
course of construction. In view of this, the useful- 
ness of a universal system, the benefits of which 
cannot be felt fully in under several years, may be 
questioned, but the fact that the L.M.A. evidently 
saw no substantial reason to doubt the advantages, 
is presumably sufficient answer. Overseas railways 
might hesitate to agree to such a system, under the 
impression that it would restrict rather than facili- 
tate developments in design to suit local conditions. 
There need be little fear of that, however, since it 
should not be impossible to draft a system of 
sufficient scope. An organisation already exists, 
in the shape of the International Railway Congress 
Association, for the interchange of information, 
and it might be a useful first step to invite papers in 
reply to a questionnaire issued by that Association. 


THE ENGINEER’S PLACE IN 
SOCIETY. 


In the course of the volume entitled A Constitu- 
tion for the Socialist Commonwealth of Great Britain, 
Mr. and Mrs. Sidney Webb commented that “the 
professions have nothing analogous to the Trade 
Union Movement, not even an annual conference. 
They have no sense of solidarity and therefore no 
combined movement to achieve anything.” Of 
which it may be remarked, in the immortal words of 
Mr. Bunsby, that “the bearings of this observation 
lays in the application on it”; at all events, its 
validity, like that of most other statements, depends 
entirely on the precise meaning which is attached to 
it. The professions, or the part of them represented 
by the great engineering institutions, are hardly 
likely to admit that they have no sense of solidarity, 
or that they are incapable of achieving anything. If, 
however, the word “ anything ” is to be restricted 
to-meaning combined action to force up wages or 
remuneration, which is the chief activity of the trade 
unions—and, apparently, this was the meaning 
attached to the term by the Webbs—then indeed 
the engineering institutions are prevented by their 
constitutions, and in many cases by their charters, 
from achieving anything. 

Whether or not Sidney and Beatrice Webb 
thought that it would be a good thing that profes- 
sional engineers should combine to advance their 
sectional interests as a class at the expense of the 
public weal need not be speculated on, but the 
statement that the professions have no solidarity is 
palpably false. Anyone who becomes a member of 
one of the major engineering institutions commits 
himself to the observance of a code of conduct 
which is fundamentally based on consideration for 
the public interest, and the strictness with which 
that code is followed indicates a sense of responsi- 
bility in the profession which might profitably be 
inculcated elsewhere. The engineering institutions 
are technical bodies which realise that the interests 
with which they are concerned would be marred by 
combining them with considerations of a political 
character. The craft unions, however, although 
they hardly seem to realise it in these days, are also, 
in one important respect, technical bodies and, while 
not even the most visionary individual would sup- 
pose that they are likely to abandon their main 
activity of trying to improve the wages and the 
working conditions of their members, there are 
slight indications of a realisation that full advan- 
tage of improvements in apparatus and methods, 
devised by those who cannot “‘ achieve anything,” 
is not to be obtained without the co-operation of 
the craft unions in their technical capacity. 


The above quotation from the Webbs is taken 
from the presidential address to the Institution of 
Structural Engineers, delivered by Mr. Leslie Turner 
on October 13. Mr. Turner did not deal with the 
question of the desirability of the craft unions 
diluting their political activities with some con- 
sideration of their responsibilities in the technical 
sphere. His subject was one which has, perhaps, 
been more frequently discussed ; that is, the desir- 
ability, or otherwise, of professional engineers 
introducing a political element into their group 
activities. A good deal has been heard of this 
matter at various times and while there is general 
agreement that it would be unwise, or even fatal, 
for the professional technical institutions to attempt 
to stray out of the technical sphere, many proposals 
have been made that what would be, in effect, 
political associations of engineers, independent from 
the professional associations, should be set up. The 
word “ political” as used here naturally has no 
reference to party politics. This mutual dependence 
is becoming intensified, rather than otherwise, with 
the march of events. Mr. Turner defines politics 
as the “ art of government,” and the associations of 
engineers which are proposed would concern them- 
selyes with social questions bearing on the activities 
of engineers as members of the general public.. In 
this field, their special interests do not always 
receive the consideration the importance of engineers 
as a class, in modern civilisation, renders desirable. 





On the question of politics and professional 
activities, Mr. Turner raised a point of fundamental 


importance. He pointed out that the grant of a 
charter to a body of professional engineers is a 
political act and that “political acts can le 
rescinded.” In looking to the future and “ bearing 
in mind the potential ascendancy of the influence 
of the mass over the qualified minority in specialised 
spheres of human activity,” he proceeds to put the 
highly pertinent question, “ Are our Institutions 
strong enough to survive an economic blizzard, and 
are they strong enough to resist partisan pressure ? ”’ 
There does not seem to be any reason to suppose that 
an economic blizzard would have any selective 
action on engineering institutions, but partisan 
pressure is a different matter. In the temper of 
large section of mankind at the present time, there 
is a danger that what would no doubt be described 
as the “ privileged” position of the engineering 
institutions may be attacked. It may be said that, 
all men being equal and the State being the reposi- 
tory of supreme wisdom, why the engineering institu- 
tions should exist as extra-State bodies when they 
would fit in nicely with the scientific side of the Civil 
Service. Admittedly, the Institution of Structural 
Engineers, and others of its class, are not likely to 
find an early place in the rank of activities which are 
to receive the blessing of nationalisation, but that 
the trend of thought of a large section of the pupula- 
tion is in the direction of such a consummation 
there can be no question. 

Mr. Turner’s recipe for dealing with the situation 
cannot be greatly different from others which have 
been brought forward. In view of the fact that a 
“challenge to the professions persists, while 
their work and function is not apparently appreciated 
or noticed by the general public,” he asks “ Are 
we satisfied that the fault does not lie partly with 
ourselves ?”” He suggests that engineers are too 
pre-occupied with their work to devote attention 
to wider issues, which are left to look after them- 
selves. He will not be offended, we feel confident, 
if we point out that this is not a novel idea; the 
matter has been frequently discussed, though neces- 
sarily in rather general terms. He submits that 
‘individual members, both inside, and particularly 
outside, the Institution ” should exercise vigilance in 
“initiating or supporting movements working for 
unification and the building up of corporate opinion 
and publicity impinging on public opinion.” Al- 
though the Institutions may, and usually do, repre- 
sent a “corporate opinion” within their proper 
spheres, they certainly do not attempt to influence 
the outside activities of their members except in the 
rare cases in which these run contrary to a profes- 
sional code of conduct. Admittedly, Mr. Turnerdoes 
not appeal to the Institutions in this matter, but to 
‘individual members,” but his mention of “ pub- 
licity ” necessarily suggests corporate action. None 
of the great engineering institutions is likely to react 
favourably to a suggestion that they should indulge 
in the type of publicity campaign which is doing 
more to depreciate than to enhance the status of 
some other branches of activity. 

Action by “individual members ”’ is necessarily 
uncontrollable, and likely to be sporadic and 
directed to a variety of different ends. Corporate 
action would be more specific. Unity of the engin- 
eering profession is prevented to some extent by its 
“fragmentation” and Mr. Turner referred in 
favourable terms to the possibility of a ‘ parent 
institution heading a family of specialist institu- 
tions.” Even this consummation, however, would 
not meet his desire for a body, the activities of which 
extended into the social and political sphere. 
For this purpose, “‘ the federation of the whole class 
of professional men and women ” would be necessary. 
It is clear that a body of this kind could in no 
proper sense be a technical or scientific institution ; 
the range of interests represented would be too wide. 
Moreover, the formation of such a body is no new 
notion; it has been tried, and experience shows 
that such an organisation, instead of acting as an 
independent authority representing the specialised 
interests of its scientific members, is liable to be 
captured by extremists. It tends to become a 
political-party body, with no more status than any 
other association engaged in the same class of 
business, and to lead merely to a concentration of 
power and privilege in the hands of a very few ; 





even, in the limit, in the hands of one man. 
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THE CENTENARY OF SiR AMBROSE FLEMING. 

‘THE centenary of the birth of Sir Ambrose Fleming 
on November 29, 1849, is being observed at the 
Science Museum, South Kensington, London, this 
weck and next week by the display of his original 
thermionic valve. A collection of the lamps and 
valves he used in his early researches will also be on 
view. The official announcement of this display 
describes Fleming as the inventor of the oscillation 
valve in 1904 which “‘ made possible the amazing 
development of modern radio communication, 
broadcasting and television.” Without wishing to 
detract from the value of Fleming’s work or to 
re-open old controversies it must, however, be 
pointed out in the interests of historical accuracy 
that the matter is not quite so simple as that. 
In 1883, Edison discovered that if a metal piate 
were placed between the loop of the filament in a 
carbon incandescent lamp and was connected to 
the positive terminal of the latter a current would 
flow in the circuit thus formed. If, however, the 
plate was connected to the negative end of the fila- 
ment no sensible current was produced. Nv prac- 
tical use of this phenomenon, which was known as 
the Edison effect, was made until 1904 when 
Fleming found that a lamp, in which a metal 
cylinder surrounded the filament, could be used to 
rectify high-frequency currents and to detect radio 
waves. To this invention he gave the name of the 
oscillation valve ; and later claimed that it might 
be called *‘ the master weapon of the radio engineer.” 
Although, however, this two-electrode valve could 
be used as a detector it could not be employed as a 
generator of oscillations. To enable this funda- 
mental improvement to be made it was necessary 
to mount a wire or grid inside the valve between 
the plate and the filament, as was first done by Lee 
de Forest in 1907. It is this three-electrode valve, 
which can be correctly described as the basis of all 
subsequent developments in radio communication 
and other allied fields. This fact was pointed out 
in the obituary notice of Fleming which appeared 
on page 334 of our 159th volume (1945) and no 
more was claimed in the corresponding note which 
was published at the time in the Journal of the 
Institution of Electrical Engineers. 


THE INSTITUTION OF MECHANICAL ENGINEERS. 

At a meeting of the Internal-Combustion Engine 
Group of the Institution of Mechanical Engineers, 
held on Friday, November 25, with Wing Comman- 
der T. R. Cave-Browne-Cave, C.B.E., in the chair, 
Mr. H. Sammons, M.I.Mech.E., presented a paper 
entitled ‘‘A Single-Cycle Test Apparatus for 
Studying ‘Loop Scavenging’ in a Two-Stroke 
Engine.” The author described the construction 
and use of a laboratory apparatus for sampling the 
gases contained in the cylinder of a loop-scavenge 
two-stroke engine after the exhaust ports have closed, 
to facilitate research into the scavenging process and 
loop-scavenge efficiencies. It was intended to 
simulate, as closely as possible, the conditions 
obtaining in a proposed multi-cylinder engine, and 
it was decided to make use of only a single cycle of 
operation. The apparatus consisted of a full-scale 
single-cylinder engine with arrangements to start 
the crankshaft, run it at the required speed, and 
stop it, all in one cycle. Sealed tanks were con- 
nected to the inlet and exhaust, and were filled 
with carbon dioxide (for the inlet) and air (for the 
exhaust), at appropriate densities. Part of the 
cylinder was made of Perspex, so that the pattern 
of the gas flow through the intake ports could be 
studied photographically, using water-washed and 
dried china clay as a tracer medium. Experiments 
carried out with the apparatus emphasised the 
necessity of paying detailed attention to local 
turbulences in the gas streams and to short-circuit 
paths between the intake and exhaust ports, and 
they threw some light on the magnitude of minor 
effects. Two lines of research were followed, 
namely, the preparation of suitable porting designs 
for test in the engine, with progressive improvements 
in the efficiency of scavenging, and a more funda- 
mental exploration of the scavenging process itself ; 
in his paper, the author dealt particularly with the 
latter. The apparatus provided values for three 





efficiency ; and data derived from the primary 
observations were expressed in the form of curves 
relating to the total charge in swept volumes at 
exhaust pressure and intake temperature, the 
charging efficiency, and the pressure ratio. The 
effects of operating with high charge densities and 
exhaust back pressures were described, and a 
method was given of expressing the scavenging 
performance of a given design of ports. The 
influence of crankshaft speed and some causes of 
lost efficiency were also examined. The discussion 
on the paper was opened by Mr. J. Forster Alcock, 
B.A., M.I.Mech.E., who drew attention to the fact 
that the apparatus was not ideally suited to funda- 
mental research, since it dealt solely with an unusual 
port design, evolved for an unusual job. At the 
conclusion of the discussion, a vote of thanks to 
the author was proposed by: the chairman and 
carried by acclamation. 


THE SMITHFIELD SHow. 

The first Smithfield Show to be held since 1938 
will be opened by the Minister of Agriculture, the 
Rt. Hon. Tom Williams, M.P., on Monday, Decem- 
ber 5, and will remain open until the evening 
of Friday, December 9. This year, the Show is 
being held for the first time at Earl’s Court’ and 
the title has been altered to the Smithfield Show 
and Agricultural Machinery Exhibition. As a 
consequence, it will be on a much larger scale 
than in previous years, when it was held at the 
Agricultural Hall, Islington. It is being organised 
by a joint committee under the combined auspices 
of the Smithfield Club, the Agricultural Engineers’ 
Association and the Society of Motor Manufac- 
turers and Traders, representing, respectively, 
the livestock breeders, the manufacturers of 
agricultural implements and machinery, and the 
manufacturers of agricultural tractors, vehicles and 
prime movers. The revival of the show under its 
new title coincides with the 150th anniversary of 
the first Smithfield Show, held in 1799. The trade 
stands, numbering about 250, will be showing a wide 
variety of farming implements, machinery and 
equipment ranging from small tractors to self- 
propelled combine harvesters. In all, the exhibi- 
tion will occupy 220,000 sq. ft. of floor space, half as 
much again as that of any pre-war Smithfield Show. 


Execrriciry SuppLy in NorTHERN IRELAND. 

According to a report on electrical development 
in the Province, issued by the Ministry of Commerce 
for Northern Ireland, the total sales of electricity 
during the calendar year 1948 amounted to 
466,833,814 kWh, compared with 418,037,550 kWh 
in 1947, an increase of 48,796,264 kWh, or over 
11 per cent. Compared with 1938 (the last full 
year prior to hostilities), the increase was no less 
than 129 per cent. As regards generating plant, 
work was continued during the year on the extension 
of the Ballylumford power station. This consists 
of two 31-5 MW sets with the necessary boilers and 
ancillary plant. One of these sets has already been 
commissioned, bringing the capacity of the station 
up to 93 MW. The ultimate capacity will be 
124-5 MW. The installation of plant to increase 
the capacity of the Belfast Harbour power station 
to 144-75 MW was also nearly completed and a 
further 30 MW of generating and steam-raising 
plant has been ordered. Further, an extension of 
the Londonderry station to meet the increasing 
load in that area has been decided upon. During 
the year, constructional work was continued on the 
110-kV transmission line between Ballylumford and 
Ballymena, and plans have been made for extending 
this from Ballymena to Drumnakelly, near Porta- 
down, with a branch to Omagh. In spite of shortage 
of materials, the rate of extension of electricity 
supplies to towns, villages and rural areas in the 
Province increased during the year under review. 

Historic LOCOMOTIVES. 

The Railway Execative have issued a statement 
regarding a proposed collection of models and 
drawings of historic locomotives. As a result of 
discussions between the Executive and representa- 
tives of the principal societies interested in the 


should be examined for establishing a collection of 
models and/or drawings to portray the principal 
types which mark important stages in locomotive 
development. With a view to developing this 
proposal, a small joint committee has been set up 
under the chairmanship of Mr. D. 8S. M. Barrie, the 
members being, for the Railway Executive, Mr. 
R. C. Bond and Mr. E. S. Cox, and for the societies 
Mr. G. R. Grigs. Among the questions which this 
committee has been examining, is the extent to 
which suitable models of historic locomotives are 
already available in reasonably accessible locations, 
and enquiries on these lines are being initiated both 
by the Executive and among the members of the 
various societies. In the meantime, the Executive 
are safeguarding from premature disposal any loco- 
motive name-plates, etc., which may become surplus 
through the withdrawal from service of engines, and 
which may be considered as being of historic interest. 
As regards the future preservation of actual loco- 
motives, the Executive, while emphasising the great 
problems of accommodation, maintenance and 
expense, have not definitely precluded this possi- 
bility, and have agreed that certain locomotives, 
of historic interest, which are the last examples of 
their types, shall not be scrapped op withdrawal from 
traffic without the societies’ representatives being 
consulted. 


A Noraste Frat oF Roap HavnaGceE. 

On the afternoon of Monday, November 28, there 
arrived at the Shell oil refinery at Stanlow, near 
Ellesmere Port, Cheshire, a fractionating column, 
84 ft. long, 10 ft. 8 in. in diameter, and weighing 
115 tons, which is the largest yet made for the 
refining industry in this country, and has provided 
a haulage problem of particular difficulty. The 
column, of all-welded steel construction, was made 
at the Greenwich works of Messrs. G. A. Harvey and 
Company (London), Limited, and has been delivered 
nearly three months ahead of the scheduled time. 
Its transport was undertaken by Messrs. Pickfords, 
Limited, Manchester, who provided for the purpose 
two low bogies, each with 16 wheels, one being 
located under the,forward end of the column and 
the other at about a third of the length from the 
rear end. Two 20-ton Scammell tractors supplied 
the towing power, and it was expected that the 
journey would occupy about ten days, representing 
an average speed of about five miles an hour. In 
fact, the journey was accomplished in less time, as 
the load left Greenwich on November 20 and 
reached the site on the afternoon of November 28. 
The planning of the route was undertaken in 
co-operation with the Ministry of Transport. The 
column crossed the Thames by Lambeth Bridge, 
the stages being Greenwich to Hendon and thence 
to Harpenden, Stony Stratford, Coventry by-pass, 
Walsall, Stone, Newcastle-under-Lyme, Holmes 
Chapel, Frodsham and Stanlow. We have now 
learned from the Shell Petroleum Company that, 
on Wednesday of this week, the column was success- 
fully lifted from the bogies and set vertically in its 
place in the new.refinery installation. 





THE ENGINEERS’ GUILD.—A meeting, open to all 
chartered civil, mechanical and electrical engineers, 
will be held at Kimbell’s Restaurant, Osborne-road, 
Southsea, on Thursday, December 8, commencing at 
5.30 p.m., at which the Southern branch of the Guild wil? 
be inaugurated. A discussion will take place on “ The 
Guild as an Association of Professional Engineers,” to be 
opened by Mr. Bryan Donkin. 





INSTITUTION OF WATER ENGINEERS.—The 39th annual 
general meeting of the Institution of Water Engineers 
will be held at the Institution of Civil Engineers, Great 
George-street, Westminster, London, S.W.1, on Thurs- 
day, December 8, commencing at 10 a.m. After the 
transaction of formal business, a 35-minute sound film 
entitled “‘ The Cornish Engine ”’ will be shown, by cour- 
tesy of the Petroleum Films Bureau. This will be 
followed by a discussion on “‘ Vyrnwy Aqueduct : Fourth 
Instalment Pipeline,” by Mr. W. F. White. After an 
interval for luncheon, the meeting will be resumed, at 
2.15 p.m., for the discussion of three papers on “‘ Water- 
works Economics,” namely, ‘‘ Finance,” by Mr. S. W. 
Hill; “-Costs,” by Mr. E. G. B. Gledhill; and “‘ Some 
General Considerations,” by Mr. H. R. Lupton, M.C. The 





preservation of such locomotives, it was agreed that, 
having regard to the difficulties of cost and main- 


chair will be taken by the President of the Institution, 
Mr. John Noel Wood. 
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MR. S. J. WATSON. 


WE have learned with regret of the death, on 
November 18, of Mr. Stephen John Watson, formerly 
manager of the South-East England District for the 
Central Electricity Board. Mr. Watson, who was 
79 years of age, retired from that position in 1938. 

Anative of Dover, Mr. Watson received his general 
education in that town and, in 1887, was articled to 
Messrs. G. E. Belliss and Company (now Belliss and 
Morcom, Limited) of Birmingham. On the comple- 
tion of his pupilage, he remained for a time with 
Messrs. Belliss and then obtained further practical 
experience with the Brush Electrical Engineering 
Company and the National (Preston) Electric 
Supply Company, being appointed by the latter 
company to the charge of the Preston power station. 
He left Preston in 1896 to become borough electrical 
engineer at Bury, where he remained for 27 years. 
While holding this position, he was responsible for 
the design of the electric supply system at Hasling- 
den, taking current in bulk from Accrington, and 
continued for many years to act as consultant to the 
Haslingden Borough Council, as well as to other 
municipalities. In 1923, he went to Salford as chief 
electrical engineer, but four years later came to 
London as chief engineer to the London and Home 
Counties Joint Electricity Authority. In 1928, he 
was appointed to the district managership under 
the Central Electricity Board, previously mentioned. 
Mr. Watson was a member of the Institution of 
Civil Engineers, the Institution of Electrical En- 
gineers, and the Incorporated Municipal Electrical 
Association, and had served as president of the last- 
named society and as a member of Council of the 
Institution of Electrical Engineers. While in 
Lancashire, also, he had taken a prominent part in 
the local activities of this institution and of the 
Institution of Civil Engineers. 





DR. F. B: JEWETT. 

News has been received that the death of Dr. F. B. 
Jewett occurred in New York on Friday, November 
18, at the age of seventy. Dr. Jewett was well- 
known to communication engineers all over the world 
as a pioneer in the field of long-distance telephony 
and as the head of a team of research workers 
engaged for many years in applying the methods 
of scientific research to the problems underlying 
the development of that form of communication. 

Frank Baldwin Jewett was born at Pasadena, 
California, on September 5, 1879, and was educated 
at the Throop Polytechnic Institute. He then 
studied at the University of Chicago, where he 
obtained the degree of Doctor of Philosophy and 
acted for a short time as assistant to Professor A. A. 
Michelson, who was at that time engaged on work 
on the diffraction-grating engine. Among his 
colleagues was R. A. Millikan, who was working in 
that branch of physics which is now known as 
electronics. In 1902, Jewett became instructor in 
physics and electrical engineering at the Massa- 
chusetts Institute of Technology in Boston, but 
two years later began his connection with the 
branch of engineering with which his name will 
always be associated, when he was appointed one 
of the transmission engineers of the American 
Telephone and Telegraph Company. In 1912, he 
became assistant chief engineer of the Western 
Electric Company, being subsequently promoted to 
chief engineer and vice-president, while, in 1925, 
he was appointed vice-president of the American 
Telephone and Telegraph Company in charge of 
development and research. In the same year he 
was appointed president of the Bell Telephone 
Laboratories and became chairman of the board of 
directors in 1940. He retired in 1944. 

At the date of Jewett’s appointment to the 
American Telephone and Telegraph Company, one 
of the outstanding problems was the establishment 
of long-distance communication, a problem which 
could be solved only partly by the use of loading 
coils. In 1909, in fact, the greatest distance over 
which commercial speech was possible was 950 
miles, between New York and Chicago, so that when 
it was suggested that telephonic communication 





Francisco, a distance of 3,600 miles, in time for the 
Exposition in the latter city in 1915, it was clear 
that much new ground would have to be broken. 
The immediate effect, so far as Jewett was con- 
cerned, was the establishment of a research depart- 
ment with the approval of J. J. Carty and B. 
Gherardi, and the beginning of the work on 
repeaters, which enabled communication across the 
continent to be established by the specified date. 
In the same year the first spoken words were trans- 
mitted across the Atlantic by radio from Arlington to 
Paris, while, in 1923, the first connected one-way 
conversation at a pre-determined time was trans- 
mitted from New York to London. In 1927, a com- 
mercial telephone service was opened between 
England and the United States. It is not going too 
far to say that the scientific work of the Bell 
Laboratories under Jewett, for he always insisted 
that it was his team of workers, and not he alone, 
that was responsible, was a vital factor in attaining 
these results. His personality and powers of 
organisation also played no small part in the 
success that was achieved. 


Tue Late Dr. F. B. Jewett. 


Dr. Jewett was a member of many American 
scientific societies, including the American Institute 
of Electrical Engineers, of which he was president 


in 1922-23, and the Institute of Radio Engineers. 
He was elected a Member of the Institution of 
Electrical Engineers in 1922 and was awarded 
the Faraday Medal in 1935. He was also the 
holder of the Edison, Franklin, and John Fritz 
medals and of a number of honorary degrees in 
American universities. The United States Govern- 
ment awarded him the Medal for Merit for his 
services during the war. He was also the recipient 
of the 1949 Hoover Medal for distinguished public 
service, and had been chosen to receive the 1950 
medal of the Industnal Research Institute. His 
work with the American Telephone and Telegraph 
Company was commemorated on his retirement by 
the establishment of five fellowships, the primary 
criteria of appointment to which were “‘ the research 
ability of the applicant, the fundamental importance 
of the problem he proposed to attack, and the 
likelihood of his growth as a scientist.” 





THE OLD CENTRALIANS.—At the December luncheon of 
the Old Centralians—the association of former students 
of the City and Guilds Engineering Colle,;e of the Imperial 
College of Seience—the speaker will be Professor E. N. 
da C. Andrade, F.R.S., and the subject, “‘ The Language 
of Science.”” The luncheon will be held at the restaurant 
Chez Auguste at 12.45 for 1.10 p.m. The honorary 
secretary is Mr. A. C. Vivian, Beaufort House, Gravel- 





lane, London, E.1. 
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THE IRON AND STEEL 
INSTITUTE. 
(Continued from page 554.) 


Tue third session of the annual autumn general 
meeting of the Iron and Steel Institute, held in 
London on November 10 and 11, opened at 10 a.m. 
on Friday, November 11. 


Compression TEST AND CoLp ROLLING. 


The first paper considered was an Aniiew 
Carnegie Research Report by Mr. N. H. Polakowski 
on ‘‘The Compression Test in Relation to (old 
Rolling.” The author, who is engaged in the study 
of cold deformation of metals at the University 
College of Swansea, stated that although |css 
common than the tensile test, the compression test 
had been the subject of investigation for a long 
period. The method used in the present research 
was based upon the observation that when cylinders 
having an A:d ratio greater than unity were 
compressed, their stress/strain characteristics were 
virtually identical for deformations up to 30-35 per 
cent. A multi-stage method of conducting a test 
by repeatedly remachining the specimens after 
approximate:y 25 per cent. compression had been 
adopted. By this method, deformation of 90 per 
cent. reduction, or more, could be obtained under 
almost uni-axial conditions, and barrelling was 
practically eliminated. Yield-stress curves of com- 
mercial aluminium, copper, Armco ingot iron, 
carbon steels containing 0-07, 0-10, 0-16, 0°28, and 
0-44 per cent. of carbon, and two low-alloy steels, 
both in the as-rolled and annealed conditions, 
had been established to between 83 and 91 per cent. 
deformation. These tests showed that the resist- 
ance to homogeneous comprersion was higher than 
the values obtained by other methods. 

In the second portion of the paper the compression 
test had been analysed in regard to the initial critical 
shape of the specimens and the subsequent elastic 
deformation of the compressing tools at high 
stresses. This critical shape could also be reached 
during the compression of tall specimens, and was 
accompanied by a peculiar change in the qualitative 
relationship between friction and compressive stress. 
These deductions had been applied to cold rolling, 
where the thickness of the stock corresponded to 
the initial-shape properties of the compressed test 
piece, and heavy drafts represented heavy com- 
pressions. 

The discussion was opened by Dr. L. R. Under- 
wood, who stated that his main interest in the 
paper was centred in Part II, in which certain 
problems encountered in cold rolling were discussed. 
In particular, he was interested in the use which the 
author had made of the assumption that the 
coefficient of friction between the rolls and the 
strip was a function of rolling speed, to explain the 
change of strip gauge with speed and allied pheno- 
mena. In the paper, however, little or no real 
evidence was adduced to show that yu did, in fact, 
vary with rolling speed. Observations made some 
three years ago had suggested the possibility that 
a change in » with rolling speed might be the 
explanation of the effect of speed on roll pressure 
and strip gauge, noted by Ford and others, and also 
of the variation in gauge found during acceleration 
and deceleration. Most of the effects of rolling 
speed observed by Ford could be explained on the 
assumption that jy decreased as rolling speed 
increased, with the exception of the rise in pressure 
with speed in the first pass or so. The author's 
compression curves, however, now offered a qualita- 
tive explanation of these phenomena, and it would be 
interesting to know whether they also offered a satis- 
factory quantitative explanation. The rate of slip 
between the roll and the strip varied throughout 
the are of contact, being a maximum at entry, 
zero at the neutral plane, and a small value at exit. 
If, then, were assumed to be a function of speed, it 
must be logically assumed that u would vary from 
point to point along the arc of contact, rising from 
the plane of entry to the neutral plane and then 
decreasing somewhat. The pressure also varied 
in the arc of contact, reaching a peak at the neutral 
plane. Hence, if the view that » was also a function 
of roll pressure were accepted, » would, owing 
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to pressure, decrease from the plane of entry to the 
neutral plane, and increase again towards the 
plane of exit. 

Dr. H. Ford said that it was to be regretted that 
the author had not given rather more details of his 
experimental methed, which would have allowed 
his readers to judge more exactly the value of that 
method. It should be emphasised that it was not 
possible to machine specimens without causing 
some hardening of the specimen itself; and, par- 
ticularly where machining went on repeatedly, the 
modifying effect would be fairly important. A 
subsequent speaker, Professor H. O'Neill, said that 
he had been anxious to know what the true com- 
pression curve of a metal was like, particularly 
between 90 per cent. and 100 per cent. reduction 
in height, and that had been why the present 
work had been commenced. He would like to pay 
tribute to the author’s industry, because after 
starting afresh in a new country he had produced 
the paper now under discussion in nine months. 

Mr. W. C. F. Hessenberg said that the author had 
brought out the striking point that the work done 
in compressing a specimen with rough tools was 
less, for certain reductions, than when using smooth 
lubricated tools. He suggested to the author that 
he should do compression tests on specimens either 
of multi-coloured Plasticine or of metals having 
grids drawn on their surfaces, and determine the 
actual strain obtained. The next speaker, Mr. M. 
Dowding, speaking as a rolling-mill builder, said 
that when designing a new mill they had to acquire 
some knowledge of the rolling load and rolling 
torque which would be required for a specified 
project. Moreover, designers knew that, within a 
few years, the original specified programme would 
probably have been put on one side and a rather 
more onerous duty called for from the mill. Conse- 
quently the accuracy with which the initial rolling 
load and rolling torque were calculated need not be 
quite so close as might seem to be necessary from 
the present paper. Up till now they had worked on 
the assumption that the “ friction-hill” theory put 
forward by Orowan and Ford, and also the work 
of the Sheffield experimental rolling mill were, to 
all intents and purposes, correct enough for their 
requirements. After reading this paper, there was 
some doubt thrown on the accuracy both of the 
friction-hill theory and the more recent Sheffield 
work, but he felt that such doubt need not remain 
in the minds of designers when it came to the prac- 
tical uses of these values in the application to the 
design of rolling mills. His firm (Messrs. Davy 
and United Engineering Company, Limited) had 
undertaken some research recently by carrying 
out tests on production mills to see what rolling 
torques occurred when they were actually rolling 
to normal industrial production programmes. Their 
results so far, and those obtained from the experi- 
mental rolling mill at Sheffield, had shown that the 
agreement between the experimental work and the 
theory was close enough for their purposes. 

Mr. A. B. Watts said that he did not consider 
the residual stresses after rolling to be appreciable. 
When the material left the roll gap it was in a 
plastic state and that state extended right across 
the material, unless it was particularly thick. The 
effect of anisotropy after rolling was probably far 
more important than residual stresses. Dr. C. H. 
Desch, F.R.S., who closed the discussion, asked 
whether any experiment of the kind described by 
the author had been done while the specimen was 
kept under uniform, very high, hydrostatic pressure. 
Some experiments on rocks, made in America, had 
given interesting results. Bridgman, by using very 
high hydrostatic pressure, had been able actually 
to deform a cylinder of granite without cracking. 

Mr. N. H. Polakowski, in the course of his reply, 
said that he had plotted the yield stress found in his 
experiments against the Vickers hardness, which 
had been measured in three places along the upper 
surface and three along the lower surface. He 
had found a remarkable feature, namely, that, 
although at the initial point there was no apparent 
relation between hardness and the initial yield 
stress, after compression to 25 per cent. all the points 
came on one straight line, even though the variation 
in carbon between the different steels was consider- 
able. The steel containing 0:28 per cent. carbon 





showed the same line, which went in the same 
direction as the steel containing 0-44 per cent. of 
carbon. The machining of his specimens had been 
carried out with a sharp tool taking small chips, 
and cooling was employed unless this was rendered 
unnecessary because the rise of temperature was 
very low and was confined to a very thin layer on 
the outside of the specimen. 


ELECTRICAL RESISTANCE AND STRAIN-AGEING OF 
Tron. 

“‘Change of Electrical Resistance during the 
Strain-Ageing of Iron ”’ was the title of the second 
paper considered. It was by Dr. A. H. Cottrell 
and Mr. A. T. Churchman, of the Department of 
Metallurgy, University of Birmingham, and was 
presented by Dr. Cottrell. The authors stated that 
recent work had suggested that the elastic limit 
of a crystalline material was determined by the 
stress required to enable dislocations, trapped 
within the crystals, to,escape by overcoming the 
energy barriers of their traps and to move at high 
speeds through the lattice. These energy barriers 
were caused by the interactions of the dislocations, 
by means of their stress fields, with nearby irregu- 
larities which were also sources of internal stress. 
It had been suggested recently that the yield point 
and strain ageing of «-iron were due to the migration 
of carbon and nitrogen atoms to dislocations. 
One consequence of the theory was that the electrical 
resistance should decrease by a small and roughly 
predictable amount on strain ageing. This effect 
had been examined experimentally on soft-iron 
wire and had been found to exist. The rate of 
change of the resistance was increased by increasing 
the temperature of ageing, corresponding to an 
activation energy of 16,000 to 22,000 cal. per mol. 
This agreed with the view that the change was 
caused by the migration of carbon and nitrogen, 
since the activation energy for the diffusion of these 
elements in «-iron was about 20,000 cal. per mol. 
The magnitude of the resistance change, approxi- 
mately 0-2 per cent., was increased by augmenting 
the amount of cold work. Further working and 
ageing caused the change to be repeated. These 
effects were found to be consistent with the disloca- 
tion theory and could be used to estimate the 
density of dislocations in cold-worked iron. 

Dr. H. A. Dickie, who opened the discussion, 
said that the authors had successfully demonstrated 
in a most interesting manner that strain-age 
hardening was accompanied by a decrease in 
electrical resistance. That carbon and nitrogen 
were major causes of the age-hardening of steel 
was not disputed, but they were not necessarily 
the only causes. The removal of these elements 
by treatment in hydrogen gas at elevated tempera- 
tures, however, removed the susceptibility to quench 
ageing and probably to strain-ageing. Thus, 
quenched metal showed no age-hardening after the 
carbon and nitrogen were removed, or at least 
brought down to very low figures, and the graph 
of hardness against time was to all intents and 
purposes a straight horizontal line. In practice, 
use was made of this treatment in the production 
of mild steel which was required to be of high 
permeability and to have a low hysteresis loss. 
The removal of carbon and nitrogen, however, was 
not practicable generally, for many reasons, and 
the steel had to be controlled in other ways. The 
last speaker, Dr. C. H. Desch, F.R.S., said that he 
could not help feeling, in going through a paper of 
this kind, that these interesting results could be 
explained quite satisfactorily by making use of the 
Beilby view of the production of a vitreous phase. 

In a brief answer, Dr. Cottrell said that the 
Beilby theory of the vitreous phase had been 
evolved when the views of metallurgists on imper- 
fections in crystals were not quite so developed as 
they were at present. The modern concept of the 
slip band full of dislocations, however, was not so 
very different from Professor Beilby’s vitreous-phase 
theory. 

Piastic STRAIN AND HYSTERESIS IN WIRE. 

The last paper considered on Friday morning 
dealt with “‘ Plastic Strain and Hysteresivin Drawn 
Steel Wire,”’ and was by Mr. R. 8. Brown, M.B.E., 
of Messrs. Rylands Brothers, Limited, Warrington. 
It was presented by Mr. G. K. Rylands in the absence 





of the author, who stated in his paper that as a 
result of investigations he had come to a number of 
conclusions. In the first place, wire as drawn 
possessed no elastic properties and, therefore, had 
no elastic limit. Secondly, the unique ability of 
drawn wire to withstand the repeated application 
of combined bending and tensile stresses had been 
shown to be due to its capacity for plastic creep 
associated with hysteresis behaviour of a high order. 
Wires of high tensile strength, produced by harden- 
ing and tempering, had been shown to possess 
negligible creep characteristics and greatly reduced 
hysteresis. Such wires had proved to be unsuitable 
for use under conditions involving dynamic stresses. 
In the third place, simple ageing, and accelerated 
ageing by heating to a low temperature, restored 
the elastic range almost completely. The fourth 
conclusion was that whether wire should be drawn 
by a small or a larger number of passes depended 
merely on the temperature developed by the pas- 
sage through the die and retained by the wire on 
the block. From the investigations made the infer- 
ence was drawn that (a) higher plastic and hyster2sis 
properties were essential for durable rope wire, and 
(b) as these properties were impaired by a rise in 
temperature of the wire during drawing, future 
progress of the art must lie along lines of complete 
suppression of temperature rise in the wire immedi- 
ately it left the drawing die. 

Dr. C. H. Desch, F.R.S., who opened the dis- 
cussion, stated that it seemed extraordinary that 
this particular subject made such very slow progress. 
It was many years ago when he was living in Shef- 
field, that, on account of the failure of certain wire 
ropes in collieries, this matter had been gone into 
very carefully. Then had come the famous cases 
of the two bridges in America, the Mount Hope 
Bridge and another, where the designers had so 
little faith in cold-drawn steel wire that they had 
insisted on using heat-treated wire instead, with 
the result that the wires broke very quickly, long 
before the bridge had been finished, and the whole 
of the wire ropes had had to be scrapped. 

Dr. H. A. Dickie said that the paper provided 
another example of the remarkable range of useful 
properties which could be obtained from steel by 
varying the manufacturing and heat-treatment 
methods. The author had succeeded in demon- 
strating very clearly that for applications requiring 
highly-stressed flexible wire, the wire should not 
possess true elasticity. He had been further able 
to show how this non-elastic flexibility could be 
ensured in the wire by cold drawing, with the 
avoidance of the restoration of the elasticity by 
ageing or heating. It was of considerable interest 
to realise that there were important uses of steel in 
which it was a disadvantage to have elasticity and 
high elongation, and in which, in fact, low elongation 
was essential. The next speaker, Mr. W. C. F. 
Hessenberg, congratulated the author on striking 
such a doughty blow against the use of Hooke’s law 
in engineering metallurgy. The engineer designer, 
however, might complain that, having taken 
Hooke’s law away from him, the author had put 
nothing in its place. It was to fill this gap that 
the wire-drawing committee of the British Iron and 
Steel Research Association were busily engaged in 
examining the relation between acceptance tests of 
wire, the stress-strain curve, and behaviour in 
service. Mr. T. Henry Turner, who spoke next, 
asked whether there was any reafton why a wire, as 
well as being drawn in its initial stages, should not 
be shot-peened under controlled rotating conditions 
in its fina] stage. Dr. U. R. Evans and his col- 
leagues had shown that shot-peening assisted the 
resistance to corrosion. 

Mr. G. K. Rylands, in a brief preliminary answer, 
stated that there was no doubt that, in spring wires 
particularly, great benefit had. been obtained from 
shot peening and it was very likely that it would be 
of considerable benefit in wires for other purposes. 
Its use, however, had not yet been developed to 
any great extent. It was significant that broken 
wires were not found in that length of a colliery 
winding rope which did not go over the pulley at all. 
Long before the collapse of the Mount Hope sus- 
pension bridge his firm had opposed the use of heat 
treated wires for purposes of this nature. 


(To be continued.) 
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THE BUILDING EXHIBITION 
AT OLYMPIA. 
(Concluded from page 557.) 


In this, the concluding article on the exhibition 
which was held at Olympia and closed yesterday, 
the exhibits described are mainly woodworking tools 
or machine tools used in connection with the building 
industry. A wide selection of these was shown, 
a complete section of the exhibition being given 
over to wocdworking machines. 

Several] such machines were displayed on the stand 
of Messrs. A. Cooksley and Company, Limited, 
21, 23 and 25, Tabernacle-street, London, E.C.2, 
one of the more interesting being a planing and 
thicknessing machine which incorporates a number 
of new features. The machine is designated the 
** BQ” and is illustrated in Fig. 6, on this page. 
It is made in two sizes, the smaller of which will 
handle timber up to 12 in. by 9 in. in cross-section, 
the larger taking timber in sizes up to 16 in. by 9 in. 
The main frame is heavily constructed and carries 
surfacing tables which run in wedge slides and draw 
out when the machine is required for moulding. 
The shear-cutting type cutter block is 5 in. in 
diameter and will accommodate the moulding 
cutters and the planing knives at the same time ; 
it is driven by its own electric motor, a separate 
motor driving the feed rollers. The thicknessing 
table is provided with rollers at each end to minimise 
friction on the timber being planed, and is raised or 
lowered by a handwheel at the side of the machine. 
Another handwheel adjusts the height of the centre 
rolls. The feeding rate is infinitely variable between 
15 and 60 ft. per minute, and the feed mechanism 
and cutter block are controlled by push-buttons ; 
a master button is provided which will cause both 
to stop in an emergency. The surfacing tables are 
5 ft. 6 in. long in each of the two models, and the 
cutter motors have an output of 3 horse-power in 
the case of the smaller model and 6 horse-power 
in that of the larger model. The feed motors 
develop } horse-power in both cases. 

Messrs. J. Sagar and Company, Limited, Halifax, 
and their associate company, Sagar (Developments), 
Limited, Canal Works, Halifax, were exhibiting a 
number of recently-developed woodworking tools. 
One of these, which should be of particular interest 
to furniture manufacturers and those who produce 
finely-finished articles in wood, is a small com- 
pressed-air operated portable sander, which weighs 
only 7 Ib. and is moved by hand over the area 
to be sanded. This machine is illustrated above in 
Fig. 7. It is not intended as a substitute for 
the larger types of drum, disc or belt sanding 
machines, but has been designed. specifically for 
use on built-up work where hand sanding is usually 
employed before the article is polished. The 
working parts of the sander consist of two horizon- 
tally-opposed pistons connected to two flat sanding 
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Fie. 8. TuBE-BENDING MACHINE; Mgssrs. 
LAWLER, AYERS AND Company, LimmrTED. 


pads, each of which has a face-area of 31} sq. in. 
The pistons, and hence the pads, are caused to recip- 
rocate through strokes of } in. at a rate which can 
be varied from zero to 4,000 cycles per minute by a 
plunger-type valve, operated by a lever at the top 
of the body of the machine. Each pad consists of a 
flat metal plate fitted with a moulded rubber block 
over which the strip of sand-paper is stretched ; the 
blocks are tapered at the edges to allow sanding into 
corners. Cam-operated clamping strips, which are 
located along two upper edges of each plate, hold 
the sand-paper strips in position. If greater 
resilience is required, felt-covered pads may be used. 
It is claimed that this machine can be used with 
safety on delicate veneered work where sanding 
would normally be carried out by hand. Other 
recently-developed woodworking machines which 
can be seen on the stands of the same makers include 
a triple-drum endless-belt sand-papering machine, a 
panel-planing machine, moulding machines, a 
roller-feed sawbench and a mortising machine. 
Several exhibits were shown by Messrs. Pegson, 
Limited, Coalville, Leicestershire, including a 
range of centrifugal self-priming pumps, concrete 
breakers and an improved model of their power 
rammer. The rammer is now fitted with a new 


carburation system which improves the performance 
and gives better fuel economy; it is illustrated 
in Fig. 10, opposite. A piston works in a finned 
cylinder which forms the upper part of the body 
of the rammer and, when forced downwards by 
the explosion of air and petrol vapour above 
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Fie. 9. AvTromatic Saw-SHARPENING MACHINB ; 
Mezssrs. THomas WHITE anv Sons, LIMITED. 


it, acts on a ram through a coiled spring. The 
ram is thus caused to exert a pressure on the 
ground, and the body of the rammer moves upwards. 
When the rammer returns to the ground the piston 
is forced upwards on the return stroke of the two- 
stroke cycle and the process is repeated. The 
average brake horse-power of the rammer is 0-6, 
the bore is 5-312 in. and the stroke 4-625 in. The 
overall weight is 220 Ib. and the average height of 
jump 18in. Approximately two pints of petrol are 
consumed per hour of continuous operation. Lubri- 
cation is effected by the use of a petrol-oil mixture 
and ignition is by magneto, mounted at the top of 
the rammer. 

Among several new products exhibited by 
Messrs, Lawler, Ayers and Company, Limited, 
Broad-street House, 54, Old Broad-street, London, 
E.C.2, was a hydraulically-operated tube-ben- 





ding machine known as the Tubela H.1. This 
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Fig. 10. Powrr Rammer ; Messrs. Peason, LimtrED. 


machine, in its standard form, will make bends 
up to 90 deg., but an extension ram may be 
fitted to give bends up to 160 deg., and 180-deg. 
bends can be made by using the accessories pro- 
vided in an “extreme-bending set” supplied 
by the makers. The bending machine, fitted 
with these accessories, is illustrated in Fig. 8, 
opposite. It is of clean design and intended for 
bending all classes of heavy steam and gas barrel, 
cold and unloaded. It will handle tubes with dia- 
meters of } to 2 in. and, with the use of a former-head 
attachment, tubes up to 3 in. in diameter may be 
bent. The standard bender has a steel body 
carrying two machined rollers and a steel hydraulic 
ram, on the end of which is fitted a large central 
former. The ram works in a phosphor-bronze 
cylinder to which oil is delivered under pressure 
from a hand-operated pump at the other end 
of the cylinder. It is stated that bends can be made 
with great rapidity. The additional parts which 
are required for making 180-deg. bends include two 
double-roller attachments, which are used in place 
of the usual single rollers ; each attachment com- 
prises two rollers mounted at the extremities of a 
right-angle frame and able to rotate freely. As may 
be seen in the illustration, these frames are pivoted 
at the elbows and are able to rock slightly, so that all 
four rollers assist in bending the tube, which is thus 
constrained at five points. 

Messrs. Wadkin, Limited, Green Lane Works, 
Leicester, displayed a wide variety of woodworking 
and allied machines on their stand at the exhibition, 
including planing and moulding machines, saws, a 
universal grinder and a new type of knife grinder. 
The latter machine is designed for wet-grinding 
thick and thin knives for panel planers, veneer 
knives and paper knives, the minimum knife section 
which it will accommodate being } in. by } in. and 
the maximum 4} in. by } in. Blades up to 6} in. 
by § in. can be accommodated if they are slotted, 
and the maximum length of blade which the 
machine will handle is 36 in. The grinder is ilius- 
trated in Fig. 11 and is known as the N Q type. It 
comprises a horizontal open tank, mounted on a 
pedestal and having flanged sides which support 
Nitralloy hardened rods forming a track for the 
grinding-wheel carriage. This carriage is mounted 
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Fig. 11. 


on hardened and ground’ profile rollers with ball 
bearings, and carries the grinding-wheel head. A 
6}-in. diameter cup-type grinding wheel is mounted 
directly on the spindle of a 2-h.p. electric motor 
which forms an integral part of the grinding-head 
and drives the grinding wheel at 2,800 r.p.m. The 
whole unit is fitted in a vertical slide and can be 
moved up or down by means of a handwheel to 
facilitate setting up and to compensate for wheel 
wear. 

The spindle can be moved through 25 degrees 
from the vertical position in order to permit hollow 
grinding, and runs in ball bearings which are pro- 
tected from dirt by labyrinth seals. The carriage 
is traversed along the tank by a }-h.p. motor which 
is fitted to the carriage and drives a pinion which 
engages with a rack along the side of the tank, the 
speed of traverse being 27 ft. per minute. At the 
end of each traversing movement, an adjustable 
trip dog on the side of the tank engages with a 
trip switch on the carriage and reverses the traverse 
motor. The carriage can be stopped at any point 
of its traverse by disengaging the rack pinion, and 
can be reversed by operating the trip switch by 
hand. The grinding wheel is given an automatic 
down feed of 0-0002 in., 0-0004 in., 0-0006 in., or 
0-0008 in. per traverse, the feed being actuated by 
the reversing action of the trip dogs, a graduated 
device is fitted which may be set so as to stop the 
feed after a pre-determined amount of metal has 
been removed from the blade. The knife is sup- 
ported on a knife bar which is located inside the 
tank and can be turned through 45 deg. to give 
the required cutting angle, this motion being con- 
trolled by a handwheel and quadrant. A screw 
paddle on the end of the grinding spindle lifts 
coolant on to the grinding wheel and the knife, 
protecting the latter from overheating, and a 
drain plug is fitted at the lowest level of the tank to 
permit easy cleaning. 

An interesting automatic saw-sharpening machine 
was one of a number of woodworking machines 
shown on the stand of Messrs. Thomas White and 
Sons, Limited, Paisley. From the photograph 
reproduced in Fig. 9, it will be seen that this 
machine, the GWA type, is similar to earlier models 
produced by the same manufacturers, but, while 
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retaining many of the features of previous machines, 
the latest mode] incorporates several refinements ; 
the time required for setting the machine is reduced, 
for example, and its working life is increased. 
Several models are made, the standard machine 
being designed for sharpening circular saws with 
diameters between 8 in. and 46 in. (or 60 in. if a 
pit is provided in front of the machine), and with 
a tooth pitch between } in. and 3} in. 

By using an additional attachment, band saws 
from § in. to 8 in. wide and frame saws may be 
sharpened ; a machine for band saws only will handle 
these in widths up to 12 in. The standard machine 
is driven by a motor housed in the base, and is com- 
pletely automatic, so that, once it has been set with 
the saw in position, the teeth are ground in turn, the 
saw being rotated automatically as work on each 
tooth is completed. Teeth of any shape can be 
ground accurately and a micrometer adjusting 
device is provided to enable saws of any thickness 
to be aligned correctly with the centre of the 
grinding wheel. A dust-exhaust system is fitted as 
an integral part of the machine, the dust being 
drawn away by a centrifugal fan and delivered 
to an outlet which is arranged for connecting to 
a bag or air-cleaning equipment. All the cams 
and working parts on the machine are totally en- 
closed and the controls are located conveniently at 
the front and at the side. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—An inventions competition was inaugurated by the 
Association of Supervising Electrical Engineers in July, 
1947, to encourage inventiveness and ideas of benefit 
to the industry. Dr. A. P. Thurston, M.B.E., M.I.Mech.E., 
F.R.Ae.S., the Association’s adviser on patents, gave an 
annual cash prize of 101., for the invention submitted 
and judged to be the most valuable contribution to the 
advancement of the utilisation of electricity, or the 
improvement of distribution or of installation technique. 
Since the introduction of the competition, Dr. Thurston 
has increased its value by presenting a silver trophy for 
annual competition which the winner will hold for one 
year. The competition is limited to the membership of 
the Association, and entries are now invited for the 1950 
competition. The latest date for the receipt of entries 
by the secretary of the Association at 54, Station-road, 
New Barnet, Hertfordshire, is March 31, 1950. 
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ANNUALS AND REFERENCE BOOKS. 


Steel and Britain’s Future.—The special issue of the 
Iron and Coal Trades Review, which was published on 
September 30 with the above title, may or may not 
become an annual event, but it certainly can claim to 
tank as a reference book, being the most comprehensive 
survey of this key industry, its history, structure and 
resources, that we have yet seen. The greater part of 
the issue consists of signed articles by specialists in 
the metallurgy, production and industrial uses of 
steel and the administration of the industry, supple- 
mented by descriptions of the major steelworks and of 
the made to date with the reorganisation of 
British steel and iron production that was begun in 
1944 and formulated in specific terms in 1945 at the 
request of the Government then in office. The industry 
has been the subject of so much public and private 
discussion since then—not all of it notably well- 
informed—that this factual survey should provide a 
valuable basis for the further discussion that appears 
to be inevitable in the near future, whether it be 
technical or economic. The table of contents and the 
introduction are repeated in French, Italian and 
Spanish. Copies are obtainable at the price of 5s. each 
from the publishers, Messrs. Industrial Newspapers, 
Limited, 49, Wellington-street, London, W.C.2. 


British Iron and Steel Federation Overseas Statistical 
Year Book.—After a lapse of nine years owing to the 
war, the publication of the overseas section of the 
Statistical Year Book of the British Iron and Steel 
Federation was resumed last . The present year’s 
edition, which relates to the year 1947, has now made 
its appearance. It contains 337 pages in which are 
set out some 330 tables giving data of the production 
and trade in iron and steel for 32 overseas countries 
arranged in alphabetical order and commencing with 
Argentina and ending with the U.S.S.R. Eleven 
maps of various countries, showing the positions of 
coalfields ; deposits of iron, manganese, tungsten and 
other ores; blast-furnaces; steelworks and rolling 
mills ; integrated plants, and other features of interest, 
are included. At the end of the volume are to be 
found tables of the world production of iron and steel 
since 1866 and of iron ore since 1929. All the statistics 
given have been compiled from official trade reports 
and other Government publications of the countries 
concerned. Copies, price 15s., are obtainable from 
the Federation, Steel House, Tothill-street, West- 
minster, London, S8.W.1. 


The Electrician Annual Tables of Electricity Under- 
takings of the World, 59th Edition. 1949-1950.—The 
nisation of the electricity-supply business in 
Great Britain has involved an equally complete 
reorganisation of this well-known reference book. 
Under the new dispensation, the country has been 
divided into 14 Generation Divisions and distribution 
allocated among 14 Area Electricity Boards. Apart 
from a few special cases, such as traction supplies to 
certain railways, the whole of the electricity generated 
is sold to the Area Boards for distribution. For ad- 
ministrative purposes, the areas of the Boards are 
divided up into sub-areas and districts. In addition, 
a Consumers’ Consultative Council has been set up for 
each area. This complicated organisation is dealt 
with in this book by providing a first section in which 
details are given of the stations of the various Generat- 
ing Divisions, this being followed by a section giving 
the membership of the Boards, with particulars of the 
sub-areas and addresses of showrooms. These intro- 
ductory sections are followed by Table A, which is 
probably the part of the book to which users will most 
frequently turn. This is an alphabetical list of towns, 
giving particulars of supply arrangements, voltages, 
tariffs, etc. To avoid the repetition of information, the 
charges and other jiculars are given under the name 
of the main town of a district, but an independent index 
to place-names enables the particulars relating to any 
small town or village to be traced. Table A is followed 
by Tables B and C, which, respectively, give details of 
supply arrangement in towns of the British Common- 
wealth and in foreign countries. For obvious reasons, the 
information referring to electricity supply overseas has 
been somewhat incomplete in recent issues of this 
book, but it is stated that this edition contains a large 
number of new place-names within the British Common- 
wealth. Table C also contains new information, but 
contact with foreign countries, broken during the war, 
has not yet been so fully re-established. The book is 
published by Benn Brothers, Limited, Bouverie House, 
154, Fleet-street, London, E.C.4, at 21s. 





POWERS SOUGHT BY BRITISH TRANSPORT COMMISSION.— 
The British Transport Commission are applying for an Act 
to enable them to carry out certain works, etc., including 
power to manufacture and sell to the Ulster Transport 
Authority spare parts and accessories for locomotives and 
rolling stock which have been transferred by the Com- 
mission to the Authority, 
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FINANCIALLY, as well as numerically, trade unions 
are among the most influential concerns in this country, 
and their strength in both directions is expanding 
steadily. Some particulars of the sums of money 
controlled by these powerful organisations are given in 
a statistical summary relating to the membership and 
finances of registered trade unions, which was issued 
by the Chief Registrar of Friendly Societies on Novem- 
ber 23. His return deals only with unions registered 
in Great Britain. Unregistered unions in Great Britain 
and unions in Northern Ireland, whether registered or 
unregistered, are excluded from his survey. At the 
end of 1938, there were 426 unions registered under the 
Trade Union Acts, 1871 to 1940, with a total member- 
ship of 4,867,055, and an income from membership 
dues of 8,750,000]. From other sources, including 
interest on investments, these unions received a 
further 831,000. The total funds under their control 
at the end of the same year amounted to 20,014,0001. 





Nine years later, at the end of 1947, the number of 
registered unions in Great Britain had shrunk to 417, 
partly owing to the amalgamation of the coal-mining 
unions with the National Union of Mineworkers during 
1945. The total membership of these unions, however, 
had increased to 7,758,262 at the end of 1947, and their 
revenue from membership dues was then 14,714,000I. 
Their income for that year from other sources, such as 
investments, had risen to 1,949,000/., and they also 
controlled funds totalling 50,081,000/. At the close of 
1948, there were 416 registered unions with a combined 
membership of 7,885,019 and a membership income 
of 15,413,000/. Their revenue from investments and 
other sources had declined during the year to 1,742,0001., 
but the capital funds under their control had grown 
by 4,317,0001., to the not inconsiderable total of 
54,398,000/., an increase in ten years of 34,384,000/. 





On the expenditure side, disbursements for unem- 
ployment benefits declined from 866,000/. in 1938, to 
437,0001. in 1947, and to 180,000/. in 1948. Dispute 
benefit, which accounted for an expenditure of 148,0001. 
in 1938, amounted to 57,000. only in 1947, but rose to 
250,000]. during 1948. Superannuation benefit re- 
mained fairly steady, amounting to 1,166,0001. in 
1938, 1,695,000/. in 1947, and 1,681,0001. in 1948. 
Expenditure from the political fund showed a con- 
sistently upward trend, from 117,000. in 1938, to 
313,000]. in 1947, and to 375,0001. in 1948. The 
working expenses of the unions have also increased 
during the , from 3,303,0001. during 1938, to 
6,803,0007. during 1947, and to 7,535,000/. for the year 
1948. There were 96 registered associations of 
employers at the end of 1948, having an aggregate 
membership of 103,281. 





Stricter wage stability, at any rate until January 1, 
1951, is the principal recommendation of the Trades 
Union Congress general council in their statement on 
wage policy issued, on November 23, for the guidance 
of their 190 affiliated unions on the attitude to be 
adopted by them on wages, in view of the country’s 
present economi¢ position and the devaluation of 
sterling. The general council recommend unions to 
reconsider existing wage claims, as well as sliding-scale 
arrangements, with a view to holding wage rates stable 
during such time as the interim index of retail prices 
remains between upper and lower limits of 118 and 106. 
Should the index figure reach either the upper or the 
lower limit mentioned before January 1, 1951, both 
sides of any industry would be entitled to resume the 
normal consideration of wage questions in accordance 
with their agreements, and sliding-scale arrangements 
based on the cost of living would again operate. In 
any case, the stabilisation of wages should be reviewed 
at that date, in the light of circumstances then existing. 





The general council state that the task of examining 
trade-union policy in the light of devaluation was 
remitted to their special economic committee on 
September 26 but, even after the nine weeks which 
had elapsed since then, the November statement of 
the general council exhibits a lack of definition in some 
respects. For example, although the general council 
~——— that the standard of living of low-paid 
employees may call for consideration in certain cases, 
they give no indication of what amount is to be regarded 
as low pay. The general council urge, however, that, 
even in such cases, regard should be given to the 
necessity for rigorous restraint, and that special atten- 
tion should be paid to the possibility of assisting 
ong personnel by the establishment of incentive 
schemes. 





Another point emphasised by the general council in 
their statement is that the existing machinery for 
voluntary negotiation must be preserved as the only 
method of governing the adjustment of and 
working conditions and of maintaining the authority 
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of the unions in the day-to-day settlement of industrial 
problems. While the general council is emphatic 
that it is the responsibility of individual unions to 
operate wage policy, they declare that, nevertheless, 
the unions must pay regard to the realities of the 
economic situation. They state that the dangerous 
inflationary tendencies which devaluation inevitably 
intensifies must be counteracted by rigorous restraints 
upon increases of wages, salaries and dividends. The 
general council make known their intention to intensify 
their campaign for increased uctivity and greater 
industrial efficiency and urge that the utmost publicity 
be given in each ind to constructive suggestions 
to that end, “‘ not excluding overtime working.” They 
also recommend that each industry should investigate 
the possibilities of extending systems of payment by 
results over the widest possible range of products, 
thereby relating wages to output. 





A warning to the Trades Union Congress that the 
repercussions in the Scottish coalfield would be “ very 
serious ” if the wage claims on behalf of the lower-paid 
miners were allowed to be dropped’, was made at a 
meeting in Edinburgh of the Scottish area executive 
committee of the National Union of Mineworkers on 
November 28. The President of the Scottish area of 
the N.U.M., Mr. Abe Moffatt, stated that the wage 
position of the Scottish miners had been considered in 
relation to the appeal of the T.U.C., and the local 
committee had decided to instruct their representatives 
on the national executive to press the claims for 
increased wages for employees in the ha pe oman 
as laid down in the resolution of the national conference 
of the Union. He also stated that a special conference 
of delegates from the Scottish area would be held on 
December 12 to discuss the question. 





The announcement made in Parliament on Novem- 
ber 28 by the Minister of Transport, Mr. Alfred Barnes, 
that the net revenue deficiency of the British Transport 
Commission for the current year was expected to 
exceed 20,000,000/. should occasion little surprise to 
those who have followed, through the medium of these 
columns or elsewhere, the persistent decline in the 
traffic-receipt income of British Railways, the most 
important of the Executives comprising the Com- 
mission. During the 44 weeks ending on November 6 
last, receipts from passenger fares were 7,675,0001. below 
those for the corresponding period in 1948, and the 
income received from the conveyance of merchandise 
proper was less by 2,275,0001., but the yield from the 
cartage of coal and coke had increased by 2,100,0001. 
When, towards the end of 1947, the last increase in 
railway-transport charges was made, passenger rates 
were one-third and other rates one-quarter above the 
charges ruling in 1939, and the increase brought all 
charges up to a level of 55 per cent. above the rates 
operating in 1939. The rapid decline in the income 
from passenger fares dates from that increase and this, 
no doubt, is why no further applications for an increase 
in respect of this traffic is to be made. 





Mr. Barnes, in his statement, recalled that the net 
deficiency of the Commission for the year 1948 was 
4,750,0001. and added that, on the basis of existi 
charges, the expected deficiency of over 20,000,000 
in 1949 was likely to be greater still in 1950, quite apart 
from any question of recouping the deficiencies of 1948 
and 1949. He stated that the Commission had applied 
to the Transport Tribunal for permission to effect an 
increase of 16% per cent. in the present charges applic- 
able to freight-train traffic and to parcels, other 
merchandise and livestock conveyed by passenger 
train. Powers to increase present canal charges by 
16% per cent., and to make increases in dock charges, 
would also be sought. 





Claims by 140,000 employees in the railway work- 
shops for increases in wages were rejected by the 
Railway Executive last week. No specified amount 
had been mentioned in respect of the claim for increased 
weekly wages, but the National Union of Railwaymen 
and the Confederation of Shipbuilding and Engineering 
Unions, who put forward the demands, had asked that 
the sum awarded should be “substantial.” In 
addition, increased payment had been requested for 
work on Saturday afternoons. The decision of the 
Railway Executive was made known to the representa- 
tives of the unions at a meeting of the Railway Shop- 
men’s National Council on November 25. Some 
indication of the amount which the unions concerned 
originally thought possible was disclosed at a meeting 
of the Confederation, before the demand was submitted, 
when it was decided that a claim for an increase of 
20s. a week should be put forward. It was only after 
a further meeting between representatives of the 
Confederation and of the N.U.R. that it was agreed 
that no definite sum should be requested. Where no 
agreement can be reached in the Council, the railway- 
shopmen’s negotiating machinery provides for the 
reference of a claim to the Industrial Court. 
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RECENT DEVELOPMENTS IN OPEN- 
HEARTH FURNACE DESIGN AND 
OPERATION.* 

By A. H. Lecxrsz, B.Sc., Ph.D. 


Some 85 per cent. of our steel is made in open-hearth 
furnaces, so it is not surprising that the amount of 
research done on such furnaces has greatly increased, 
with a corresponding flood of published papers. Often 
it is not easy for the practical operator to keep up with 
this. He already has a sufficiently heavy task in 
maintaining high production—often with old and over- 
worked plant, so it may be opportune to summarise 
the implications of recent work and the extent to 
which our knowledge of open-hearth design and 
operation has increased. This increase of knowledge 
is pitifully small compared with what yet remains to 
be learnt. In nearly every aspect of research, each new 
advance uncovers an even greater field of unknowns 
requiring investigation, and the open-hearth furnace is 
no exception. 

In recent years, the open-hearth manager has had to 
assess the effects on his practice of numerous new 
developments. Some of these are: considerable 
advances in the theory of furnace design and operation ; 
the advent of oil-firing in Great Britain ; instrumenta- 
tion and (in the last two years) automatic control ; 
the “‘ all-basic ” furnace ; and the use of oxygen. Some 
of these have aroused widespread interest even outside 
‘* open-hearth ” circles, but it must be emphasised that 
long and patient study is still required before their 
true economic effects can be assessed. 

Since space will not permit of a detailed treatment of 
all these new developments, no more than a very short 
summary will be given of the present position regarding 
oil-firing, the “ all-basic” furnace and oxygen. Oil- 
firing has received considerable attention in recent 
literature and most of the papers have been written 
by practical operators. Relatively little has been 
published regarding the “ all-basic” furnace, but the 
pros and cons of such furnaces are fairly well under- 
stood and the problem is more one of economics. 
The theoretical implications of the use of oxygen as 
well as results of practical trials have been fully reported 
and detailed further discussion would be superfluous. 
Again, the question is largely an economic one and 
much more experimental data are still necessary before 
an answer can be given. 

On the other hand, recent published work on design, 
operation, and instruments, besides being voluminous, 
is sometimes obscure and conflicting, so that a 
summary of the main practical] implications is more 
necessary and the bulk of this paper will be devoted 
to this end. In designing an open-hearth furnace, we 
are faced with two main groups of problems. The first 
is the determination of the correct dimensions. Having 
done this, we have to arrive at the type of construc- 
tional design which is practicable to give these dimen- 
sions and yet provide a stable and durable structure. 

The problems may be divided into three main groups, 
the first being concerned with the flues, regenerators, 
and uptakes. The problem here is to see that enough 
fuel and air reach the working chamber, that the pre- 
heat is adequate, and that the waste gases are exhausted 
properly, returning as much of their heat as possible 
to the regenerators. The second group concerns the 
ports. These must be designed to give the correct 
flame conditions and direction, must exhaust the waste 
gases with the minimum of resistance, and must not 
require excessive maintenance. The third group of 
problems relates to the melting chamber. This has to 
contain the reacting materials, and be a compromise 
between accommodating the maximum mass of ma- 
terial in a given space and yet affording (a) sufficient 
reacting area at the slag-metal interface and (b) heat 
transfer area at the bath surface. It must also give 
sufficient space to permit of efficient combustion of the 
fuel, and yet be shaped with due regard to aerodynamic 
considerations so as to minimise refractory wear. 

When one examines these requirements one at once 
realises how much remains to be elucidated before the 
designer is in a position to calculate, or even estimate, 
his dimensions. Data required for the dimensioning of 
flues, regenerators, and uptakes, are now fairly ade- 
quate. Recent research has gone a long way towards 
providing most of the answers required for port design. 
Information on the correct design of melting chamber 
is, however, extremely meagre, and while the relative 
merits of straight and ramped roofs, the need or 
otherwise for “ monkey-walls,” and even the optimum 
height for roofs are hdtly debated whenever furnace 
operators meet, there is still insufficient information 
available on which to base proper conclusions from 





* Communication from the British Iron and Steel 
Research Association, entitled ‘‘ Some Practical Aspects 
of Recent Developments in Open-Hearth Furnace Design 
and Operation,’”’ presented at a meeting of the West of 
Scotland Iron and Steel Institute, held in Glasgow on 
Friday, November 18, 1949. Abridged. 








fundamental grounds. These groups of problems can 
be considered seriatim in the light of the latest investi- 
gations. 

Turning first to the dimensions of flues, regenerators 
and uptakes. At one time most furnaces suffered from 
too narrow a cross section in almost all these parts. 
While the general principles governing the relationships 
between pressure drop, flow and velocity have been 
known for more than 200 years, the ways of applying 
these to open-hearth furnaces were not developed until 
after the first world war—just too late for the appreci- 
able amount of new construction which took place about 
that time. Probably the first furnaces in which the 
need for adequate flue and uptake sizes was appreciated 
were the so-called “ Venturi” furnaces which first 
appeared in the United States in 1921 and in this 
country some eight years later. The special shape of 
port end was the most striking feature of the design, 
but the author feels that the good design of the furnace 
passages between valve and ports contributed just as 
much to their excellent performance. 

Nowadays the principles on which correct dimensions 
are based are well known. The size of passages neces- 
sary to pass a certain volume of gases at a given tem- 
perature and with a certain permissible pressure drop 
can be calculated. Briefly, the method consists of cal- 
culating the static pressure equivalent of the velocity 
of the gases in the part of the system under investiga- 
tion and reckoning that a certain fraction of this 
“‘ equivalent static pressure” is lost for each unit of 
length traversed and for each bend and change of 
section encountered. The sum of all these losses, 
together with the static pressure equivalent to the 
final velocity at the ports is the total pressure required 
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at the entrance to the system. In an open-hearth or 
similar furnace a deduction can be made for the assist- 
ing effect of the buoyancy of pre-heated air or gas in the 
chequers and uptakes; in a well-designed furnace 
this buoyancy in the ingoing air system should be 
sufficient to draw in enough air without the need 
for a positive pressure at the air valve, as long as the 
chequers are not choked. 

These calculations are extremely simple though some- 
what laborious arithmetically. Unfortunately, they 
demand knowledge of certain coefficients for the 
various bends and changes of sections encountered in 
furnaces, and while lists of such coefficients are avail- 
able it must be confessed they are only approximate. 
Laboratory experiments with models, carried out under 
correct similarity conditions, have been used to deter- 
mine some of these coefficients and these figures may 
be applied with reasonable validity to new furnaces. 
However, the inevitable changes which take place 
during furnace operation tend to limit their applic- 
ability. Choking by slag deposits and fallen brickwork 
will increase the resistance in some parts, while in others 
the erosive action of hot gases and slag causes increases 
in area and the rounding off of corners, which reduce 
aerodynamic resistance. These changes can hardly 
be allowed for in calculations. 

Modern furnace designers, therefore, allow generous 
margins and this tendency towards flues and uptakes 
of ample size is to be encouraged. Generous dimen- 
sions are particularly necessary for air uptakes where 
the temperature (and therefore volume and viscosity) 
is high. While the availability of fan air (ingoing) 
and a powerful waste-heat boiler fan (exhausting) may 
permit more restricted passages than customary, the 
need for high pressures or draughts results in fairly 
high leakage or infiltration (due to the greater departure 
of internal pressure from atmospheric) and also in 
greater refractory wear. 

At the same time, latest experience gives a gentle 
word of warning. Occasionally it is possible to have 
excessively large uptakes. It is now thought that under 
some conditions this may lead to aerodynamic insta- 
bility within the melting chamber. The recent work 
of Chesters and co-workers* shows that a jet entering 
a larger chamber may tend to be unstable and to 
“wander.” Consequently, if very large air uptakes 
are imposed on restricted chequers in which a relatively 
high velocity jet passing over the “ fantail’ or chequer 
bridge-wall enters the large uptakes, these latter may 
not fill completely and the “ wandering ” air stream 
will arrive in the furnace chamber itself, with a risk of 
disturbing the flame direction. This is only likely to 
happen where the uptakes of existing furnaces are 
greatly enlarged without altering the chequer fantails ; 





* See page 540, ante. 


in a new furnace the spaces over the fantails are 
almost certainly made so large that the principle of a 
gradual net increase of velocity between flue and port 
(originally enunciated by the designers of the Venturi 
furnace) is upheld. This risk, however, does make it 
unwise to take the easy way of calculating dimensions 
with an excessively generous margin of safety, which 
after all, also uses space and materials. A reasonably 
careful calculation of pressure balances, even allowing 
for the uncertainty of the coefficients available, should 
always be carried out. 

The design of a regenerator for open-hearth furnaces 
must take into consideration the dimensions of the 
regenerator chamber itself, and the type of filling. 
There exist somewhat empirical rules for the chequer 
volume required for various sizes of furnace, but much 
depends on the efficiency with which the chequer 
volume is used. Clearly, a small regenerator, every 
corner of which is used by the moving gases, is more 
effective than a large chamber containing a high pro- 
portion of dead space. Even superficial thought on 
the path gases are likely to take within a regenerator 
indicates that for a given volume a tall narrow chamber 
is preferable. A tall chamber also has the advantage 
of increasing the available pressure of preheated gas 
and air through buoyancy, though conversely, some- 
what increased draught is required to exhaust the 
waste gases. These points are adequately dealt with 
in modern designs and need not be further considered. 

In general, what limits the height of a chequer is either 
the ground water level which prevents deep excavation, 
or the question of the capital cost of a high melting 
shop building, but apart from taking these practical 
factors into consideration, the chambers should be as 
high as possible, for a given volume. Until recently, 
almost everyone was saying that chequer chambers 
should be insulated and plated, and the gas and air 
chambers be well separated. The object was to prevent 
infiltration or gas leakage. Now, at least one impor- 
tant works—Appleby-Frodingham—is reverting to 
unplated chequers with a common wall between the 
air and gas. The Appleby-Frodingham management 
consider that quite serious leaks can develop behind 
the plating, which becomes ineffective as a sea] under 
such circumstances. They prefer to keep the brick 
surface constantly in view to permit careful inspection 
and maintenance, any cracks being attended to imme- 
diately. Slight leakage of gas into the air chequer 
through the common wall is not regarded as serious, 
since any gas leaking in this way will only burn and so 
enhance the air preheat slightly. 

While not everyone will be prepared to agree with 
the Appleby-Frodingham authorities in this connec- 
tion, it must be admitted that these arguments are 
very sound and merit careful attention. The proper 
filling is becoming less controversial. Calculations based 
on the ordinary laws of heat transfer suggest narrow 
openings and a fairly thin brick. These are countered 
by practical experience which shows that narrow 
passages choke easily and a minimum brick thickness 
is necessary for stability. In any case, one of the 
fundamental facts of heat transfer is that a high 
degree of heat transfer to or from a gas involves high 
pressure drop. Therefore, the open-hearth designers 
must compromise. At one time quite a lot of research 
was done on chequer fillings with a view to determining 
the best compromise dimensions for melting furnaces, 
but Chesters has shown that the results of laboratory 
work on model chequers are not likely to remain valid 
for long. 

Recent experience tends to show that it is more 
important to keep a free, open chequer than to secure 
maximum heat-transfer efficiency. Few chequers now 
have the 6 in. by 3 in. or staggered 6 in. by 6 in. 
openings popular some time ago. The most popular 
filling is the “‘ straight through ” 6 in. by 6 in. opening 
using standard brick sizes, though even wider openings, 
such as 10 in. by 10 in. or 18 in. by 6 in., have been 
used successfully, sometimes combined with a “ vertical 
chimney ”’ pattern (as in blast furnace stoves) so as to 
improve distribution. Such ‘“‘ wide open ”’ fillings last 
longer, and it is said that the degree of preheat 
obtained is not appreciably affected. Several investi- 
gators have suggested that the reason for this may 
be that the slag pockets and uptakes are in themselves 
quite efficient regenerators and therefore it is unneces- 
sary to seek maximum efficiency in the chamber itself. 
Measurements of true preheat temperature taken with 
suction pyrometers in the uptakes do give some support 
to this argument, but further practical experiment 
and study is needed because the difference between 
chequer tempcrature and uptake temperatures seems 
to be greater than ordinary heat transfer theory would 
suggest. 

Recently, port design has been one of the most 
popular subjects for discussion among open-hearth 
enthusiasts and the last few years have seen striking 
advances in our knowledge. Ten years ago the only 
grounds on which designers could work were opinions 
on the part of practical operators that high gas velo- 
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made by the Open Hearth Committee of the former 
Iron and Steel Industrial Research Council that the 
air-port area should be at least six times that of the 
gas-port area. These views are still upheld in the 
light of modern work, but there has been a great 
increase of knowledge of the fundamentals on which 
these statements are based. 

It is easy to say on paper, as all writers on the subject 
unfailingly do, that we must obtain the maximum heat 
release in the melting chamber consistent with good 
refractory life. It is not at all easy to secure this in 
practice. The following principles are now fairly well 
established. With highly preheated air, once air and 
fuel are intimately mixed, the rate of combustion is 
so fast that for all practical purposes combustion can be 
regarded as instantaneous. Consequently, the problem 
of securing maximum heat release in the working 
chamber is one of getting the air and fuel to mix as 
rapidly as possible and of getting the resultant flame 
to transmit its heat to the charge in the short time 
available before the gases leave the melting chamber. 
Before discussing this further, it is as well to look at 
the experimental work on which much of our recent 
knowledge is based. 

Four main series of experiments have been carried 
out. Firstly, the United Steel Companies, Limited, 
together with the British Coal Utilisation Research 
Association, made a detailed experimental study of 
three port designs under production conditions at the 
Templeborough melting shop of Messrs. Steel, Peech and 
Tozer.* Secondly, the British Iron and Steel Research 
Association, in collaboration with the Shelton Iron, 
Steel and Coal Company, Limited, operated a one-fifth 
scale model furnace in which numerous port designs 
and operating conditions were systematically studied. 
Thirdly, the Central Research Department of the United 
Steel Companies, Limited, built laboratory models in 
which flowing water was used to study the fluid move- 
ment in furnaces and ports of various shapes.t 





* Tron and Steel Institute Special Report No. 37. 

+ Jl. I. and S. Inst., vol. 155, page 392 (1947) and 
vol. 160, page 37 (1948). 

t See page 540, ante. 
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Fourthly, the Physics Department of B.I.S.R.A. 
studied mixing and flow in small models.* 

Each of these researches has provided a mass of 
information, much of which dovetails together to 
provide the more complete picture we have now of 
the combustion processes and the true factors governing 
the design and operation of open-hearth furnaces. 
There is no need to discuss this experimental work in 
detail here since full reports are available in the pub- 
lished papers. 

In producer-gas or mixed-gas fired furnaces the 
“bottleneck ” still tends to be that of mixing the gas 
and air sufficiently quickly. In coke-oven gas or 
liquid-fuel fired furnaces, where the heat input rate 
can be stepped up to very high levels, the mixing 
question, though by no means negligible, is less difficult 
because both fuels enter at a relatively high velocity, 
which itself gives good mixing, and the velocity of the 
oil jet can be further increased by increasing the 
steam/oil ratio. In coke-oven gas and liquid-fuel fired 
furnaces the problem tends to become one of getting 
the charge to absorb the large amount of heat poten- 





* See page 540, ante. 
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tially available 
suffer. 

The fulfilment of both these desiderata demands, of 
course, a short, “keen” flame. An inherently short 
flame allows a relatively large amount of fuel to be 
burnt in the space available, and also gives plenty of 
time for the heat to be released to the charge. is 
is well appreciated by everybody, but the question at 
once arises whether one can have too short a flame. In 
a furnace with a heat absorbing surface spread evenly 
over the hearth the answer would be negative. During 
the later stages of the refining of certain classes of steel, 
however, the bath absorbs heat relatively slowly so 
that the rate of heat input has to be reduced. Then, 
if the port design is such as to give a short, keen flame 
with the full amount of fuel used for melting down, 
the flame may become so short during the refining 
period that flame direction suffers, the roof may be 
damaged locally, and the outgoing end of the furnace 
may even become cold. 

In the past many melters have got over this difficulty 
by closing the air valve during refining, and similar 
control can be obtained in oil-fired furnaces by reducing 
the flow of atomising steam. At the same time, the 
idealist can rightly object to such practices as likely 
to lead to waste of fuel and increasing the risk of sulphur 
troubles. A solution, which is both theoretically 
correct and practically feasible, still eludes us. In a 
non-reversing furnace a solution would be an inter- 
mediate burner along the furnace length, but at the 
moment this is hardly a practicable proposal. Another 
advantage of a “short ’”’ flame, i.e., rapid mixing of 
fuel and air, is that it minimises sulphur pick-up, and 
may even bring about appreciable release of sulphur 
from the open-hearth bath to the atmosphere. The 
melter has always known that a short flame gives less 
trouble with sulphur, but recent work by the B.I.S.R.A. 
Chemistry Department indicates that the importance 
of early combustion is even greater than is generally 
appreciated. This work is still in progress and is 
not yet ready for publication, but is in essence a study 
of the effect of CO: CO, ratio on the movement of 
sulphur between slag and furnace atmosphere. It 
appears that the CO : CO, ratios encountered in normal 
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practice are most critical and even a small variation 
may govern whether there is a substantial evolution 
to the atmosphere or a substantial pick-up from the 
atmosphere, 

All our conclusions, thérefore, lead us to the desir- 
ability of seeing that the port design can give a short 
flame with a high fuel rate, even if occasional diffi- 
culties may arise during the refining period. It is 
hardly necessary to mention here the various special 
* movable” ports which have appeared from time to 
time to change a port suitable for incoming fuel and 
air into one which can handle waste gases adequately. 
It seems to be generally agreed that mechanical and 
maintenance difficulties cause such ports to be more 
trouble than they are worth, and, as far as the author 
knows, no such design is in regular use. We can now 
consider the best port design to give us our short 
flame. Let us first consider the mechanism by which 
air and gas mix in open-hearth furnaces. We will 
consider gas-fired furnaces in the first place, because 
the mechanism in the case of oil-firing is quite similar 
and the slight differences can be discussed later. 

We all know that up till the present it is not ible 
to use any form of pre-mixing in open-hearth furnaces 
because the combustion which would occur in any 
pre-mixing chamber would liberate such intense heat 
that the walls of the pre-mixing chamber would soon 
be melted. Therefore, the air and gas cannot be 
allowed to mix until the port itself is reached and the 
flame is a so-called “ diffusion flame,” such as one 
would get in a Bunsen burner when its air hole is 
completely closed. The way in which the gas jet 
issuing from a port entrains air to make a diffusion 
flame is shown in Fig. 1, on page 599, which is the 
“ideal” flow diagram for a small jet escaping into 
completely free air. This kind of theoretical stream- 
line diagram has appeared many times in papers 
concerned with jets. The rate of mixing depends on 
the size of the jet from which the gas is issuing. One 
dimension of interest is the length along the jet at 
which the amount of air entrained from the surround- 
ings is equal to the theoretical required for combustion. 

This “ mixing length ’—presumably related to flame 
length—is proportional to the diameter of the jet 
from which the gas issues. The mathematical basis for 
this has been outlined by Davis* and others and it is 
the fundamental proposition on which the arguments 
in favour of multiple ports or oil jets are based. Other 
factors governing mixing have been very concisely 
stated in the well-known work of Rummel in Germany. 
He points out that the rate cf mixing depends on both 
the relative and absolute velocities of the gas and air, 
and on the angle of impingement. All the experimental 
evidence produced by numerous authors go to confirm 
this, and that to get rapid mixing one should have a 
large difference of velocity between the gas and air, 
high velocities of both gas and air, and a large angle of 
impingement of the gas and air. Operational factors, 
such as excess air, also affect mixing, but this will be 
discussed later. 

Since in open-hearth furnaces the permissible pressure 

differences do not permit us to have both high velocities 
in gas and air and a large difference between the 
velocities, it is usual to make the gas velocity as high 
as possible and leave the air velocity low, though 
experimental work at the B.I.S.R.A. Shelton furnace 
with special ports has shown that if it were possible 
to bring the air in in the form of high velocity jets, 
considerable improvements in mixing would occur. 
The need for the air ports to handle waste gases pre- 
cludes this. It has also been general practice for some 
time to increase the relative angle of the gas and air 
ports. 
The Venturi port is, of course, one of the designs 
which give most of the desired properties. The gas 
velocity can be made as high as the available pressure 
permits and the air velocity can be kept low. The air 
is led towards the gas at a large angle so as to give the 
required impingement effect. On the other hand, this 
port suffers, as do most of the other conventional ports, 
in that the gas passes towards the bath surface over a 
brick “ table,” so that there is not free access of air to 
the underside of the flame. This is rectified in the 
so-called single-uptake furnaces, which will be men- 
tioned later. In these, the air is led up straight under 
the flame so that the horizontal velocity of the incoming 
air relative to the gas is zero (thus giving the maximum 
difference between velocities). There is a high angle of 
impingement (more than 90 deg.) and there is com- 
pletely free access to the underside of the flame. Figs. 
2 and 3, opposite, illustrate oil-fired and gas-fired 
single-uptake furnaces. 

The influence of these factors can be seen from the 
experimental work done at the model furnace at 
Shelton, where port designs shown in Figs. 4 to 11, 
opposite, were tried. Fig. 4 shows port design No. 1, 
consisting of an ordinary ramped port; Fig. 5, port 
design No. 2, comprising two high-velocity air ports ; 
Fig. 6, port design No. 3, the Maerz port; Fig. 7, 
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port No. 4, having a single uptake of full width ; Fig. 8, 
port No. 5, similar to No. 4, but having two gas ports ; 
Fig. 9, port No. 6, having a central single uptake and 
two gas ports; Fig. 10, port No. 7, having a single 
uptake and a single gas port ; and Fig. 11, port No. 8, 
similar to No. 7, but with a throat superimposed. The 
results are shown in Fig. 12, opposite, in which the 
heat transferred to the hearth has been plotted against 
the total heat supplied. Each band represents a nest 
of curves obtained for varying conditions (air : gas 
ratio, roof pressure, etc.). These results indicate 
the improvements which can be obtained by proper 
attention to the theory of mixing. We can see, there- 
fore, that we can be fairly certain as to what is a 
good port design—either the Venturi or similar port, 
or, preferably, a single uptake design which should 
give the same effect as the Venturi, but with a much 
simpler type of construction. 

It follows, too, from the theory of jets already 
referred to, that the use of two or more gas ports or 
oil burners in place of one will give more rapid com- 
bustion and shorter and more intense flames. The 
use of two gas ports at each end was quite common 
in earlier days, and stil] persists in one or two instances. 
but difficulties of maintenance seem to have out- 
weighed their advantages as regards combustion 
efficiency. With careful water cooling, these objections 
should no longer apply. 

Before discussing the single-uptake furnace in more 
detail, one must consider how the foregoing principles 
can apply to oil-fired furnaces. Basically, they apply 
just the same, since, just as with gas, we have a jet 
of fuel entering the furnace which must mix with air 
by diffusion. Oil has the advantage that the jet 
velocity is extremely high, so that mixing should be 
rapid. On the other hand, oil droplets can only burn 
on the surface, in fact, vaporisation is a necessary 
preliminary to burning, so that the rate of vaporisation, 
as well as the rate of mixing with air, is important. 

At one time, atomisation was thought to be all- 
important and numerous types of burner were designed 
to secure what was thought to be good atomisation. 
Recent experience shows that the type of burner has 
very little effect on performance, possibly because in 
most burners the oil-steam mixture is passed down a 
fairly long tube where some re-uniting of particles takes 
place, to be followed by re-atomising at the tip. It is 
fairly evident, however, that the combustion is really 
governed by mixing factors within the furnace just as 
with gas firing, and one cannot really expect that 
internal arrangements within the oil burner itself will 
have a great effect. The well-known effect of increasing 
the steam: oil ratio on flame length is more likely to 
be due to increased velocity rather than to any effect 
on atomisation. Consequently, one should bring the 
jet of oil droplets into contact with highly preheated 
air as soon as possible. The practice, still popular, of 
enclosing the oil burner in a “ dog-house ” is therefore 
not to be recommended. The “‘ dog-house ”’ is definitely 
out of date and is now being replaced by more modern 
designs in which the oil jet is simply put through the 
end wall of the furnace and the emerging stream of 
particles left free to mix with air as soon as possible. 

(To be continued.) 





ELEctTRIC HEATING IN MINE-SHAFT SINKING.—When 
the National Coal Board undertook the sinking of 
a new shaft at Calverton Colliery, Nottingham, it was 
decided to use refrigeration to form a frozen barrier for 
preventing the inflow of water. It was found, however, 
that concrete would not set on the frozen wall and that 
the compressed-air drills used for making shot-firirg 
holes had to be taken to the surface every 20 minutes for 
thawirg. Three 15-kW industrial type unit heaters, 
supplied by the General Electric Company, Ltd., Magnet 
House, Kingsway, London, W.C.2, were therefore in- 
stalled on a framework which could be raised and 
lowered. As a result, the air temperature at a depth of 
100 ft. has been increased from 22 to 38 deg. F., at which 
concrete can be formed, and periodical thawing-out of the 
compressed-air equipment is no longer necessary. 





TOWN PLANNING AT WELWYN GARDEN CITY AND 
HATFIELD.—The master plans for the two new towns of 
Welwyn Garden City and Hatfield were published by 
the Development Corporation concerned on Friday, 
November 25, havirg been submitted to the Minister of 
Town and Country Plannirg on Monday, October 31. 
At Welwyn Garden City it is proposed that development 
shall be along the lines laid down by the Welwyn Garden 
City Company with a view to housing a population of 
36,500 in an area of 4,231 acres, of which 1,546 acres will 
be open spaces. The existing industrial area will be 
increased by 159 acres and the main town centre will 
also be enlarged. At Hatfield, where a compact ancient 
town has been overlaid by sporadic building, the position 
is more difficult and re-organisation will be complicated. 
The population is to be increased from 8,500 to 25,000, 
and it is proposed to establish a new town centre to the 
west of the old town. A number of changes in the main 
traffic routes, which traverse the area, are also proposed. 





THE L.M.A. SYSTEM OF 


LOCOMOTIVE LIMITS AND FITS. 


At a meeting of the Institution of Locomotive 
Engineers held on Wednesday, November 23, Mr. J. F. 
Alcock, M.A., M.I.Mech.E., M.I.Loco.E., presented a 
paper entitled “ Limits and Fits,” in which he dealt with 
the standard system for machining locomotive parts 
adopted in 1948 by the Locomotive Manufacturers 
Association. A summary of this paper is given below, 
and is followed by a summary of the discussion. 

As far as can be ascertained, Messrs. Rendel, Palmer 
and Tritton were the first to produce a chart showing 
specified limits. and fits; it was prepared for an order 
placed by the Indian State Railways about 1915. 
B.S. 164, “ Limits and Fits for Engineering,” was 
published in 1924, and in 1926 the same firm produced 
a new system based on the British Standard. There 
were, however, considerable difficulties. B.S. 164 
did not specify sufficiently heavy interference fits or 
sufficiently large clearances for locomotive work. 
Adaptations had to be made, but a standard practice 
was finally introduced and locomotives for the Indian 
State Railways have been built in accordance with 
it for the last 25 years, thus enabling the railways to 
purchase interchangeable parts from any manufacturers 
in any country. In 1943, the L.M.A. set up a com- 
mittee “To collect information regarding tolerances 
used in locomotive manufacture and to make recom- 
mendations with the object of standardising these for 
use by the members of the Association.” 

At the first meeting of the committee it was agreed 
that the unilateral system on the hole basis should be 
used, and a questionnaire on various issues was sent 
to manufacturers. The replies were overwhelmingly 
in favour of the shaft basis, and at a later meeting it 
was recorded that “ in discussing each item individually 
there were undoubtedly strong reasons in most cases 
where certain works practices which had been found 
desirable in the past should be recommended and 
continued for the future, and that consequently there 
had grown up a tendency at the last few meetings to 
accept for recommendation what appeared to be 
average works practice in locomotive shops, more 
with the object of arriving at standardisation than 
anything else, and only in very few cases to recommend 
a change in practice.” In the final report of the 
committee the following statement appears: ‘ The 
recommendations put forward are not based on any 
existing B.S.S., nor do they follow any general rule 
such as “hole” basis or “shaft” basis. They are, 
in fact, based upon the existing works practices as 
generally carried out in the majority of locomotive 
works in this country and can best be described as 
being formulated on a “locomotive” basis. The 
decision to recommend a “ locomotive ” basis is recog- 
nised as being of vital importance and for record pur- 
poses detailed information as to why this decision was 
made is set down in Appendix A.” 

Nine firms were asked whether they practised hole or 
shaft basis in respect of several parts, namely: (1) 
piston rod, (2) valve spindle, (3) jaws and links on 
motion. (4) radius-link die, and slot in radius link, 
(5) eccentric-rod bush and return-crank pin, (6) revers- 
ing-shaft journal, (7) brake-shaft journal, (8) pins and 
holes in brake and spring gear generally, and (9) jaws 
and links in brake and spring gear. Excluding (4), 
in which four manufacturers used the hole basis, only 
two firms might be said to follow the hole basis, but 
even they were reduced to one firm when it came to 
highly stressed items, and even that one adherent 
reverted to the shaft basis on a vital detail such as a 
piston rod. Consider the piston rod: as wear takes 
place it becomes more highly stressed and is eventually 
scrapped for this reason alone. If, therefore, the 
working clearance is taken off the standard diameter, 
as must be done to comply with the hole basis, we are 
turning out as new a locomotive with piston rods more 
highly stressed than the design figures and at the same 
time ‘“ machining away months of satisfactory life.” 
Surely this item must be on a shaft basis ? 

Take, as another example, the cylinder bore. During 
the design stages, the performance of the locomotive 
and the stressing of numerous parts are based on the 
standard cylinder bore. In practice, a clearance of 
about y in. is necessary between piston head and 
cylinder bore; and on the shaft basis this would 
mean an increase of nearly 1 per cent. on cylinder area 
and consequently on loadings and stresses. Nobody 
would deny that this dimension must be on a hole basis. 
A crankpin is another item which, from a stressing and 
wear point of view, must be on a shaft basis as far as 
the diameter is concerned ; but as regards length, the 
pin has always been standard, with the working 
clearance taken off the bush, which is to the hole basis. 
What possible object could there be in the changing 
of this universal practice, which would have no advan- 
tage, but would have the disadvantage of cutting across 
basic design figures ? Another example is the fit of the 
tyre on the wheel centre. As a tyre wears, it is turned 
up from time to time and the cross-sectional area 
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continually diminishes until a time comes when the 
tyre has to be scrapped. It is obviously desirable, 
therefore, to keep the cross-sectional area up to the 
designed figure to start with. The average figure for 
tyre shrinkage is 0-001 in. per inch of diameter, so that 
on a 5-ft. diameter wheel centre there must be a differ- 
ence between wheel centre and tyre bore of 0-06 in., 
which is approximately 4 in. On the hole basis the tyre 
would be bored standard and the wheel centre would 
be turned ¥ in. above standard, so that after the 
tyre had been shrunk on and turned to the correct 
diameter on the tread, the cross section of the tyre 
would be considerably less than if the shaft basis were 
used. In the latter case, the -in. interference 
would be left in the tyre bore, and after shrinkage that 
extra + in. of metal would do a good job of work 
throughout the life of the tyre. So, after very serious 
thought, the locomotive basis was confirmed after 
having, in fact, been in existence since locomotive 
building first began. 

In many cases, subsidiary experiments were carried 
out by committee members at their own works; the 
following report, which assisted in confirming motion- 
pin tolerances, is typical. The experiment was carried 
out by the author. Four case-hardened ring gauges 
were produced in the following sizes: 1-7500 in., 
1-7505 in., 1-7510 in., and 1-7515 in. Two series, 
each of four plug gauges, were also used; one series 
was hardened and the other left soft, both providing 
plug gauges 0-0003 in. smaller in diameter than the 
corresponding ring gauges. In every case, the plug 
gauge was a perfect push fit in the corresponding ring 
gauge. The hardened plug, however, gave more con- 
sistent results than the soft plug. as the slightest knock 
or bump or bit of grit created trouble in the case of the 
soft plug. When a plug and ring gauge were chosen to 
give a 0-0002 in. interference, the plug could be nicely 
tapped in with a piece of copper bar and tapped out 
in a similar manner without showing any distortion, 
either on the ring or plug; but, again, the soft plug 
was not quite as easy as the hardened plug. A plug 
with 0-0007 in. interference could be tapped in in the 
same manner for about } in., but after that a hammer 
had to be used. Again, the soft plug was not quite 
so easy, but the weight required was not really ex- 
cessive. Finally, a plug with 0-0012 in. interference 
required a hammer the whole way, and at 1 in. depth 
a good deal of weight had to be used. This was parti- 
cularly noticeable when driving out the soft plug. 
In no case, however, were the plugs or rings scored. 
It was noticeable that a plug with a clearance of 
0-0013 in. was quite a permissible fit, and therefore 
the impression gained in view of the tests was that, 
in the case of a fixed motion pin, the maximum per- 
missible fits might be considered to be from —0-0013 
in. to +0-0007 in. Two considerations, however, 
must be borne in mind: firstly, that in the case of a 
fixed motion-pin there are invariably two holes in which 
the pin fits, and that therefore the above-mentioned 
limits would probably be on the tight side; secondly, 
that the surface finish from a production point of 
view would probably not be quite so good as that of 
the test gauges, which were all lapped, and that a 
slightly coarser finish would permit a slightly greater 
interference. These tests confirmed that a 0-0005 in. 
tolerance could be used for motion pins and the fixed 
holes, pins being 0-000 to — 0-0005 in. and fixed holes 
0-000 to + 0-0005 in., but that otherwise four decimal 
places were quite unnecessary, and only to be used in a 
very few similar exceptional cases. 

After another, and somewhat similar, experiment, in 
connection with driving-fit and fitted bolts and rivets, it 
was agreed that no recommendation could be made 
at present with regard to limits and fits for these parts. 
The exact size of the hole and the surface finish of 
both hole and bolt play such an important part that 
methods of standardisation covering these factors are 
essential before attempting to go farther. A good 
“ driving’ bolt means something very definite to a 
locomotive engineer and the right conditions can only 
be reproduced, even in a single works, by trial and error 
and then only for a short period, as a change of reamer 
can change a good bolt into a bad one. 

The pressing-in allowance is one of the most difficult 
questions to settle. and the author submitted a prelimi- 
nary report (a summary of which follows herewith) 
to the L.M.A. committee as a basis for discussion. 
Consulting engineers and locomotive manufacturers 
generally specify only maximum and minimum ton- 
nages per inch of axle diameter, the most general 
figures being from 10 tons to 12 tons per inch. The 
bore in the wheel centre is parallel and the axle is 
either parallel or, more frequently, tapered 1 in 500. 
British Railways and the Railway Clearing House 
follow a similar specification. Manufacturers generally 
have few fixed rules. In principle, the design of the 
wheel centre is considered and from previous experience 
an interference is decided upon for trial. Depending 
on the results, either the interference or the taper 
is varied slightly until the correct pressure is obtained 
by trial and error. With the railways there does not 





appear to be the necessity for so much individual 
attention, and in the case of the London Midland 
Region, not only is the 1 in 500 taper fixed under all 
conditions, but so is the initia] interference of from 
0-005 in. to 0-006 in. at the small end. The above 
remarks apply to cast-steel wheel centres ; interference 
and taper for cast-iron wheel centres are less severe. 
In the industry, once the taper and interference are 
settled, the press operator is expected to continue 
pressing within the specified tonnage range, and the 
majority of operators have considerable skill in increas- 
ing or decreasing the tonnage by the application or 
otherwise of a suitable lubricant. It would appear, 
however, that the railways take the alternative view 
that everything is settled as nearly as practicable, 
including the lubricant, and the operator is only 
responsible for doing the job and not for achieving the 
results. 

It was found that specifying the tonnage range 
was almost as effective as specifying the permissible 
maximum and minimum coefficients of friction and 
that the range of 10 to 12 tons per inch appeared 
to give a coefficient of friction which might be consi- 
dered suitable for maintaining a satisfactory torsional 
grip. Wheel centres very rarely work loose on axles, 
and when they do there seems to be little evidence 
as to the cause. It is conceivable that, if a wheel has 
been stressed to the limit by the pressing-in operation, 
the expansion and contraction of the axle due to a hot 
box may start a loosening action. Numerous experi- 
ments have shown that, by altering surface finish and 
lubrication, interferences as low as 0-001 in. per inch 
can give heavy pressures, while interferences of over 
0-002 in. per inch are equally capable of giving 
extremely low pressures. There appears to be no 
doubt that a greater area of contact increases the 
pressure, and that a perfectly smooth ground finish 
gives much too low a pressure. Great care must be 
taken to ensure that the surfaces are truly cylindrical. 
Experiments have shown that, using various lubricants, 
or no lubricant at all, a difference in maximum and 
minimum pressures of about 500 per cent. on the 
minimum is possible. It has been shown also that a 
higher rate of pressing-in increases the pressure required. 

From a theoretical standpoint most of the informa- 
tion on the subject is based on the work of Morley. 
Two graphs in the paper show, respectively, maximum 
hoop stress in the wheel centre, and radial pressure, 
both against an abscissa of interference. In a given 
design, the hoop stress should not be so great as to 
cause permanent set, and the minimum interference is 
governed by the necessity of obtaining the minimum 
specified pressure ; if it were necessary to reduce the 
interference to the absolute minimum it would become 
equally necessary to increase the coefficient of friction 
to a maximum. It would thus be possible to specify 
maximum and minimum interferences per inch of 
diameter for both cast-steel and cast-iron wheel centres. 
The ratio, thickness of hub to diameter of bore, appears 
to be fairly constant at 0-5:1 for cast-steel wheel 
centres and 0-55:1 for cast-iron centres. Regarding 
the coefficient of friction, experiments have shown 
that there is no difficulty in the shop in varying the 
coefficient over a wide range. With a ground axle 
and a reamered wheel centre, the coefficient can be 
varied from 0-02 to 0-1, corresponding to an adequate 
supply of oil and perfectly dry conditions, respectively. 
With a smooth-file finish on the axle, however, it 
would be from about 0-04 to 1-4. 

There are several factors to be considered from the 
production point of view. Cast-steel wheels are not 
perfectly homogeneous, and it is therefore important 
to avoid excessive interference. When pressing-in, it 
is difficult to ensure absolute squareness between the 
axle and wheel during the initial stages. To overcome 
this, the bore can be tapered, but this is awkward to 
machine. A ground tapered axle, subsequently smooth 
filed to break up the surface, presents no difficulties. 
Tt is still necessary, however, to provide a slight 
lead in; from a production point of view, this is most 
easily provided on the axle, but a slightly coned entry 
on the inside wheel face is sometimes preferred. On the 
other hand, it is surprising that a taper of 1 in 50 is 
generally provided on crankpins, when this is not 
practice. This practice probably dates back to the 
time when it was necessary to replace crankpins 
without using a press. Half this taper would be 
quite sufficient and would avoid the quite usual trouble 
of crankpins being ejected before the riveting-over 
operation has been completed. 

It is obvious that on an operation such as pressing-in, 
absolutely identical conditions cannot be made to 
apply at different establishments, but there would 
seem to be no reason at all why conditions within a 
specified minimum and maximum could not easily be 
met by the whole industry. Present practice seems to 
allow between 0-001 in. and 0-00175 in. per inch of 
diameter for cast-steel wheel centres. The only 
principal exception to this is the railway’s practice of 
allowing a 1 in 500 taper and a minimum interference 
at the small end of between 0-005 in. and 0-006 in., 
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and under those conditions the maximum interference 
for a very short distance only, at the large end of the 
taper (the inner face of the wheel) is well over 0-002 in. 

r inch, which seems to be unnecessarily high. 

Although the L.M.A. committee was working main|y 
on limits and fits, it was set up as a “ works practice ” 
committee, and one matter coming under this head 
which was considered was the standardisation of boiler 
rivets and riveting. B.S. 425-1943, “ Boiler Rivets,” 
was carefully considered, but it was found impossible 
to adopt it for locomotive work. A specification, base: 
on existing practice in the industry, was therefore 
drawn up, and the sub-committee concerned considere:! 
that it might be worth while approaching the Britis) 
Standards Institution with a view to their producing 
a new B.S. specification to cover locomotive riveting 
practice. The general principle of deforming the 
original head during riveting is almost universal in 
boiler work and is strongly recommended. Although 
the insertion of rivets from the inside of the boiler 
has the advantage that the head formed on the outside 
of the boiler, and liable to be formed eccentrically, is 
more readily noticed during inspection, it was decided 
to recommend the insertion of rivets from the outside, 
mainly because the rivets have less time to cool down. 
Existing practice with regard to the size of rivets and 
holes is continued, namely, for all rivets over § in. in 
diameter, the hole is standard and the rivet ¥, in. 
smaller, and for rivets $ in. and under, the rivet is 
standard and the hole ¥ in. oversize. The latter 
practice was adhered to mainly because of the difficulty 
of obtaining small diameter rivet bar other than in 
standard sizes. 

One of the decisions of general application is of 
interest. Although it has been usual in the past to 
vary limits and fits proportionally with diameter, 
which, it is agreed, is theoretically correct, such refine- 
ment is considered unnecessary in many cases, and 
whenever possible constant workmg limits and constant 
fits are recommended over a complete range. 





The discussion on Mr. Alcock’s paper was opened by 
Mr. R. C. Bond, who said that, as one-time chairman of 
the London Midland Region committee on limits and 
fits, he could appreciate the work involved in preparing 
the L.M.A. system. There were three points of interest 
in this matter: firstly, facilitating, cheapening and 
improving the quality of manufacture ; secondly, the 
need to ensure that the running clearances and inter- 
ference fits, which the users had shown to be necessary 
from experience, were achieved in practice; and, 
thirdly, there was the question of repairs and main- 
tenance. He asked to what extent the last sentence in 
the paper was right: “ All steam locomotive manufac- 
turers in Britain work to the same limits and fits.”’ 
Surely the prime objective, as he knew from his experi- 
ence in inspecting locomotives built for railway com- 
panies in all the principal works of the country, was to 
give the companies what they required. If that was 
still the main objective of manufacturers, as he felt 
sure it was, then he could not help feeling that it was 
impossible for them to be working to the same limits 
and fits in all respects. There were certain limits and 
fits which were absolutely vital to the locomotive 
user, such as the holes in brake hangers into which 
bushes were pressed, and the ring grooves in piston 
heads. In the latter case it would be quite useless 
if the clearance between ring and groove was right 
but the manufacturing tolerances were not equal, 
since rings were replaced twice, sometimes thrice, 
between shoppings. On the other hand, there were 
limits and fits which were not of particular significance 
except to the manufacturer. Crankpins were an 
example: so long as the running clearance was right, 
it did not matter what the crankpin size was, because 
at some time in the life of the locomotive the crankpins 
would be ground, and it was not economical to grind 
to stepped sizes. Similarly, with the outside diameter 
of tyres, the size did not matter. 

The subject was one in which he was very interested 
(Mr. Bond continued) and he could not help feeling 
that, in spite of all the excellent work of the L.M.A. 
committee, it was a pity, in a way, not to be able to 
use the British Standard system or some adaptation 
of it. On the L.M.R., the B.S. system was used for 
90 per cent. of the limits and fits. There were certain 
cases where it could not be used, but it had been 
adapted, and that was an advantage which he would 
have thought was vital to locomotive manufacturers, 
to avoid using a very large series of standard gauges. 
Therein lay the advantage of allowing the tolerances 
and clearances, within certain limits, to increase as 
the size of the part increased. With regard to the 
question of the pressing-on of wheels and axles, there 
was no reason at all why it should not be very largely 
a matter of works practice. There was no advantage 
in laying down a standard practice. The author had 
said that there was no doubt that a perfectly smooth 
ground finish on an axle gave a much too low pressing- 
on pressure ; he did not agree with that. He suggested 





that the time for filing wheel seats was past. He had 
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intended to say a little more about the L.M.R. system 
to show how the B.S. system had been used and 
adapted, but that was no longer necessary. In the 
current issue of ENGINEERING,* members would see 
a description of that system. He could assure every- 
one that it did work. The guiding principle was to 
give the widest possible tolerance that was successful. 
and, in order to find out what that was, the committee 
had been careful to go to shops all over the system and 
find out what was being done, and then to lay down, 
within the framework of the British Standard, that 
such-and-such should be done in the case of vital 
dimensions in the same way everywhere. The author 
had suggested that cylinders must be dealt with on a 
hole basis and crankpins on a shaft basis. He did not 
agree, because the size of the cylinder when the loco- 
motive was scrapped was at least 4 in. larger than when 
it started, and the crankpin }-in. smaller. The stressing 
and design must take into account the wear in service ; 
whether or not there was 0-002 in. less at the beginning, 
in order to be consistent, made no difference at all in 
the life of the crankpin. 

Sir William Stanier, F.R.S., who spoke next, said 
that the important thing about the paper was that it 
had shown that the locomotive manufacturers of this 
country had now adopted a universal system. Whether 
it was right or not was a matter for discussion. He 
agreed with Mr. Bond that the B.S. specification 
could be more rigidly adhered to. He remembered, 
in 1912, seeing Mr. Lelean working out the limits 
and fits for the Indian Government Railways, and also 
the work carried out on the Lancashire and Yorkshire 
Railway, at the Horwich Works, where go and not-go 
gauges were introduced for the production of standard 
parts. He drew attention to the fact that it was the 
perfection of the grinding machine that had made a 
system of limits and fits possible. 

Sir William said that he was, perhaps, one of the 
few people who knew how the | in 500 taper on wheel 
seats had arisen. Mr. Pearson, when with the Great 
Western Railway, had trouble with axles breaking 
just inside the wheel seat. On investigation, it was 
found that the operation of pressing a parallel wheel 
seat into a parallel hole in the wheel centre caused the 
end of the hole nearest the inside face of the wheel to 
be rubbed away, so that the hole became slightly bell- 
mouthed ; moisture seeped in and corrosion occurred. 
Mr. Pearson then ground the wheel seats to a taper of 
1 in 500. Regarding tolerances on pins and bushes, 
Sir William mentioned that on the L.M.S. it was found 
necessary to double the tolerance if the bushes were 
case-hardened. The idea of using a broach to finish 
unhardened bushes was brought back by him in 1927 
after a visit to an American locomotive works. The 
foreman of the machine shop improved the design of 
the broach so as to “size” the hole and give a mirror 
finish. He did not approve of the | in 50 taper on 
crankpins, but he thought it was important to make 
the crankpin smaller in diameter on the outer part 
than on the part that was pressed into the wheel, so 
that any sign of failure could be observed. 

Mr. D. C. Brown, the next speaker, said he thought 
that in co-ordinating various practices there was always 
a tendency to level down a specification to something 
which could be accepted by all, and he drew attention 
to some clearances, given in the L.M.A. Handbook, 
which he considered were too much. He asked whether 
the users were consulted before publication of the L.M.A. 
system, as was the practice of the British Standards 
Institution ? Regarding the pressing-on of wheels and 
axles, he thought the author could well devote a paper 
to that subject alone. He wished that the committee 
had specified limits for water-space stays. 

Mr. M. A. Crane said that experience during the war, 
when spare parts had been made by firms with no 
experience of locomotive work, showed the importance 
of recording the general practice. There might be 
disagreement about the system, but it did provide a 
foundation for everyone, and these limits were reaching 
railways, all over the world, which looked to Britain 
for some guidance in the matter. The overseas buyer 
could either accept them, or ask for them to be amended 
in those cases where he required his own conditions to 
be met. Mr. J. H. P. Lloyd suggested that if the author 
had carried out back-pressure tests on the fit of axles 
in wheels, he would have found the pressure much too 
low. He did not agree “that two reasonably smooth 
finishes were incorrect. The answer lay in a correct 
interference fit. He would like to see graphs showing 
the relationships between varying interferences, lubri- 
cants and surface finishes. 

Mr. W. Hadfield remarked that in the L.M.A. 
Handbook he found no mention of the tolerances on 
frame dimensions from the cylinder face to the driving- 
horn face. Mr. E. Woodbridge suggested that it would 
have been advisable to amend or extend the British 
Standard Specification instead of producing separate 
standards. The L.M.A. Handbook was a very fine 
work, but there was also the article in ENGINEERING ; 
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both would go all over the world and, taken together, 
they might cause doubt and confusion. Mr. B. Fergu- 
son referred the author to work carried out at the 
National Physical Laboratory for information on inter- 
ference fits. 

_ In reply, Mr. Alcock said that there was a statement 
in the current issue of ENGINEERING which said that 
“ British Standard No. 164-1924, ‘ Limits and Fits for 
Engineering,’ recommends the use of the unilateral 
system of tolerances on a hole basis for cylindrical 
mating surfaces ‘ in cases where it does not conflict with 
predominating present practice.” Mr. Bond had 
inferred that that was only in 10 per cent. of the cases, 
but his own feeling was that at least 50 per cent. of 
special cases must occur. The statement in ENGINEER- 
ING simply said “‘ Use B.S. 164 except for a number of 
exceptions,” and he could have said the same for his 
own report. His report was also B.S. 164—except for 
a number of exceptions. There was one difficulty, 
however, namely, that in following B.S. 164, one was 
tied to the fourth decimal place for nearly everything, 
and if it was decided to have 50 per cent. of cases 
outside B.S. 164, and not to work to the fourth decimal 
place, there was very little left of the original. That 
was the line taken by his committee. 

When he said that manufacturers were to-day work- 
ing to the same practice he should have made it clear 
that there were exceptions ; manufacturers would meet 
customers’ requirements. The question of standard 
gauges was important; the L.M.A. system embodied 
mostly standard manufacturing practice. There was 
no question of replacing gauges. Regarding the finish 
of wheel seats, he considered the light filing necessary 
to ensure an adequate coefficient of friction. On the 
question of cylinders being on a hole basis, he still 
thought he was right. There was no reason for boring 
it yy in. larger, because that was the way the cylinder 
wore. It was an advantage to leave the parts as large ae 
possible when new so that the maximum life was ob- 
tained. He agreed that a taper of 1 in 50 for crankpins 
was not the best practice, but they had to meet cus- 
tomers’ requirements ; they were trying to persuade 
customers to agree to the best practice. 

In reply to Mr. Brown, he was bound to say that the 
users had not been consulted. Mr. Brown himself had 
pointed out that it had taken the committee two years 
to arrive at the figures which had been adopted, and 
it had been realised that sending a draft specification 
out would only have caused further delay. B.S. 164 
was undoubtedly accepted as a first-class standard in 
all engineering works for general products. The fact 
that it was not very applicable to locomotives meant 
that it was necessary to have a special locomotive 
standard. That consideration had guided the com- 
mittee in reaching their decision. a standard had 
to be introduced someone had to make a start. He 
hoped the effort would bring all concerned together on 
the matter. With regard to back-pressure tests, many 
had been carried out and the results had been satis- 
factory. When the filing of wheel seats was mentioned 
it sounded like a crude practice, but in fact it was not. 
He agreed that the committee’s recommendations 
merely formed a useful basis, and it was to be hoped 
that the system would be improved. 








WALSALL GENERATING STATION: ERRATUM.——Messrs. 
Whittaker Ellis, Limited, 54, Victoria-street, London, 
S.W.1, have drawn our attention to an error, which we 
regret, in our description of the Wallsall power 
station of the British Electricity Authority. It was 
stated, on page 355, ante, that the cooling-water suction 
and delivery pipes were manufactured by them, whereas 
the pipes were supplied by Messrs. Horseley Bridge and 
Thomas Piggott, Limited, of Tipton, Staffordshire, and 
laid by Messrs. Whittaker Ellis, Limited. 





THE LATE Mr. J. P. D. CoLEMAan.—We note with 
regret the death of Mr. J. P. D. Coleman, which occurred 
on November 20. Mr. Coleman, who was a director of 
Messrs. Wild-Barfield Electric Furnaces Limited, Elec- 
furn Works, Watford By-Pass, Watford, Hertfordshire, 
from 1933, until his retirement in 1948, began his long 
connection with the electrical industry when he joined 
the National Telephone Company in 1896. He served 
under the late Mr. E. P. Barfield, an association which 
was almost continuous until the latter’s death in 1938. 
After completing his apprenticeship, Mr. Coleman had 
a period of sea-going service, and, in 1910, joined the 
cable department of Siemens Brothers and Company. 
During the 1914-18 war, he served with the Royal Engi- 
neers, and, in 1919, rejoined Mr. Barfield, becoming 
works manager in the company, formed through the 
collaboration of Mr, Barfield and Mr. L. W. Wild, to 
manufacture electric heat-treatment furnaces. He was 
appointed to the board in 1933 and joined the board 
of the firm’s associate company, G.W.B. Electric Fur- 
naces Limited, in 1938. In 1945, Mr. Coleman gave 
up daily participation in the business, but remained 
on the boards of both companies until 1948. 
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NOTES ON NEW BOOKS. 


Power Plant Engineering and Design. By Proressor 
Freperick T. Morse. Second edition. D. Van 
Nostrand Company, Incorporated, 250, Fourth- 
avenue, New York 3, U.S.A. [Price 6-50 dols.]; 
Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.1. [Price 36s.] 

Wuart most distinguishes this book from others in the 

same field is the emphasis throughout on the economic 

and practical factors which the designer of power 
plants ought to understand. The appreciation by 
engineers of this characteristic is shown by the fact that 
the first edition of the book had to be reprinted eight 
times, and the present is the fifth reprint of the second 
edition. The author, who is professor of mechanical 
engineering at the University of Virginia, assumes 
that his readers already possess a reasonable knowledge 
of the principles of thermodynamics, mechanics, and 
electrical engineering. After a short introductory 
chapter, he discusses first the inevitable variation 
of the demands on electricity supply undertakings, 
and such engineering expedients as are available to 
mitigate its effects. This leads to a consideration of 
the factors which make up the cost of supplying 
electricity, and then to a review of the numerous 
systems of charging to be found in the United States. 

The invention of the first more or less rational method 

is credited to Dr. John Hopkinson, who pro it 

in his presidential address to the Junior Institution of 

Engineers in 1892. The next chapter, on power-plant 

buildings, deals with materials of construction, founda- 

tions, roofs, ventilation and lighting. Diesel and hydro- 
electric plants are given chapters to themselves, and 
the remaining three-quarters, or thereabouts, of the 
book covers steam stations and their equipment. 

The efficiency of various steam cycles is explained 

and then the characteristic features of boilers, prime 

movers and condensers. Under the title of “The 

Gas Loop,” the author discusses combustion, firing 

systems, heat-transmission, fans, and everything done 

to or by the air until it is again returned to the atmo- 
sphere. In a similar way, a chapter on “ The Feed- 

Water Loop,” covers the purification and heating of 

feed-water, as well as feed pumps and regulators. 

Piping and valves, and the electrical equipment and 

layout of stations receive full attention. This brief 

summary of its contents can do no more than indicate 
the range of the book without conveying any adequate 
idea of its merits. Though based exclusively on 

American equipment and practice, it can be confidently 

recommended to every student interested in power- 

station work, as it is packed with practical information, 
clearly and concisely stated. 








** Machinery Market” Questions and Answers. The 
Machinery Market, Limited, 146a, Queen Victoria- 
street, London, E.C.4. [Price 3s. 6d. net.] 

Tus little volume, of convenient pocket size, consists 

of reprints from the columns of our contemporary, 

The Machinery Market, which has made a practice 

for many years of answering readers’ engineering queries 

in print, pro bono publico. The queries and answers 
are grouped in ten sections, of which the first seven, 
dealing with various questions in mechanical engineer- 
ing, are edited by Mr. Ernest Pull, M.I.Mech.E., who 
was associated for many years with what is now the 

Poplar Technical College, formerly the School of 

Engineering and Navigation. Then follows a sec- 

tion on electrical questions, edited by Mr. E. H. 

Crook, M.I.E.E.; one on commercial questions, edited 

by ‘“‘a chartered accountant,” and one on legal 

questions, by “a legal contributor ”’—both of whom 
are anonymous, presumably for professional reasons, 
though why they should be when the engineers are not, 
or why the engineers are not when the accountant and 
the lawyer are, might provide the Engineers’ Guild with 
an interesting topic for an evening’s discussion. Of 
the questions and answers it can be said that they are 
all of a practical nature; but many of them are so 
elementary in character as to suggest that there must 
be a considerable number of men in charge of plant 
who lack even a rudimentary knowledge of the theory 
and, by implication, the practice of their jobs. Some 
of the answers might have been edited a little more with 
advantage ; for instance (vide the first question), the 
statement that, under certain conditions, ‘‘ a chimney 

50 ft. in height would consume about 16 Ib. of good coal 

per sq. ft. per hour.” 





PRE-STRESSED CONCRETE EXHIBITION IN WALES.— 
When the Building Trades Exhibition closes at Olympia 
on December 1, the Pre-Stressed Concrete Exhibition, 
which has been shown there as part of the Ministry of 
Works display, will be sent to Wales, where it will be 
shown from Monday, December 12, to Saturday, Decem- 
ber 17, at Morsmith Garage, Frederick-street, Cardiff. 
The exhibition will be open to the public from 4 to 5.30 
p.m. on the first day, and from 10.30 a.m. to 5.30 p.m. 





on subsequent days. Admission will be free. 
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THE PHASE-NEUTRAL SYSTEM OF 
HIGH-VOLTAGE ELECTRICITY 
DISTRIBUTION.* 

By G. T. Garwoop anp G. J. WEBSDALE. 

AmonG other things, the Electricity Act, 1947, 
requires Area Boards to secure the extension of 
electricity supplies to rural areas and to promote all 
economical methods of distributing electricity. These 
requirements are mandatory and have a notable 
bearing on the design and construction of light high- 
voltage lines, such as are normally used to supply 
remote hamlets, individual farms and other isolated 
consumers. At present, such lines are usually single- 
phase spurs employing two live phases; and their 
standards of construction admit of little modification. 
The phase-neutral system of high-voltage distribution, 
as a means whereby important economies may be 
effected without loss of safety or operating efficiency, 
therefore requires careful consideration. This system 
may be defined as a single-phase two-wire system 
derived from one phase and the neutral of a three- 
phase four-wire high-voltage system, the star point 
of which is permanently earthed. This earthing may 
be single or multiple, the latter being more advan- 
tageous. The system has been used on a large scale 
in the United States by the Rural Electrification 
Administration. 

Compared with the ordinary light single-phase line 
with its two insulators per pole, steel or wood cross- 
arms and braces and stay insulators, the phase-neutral 
line is remarkably simple. It consists of a single 
insulator attached to or driven into the top of the pole, 
the approximate weight of the steelwork being only 
from 2 to 10 lb. compared with 53 Ib. when two live 
phases are used. Except possibly in badly polluted or 
salt-laden air, it is unnecessary to bond the metal work 
supporting the insulators. The pole top then acts as a 
stay insulator for all stays that can justifiably be 
attached at or near the level of the neutral conductor. 
In order to preserve the impulse-voltage strength of 
the pole top, stays attached at or near the top insulator 
fitting should be provided with wooden insulators of 
about the same effective length as the clear length 
between conductors, i.e., about 30 in. for 6-35 kV 
circuits. The estimated minimum impulse strengths 
of the phase-neutral construction, when using typical 
No. 50 insulators and a spacing of 2 ft. 6 in. between 
the conductors, vary from 330 to 400 kV. The mini- 
mum ground clearances proposed are 17 ft. 6 in. for the 
high-voltage line, 15 ft. for the high-voltage neutral, 
and 14 ft. for the low-voltage line, on the same pole 
in fields, along road verges and in situations inaccessible 
to vehicular traffic; and 4 ft. more at road crossings. 
The earthed type of cradle approved by the Post 
Office can be used. This shows a marked economy in 
material and requires no stay insulators. 

The phase-neutral system also shows remarkable 
economies when underground or suspended cables are 
used. Either the lead sheath can be employed as the 
neutral or a copper tape, beneath the stainless-steel 
sheath, which is introduced to reduce the sheath losses, 
may serve the same purpose. In situations where the 
proximity of houses or overhanging trees precludes the 
use of bare high-voltage conductors on low-tension 
distribution routes, suspended single-core cables 
provide an efficient means of reinforcing straggling 
overhead distribution networks. The stainless steel 
cable, by being self-supporting over ordinary low- 
voltage me may well open up new possibilities for 
the reinforcement of rural low-voltage networks. 
As regards relative costs, that of a 0-0225 sq. in. twin 
paper-insulated lead-covered cable is 3551. per 1,000 
yards, compared with 2001. for a single paper-insulated 
lead-covered cable and 3301. for a single paper-insulated 
stainless-sheathed cable. The weights of the three 
types of cable are 4-8 Ib., 2-5 lb. and 1-7 lb. per yard, 
respectively. 

Small pole-mounted transformers for phase-neutral 
working are somewhat simpler and cheaper than their 
counterparts for working on two live phases, since only 
one high-voltage bushing is required and graded insu- 
lation of lower maximum breakdown strength may be 
employed. As only single-pole switching and fusing 
are necessary, simpler and more economical switchgear 
can be used. In particular, the introduction of the 
phase-neutral system would enable modern high-speed 
single-pole circuit breakers of the self re-closing type 
to be employed. ; 

Future rural development in many cases will require 
the setting up of new sources of supply at 11 kV, and 
any main feeders radiating from such new sources 
should normally work on a three-phase four-wire 
11/6-35-kV system, in order to allow 6-35 kV phase- 
neutral spurs to be run over the area to be served. 
In such cases the neutral point of the 11-kV winding 
of the main 33/11-kV transformers would normally be 


* Paper read before the Supply Section of the Institu- 
tion of Electrical Engineers on Wednesday, November 
23. Abridged. 





brought out and have connections extended from it to 
the neutral of the overhead line. Alternatively, the 
neutral connection would have to be made to the over- 
head lines by underground cable. A separate neutral 
conductor can, of course, be provided in a new under- 
ground cable. This, however, would require special 
arrangements for dividing out the neutral at the cable 
boxes or, alternatively, the incorporation of the neutral 
in the lead sheath. These difficulties can be avoided 
by laying a separate bare conductor with the cable or 
by using the cable sheath as the fourth conductor. 

On overhead lines almost any satisfactory ay of 
three-phase three-wire line can be adopted for three- 

hase four-wire working by running a neutral conductor 
in place of the earth wire and supporting it on a low- 
voltage bobbin insulator in place of the more familiar 
metal suspension fitting. For new work, an unbonded 
construction of the type used by the Rural Electrifica- 
tion Administration with wooden struts is, however, 
preferable as these will increase the impulse strength 
between the outer phases by some 400 kV and the 
mechanical strength of the arm. The low-voltage 
bobbin supporting the neutral, in addition to providing 
a cheap and convenient mechanical attachment, has the 
advan of deferring or inhibiting pole burning in the 
event of failure of a line insulator. To earth the 
neutral, the Rural Electrification Administration 
normally use an 8-ft. rod “ at least every 1,500 ft. along 
the line and at transformer locations.” In many cases, 
additional butt-wrapped earths are employed. 

A high-voltage overhead line with a continuous earth 
wire can be converted from a three-phase three-wire 
to a three-phase four-wire system with multiple neutral 
earthing by using the earth wire as a neutral conductor. 
As certainly 50 per cent., and possibly 75 per cent., of 
the 11-kV three-phase lines in this country are fitted 
with continuous earth wires, there is no reason why the 
majority should not be utilised as 11/6-35-kV four-wire 
lines. To adapt lines without continuous earth wires 
to four-wire working it will be necessary to run a 
neutral conductor, but this can be confined to the 
section from which it is required to take phase-neutral 
spurs. Alternatively, a neutral earthing compensator 
or earthing transformer can be used. Ordinary 6-6-«V 
transformers designed for working on two live phases 
can be employed on 11/6-35-kV four-wire systems if 
they have the normal range of minus tappings. 

It appears that single-phase spurs for the develop- 
ment of remote districts will seldom exceed two miles 
in length and that such spurs will be required to supply 
about three farms of 50 acres and upwards and four or 
five cottages per mile. It is estimated that the simul- 
taneous maximum demand on such a spur will not 
exceed about 50 kW of distributed load, equivalent to 
a terminal loading of 25 kW for the p of line-drop 
calculations. Phase-neutral spurs with 0-25-sq. in. 
conductors working at 6-35 kV will therefore normally 
have a liberal reserve capacity for this class of duty. 

It is estimated that phase-neutral construction by 
itself will result in a saving of probably 20 per cent. in 
cost over other methods, a figure which offers a strong 
argument for its introduction, especially in view of the 
present shortage of materials, since the insulators 
would go twice and the steelwork at least five times as 
far. The system, moreover, has been successfully used 
abroad for many years on the largest possible scale. 
The authors therefore consider that further experi- 
mental applications of the phase-neutral system should 
be immediately proceeded with, especially since there 
must be a long mileage of phase-phase spurs, now held 
up for lack of steelwork, that could be constructed on 
the phase-neutral system by utilising the continuous 
earth wire of the main 11-kV lines as a neutral con- 
ductor and making use of available supplies of 6-6-kV 
transformers. They also consider that the Electrical 
Research Association should undertake experimental 
determinations of the ratings and characteristics of 
British standard high-voltage cables when used for 
unbalanced four-wire and phase-neutral working with 
the sheath as neutral; that manufacturers should 
develop improved equipment, notably standard pole- 
mounted transformers and high-speed, single-pole self 
re-closing circuit breakers for phase-neutral working ; 
that the Electricity Regulations should be extended to 
legitimatise this system, including multiple earthing ; 
and that a new British Standard and Codes of Practice 
should be prepared for light phase-neutral lines and 


systems. 





RoyaL INSTITUTION CHRISTMAS LECTURES.—The 
120th course of lectures “‘ adapted to a juvenile auditory ” 
will be delivered at the Royal Institution, 21, Albemarle- 
street, London, W.1, on Thursdays, Saturdays and 
Tuesdays, December 29 and 31, 1949, and January 3, 5, 
7 and 10, 1950, at 3 p.m. The lecturer will be Dr. P. 
Dunsheath, C.B.E., who is taking the “‘ Electric Current ” 
as his subject. After an historical introduction, current 
in metals, liquids and gases will be dealt with, while 
other lectures will cover generation, transmission and 
distribution. The fee for juveniles is 10s. 6d. and for 
adults, not members of the Institution, one guinea. 


WORLD PETROLEUM CONGRESS. 


Tue Institute of Petroleum, 26, Portland-place, 
London, W.1, have announced that the third World 
Petroleum Congress will be held at The Hague, Holland, 
from May 28 until June 6, 1951. The papers to be 
presented and discussed are to be arranged under nine 
main headings, namely, (I) geology and geophysics ; 
(II) drilling and production ; (Ii) refining techno. 
logy : (a) physico-chemical methods ; and (b) methods 
involving change in composition ; (IV) petrochemicals ; 
(V) analysis and testing ; (V1) utilisation of products ; 
(VII) plant and equipment ; (VITI) transport, storage 
and distribution; and (IX) economics and statistics, 
The various sessions will be held in hotels in The Hayue, 
and the information office will be opened in the Kurhaus 
Hotel on the first day of the meeting. Excursions to 

troleum and industrial centres and to places of 
interest will be arranged and social events for the 
evenings will be organised. 

The Permanent Council of the World Petroleum 
Congress, on which Great Britain is represented hy 
Lieut.-Col. 8. J. M. Auld, 0.B.E., M.C., D.Se., Mr. 'T. 
Dewhurst, and Mr. Hugh (. Tett, have requested the 
appropriate body in each country to form a national 
committee which will be responsible for organising the 
collection of papers within their own country. For 
Great Brit. in, the Institute of Petroleum have been 
invited to form the national committee, and this com. 
prises Mr. E. A. Evans, Lieut.-Col. 8. J. M. Auld, 
Mr. ©. Chilvers, Mr. T. Dewhurst, Professor F. H. 
Garner, O.B.E., Mr. H. S. Gibson, C.B.E., Mr. H. 
Hyams, Mr. G. Sell, Mr. C. A. P. Southwell, M.C., 
and Mr. H. C. Tett. Arrangements are being made 
to reserve hotel accommodation in The Hague, and 
further information on this and other matters con- 
nected with the Congress will be issued from time to 
time. Persons wishing to receive further details and 
registration forms, when these are ready, are requeste«| 
to inform the secretary of the Third World Petroleum 
Congress, Carel van Bylandtlaan 30, Den Haag, 
Holland. 





CATALOGUES. 


Electronic Flash Tubes.—Details of the electronic 
flash tubes which they have recently developed for 
photographing tracks in Wilson cloud chambers and fcr 
producing si: gle flashes of ultra-violet radiation of 
1,000 joules have been received from Mullard Electronic 
Products, Limited, Century House, Shaftesbury-avenue, 
London, W.C.2. Information regardirg a tube givirg a 
light intensity of 10,000 joules and of tubes for strobo- 
scopic applications has also been published. 

Low-Current Tubular Rectifiers.—A 24-page illustrated 
bulletin issued by Standard Telephones and Cables, 
Limited, Warwick-road, Boreham Wood, Hertfordshire. 
describes the properties and the electrical characteristics 
of a wide range of low-current tubular rectifiers, and 
refers to some of their more common applications. The 
tables included show input and output voltages with the 
appropriate capacitances for simple voltage-doubling 
circuits, and also give details of weights and dimensions. 

Air and Oil Filters.—We have received from Messrs. 
Vokes, Limited, Henley Park, Guildford, Surrey, a series 
of illustrated catalogues which describe the operation of 
their air- and oil-filtering equipment and its uses in 
industry and for internal-combustion engines. Details 
are given of oil pipe-line filters, as well as of the larger 
units needed for dust filtration and air conditioning. 
Photographs are reproduced of cut-away models, together 
with diagrams and illustrations showing methods of 
installation. 

Electrical Resistance Alloys.—Messrs. The United Steel 
Companies, Limited, 17, Westbourne-road, Sheffield, 10, 
have sent us a brochure, prepared on behalf of their 
subsidiary company, Messrs. Samuel Fox and Company, 
Limited, and entitled “ Red Fox Electrical Resistance 
Alloys.”” Much of the information, which relates to 
changes of resistance of the alloys with temperature, 
dimensions, physical properties and other matters of a 
like nature, is in tabular form, while graphs of mechanical 
and other properties are also given. Photographs of 
manufacturing and treatment processes are included. 





PHOTO-ELECTRIC CELL FOR PHOTOMETRY.— An emission 
type of photo-electric cell, which is intended for use in 
making accurate photometric measurements in the red 
and infra-red regions of the spectrum, has been introduced 
by Mullard Electronic Products, Limited, Century 
House, Shaftesbury-avenue, London, W.C.2. It is of 
the vacuum type with a cesium-on-oxidised-silver 
cathode. In order, as far as possible, to obtain linearity 
between current and illumination, this cathode is of the 
flat double-sided type and is surrounded by a gauze 
anode. The projection area of the cathode is 4-5 sq. cm. 
on each side. The sensitivity of the cell, measured with 
a lamp of colour temperature 2,700 deg. K. at 0-1 lumen, 





with the total area of one side of the cathode illuminated, 
is 25 milliamperes per lnmen. 
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THE DYNAMICS OF CRANK- 
PRESS OPERATION. 


by Proressor H. W. Swirt, M.A., D.Sc.(Eng.) 


Tue cycle of effort for a mechanical power press 
varies considerably with the duty to which it is 
applied. In a blanking operation, a large punch 
force is required over a small fraction of the stroke, 
but in a deep-drawing operation, a fairly uniform 
force over one quadrant of crank angle is needed. In 
all cases, there is a considerable interval of light or 
even recuperative load, which is functionally 
necessary to enable fresh material to be brought into 
position for the next working stroke. 

Owing to these large cyclic fluctuations of power 





relation between its torque and slip. In fact, its 
torque at any instant will depend upon the exact 
current speed of the motor and therefore of the 
flywheel and gearing; and will vary from its 
least to its greatest value during the period of 
slow-down. The problem of speed changes in a 
motor-flywheel power demand system is interesting 
dynamically, and a method of solution which is 
applicable to the special case of a crank press could 
be extended, of course, to other examples of such 
a powersystem. In the present article, the problem 
is considered with the case in mind of a crank press 
having a power system of a rather special kind, 
required to provide variable-speed operation— 
actually, an experimenta] 50-ton crank press 
installed for deep-drawing research at the University 


demand, it is unnecessary and uneconomical] to use a! of Sheffield. The numerical data given later in 
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driving motor of rating comparable with the peak 
load. The conditions of continuous running will 
be fulfilled if a motor is installed capable of providing 
the total cyclic work, including losses, during the 
period of the working cycle, provided that a flywheel 
is mounted, capable ‘of sustaining the necessary 
energy fluctuations without undue loss of speed. 
For purposes of design, of course, it is a conservative 
method to choose the dimensions of the flywheel so 
that it can provide the whole of the cyclic work with 
a speed loss within the specified limits—frequently, 
20 per cent. ; but this does not take account of the 
motor power contribution during the period of 
slow-down, neither does it differentiate between 
different types of press duty, nor consider the possible 
increase in productivity from a larger motor or 
flywheel. 

The contribution of any particular motor will 
depend, of course, not only on its rating, but on the 





the article apply only to this press, but the method 
and the main conclusions are quite general. The 
transmission system of the press in question is 
shown diagrammatically in Fig. 1, herewith. The 
motor M is an ordinary induction motor of nominally 
fixed speed, though capable of alternative slip- 
torque characteristics and “stalling speeds” 
according to external rotor resistances. It drives, 
through a V-belt, a shaft, carrying a flywheel F, 
which transmits power through a gearbox G (with 
four speeds and a reverse gear) and a chain drive 
to a first-motion shaft on which are mounted a 
brake B and a clutch C. From this shaft, the 
transmission is through the first fixed reduction gear 
F R, a backshaft, and the second fixed reduction 
gear, F R2, to the crankshaft of the press. The 
variable-speed gearbox has, of course, to transmit 
a torque commensurable with the full operating 
torque, not merely with the motor torque. 








The transmission system from the driving motor 
through the clutch and gearing to the crankshaft 
of any press can be regarded as a train of machines 
in series. In the present case, which is illustrated 
functionally in Fig. 2, these machines are distin- 
guished by suffixes, their output torques generically 
by T, their speeds by w, and their actual moments 
of inertia by I. It will be seen that, in this diagram, 
w is the motor speed and T is the output torque 
transmitted to the rope sheave on the motor shaft, 
while w,, T, are the final crankshaft speed and 
torque. 

Considering first the motor shaft w, the electrical 
torque E of the motor will be related to the output 
vorque by an equation of the general type : 

















dw 
E=C+I7 +AT. e - @) 
Fig. 3 
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where C is the mechanical torque lost on the shaft » 
when running light and AT is the gross additional 
torque required to provide an output torque T. 
I represents the total inertia of the motor rotor, 
the rope pulley and any other parts rotating on 
shaft w. The form of equation (1) implies, of 
course, a linear machine characteristic, but this is a 
common assumption, well supported for simple 
machine elements. The factor A is a kind of recip- 
rocal efficiency and is inherentiy greater than unity. 

If C, is the no-load torque lost in the rope drive 
and T} is the output torque from this drive to the 
flywheel shaft ;, 


w 1 
—T=C A,T 
w, 1+ Ay 1 


where 


dw, 


1 1 
7° O+h > +T, 


C} being the no-load loss and T, the output torque 
for the shaft w,. Hence 


E=C+AC,+ A, Ch) + 
@ 
2 
baat | | 
=; —1 
(r+, 3 1) +, St, 
= (C + AK, + AA,K}) + 
d 
(I + AA 3) + AM 


where K,, J, and M, are equivalent values of C, J 
and T, referred to the motor speed w. By con- 
tinuing the same procedure through the other con- 
stituent machines to the crankshaft, it is easily 
shown that 
E =O +AK, +A, (K, + Ky) + A, A, (EK! + KD 

tH eee 


+Sa + AA, Ty + AAL ARI, + .~-») 
+ M(AA, Aq...) 
where M represents the crankshaft torque, referred 
to the motor speed w. 
The characteristic equation for the transmission 
may therefore be written generically : 


dw 
E=-K+J>+AM se ‘ 


where K is the equivalent of all the no-load losses 
and J is the total equivalent inertia referred to the 
motor shaft, while A is the product AA, A,.... If 
part only of the transmission train is in operation 
at any instant, the same equation holds, with 
appropriate interpetation of the symbols. 

Over the useful range of motor speed, the electrical 


(2) 
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torque E can be assumed to be proportional to the 
slip: E=a(a— w) = WZ, BAY, where wo is 
the synchronous speed and « is a characteristic of 
the motor, increasing generally with its rating and 
depending also on any rotor resistance. If the 
transmission, when driven light, attains a steady 
speed w, corresponding to slip z,, then 

& wer, = K. (3) 


and the characteristic equation can be written : 
Awe (2 — 2) = 1 +AM; 
or, more usefully, 


ds 
aw e=—Jo,> +AM, (4) 


Zz—z 
where z = ———_! 
1-2 


slip based on the steady light running speed w, 
instead of w). When the motor is idling, equation 
(1) becomes 


d 
0-day, +IT + AM. 


and represents the proportional 


(5) 


Even if these equations can be solved, they can 
only be usefully applied if the various constants 
can be determined. The steady light-running slip 
z, is easily measured, while « is given by the motor 
characteristic. If the transmission is allowed to 
decelerate when running light (M = 0) and with the 
motor idling (equation 5), measurement of the 
retardation f gives the appropriate value of J : 
& Wy 2; 
J Ye ° . 

Alternatively, if the speed is measured at known 
time-intervals during a period of acceleration under 
motor power, but without press load : 


(6) 


a (¢ — t) 
10g, 29 — log, = 
In order to determine ) it is clearly necessary to run 
the press under a load M of known characteristic. 
This can be conveniently arranged when an air- 
cushion is incorporated in the press, particularly if 
this can be connected to a sufficiently large receiver 
to maintain a substantially constant load P on 
the. press throughout its stroke. In this case, 


tea . where m is the total gear ratio, 


m 

R is the crank radius and @ is the crank angle 
measured from top dead centre. 

If the motor is idling, equation (2) can be applied 
in the modified orak 
= oe ta — 2) = + 

dé 
which gives, on sides. 
$5 (wi w) = & wor, m (8 — Aq) + 

where the suffix a refers to initia] conditions. If 
speed measurements can be made at dead centres, 


j= (6a) 


APR 


X Wy Ly sin 9 = 0, 


— cos 0) 


1 2 2 
A = sp {EI (ol — wi) — & ey 2, ma}. (7) 
If, however, as is frequently the case, the stroke of 
the air-cushion is only about half that of the ram, 
the value of A can be found from measurements at 
mid-stroke and lower dead centre to be such that 


A= {$5 (ws — w8) a yz, m2}. 
7 


1 
2PR z) 

Since, for most purposes, the equivalent crank- 
shaft torque is related to the crank angle, it is 


convenient to substitute dt = =2 and apply the 
characteristic equation (4) in sy form : 


2 + AM, 


w 
ao2= —Jw,— 


+AM 


Jw? dz 
a ae 
which can be written : 
(1 — 2)dze + (az — b)d# =0 
where 
adn 
J w? . 
Under light-running conditions, b = 0 and 
z 
[= - loge =] = a(@ — §;) 


giving a net slip/crank-angle curve which approaches 


am 


a and b 


(9) 


In general, equation (8) cannot be integrated 
analytically, because 6 is a function - 6; but it 


can be written in the form — a stn 9 which 


lends itself to integration by a ‘uate graphical 
construction. In Fig. 3, page 605, if the net slip z 
at any value @ is represented by A, while the corre. 


sponding value of ° is represented (to the scale of z) 
by B, then, since 


ze 
1-s 


BA 
1-9’ 


on 

d (a0) 
it follows that the tangent to the z,a@ bia at A 
will intersect the line BC (for which z = 4 at C 
where BC = 1 =z to the scale of a@. Hence, if 
the ratio can be plotted in terms of a@, as in 


curve F BF, the curve of net slip z can be drawn 
from any initial value by successive tangential 
elements. 

Alternatively, the slip curve can be plotted from 
increments of z obtained by successive tabular 
calculation from the equation 


ha. oo 
1-z 


It will be found that this method is more convenient 
when values of * are large compared with those of z. 

The curve relating z to a@ has a direct physical 
significance, for 

a0 oO0 
zasé ia 

Element of motor work above | no-load 

™ Twice equivalent flywheel energy (2 Ey) 





If slip curves constructed according to Fig. 3 are 
plotted for a complete cycle of steady continuous | 
operation, their genera] form will be as shown by | 
DEGD?’ in Fig. 4, page 605. In this figure O00’ 
is the base line for the z curve, and the ordinates . 


AFGB above this base represent values of © - 


so that OAFGBO’ is the load Pe 
for the cycle. With this characteristic, it will be 
seen that the motor slip increases continuously from 
E to Gand then diminishes, as the motor accelerates, 
from G through D’ to E’. The area AF GB, 


shaded horizontally, represents {: ad@ = Aw 


2E, 
and, therefore, is a measure of the gross press work 
AW required to carry out the cyclic press duty W. 
The area bounded by the curve D E G D’ above O 0’ 


1 , 
represents |z ad# = tz * (motor work against 
0 


press load), and, therefore, will be identical with 
AFGB for steady continuous running. The 
area EFG represents, to the same scale, the 
energy provided by the flywheel] during its period 
of retardation. 

It will be noticed that, at point G, where the motor 
torque coincides with that demanded by tbe press 
load, the flywheel makes no further contribution 
to the press work, so that its retardation ceases 
and with it the retardation of the motor. Conse- 
quently, the slip curve reaches its maximum and 
thereafter falls away, the motor torque now being 
sufficient not only to overcome the residual press 
load but also to accelerate the flywheel. Since 
there can be no net resisting moment at dead centre, 
the press duty curve must always fall to B, and it 
follows that the maximum slip corresponding to 
G must always occur before dead centre is reached. 

The portion of the motor-slip curve over the range 
B A’ (= BO’ + 0 A’), where no press load exists, 
if, of course, the appropriate portion of the light- 
running curve corresponding to equation (9), which 
curve is characteristic of the press and drive and 
independent of the duty. 

The work done against no-load resistances ne 


a crank-angle change @ is m@ K =a@ “°—"! J w 





zero asymptotically as @ increases. 


Hence the area between 0 0’ and 898’, in Fig. | 
over any range a0, which is a9 “° —°"" is @ dire: 


w 

measure of the no-load work as a. proportion «f 
Jw =2E,. It follows that areas measured i) 
the characteristic DEGD’ from the base § \’ 
represent gross motor-output work as a proportic:, 
of 2 E,, and ordinates to this curve represent gros: 
motor torque. The close hatched element j 

Fig. 4, for example, shows an element of gross moto 
work. Similarly, of course, ordinates from § S’ t. 
OAFGBO’ represent equivalent torque demande:' 
by the press. 

When the press is running continuously without 
declutching, against some loading cycle such as 
AF GB, the motor speed will adjust itself until the 
speed gained during the light-running period B A’ 
exactly balances the loss of speed during the loaded 
period, AB. To predict the steady cyclic changes, 
it is necessary to proceed by trialanderror. Assum 
ing some ordinate at E, develop the slip curve 
through the loaded and unloaded periods to E’ and 
compare E’ with E. Since, in practice, conse- 
quential changes in E’ are small compared with 
changes at E, a second trial with E, made to 
coincide with the primary E’, is usually sufficient to 
give a satisfactory slip characteristic. 

To obtain a picture of typical slip curves and to 
predict the effects of changes in such conditions as 
motor rating, flywheel energy and press load, it is 
necessary to assume reasonable values for the criteria 
aandb. Asa general rule, the specified speed drop 
is limited to either 10 or 20 per cent., while there are 
two characteristically different types of loading : 
one is specified as a constant punch Joad during 
the second quadrant of the cycle from top dead- 
centre, corresponding to a typical drawing operation, 
and the other is specified as a constant load during 
a much shorter interval at the end of the second 
quadrant, corresponding more nearly to a blanking 
or stamping operation. Approximate values for 
a, b for these four typical combinations can be 
estimated as follows. 

If the net cyclic press work is W, the mean value 


| of the motor torque exceeds its light-running value 


w . 
—— = w, 2. 
m 


by, say, a If this torque has the 


| 8ame mean value over the period of the working crank- 
| angle 0, the motor will contribute ray this period 


=. : to the punch work, leaving - 3) AW to 
If the slow-down con- 


be supplied by the flywheel. 
templated at the end of the working period is z, then 
the energy supplied by the flywheel must also be 
E,z (2 — z). Hence 

_#(2 ~2) 

22 (22 — 6) 

AM 

In a similar way, the mean value of 2 _2 —— w= 


a wy 6 * 
and, if the press load is constant so that 
2az 


M= M, sing, °° = —="=_, 


1 — cos & 
tive purposes, “that 2z = z, representative values of 


2a 


Assuming, for descrip- 


a and are shown in Table I, herewith. 


s b 
TABLE I.—Representative Value of a and =, 
a 





Working Crank-Angle. 





Deg. 


5 











0- 9- 
0- 18- 


| 
40 3 | 
38 ; -30 





A number of slip characteristics, constructed or 
computed as indicated above and with assumed 


values of a and * based on the range suggested 


by the table, are plotted in Figs. 5 to 8, opposite, in 
such a way as to show the effect of certain sys- 
tematic variations in conditions. 

Fig. 5 illustrates the effect of changes in the 
punch load for a drawing operation with a con- 
stant punch load during the second quadrant, and 





bas | 


"| Fig. 6, the effect for a blanking operation with 
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a constant punch load from 20 deg. to bottom dead 
centre. It will be seen that, in each figure, the 
maximum slow-down is approximately proportional 
to the press load, as would be expected from elemen- 
tary considerations, but the actual slow-down, pre- 
dicted on the assumption that the whole of the press 
work comes immediately from the flywheel, does 
not correlate with that given by the more accurate 
analysis. As will be seen from Table II, on this 
page, the agreement is better with a large load acting 
over a short period, but the approximate value may 
not then be a safe one, because of the general cyclic 
slow-down below the light-running speed. 

Fig. 7 illustrates the effect of changes in the 
motor rating (which is proportional to a) or in 
the relationship between torque and slip, as modi- 
fied, for example, by a controlled rotor resist- 
ance. Here also, as in Fig. 5, there is a constant 
punch load during the second quadrant. The 
larger the motor or the “ stiffer” its characteristic, 
the greater its contribution to the press work during 
the critical period and the less the residual slip 
after the period of recuperation. Over the range 
shown in the figure, which is fairly representative, 
the maximum slow-down is roughly inversely pro- 
portional] to the square root of the motor “ stiffness.” 
Since the top curves in Figs. 5 and 7 are identical, 
some idea may be obtained, by comparison of the 
other curves in these figures, of the relative effects 
of relieving load and increasing motor power. The 
correlation between -accurate and approximate 
values for the slow-down, as reflected in Table II, 
is naturally madé worse as the motor power is 
increased and, with it, the motor contribution which 
is neglected in the approximate estimate. 

Fig. 8 illustrates the effect of changes in fly- 
wheel inertia on a deep-drawing operation, other 
conditions remaining constant. The lowest curves 
in Figs. 5 and 8 have been made identical to 
facilitate comparison between the two effects. 
Reduction of the flywheel inertia (which varies 
inversely with a) increases the maximum slow-down 
and, at the same time, reduces the minimum. In 
Fig. 8, since both motor and press duty remain 
unchanged, the area below each slip curve is the 





same. An examination of curves of the type 
plotted in Fig. 8 shows that, approximately, the 
slow-down varies inversely as the square root of 
the effective flywheel inertia. Table II shows that 
the approximate method of estimating slow-down 
may become very erroneous with relatively )?small 
flywheels. 

The empirical approximations detected in Figs. 
5, 7 and 8, suggesting that, over the useful range, 
the maximum slow-down varies directly as the 


TABLE II.—Mazimum Slow-down. 
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press duty and inversely as the square root of 
the motor rating and of the flywheel inertia, can be 
generalised on functional (or dimensional) grounds 


into the form z « ae in the notation of the figures, 


and this can be written in the form of a simple 
working rule : 

5 ye 

/ Ja w* 

This can be applied to various conditions of operation 
with a single general type of press and duty, but the 
factor of proportionality would require to be found 
empirically from some prototype conditions. 





In order properly to determine the slow-down 


under any particular conditions, it is necessary to 
apply values to the quantities K, J and A, as well as 
to the duty M, and none of these three quantities 
can be ascertained without empirical inquiry, since 
all are affected by the frictional characteristics of 
the press regarded asa machine. For any individual 
existing press, the appropriate values of the above 
constants can be determined, in theory, by the 
experimental methods implied in reference to equa- 
tions (3), (6) and (7). If the torque-slip charac- 
teristic of the driving motor is known, the value of a 
can be found, and K can be deduced from a measure- 
ment of the light-running slip z, according to equa- 
tion (3). When K is known, the effective inertia J 
can be obtained either from a deceleration test, 
according to equation (6), or an acceleration test, 
according to equation (6a), on the unloaded press. 
The value of A cannot, of course, be determined 
from unloaded tests ; for this purpose, it is necessary 
to apply a known load to the press and to measure 
semi-cyclic changes of speed. 

No special difficulty is involved in the measure- 
ment of the motor torque-slip characteristic, and 
the light-running slip can be measured with good 
accuracy if the frequency of supply remains steady, 
so that K should be capable of reliable estimation. 
The deceleration test, as a result of which J can be 
derived from K, is also of standard type, though 
the useful measurements need to be completed 
before the speed has fallen below the practical range. 
Owing to this limitation, to the persistence of conse- 
quential errors from K, and to the inherent incon- 
stancy of machine friction, the derived value of 
the inertia J is less reliable than that for no-load 
losses. 

The really difficult measurement is that of cyclic 
changes of speed, involved in the estimation of 2. 
There appears to be no instrument commercially 
available which will give reliable readings of rela- 
tively small differences in rotational speeds which 
are changing rather quickly. For laboratory 
purposes, recourse can be had to electronic methods 
and tuned circuits, but these are temperamental 
and difficult to hold to a calibration. Until some 
simple and reliable tachometer of small inertia cap 
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be devised, measurements of small transient speed 
changes are likely to remain uncertain. 

Measurements of the quantities K, J, and A have 
been attempted on the experimental crank press in 
the University of Sheffield, and it is believed that 
these values are reliable for this particular press ; but, 
as will be seen from Fig. 1, the press is of a special 
type and, since it embodies a large variable-speed 
gearbox, its machine efficiency is low and unrepre- 
sentative. On the other hand, its construction is 
such that the inertia resides very largely in the motor 
and flywheel, and the value of J is little affected, 
therefore, by friction in the gears; so that the 
computed values of J are a useful check on experi- 
mental] measurements. 

The results of some of these measurements and 
checks are shown in Table III, herewith. It will 


TaBLeE III.— Dynamic Constants for Experimental Press. 











J. 
Clutch. | Gear. K. A 
Mea- Calcu- 
sured, lated. 
Out N 12-7 10-4 10-1 = 
1 14-4 11-6 10-1 — 
2 15-1 10-7 10-2 _ 
3 21-6 10-8 10-5 _ 
4 41-4 15-5 11-7 _ 
In 1 13 10-0 10-1 1-75 
2 15-7 10-0 10-2 1-69 
3 24 10-8 10-7 1-72 
4 48 13-0 12-2 — 




















be seen that the several values are reasonably 
consistent, and vary between gears in a reasonable 
way. The values of J for effective inertia are 
appropriately somewhat larger than the calculated 
values, particularly in fourth gear, where frictionally- 
affected imertias are becoming significant. The 
values for the efficiency reciprocal \ are unexpectedly 
high, but several values in the same range have 
been recorded and there is no reason to doubt 
their genera] reliability. The large power losses 
are undoubtedly due to the gearbox, which was 
built for military tank service, in which strength is 
more important than efficiency. For this reason in 
particular, the values cannot be regarded as repre- 
sentative. It is hoped that an opportunity may 
occur in the near future to make corresponding 
measurements on a few crank presses of more normal 
industrial types. 
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The Middle Silurian Rocks of North Wales. By PROFES- 
sor P. G. H. BOsweELL, D.Sc., F.R.S. Edward 
Arnold and Company, 41, Maddox-street, London, 
W.1. [Price 80s. net.] 

In his work, the geologist gradually acquires a 
better understanding of the history of the earth, 
and finds in it the inevitable consequences of a vast 
succession of changes. There are problems of 
structure and arrangement of rock masses to solve, 
as also the profound effect of successive earth 
spasms on the distribution of seas and continents, 
and on geographies and climates. This rhythm 
of the inanimate world has its counterpart in the 
organic world ; to meet new conditions, group after 
group of plants and animals have changed, only 
to give place to more advanced types in the march 
which we are encouraged to call progress. The 
development of the scientific and cultural side of 
geology thus touches the work of the geographer, 
biologist, physicist, and chemist. It touches also 
several branches of technology and civil engineering, 
in the search for raw mineral products and fertilisers, 
and in the siting of dams, drainage schemes and 
roads. Professor Boswell’s new book presents this 
broad view of the subject in an account of geological 
exploration in North Wales which he and his 
co-workers from the University of Liverpool have 
carried out during the past quarter century. It will 
undoubtedly come to be ranked as an authoritative 
source of reference among important district geo- 
logical memoirs. 

The book is divided into two parts. In the first, 
the author gives a general description of the Mid- 
Silurian rocks of North Wales, and an exposition 
of the principles which have determined their forma- 
tion from deposition as sediments to their present 











disposition, and their influence on scenery and 
topography. Nearly 180 pages, which make up seven 
chapters, are devoted to these topics. In the second 
part of the book, the rocks of West Denbighshire 
and adjoining areas in Carnarvonshire and Merioneth- 
shire are systematically described in 14 chapters, 
each relating to a district within the area. The 
treatment is replete with numerous diagrams, plans, 
maps, photographs and references to relevant 
literature, and the account of the districts is perhaps 
best described as a well-documented guide-book. 
Some idea of the detail may be gained from the 
fact that the trends of 850 faults have been measured, 
and thus grouped into two dominant directions, 
north to north-westerly, and a general easterly 
trend. 

The elucidation of the stratigraphical sequence is, 
in essentials, based on the recognition of the grapto- 
lite zones of the Wenlock and Ludlow series of 
cyrtograptus murchisoni to monograptus leintwardin- 
ensis inclusive, in an extended sequence of grits, 
flags, siltstones and mudstones. In the interpreta- 
tion of the structure of the various districts, the 
reader will note Professor Boswell’s careful approach, 
in which the theory of principal stresses as an 
explanation of the fault pattern finds little favour, 
preference being given to the view that the fault 
system as seen to-day is a consequence of the 
cumulative activity of three major earth movements. 
On the problem of intraformational disturbances, 
too, the author considers that no single or simple 
explanation fits all the observed phenomena. The 
cause in some instances may be attributed to sub- 
marine sliding, rather localised, and restricted to 
thicknesses of the order of 10 ft. ; other disturbances 
were probably formed under relatively light loads 
at a time when the sediments were partially consoli- 
dated, while in those of tectonic origin the disturb- 
ance occurred during the Caledonian orogeny. In 
some instances, the disturbance is assigned to a 
combination of these causes. Perusal of this 
intensive book leaves the impression that, in 
geology, the sum of the parts is greater than the 
whole. 


Calculating Instruments and Machines. By PROFESSOR 
D. R. HarRTREE, F.R.S. The University of Illinois 
Press, Urbana, Illinois, U.S.A. [Price 4-50 dels.} 

In many practical applications of mathematics 

there occurs the idea of rate of change (usually with 

respect to time or space) of one or more quantities, 
and thus the idea of integration arises in the evalua- 
tion of the total change in a time or space interval 
from the rate of change, which wil] usually be vary- 
ing through the interval. Hence two different 
situations may present themselves, of which simple 
examples are provided by the response of two 
different circuits to an applied voltage, varying in a 
known manner with time. If, in the first place, the 
voltage is applied to a circuit with inductance but 
with negligible resistance, the time rate of change at 
any moment depends only on the value of the 
voltage at that instant, which is given and inde- 
pendent of the value of the current itself. Then the 
aim is simply to evaluate an integral, the integrand 
of which is a known function of the independent 
variable. In the second place, however, the rate 
of change of a quantity at a particular instant may 
depend on the magnitude of that quantity itself at 
the given instant ; for example, if the voltage is 
applied to a circuit with inductance and resistance, 
the rate of change of current is influenced by the 
instantaneous value of the current, as well as by the 
voltage. This is the electrical analogue of a differen- 
tial equation, in which the determination of the 
current at any time corresponds with the solution 
of the analogous differential equation. On the basis 
of these principles, noteworthy advances have been 
made during the past quarter of a century in the 
construction of calculating machines, as is shown 
in this book, where, in the course of 138 pages, 
Professor Hartree presents an excellent account of 
not only large computing machines, past and present, 
but also of the methods by which they have been 
utilised for the solution of differential equations. 
The subject-matter falls naturally into two parts, 
the first relating to ‘‘ instruments ” and the second 
to “‘ machines,” these being the terms employed by 
the author to distinguish the two main types of 





modern apparatus for computing purposes. In tho 
former of these types, the answer is read off as th. 
measure of some quantity, say a length, and, in 
consequence, accuracy is very largely determined by 
such variable factors as the width of a ruled line 
or the keenness of the user’s eyesight. This type 
is exemplified by the slide-rule on the one hand, and, 
on the other, by the differential analyser associate: 
with the name of Dr. V. Bush. Some recent 
variants of such instruments are described i: 
Chapter 2, and useful methods of applying them in 
the following chapter. Professor Hartree devotes 
much more space, nearly two-thirds of the book to 
the machine type of apparatus, in which the answer 
is given as a row of figures, with an accuracy that is 
beyond question when the machine is in perfect 
order. A reader with some mathematical training 
will gather much of real value from the description 
of the mode of operating the large and fast ‘‘ genera! 
purposes ” machine, on its scope at the present time, 
and on possible extensions of its range in the near 
future. Of more general interest are the historical 
notes on Babbage’s anticipation of modern ideas a 
century ago, and on the achievements of Byron’s 
daughter, Lady Lovelace, as a translator and 
expositor of mathematical works. Her observation 
that ‘‘ The machine can only do what we know how 
to order it to perform ”’ is as appropriate now as it 
was a hundred years ago, notwithstanding the 
various fanciful names given in recent times to high- 
speed automatic computing machines. There is 
also a chapter on “‘ programming,” that is, arranging 
mathematical calculations in a form suitable for 
manipulation with such machines, which is some- 
times the most difficult part of the work when 
handling problems concerning large and complicated 
structures. 





Elements of Mechanical Vibration. Second edition. 
By Dr. C. R. FREBERG and PROFESSOR E. N. KEMLER. 
John Wiley & Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 3-75 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 30s. net.) 

In general, every elastic system, if displaced and 

left to itself, will vibrate about its position of 

equilibrium with a fixed frequency, but with 
decreasing amplitude as the energy of the disturb- 
ance is gradually dissipated by frictional agencies. 

This free vibration may be modified by the continued 

application of the disturbing force. If the force is 

periodic, each application of it meets the system in 
some phase of its free motion to begin with, but, 
after a time, the frequency of the force prevails and 
causes the system to vibrate in unison. The system 
still has power, however, to determine the amplitude 
of the resulting forced motion. If, for one reason 
or another, the frequency of the applied force is 
equal to the natural frequency of the system, the 
amplitude of the forced motion would be limited 
only by the dissipation of the energy through 
damping. As the extraneous force continues to 
transmit energy to the vibrating system the damping 
agencies must continue to dissipate it. When the 
rate at which the system receives energy is equal 
to the rate of dissipation, the system continues to 
execute forced vibration of frequency equal to that 
of the disturbing force and of amplitude depending 
on the frictional resistance to motion. The ampli- 
tude of the vibration may be small, even insignifi- 
cant, if the free and forced frequencies differ 
sufficiently, or it may be large and troublesome. 
In conditions of synchronism, the amplitude is out 
of all proportion to the force producing it. In 
their book, the authors expound the elementary 
theory of vibration in the first four chapters, and 
illustrate it by applications of the foregoing prin- 
ciples in a manner well suited to the needs of the 
beginner. The discussion of methods of isolating 
vibration, under the following chapter-heading, 
affords further exemplification of simple systems, 
as does also the question of equivalent systems, in 

chapter 6. 

In this second edition, there are two new chapters, 
dealing, respectively, with the transverse vibration 
of beams, and with sound. Rayleigh’s theorem 
and the energy method are utilised in the treatment 
of beams, and to the end of this chapter the authors 
have appended a single page of subject-matter om 
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thin flat plates. What is said about sound is doubt- 
less correct, but it is extremely doubtful whether 
even an introduction to the matter can be profitably 
compressed into 20 pages. The application of 
acoustics to buildings is a complicated matter which 
demands a grasp of physics far beyond the range 
of the readers for whom this book has been prepared. 
Of much greater utility is the chapter on the 
‘* mobility ” method due to F. A. Firestone, who 
uses complex quantities, instead of differential 
terms, for representing displacements, velocities, 
accelerations, and forces. Thus the work of solving 
a problem is mainly algebraic. The last chapter, too, 
is of practical interest, since it contains an informa- 
tive discussion of the electrical analogues of simple 
mechanical systems which offers considerable scope 
for demonstration purposes in a mathematical 
laboratory. As in the previous edition, answers 
to the exercises are appended at the end of the 
book. 





Rocket Propulsion Elements: An Introduction to the 
Engineering of Rockets. By GEORGE P. SUTTON. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 4-50 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 35s. net.] 

THis is the nearest approach to a text-book on 
rockets which has yet appeared. Hermann Oberth, 
in his well-known books published between the two 
wars, laid the foundations for a science of what is 
called ‘“‘rocketry ” in America, but he was really 
only interested in the romance of interplanetary 
travel. The present author gives only three pages 
to that aspect of the matter. His experience with 
rockets appears to be confined to war practice and 
subsequent industrial work in California, but he has 
produced a masterly book. 

An introductory chapter on “ Classification and 
Definitions” is followed by a sketch of rocket 
history. Rather curiously, he mentions the Chinese 
origin of rockets as having been discovered by a 
“certain St. Julien” in 1849. This is not quite 
correct. St. Julien was one of the foremost Euro- 
pean scholars in matters Chinese and his studies 
confirmed what had long been suspected. Mr. 
Sutton’s countryman, Dr. L. C. Goodrich, of Colum- 
bia University, has recently pursued the subject 
much farther and it seems clear that the Chinese of 
the Thirteenth Century have a clear priority over 
Germany in regard to explosives and their military 
use. Just when rockets came into being is still 
doubtful, since ‘‘ Greek fire ’’ was hurled by catapults, 
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and the transition from projection to self-propulsion 
occurred when saltpetre became a constituent. 

Nozzle theory and thermodynamic relations next 
follow. The chemical aspects are then discussed 
under the title of ‘‘ Rocket Propellant Performance 
Calculations,” the subject of dissociation being 
suitably emphasised. Liquid rocket propellants 
are then treated and chapter 6 very thoroughly 
examines the subject of the liquid rocket motor. 
This is followed by a special section on liquid-pro- 
pellant feed systems. Next come two chapters on 
flight performance and rocket testing. The book 
closes with a brief study of solid-propellant rockets. 

It is presumably unavoidable that the German 
“v2” is the main source of information on the 
subject of rocket performance and the author has 
brought this out quite well. That weapon of un- 
pleasant memory was a most remarkable technical 
achievement and, although Oberth disclaimed all 
interest in military matters, his influence is very 
apparent in its design. Rocket boosters for assist- 
ing heavy aeroplanes to take off appear to be the 
only civil uses yet available for rockets, the military 
devices familiar to most having no economic fea- 
tures to recommend them. It is a pity, perhaps, 
that the author did not expand his work to deal 
somewhat more extensively with signal, rescue and 
engineering “‘ rocketry ” since these are very impor- 
tant and probably afford a wide field for develop- 
ment. 





POLYSTYRENE VENT PLUGS FOR STORAGE BATTERIES.— 
Vent plugs of polystyrene, which is lighter and less brittle 
than porcelain, are now being fitted to the Exide batteries 
manufactured by the Chloride Electrical Storage Com- 
pany, Limited, Clifton Junction, near Manchester. The 
plugs, which are cream-coloured and made of two 
mouldings only, are fitted with internal baffles, so that 
all the acid spray is returned to the cell, although the 
free passage of the gases is not impeded. They are 
provided with horizontal outlets to ensure that they do 
not become clogged with di:t. 





INTERNATIONAL MECHANICAL ENGINEERING CONGRESS, 
1950.—At a meeting of the organising committee of the 
International Mechanical Engincering Congresses, held 
recently in London, it was decided to hold the 1950 
Congress in Brussels, with the Fédération des Enterprises 
de l’Industrie des Fabrications Métallurgiques acting as 
hosts. The theme of the 1950 Congress is to be 
** Quality,” and the papers presented and discussions 
held will be linked with visits to factories. Further 
particulars regarding the Congress may be obtained from 
the Director, the British Engineers’ Association, 32, 
Victoria-street, London, S.W.1. 








REINFORCED-CONCRETE 
CONSTRUCTION AT 
SKELTON GRANGE POWER 

STATION. 


Tue Skelton Grange power station, Leeds, now 
under construction for the British Electricity 
Authority, is designed for an ultimate capacity of 
360,000 kW, but the buildings in course of erection 
represent only the first half of the ultimate structure. 
The turbine house, which is a reinforced-concrete 
building, has features of considerable interest. The 
portion now being constructed is 400 ft. long and 
79 ft. wide, and will house three 60,000-kW turbo- 
alternator sets. It is divided into 14 bays, each 
31 ft. long, and its main structural members con- 
sist of reinforced-concrete portal frames supporting 
a shell concrete roof. The form of the portal 
frames can be seen in the interior view of the 
finished part of the building given in Fig. 1], on 
this page, and in the transverse section given in 
Fig. 2, on page 610. In addition to carrying the 
roof, the frames support, on one side, a three-storey 
reinforced-concrete block containing the switchgear 
and, on the other side, the main tank rooms at 
roof level. A portion of the turbine-house operating 
floor, which is 30 ft. above ground level, is also 
carried by the frames, being cantilevered out, as 
shown at the right-hand side of Fig. 2. This floor 
is isolated from the turbine foundation blocks in 
order to prevent the transmission of vibration. 

The turbine house is served by an overhead 
travelling crane situated 30 ft. above the operating 
floor and designed to lift 150 tons. The crane is 
carried, at each end, on an articulated carriage 
with three wheels at 12-ft. centres; the span 
between the running rails is 70 ft. 6 in., the rails 
being of flat-bottom type resting on 12 in. by 1 in. 
plates secured by bolts to the concrete crane beams. 
The maximum loading on one rail is 200 tons. 
The arrangement of the overhead crane rails and 
beams can be seen in Fig. 1. 

The columns of the portal frames are 5 ft. by 
2 ft. 6 in. in section below the crane beams and 
2 ft. 6 in. by 1 ft. 4 in. above that level. The 
cross ribs are 6 ft. 3 in. deep and 1 ft. 4 in. wide at 
the centre. These various dimensions are indicated 
in Figs. 3to 7,on page 610, which show the arrange- 
ment of the reinforcing steel throughout the portal 
frames. The point of contraflexure of the frames, 
under the various loadings to which they are sub- 
jected, comes approximately at crane level. The 
moments at the springings being small, the cross ribs 
are deeper at the centre than at the springings ; 
this is an unusual arrangement in a frame of this 
type, but it has the advantage that the end clearance 
for the travelling crane is increased. In order to 
obtain a satisfactory internal appearance for such 
a long building, the radius of curvature of the 
bottom of the main ribs was made the same as the 
radius of the shell roof, so that the various inter- 
sections appear parallel when viewed from below. 

In addition to the roof load, the main frames have 
to carry vertical and horizontal loadings from the 
crane, the weight of high brick parapets and loads 
from the adjacent structures. As shown in Fig. 2, 
vertical columns are carried above the gutter beams 
to stiffen the brick parapets and resist wind forces 
on the brickwork. Fairly heavy horizontal forces 
due to wind action on the adjoining steei-framed 
boiler house have also to be carried by the reinforced - 
concrete frames. The main columns were cast in 
lifts of 8 ft. and a construction joint was formed in 
the main cross ribs just above the springing level, so 
that the construction of the columns and edge beams 
at the springing could be carried out ahead of the 
construction of the roof. The upper ends of two 
of the columns at this stage are shown in Fig. 8, 
on page 618. The concrete used was a nominal 
1:14: 3 mix, with a working stress of 1,100 Ib. per 
sq. in., except for the sections of the columns 
between 15 ft. and 60 ft. above foundation level, for 
which a 1:2: 4 mix was used. 

The crown of the roof slab is 88 ft. above ground 
level and, because of its great height, it was decided 
to construct it from a travelling carriage running on 
the crane rails. This arrangement avoided the 
necessity for expensive falsework and had the great 
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advantage that practically the whole length and 
width of the turbine house was left clear for other 
work to proceed. The only encroachment on the 
floor was by the scaffolding required for the con- 
struction of the columns. The travelling carriage 
is shown in its working position in Fig. 9, on page 
618; the overhead crane can be seen in the back- 
ground. The carriage consisted of two main trusses 
spanning the width of 70 ft. 6 in. between the crane 
rails and spaced 32 ft. apart. They were braced 
together by steel joists which carried working 
platforms and a light steel frame supporting the 
roof formwork. The arrangement is clearly shown 
in Fig. 9. When a bay of the roof had been com- 
pleted, the formwork and its supporting frame were 
lowered on to the working platforms and the whole 
carriage was pushed into position for the construc- 
tion of the roof section of the next bay. This 
operation could be carried out in about eight hours. 

The concrete of the 3-in. thick roof slab was placed 
between screeds at 8-ft. centres, following the curve 
of the arch. A view of the outside of the roof, show- 

ing the reinforcement before the concrete was 
placed, is given in Fig. 10, on page 619. Expansion 
joints, one of which is shown in this illustration, 
were provided at the centre of every third bay. 

A period of ten days was allowed for the hardening 
of the concrete before striking the formwork and 
moving it to the next position. In order, however, 
to reduce the stress caused by the removal of sup- 
port, a tie was inserted between the main columns 
just below the springings. This consisted of a 
flat plate, 8 in. wide by } in. thick, connected by 
turnbuckles to stirrups passing round the columns 
and supported by cradles running on the cross 
members of the travelling carriage. As the columns 
were 31 ft. apart and the trusses of the carriage 
32 ft. apart, the carriage could be moved without 
interfering with the tie. On completion of a bay, 
the tie was attached to the two front columns which 
would be just behind the front truss of the carriage, 
and when the carriage was moved on to the next 
bay the tie, remaining in position, was in front of 
the rear truss. The arrangement consequently 
allowed the tie to remain until the neighbouring 
bay was completed, giving an additional 2} weeks 
for hardening before the full dead-load stresses were 
applied to the completed bay. 

As mentioned above, expansion joints were 
provided in the roof at the centre of every third bay. 
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This arrangement was considered simpler than the 
use of double ribs and columns between the bays, 
though it presented a constructional difficult as 
the two cantilever portions of the roof had to 
act temporarily as a complete beam in order to span 
the 31-ft. bay. This problem was solved by 
forming a number of temporary connections across 
the gap, capable of carrying the longitudinal forces 
of the shell roof. Each connection consisted of 
steel bars passing through a precast block. When 
sufficient bays had been constructed for the half 
bays to act as cantilevers, the concrete blocks and 
steel bars were cut out. Owing to the large forces 
acting across the connections, it was found necessary, 
in order to avoid spalling of the permanent concrete, 
to cut out all the temporary concrete of the connec- 
tions before severing any of the steel. Secondary 
ribs are provided on the underside of the roof 
midway between the portal frames, with twin ribs 
at the expansion joints. The arrangement is shown 
in Fig. 11, on page 618, which also shows two of the 
roof lights. An opening 32 ft. by 15 ft., subdivided 
by ribs, was left in each bay, the ribs supporting 
eight panels of Lenscrete roof lights. The panels 
were pre-cast and rest on kerbs which are slotted 
at the top to provide sufficient ventilation to 
prevent condensation on the underside of the glass. 

The construction of the turbine house has been 
carried on during the past twelve months, the rate 
of progress being one bay per month. The adjoining 
boiler nouse is a steel-framed structure and the two 
methods of construction bave proceeded side by 
side. As stated, the method used in the building 
of the turbine house had the advantage of leaving a 
clear floor space for the carrying on of other work, 
with the additional benefit that a covering roof 
has been provided as work progressed. The 
consulting engineers for the Skelton Grange power 
station are Messrs. Merz and McLellan, with whom 
Sir Alexander Gibb and Partners are associated in 
connection with the civil-engineering side of the 
work. The erection of the turbine house is being 
carried out by Holst and Company, Limited, to 
their own designs, which were worked out in colla- 
boration with Chisarc and Shell “D,” Limited, 
for whom Mr. H. G. Cousins, M.I.C.E., acted as 
consulting engineer. The architectural design of 
the building elevations for the power station is m 
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the hands of Mr, R. A. H. Livett, O.B.E., A.R.I.B.A., 
the Leeds City Architect. 
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THE IRON AND STEEL 
INSTITUTE. 
(Concluded from page 595.) 
Tue fourth and final session of the recent two-day 
autumn general meeting of the Iron and Steel 


Institute opened at 2.30 in the afternoon of 
Friday, November 11. 


Biast-FURNACE OPERATION. 

The first three papers on the agenda were dis- 
cussed jointly ; all were by members of the staff 
of the Iron Making Division of the British Iron and 
Steel Research Association. The first was by Dr. 
H. L. Saunders, Mr. G. B. Butler and Mr. J. M. 
Tweedy and was entitled ‘‘ Investigations on an 
Experimental Blast Furnace.”’ The second was 
entitled ‘‘The Distribution of Materials in the 
Blast Furnace. Part II.—Compensated Charging,” 
and was by Dr. H. L. Saunders and Dr. R. Wild, and 
the third concerned ‘‘ Radio-Active Technique for 
Determining Gas Transit Times in a Driving Blast 
Furnace,” and was by Mr. E. W. Voice. Dr. 
Saunders introduced the first and second papers 
and Mr. Voice the third. 

In the first paper the authors gave details of the 
general layout, design and operation of an experi- 
mental blast furnace built to a scale of one-eighth 
full size, adjacent to No. 1 blast furnace of the 
Shelton Iron, Steel and Coal Company, Limited, at 
Stoke-on-Trent. They stated that this had a 
hearth diameter of 21 in. and a throat diameter of 
26 in., giving enough room for access to the interior 
by way of a vertical ladder for examination of, or 
repairs to, the lining, between campaigns. The main 
object of the series of experiments described was to 
determine the manner in which temperature and 
CO, distribution in the stack were influenced by 
changing the segregation of the ingoing materials. 
As a result of the experiments it was concluded 
that, in general terms, the stack contours reflected 
the gas flow pattern, but more strictly they were 
controlled by the varying burden: gas ratios, 
throughout the stack, and by several minor factors. 
Size segregation of the burden and coke could exert 
a predeterminant influence on the gas flow above 
the melting zone, particularly when the stockline 
contour and the proportion of fines was great. 
Any influence which the ore : coke ratio had on the 
CO: CO, ratio was evidently a minor one and was 
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masked by other variables. If the total nitrogen 
flow and the total oxygen gain were known, it was 
possible to associate a given value of the oxygen 
gain with a definite degree of reduction. Home and 
foreign ores needed crushing to different sizes, 
and the distribution of voids would vary with the 
proportions and grading of the components. With 
the necessity of catering for so many varieties, one 
thing was certain, namely, that any compensating 
charging device employed in full-scale practice should 
possess the maximum degree of flexibility. 

The second paper, on the distribution of materials 
in the blast furnace, by Dr. H. L. Saunders and Dr. 
R. Wild, dealt with the extension of the work by 
comparing the results obtained in the laboratory 
with those on a scale intermediate between the latter 
and full-size furnaces. The experimental blast- 
furnace at Stoke-on-Trent had been employed, and, 
for this, a new design of bell and hopper mechanism 
had been evolved from the laboratory models, to 
permit the location of charged materials within 
defined annuli. Work with the experimental 
blast-furnace had confirmed the laboratory findings. 
In this mechanism, a new principle had been intro- 
duced and examined, in which successive charges 
with complementary segregation patterns were 
superimposed. The method allowed full flexibility 
of control, so that any desired radial distribution 
could be obtained according to the choice of the 
charging cycle. A uniform blast of air did not 
disturb the distribution patterns obtained in the 
furnace throat. Compensated radial distribution 
afforded a satisfactory method of minimising 
channelling caused by segregation and, therefore, 
would improve the gas-solid contact in the furnace. 

In the third paper, Mr. E. W. Voice described a 
new radio-active tracer technique for measuring the 
transit time for gas in a driving blast furnace. He 


stated that the radio-active tracer material must be 
an inert gas so that it could pass unchanged through 
Two 


the high-temperature zone of the furnace. 
obvious choices, therefore, were radon and xenon ; 


radon, being more readily obtainable at the present 
time, had been chosen for the experiment described 
in the paper, in spite of the disadvantage of its high 
molecular weight and the risk of absorption by 
This danger, however, was felt not to be 
serious at the relatively high temperatures of the 
The radon had been introduced in a 
Sight milli- 
curies of radon, contained in four gold tubes, each 


carbon. 


burden. 
tuyere of a 20-ft. diameter furnace. 


about 0-5 cm. long and 0-75 mm. in diameter, 
had been used for the experiment. 


radio-active content. 


straightforward and sound. 


the centre and at the edge of the stockline. 


stockline was of great interest. Its precise signifi 


cance was difficult to interpret, but it was hoped 
that further experiments would enable conclusions 
to be drawn from minimum, average, and maximum 


transit times. 
The discussion was opened by Mr. R. P. Town 


drow, who stated that, as Dr. Saunders had pointed 
out, the problem of circumferential distribution in 
the blast furnace had been largely solved by 
In 
fact, it could almost be said that, after the invention 


mechanical devices, such as the McKee top. 


of hot blast and the establishment of control ove 


circumferential distribution, all subsequent progress 
in iron making, for a great many years, had lain 
solely in efforts to improve radially-controlled 
As Dr. Saunders had said, this had 
been attacked chiefly from the angle of improved 
fize-grading of the material, thus lessening the 
importance of radial segregation. The facts now 
presented would undoubtedly supply blast-furnace 


distribution. 


designers with a powerful weapon for attacking th 
problem from another direction. 


had been firmly established by the investigations 
first was that the distribution 


described. The 


Thirty samples 
of gas had been collected, the numbered flasks 
being taken to the laboratory for analysis of their 
Taken together, the experi- 
ments had shown that the technique adopted was 
With a single intro- 
duction of radon a multiplicity of sampling equip- 
ment could be installed, so that the simultaneous 
times of passage from tuyere to many points in the 
furnace could be found. Further experiments 
would be directed towards simultaneous sampling at 
The 
time taken before the start of activity reached the 


Three facts 


patterns predicted from the ‘‘slice’’ and circular 
models, when appropriately interpreted, could be 
reproduced in a furnace which would actually make 
pig iron. The second was that the distribution 
in the experimental blast-furnace, as interpreted 
from iso-CO, lines in iron thermals, was very closely 
analogous to the similar pattern obtained in 
full-scale field tests at Frodingham. The third was 
that these distribution patterns so interpreted could 
be altered by suitable means of charging control. 
Mr. C. G. Thibault asked the authors if they had 
tried, or were considering making, direct measure- 
ments of gas velocities in different parts of the stack 
column. The next speaker, Dr. H. A. Dickie, 
stated that the authors of the first two papers had 
succeeded in demonstrating the similarity of the 
flow patterns between the small-size experimental 
furnace and the laboratory models. Whether they 
had succeeded in showing that this reaily repre- 
sented the patterns in production furnaces might 
be open to considerable argument. Blast-furnace 
reactions were so complicated and were so difficult 
to isolate from each other that, in any further 
campaign, either on a small or on a large furnace, a 
simplified procedure should be adopted. Mr. 
Voice’s experiments were of interest as preliminary 
steps in the application of radio-active isotopes to 
works problems in the iron and steel industry. The 
use of this technique might be expected to extend 
in view of the ready availability of radio-active 
isotopes from the atomic research establishments. 
Instead of radon, radio-active nitrogen would have 
been more appropriate, since there would then be 
no objection on the score of dissimilarity between 
the substance used and other constituents. 

Mr. E. L. Diamond stated that, in connection 
with Dr. Saunders’s paper, the question of how the 
experimental method of controlling the distribution 
could be carried out in practice, on an actual blast 
furnace, might have arisen in the minds of some 
of the members. That problem had been attacked 
by the British Iron and Steel Research Association 
and a proposal had been put forward which involved, 
in effect, the division of the ordinary blast-furnace 
bell into two parts. The upper part, a small 
cone, represented the moving portion, which 
opened and closed and discharged the material. 
Underneath the moving part was the fixed portion 
of the bell. The scheme, he believed was to be 
put before the members in the form of a paper at 
an early date. The next speaker, Sir Charles 
Goodeve, F.R.S., said that the blast furnace 
remained one of the largest reactor vessels, about 
which the least was known. Dr. E. V. Riley, who 
followed, asked regarding the approximate cost of 
an investigation such as that conducted by Mr. 
Voice, using radon. Dr. C. H. Desch, F.R.S., who 
spoke next, said that Dr. Dickie seemed to suggest 
that, in connection with the radio-active technique, 
an isotope of some material present was being used. 
The radio-active material was, of course, used 
simply as a tracer in the same manner that other 
chemical indicators were employed. It did not 
necessarily bear any isotopic relation to any material 
which was in the furnace. 

Dr. R. Wild, in a brief answer to the discussion, 
described various difficulties of working with the 
‘“baby”’ experimental blast furnace. He drew 
attention to the fact that there was a very strong 
indication that very nearly all the reduction in 
the furnace took place between 750 deg. C. and 
1,000 deg. C. This was rather surprising but, 
although some persons were sceptical, he was con- 
vinced that this was the case. Mr. G. B. Butler, 


r | intended to be run as a normal operating furnace. 


e 





who spoke next, said that it should be emphasised 
that the experimental furnace was not planned or 


Its main purpose was for the investigation of con- 
ditions in the stack. The next to reply to the dis- 
cussion, Mr. J. M. Tweedy, said that, using small 
scale models, they had investigated the function of 
the McKee top. The tests had definitely brought 
home to them that the distribution of materials 
around the circumference of a blast furnace could 
be very uniform. After a brief speech by Dr. H. L. 
Saunders, Mr. Voice, in a final reply, said that the 
choice of radon had been governed by the price ; 
it could be bought readily at a cost of 2s. a millicurie. 





experiment, so that the cost for a small furnace was 
of the order of 3/. For a larger furnace it was 51., so 
that the method was not very expensive. In time, 
it was hoped that radio-active xenon or krypton 


would be available. 


Soprum-Ox1pE AppITIONS TO SLaGs. 


The last paper considered at the meeting was by 

Dr. W. R. Maddocks and Mr. E. T. Turkdogan, of 

the University of Sheffield. It was entitled ‘‘ The 

Effect of Sodium Oxide Additions to Steelmaking 

Slags,’’ and was introduced by Mr. Turkdogan. 

The authors stated that it was now well established 

that the removal of phosphorus from iron took 

place by oxidation and by the formation of more or 

less stable phosphates which were taken up by the 

slag. Up till the present, there had been practical 
difficulties in producing slags, containing sufficient 

lime, which were fluid enough at temperatures as 
low as 1,400 deg. C. to allow efficient dephosphori- 
sation. If a suitable base, other than lime, were 
used which would produce stable phosphates, act 
as a flux, and, at the same time, be capable of 
solution in a slag in such a manner that phosphate 
could form, most of the difficulties hitherto met 
with would be overcome. Sodium oxide, or soda, 
appeared to be the most suitable base for this 
purpose and experiments had been conducted in an 
electric-arc furnace. The soda had been added to 
basic and acid slags with the object of bringing 
about dephosphorisation at low temperatures. In 
basic slags it had been found impossible to retain 
soda as a silicate which was necessary for the forma- 
tion of sodium phosphate. With slags containing 
up to 50 per cent. of silicon and a low CaO: SiO, 
ratio, dephosphorisation had been effected after 
melting on acid hearths. Under favourable condi- 
tions, as much as 85 per cent. dephosphorisation of a 
1-34 per cent. phosphorus iron had been achieved. 

Dr. F. D. Richardson, who opened the discussion, 
asked the authors whether they had really obtained 
equilibrium between slag and metal in their experi- 
ments. If they did not obtain equilibrium, there 
was not much point in their results; if they did, 
however, the results were of very great interest. 
The only other speaker, Dr. C. H. Desch, F.R.S., 
thought that care should be used in introducing 
alkalis into any slag on account of the possible 
damage to the refractories. In a brief reply, Dr. 
W. R. Maddocks said, in regard to equilibrium, that 
he did not think that they could ever hope to obtain 
it in the furnace employed. It was an arc furnace 
with a direct arc on top of the slag, with the metal 
underneath. The slag was probably much hotter 
than the metal, but he felt that the theoretical 
significance of equilibrium and the significance of 
equilibrium conditions were somewhat different 
things. 





INDUSTRIAL FINISHES EXHIBITION.—The first British 
Industrial Finishes Exhibition will be held at LEarl’s 
Court, London, S.W.5, from August 30 to September 7, 
1950. The organisers, from whom further particulars 
may be obtained, are Messrs. Industrial Finishes Exhibi- 
tion, Limited, 26, Old Brompton-road. Kensington, 
London, S.W.7. 





SCHOLARSHIPS IN NAVAL ARCHITECTURE AND MARINE 
ENGINEERING.—Several scholarships in naval architec- 
ture and marine engineering, which are tenable for three 
or four years according to the length of the course at 
the university selected, and are administered by the 
Institution of Naval Architects, will be offered for com- 
petition in 1950. There are two scholarships in naval 
architecture, the Elgar and the Trewent, each having 
a@ value of 1751. perannum. The age limit for the former 
is under 23, and entries close on January 16, 1950; it is 
open to British apprentices or pupils in the Royal Dock- 
yards or private shipyards. The age limit of the Trewent 
scholarship is under 19, and entries close on May 31, 
1950 ; it isopen to British subjects who are, or have been, 
apprentices or pupils in private shipyards. The Parsons 
and Yarrow scholarships in marine engineering are each 
worth 175l. per annum and are open to British appren- 
tices or pupils in marine-engine works or the Royal 
Dockyards ; the age limit is under 21 and entries close 
on May 31, 1950. The Denny scholarship in marine 
engineering is worth 1301. per annum, the age limit is 
under 19 and it is tenable for four years at Glasgow 
University. It is open to British subjects who have not 
yet begun their apprenticeship. Further particulars may 








Something like 30 millicuries were used for each 


be obtained from the secretary of the Institution, 10, 
Upper Belgrave-street, London, S.W.1. 
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THE SMITHFIELD SHOW AND | 
AGRICULTURAL MACHINERY 
EXHIBITION. 


Tue first Smithfield Show to be held since 1938 | 
was opened on Monday, December 5, by the Minister | 
of Agriculture, the Rt. Hon. Tom Williams. This | 
year the Show is being staged for the first time at | 
Earl’s Court and the title has been altered to the | 
Smithfield Show and Agricultural Machinery 
Exhibition ; as a consequence, the scope is much 
wider than in previous years. It has been organised 
by a joint committee under the combined auspices 
of the Smithfield Club, the Agricultural Engineers’ 
Association, and the Society of Motor Manufacturers 
and Traders, representing, respectively, the Jivestock 
breeders, the manufacturers of agricultural imple- 
ments and equipment, and the manufacturers of 
agricultural tractors and prime movers. There are 
approximately 250 trade stands, which are showing 
a wide variety of agricultural machinery ranging 
from smal] horticultural implements to heavy track- 
laying tractors. 

Lack of space prevents us from describing all the 
exhibits of engineering interest, and, in accordance 
with our usual custom, it is proposed to describe 
those items of equipment not previously mentioned 
in ENGINEERING. Furthermore, the wide range 
of equipment and machinery being shown makes it 
exceptionally difficult to classify the various imple- 
ments; no attempt will be made, therefore, to 
place them in any particular order. In view, how- 
ever, of the steadily increasing use of Diesel engines 
in agriculture, both as motive units for tractors and 
as prime movers for various types of machinery, it 
may be appropriate to commence our description of 
the exhibits by referring to two new Diesel engines 
which are being exhibited on the stand of the 
manufacturers, Messrs. Petters Limited, Causeway 
Works, Staines, Middlesex. The first of these, a 
four-cylinder unit known as the B4T traction-type 
Diese] engine, is illustrated in Figs. 1 and 2 at the 
top of this page. It has a bore and stroke of 
110 mm., a cubic capacity of 4,180 c.c. and a com- 
pression ratio of l5to1. Itis capable of developing 
from 19 brake horse-power at 800 r.p.m. to 40 brake 
horse-power at 1,500 r.p.m., with a maximum 

















Fie. 3. Srnere-CytinpER Arm-CooLtep DIEsEL 
EnGinE ; Messrs. Petters LIMITED. 


injection unit fitted with removable cylinder heads 
and cylinders. The crankshaft is provided with 
five main bearings of the thin-shell, whitemetal- 
lined, steel-backed type, the two end bearings being 
in the form of sleeves ; the big-ends are fitted with 
steel-backed copper-lead bearings. The camshaft, 
which is driven by gears from the crankshaft, is 
arranged to operate the overhead valves through 
push rods and rocking levers in the usual manner. 
The main camshaft is also used to actuate the fuel 
pumps; these are of the single-plunger type, 
there being a separate pump for each cylinder. 
As will be seen from Fig. 2, they are located in a 
chamber formed above the camshaft housing, access 
to them being gained through quick-release covers. 
The pistons are each fitted with three compression 
and two scraper rings, the top compression ring 
being chromium plated. The speed of the engine 





torque of 145 lb.-ft. at 1,200 r.p.m. It is a direct- 





is regulated by a pneumatic governor fitted to the 














front of the cylinder block adjacent to the water 
pump. It is connected to the air inlet by a flexible 
hose and operates the fuel-pump rack through a 
spring-loaded linkage. The water pump and fan 
are driven from the crankshaft by a V-belt which 
also drives the dynamo. 

The other new engine being exhibited by Messrs. 
Petters Limited, is illustrated in Fig. 3, on this 
page. This engine, which has been designated the 
AVA 1, is an air-cooled unit having a bore and 
stroke of 80 mm. and 110 mm., respectively, and 
develops a maximum brake horse-power of 4-5 
at 1,500 r.p.m. Broadly speaking, it is an air-cooled 
version of the AV vertical Diesel engine manufac- 
tured by this firm, and, like its counterpart, is fitted 
with a direct-injection cylinder head, the combustion 
chamber being formed in the piston crown. The 
piston is made from an aluminium alloy and is fitted 
with two compression rings, two oil-control rings 
and a fully-floating gudgeon pin. As on the larger 
engine just described, the top compression ring is 
chromium-plated. The crankcase is a single iron 
casting with large inspection doors fitted at each 
side. The main bearings are of the thin-shell steel- 
backed whitemetal-lined type, that at the flywheel 
end of the crankshaft being fitted in a detachable 
cast-iron housing. The connecting rod is an H- 
section steel stamping, the top half of the big-end 
bearing being of the copper lead type, while the 
lower half is lined with whitemetal ; both halves, 
however, are of the thin-shell type. 

The cylinder barrel is of centrifugally-cast iron 
and is provided with fins to give adequate cooling. 
The cylinder head, which is a separate casting, 
is also finned for cooling and is fitted with overhead 
valves operated by push rods from the camshaft. 
The camshaft is driven by forged-stee] gearwheels 
from the crankshaft, and, in addition to operating 
the exhaust and inlet valves, actuates the fuel- 
injection pump. The pump, which was supplied by 
Messrs. Bryce Fuel Injection, Limited, Staines, is 
fitted with a priming lever to facilitate bleeding of 
the fuel system ; this lever also serves to stop the 
engine. The main bearings, the big-end bearing 
and the rocker shaft are supplied with oil under 
pressure from a plunger-type pump operated by the 
crankshaft, the cylinder walls, camshaft and gudgeon 
pin being splash lubricated. Air for cooling the 

















DEC. 9, 1949. 


ENGINEERING. 





EXHIBITS 


AT THE SMITHFIELD 





SHOW, EARL’S COURT. 























Fic. 6. 


cylinder, cylinder head, etc., is circulated by a 
combined flywheel and fan, and is distributed by a 
cast-aluminium cowling. The drive can be trans- 
mitted either at engine speed from each end of the 
crankshaft or taken at half engine speed from an 
extension shaft at the end of the engine remote 
from the flywheel ; the extension shaft can be seen 
at the right of Fig. 3. An industrial multi-disc 
type clutch can be fitted either to the full- or half- 
speed shaft. The weight of the complete engine 
without fuel or lubricant is 360 Ib. 

Several agricultural tractors fitted with Diesel 
engines are being exhibited; the Agricultural 
Division of Messrs. Morris Motors, Limited, Cowley, 
Oxford, are showing a modified version of their 
Nuffield Universal Tractor (illustrated in Fig. 6), 
fitted with a Diesel engine manufactured by Messrs. 
F. Perkins, Limited, Queen-street, Peterborough. 
An illustrated description of the Universal tractor 
was given in ENGINEERING, vol. 166, page 619 (1948), 
so it will only be necessary to give brief details of the 
actual tractor here. In its standard form, the 
Universal tractor is fitted with a Morris-Commercial 
type-ETA four-cylinder engine modified to operate 
either on petrol or vaporising oil. The transmission 
comprises a single dry-plate clutch and a five-speed 
and reverse gearbox. The output shaft of the 
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NUFFIELD “‘ UNIVERSAL” TracToR FrrreD witH PERKINS DresEL ENGINE. 


gearbox is arranged to drive spiral-bevel gearing 
which incorporates a differential, and the drive is 
transferred to the rear axle through heavy-duty 
spur gears. In common with most other agricul- 
tural tractors, it is of ‘‘ frameless ” construction, the 
transmission casings acting as the rear part of the 
frame ; the engine, however, does not form part of 
the frame, but is supported by a fabricated exten- 
sion piece bolted to the transmission casing. A belt 
pulley is fitted to the near side of the tractor and 
a further power take-off is provided at the rear of 
the transmission assembly. A hydraulic-lift assem- 
bly for use with tractor-mounted implements can 
be fitted, the pump for which is driven by the rear 
power take-off. The range at present includes two 
models apart from the Diesel-engined version, 
namely, the M3 and the M4, which, as the type 
designations infer, are three- and four-wheel ma- 
chines, respectively. The tractor has been designed, 
however, so that it is a simple matter to convert 
one to the other, and, if necessary, this operation 
can be carried out on the farm. 

In general, the Diesel-engined model is similar 
to that just described, the only major difference 
being the power unit. A photograph of the Diesel 
tractor is reproduced in Fig. 6, on this page, from 
which it will be seen that the outward appearance 
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Tractors LIMITED. 


is only slightly altered. It is fitted with a Perkins 
P4 (TA) four-cylinder tractor-type engine having a 
bore and stroke of 3} in. and 5 in., respectively. 
The unit has been specially rated, however, to give 
38 brake horse-power at 2,000 r.p.m. and a torque 
of 129 lb.-ft. at 1,400 r.p.m. The engine is fitted 
with a flywheel machined to suit the tractor clutch, 
while the rear end is designed to match the existing 
gearbox housing. Apart from these modifications, 
the engine is a standard unit, being fitted with 
aluminium-alloy pistons, the Perkins Aeroflow com- 
bustion system, a pneumatically-operated governor 
and electric-starting equipment. The cylinder head 
is detachable and is fitted with overhead valves 
operated by push rods and rocking levers. 

Messrs. David Brown Tractors, Limited, Mel- 
tham, near Huddersfield, are showing their Crop- 
master wheeled tractor fitted with a Diesel engine 
of their own design and manufacture ; this machine, 
however, was described on page 77, ante, in con- 
nection with our report on the Royal Show at 
Shrewsbury. Other exhibits on the stand of 
Messrs. David Brown include a reversible tractor- 
mounted earth scoop and a two-furrow disc 
plough. The earth scoop is illustrated in Fig. 4, 
on this page, from which it will be seen that it is 
fitted to the tractor through the implement power- 
lift linkage. It is supported by a welded steel frame 
and is capable of being turned through 90 deg. in 
the vertical plane. In operation, the tractor is 
driven up to the material, the scoop is lowered by 
the hydraulic system, and is filled as the tractor 
moves away; when reversed, it can be used to 
collect heaped materials, such as manure, etc., by 
moving the tractor rearwards so that the scoop 
enters the material. The load can be dumped 
anywhere either when moving forwards or back- 
wards, or it can be spread while the tractor is in 
motion. The scoop can, of course, be used for 
ditching, it being possible to lower it approximately 
1 ft. below the tractor wheels. It has a capacity of 
from 7 cub. ft. to 10 cub. ft., and the complete 
implement weighs approximately 2 cwt. 

The disc plough is illustrated in Fig. 5, on this 
page ; like the scoop, it is designed so that it can 
be fitted to the standard implement linkage. This 
type of plough is most useful for the recovery of 
waste ground as the discs cut through trash, ride 
over obstructions, and wear evenly, whereas a 
standard mould-board plough soon loses its edge 
and becomes clogged with weeds and roots. On 
the David-Brown plough, the discs have a diameter 
of 2 ft. 2 in., and are supported by taper-roller 
bearings. The depth of working is controlled by a 
land wheel; while a lateral control adjusts the 
angle of attack of the dises ; further adjustment is 
provided by the top link of the tractor. The weight 
of the implement is 550 Ib. 





(To be continued.) 
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MODERNISATION OF THE 
LIVERPOOL-SOUTHPORT ELECTRIC 
RAILWAY. 


ELEcTRIC traction was first introduced on the 
Liverpool-Southport section of the then Lancashire 
and Yorkshire Railway in 1904 (now part of the London 
Midland Region, British Railways), in order to meet the 
rapid growth of passenger traffic, and as an alternative 
to expensive track widening and station reconstruction. 
Originally, 47 miles of track were converted, but later 
electric working was also extended to Aintree and 
Ormskirk and to the line connecting Aintree with 
Seaforth. Operating power was initially generated at 
the railway’s own 9,000-kW station at Formby and 
was supplied on the 7-5-kV 25-cycle three-phase system 
to substations at Birkdale, Formby, Seaforth and 
Sandhills. The Birkdale substation was equipped 
with three, and the other substations with four, 600-kW 
rotary convertors from which direct-current at 630 volts 
was supplied to a third rail. Some 20 years later, the 
csigheal generating plant at Formby was replaced by 
more modern and efficient equipment ; and additional 
convertors were installed in two of the larger sub- 
stations. In 1934, two unattended substations, 
equipped with mercury-are rectifiers, were opened. 
It is interesting to note that this was the first time in 
this country that glass-bulb rectifiers had been used to 
supply an electric traction system. These rectifiers are 
still in use, although their transformers have been 
re-wound in connection with the modernisation scheme 
described below. 

In 1945, it was found thatthe power station plant 
was nearing the end of its useful life. As, moreover, 
it would obviously have been undesirable to maintain 
the non-standard 25-cycle distribution system, and 
the installation of 50-cycle plant would have been 
uneconomic, owing to the low load factor, it was 
decided to close the Formby station and to purchase 
electricity in bulk. The necessary arrangements were 
therefore made for obtaining a duplicate supply from 
the mains of the then Liverpool Corporation Electricity 
Department, while at the same time the modernisation 
of the substations, including the introduction of remote 
control, was undertaken. The result has been a 
saving of labour, as well as improved voltage regulation. 
It has also been possible to arrange for the automatic 
isolation of faulty trains or sections of the track. 

The present supply arrangements are shown diagram- 
matically in Fig. 2, from which it will be seen that 

wer is obtained from the Merseyside and North 
Wales Electricity Board at 33 kV through two feeders. 
These feeders are connected to two separate sections 
of the "bus bars at the Clarence Dock generating 
station and one of them passes through the Board’s 
Beaumaris-street substation. As will also be seen 
from Fig. 2, these two feeders are interconnected and 
each is brought into a separate switch-house at the 
Bank Hall substation. These switch-houses were 
built by British Railways to house equipment belonging 
to the Electricity Board and are placed at each end of 
the site with the main transformers and the two traction 
substations between them. Each switch-house con- 
tains three 33-kV oil circuit-breakers with a rupturing 
capacity of 500 MVA. The first of these controls the 
incoming feeder and the second the supply to a 15-MVA 
33/11-kV transformer, while the third controls the 
interconnector between the feeders. The 15-MVA 
transformers deliver current at 11 kV to the two railway 
substations, and these, in turn, supply 12 further trac- 
tion substations through two ring mains, one of which 
is connected to the substations on the Liverpool- 
Southport line and the other to those on the Liverpool- 
Ormskirk line. As will be seen from Fig. 2, the 
substations at Liverpool Exchange and Aughton Park 
are supplied through short spurs from Bank Hall No. 2 
and Maghull, respectively. As will also be seen, the 
substations are connected alternately to each leg of the 
ring main, so that in the event of a cable fault it is 
unlikely that two adjacent ones will be effected. 

The new 11-kV feeders and ring mains, of which 
more than 35 miles have been laid, generally alongside 
the line, consist of three-core paper-insulated and lead- 
sheathed cable. The sheaths of these cables are 
protected by a double layer of bitumen paper over 
which is a bedding of hessian tape and a single-wire 
armouring. Over the armouring is a corrosion-proof ser- 
ving of bitumen, protected by a layer of three-ply jute. 
In addition, 16 miles of the existing 7-5-kV cable and 
overhead line are being utilised at the higher voltage. 

The 11-kV switchgear in the traction substations, 
of which a view appears in the foreground of Fig. 6, 
is of the oil-immersed, double-break withdrawable 
truck type, with compound-filled "bus bars. The 
rupturing capacity of these units is generally 150 MVA, 
but that of the two switches at Bank Hall is 350 MVA. 
At a typical substation there are only two 11-kV 
circuit-breakers, which control the rectifier equipment 
and the “outgoing” feeder, respectively. The 
‘incoming ” feeder, on the other hand, is connected 
solidly to the "bus bars, except at the two substations 
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Fie 5. Drrectr-CurrEnt SwITCHGEAR IN SUBSTATION. 


at the ends of the cable ring farthest from Bank Hall. 
At Maghull, for instance, the ’bus bars are sectionalised 
by a circuit breaker to ensure that in the event of a 
cable fault either that station or the adjacent one at 
Aughton Park will continue to function. Similarly, at 
Southport, both the “ incoming "’ feeders are controlled, 
so as to ensure that the rectifier in that substation 
shall continue to receive a supply should one feeder 
fail. The substations at Liverpool and Aughton Park 
are provided with rectifier circuit-breakers only. 

The 11-kV system is protected against faults by 
relays operating on the balanced voltage principle. 
This ensures that the load carried by an “ outgoing ” 
feeder at any substation is balanced against the load 
on the corresponding feeder at the next substation on 
the same leg of the ring main plus the load on the 
rectifier at that substation. Back-up overload and 
earth-leakage relays are also provided on the feeder 
switches at Bank Hall, Southport and Maghull. 

The 11-kV supply is stepped down in transformers, 
the secondaries of which are wound for 12-phase 
operation, and is converted to direct-current at 630 
volts for traction purposes by glass bulb rectifiers. 
These are generally made up cubicle units, each 
of which comprises four three-anode bulbs. Each 
unit, the appearance of which will be clear from Fig. 4, 
has an output of 420 kW, and either three (1,260 kW), 
four (1,680 kW), or six (2,520 kW) are used, depending 
on the load conditions. These ratings are continuous, 
but the largest equipment is capable of handling 
overloads up to 18,000 amperes for one second. The 
four bulbs in each cubicle are mounted on a carriage, 
which can be withdrawn, and are cooled by a variable- 
speed fan, which is mounted in the base, as can also be 
seen in Fig. 4. In one case, however, two of the 
rectifiers installed in 1932 have been modified to suit 
the new voltage and frequency. These rectifiers 
comprise a group of 16 six-anode bulbs, which have 
been arranged to give a direct-current output of 
2,000 kW at 630 volts. A supply at 110 volts for 
operating the fans and excitation circuits of the recti- 
fiers is obtained from an auxiliary winding on the 
transformers. 

The cathodes of the rectifiers are connected through a 
high-speed circuit- breaker to the positive direct-current 
*bus bar of the substation. This circuit-breaker is 
rated at 4,000 amperes, and is fitted with a reverse 
current trip. If the load exceeds the capacity of the 
rectifier equipment a relay on the high-tension side 
of the system is operated and the direct-current 
rectifier breaker is tripped. All the direct-current 
breakers are mounted on withdrawable trucks in a 
gallery of the substation, as shown in Fig. 5, and are 
connected to the fixed contacts through clamps. The 
frame on which these fixed contacts are mounted is, 
in turn, connected by cables through a hand-operated 
isolating switch outside the substation, to the third 
rail. This arrangement enables the positive *bus bar 
to be isolated from the live rail for cleaning. The 
neutral of the rectifier transformer is connected directly 
to the negative track feeder through a similar switch. 








RAILWAY. 





The three-phase electricity supply for auxiliary pur- 
poses in the substation is generally obtained at 415 
volts through a combined 11-kV switch fuse and 
transformer, which is mounted outside the substation 
and is connected in the “ outgoing” feeder. This 
enables the auxiliary supply to be maintained at a 
particular substation, even when the 11-kV ‘bus bars 
are ‘ dead.” 

The new substation buildings, of which ten were 
required to enable the rectifiers to be appropriately 
spaced, are 11 ft. 6 in. wide by 10 ft. high and vary in 
length from 80 ft. to 120 ft., depending on the amount 
of plant installed. They are constructed of pre- 
fabricated reinforced-concrete panels, 3 ft. wide, the 
inner surfaces of which are sprayed with asbestos to 
provide heat insulation. To eliminate ducting or 
trenching in the floor, the cables enter or leave through 
holes in the panels on one side of the building. All the 
switchgear has been provided with cable boxes suitable 
for this horizontal entry. A small covered trough, 
which is suspended from the concrete roof members, 
runs the whole length of the building and is used to 
carry the control and operating wires, which are led 
down to the individual switches through flexible 
conduits. All the wiring is taken to one end of the 
building where the trough terminates in a large dis- 
connecting link box, so that testing of the various 
circuits is facilitated. All the small wiring is of the 
flame-retarding type so as to minimise the possibility 
of a fire due to an electrical fault. 

The last two panel sections at one end of each building 
are separated from the rest by a brick wall, the small 
room thus formed being used to house a 100-volt 
battery for operating the switches and a 50-volt 
battery for operating the control equipment. Both 
batteries are trickle-charged from the substation 
auxiliary supply. The substations are lighted by 
fluorescent tubes and are heated by thermostatically- 
controlled electric heaters. Ifthe temperature becomes 
excessive two fans, one at each end of the building, are 
automatically started and draw in air through filters, 
discharging it through ventilators in the roof. 

All the substations are remotely controlled from a 
new control room at Hall-road, about half way between 
Liverpool and Southport. This consists of a single- 
storey brick building, a view of the outside of which is 
given in Fig. 1. The central portion of this building 
contains the control room proper, while the control 
apparatus, batteries, heating and ventilating plant 
and offices are housed in the wings. The main feature 
of the control room itself is the desk, an illustration of 
which appears in Fig. 3. This carries duplicate master 
control panels from which the circuit-breakers in any 
substation can be operated and indications received of 
any change that may have occurred in the system. 
There is also a mimic diagram depicting the extra 
high-tension and track feeder systems. On this 
diagram the condition of the circuit-breakers is 
indicated by multi-coloured lights, which are changed 
when the switches on a setting-up panel are operated. 
Direct telephone communication can be established 
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between the control desks and all the substations, 
passenger stations, signal boxes and other important 
points on the electrified system. 

The substation equipment is controlled over four 
pairs of pilot wires, two of which are connected to the 
stations south of, and two to those north of, the con- 
trol room. Adjacent substations are connected to 
alternate pairs, so that in the event of a fault control 
over a group of adjoining stations is not lost. Duplicate 
pairs are run to each substation.and the operator 
can change over from one to the other as required. 
As a further precaution, the control equipment is 
housed in two te rooms on opposite sides of the 
Hall-road building, each of which contains the appa- 
ratus associated with one north-bound and one south- 
bound pilot system. Should one room be placed out 
of action for any reason, it will therefore still be possible 
to control alternate substations throughout the system. 
In addition to the four main control systems, which have 
just been mentioned, there are two subsidiary systems. 
One of these controls and indicates the positions of 
some of the circuit-breakers on the 33-kV system at 
Bank Hall and the other provides information regarding 
certain important roy equipment at Southport. 

The various relays and selectors comprising the 
control equipment are housed in dust-tight steel cubicles 
with shock-proof mountings at both the control room 
and the substations. Replacement is facilitated by 
arranging that each bank of equipment can be plugged 
in, while a special testing unit enables faulty apparatus 
to be checked. 

The auxiliaries in the control room are supplied with 
low-tension alternating current through duplicate 
circuits. The batteries for operating the remote 
control equipment are also in duplicate and all the 
wiring, apart from the multi-core cables between the 
control apparatus and the desk, has been carried out 
with mineral insulated copper-sheathed cables. The 
pilot cables, of which about 27 miles have been laid, 
generally in close proximity to the main 11-kV feeders, 
are of the multiple twin dry-core screened type, with 
either 24, 16 or eight paper-insulated conductors. 
Two pairs of such conductors are twisted together and 
are screened with copper tape, while the whole cable is 
sheathed with lead alloy, lapped with bituminised 
paper, taped with hessian and steel armoured. Finally, 
each cable was corrosion-proofed and taped overall 
with hessian. The pilot cables are sectionalised in a 
link box in each substation, so that any length can be 
isolated for testing. At other points along the track, 
such as passenger stations, where the cable has to be 
broken to provide a telephone connection, a T-joint 
is made and a two-pair pilot cable is led off to the 
required position. In addition to being employed for 
the remote control of the substations, the pilot cables 
are used in connection with the high-tension — 
system, for telephone communication and for trans- 
mitting metering impulses between the main supply 
point at Bank Hall and the control rooms and from a 
master clock in the control room to a repeater in each 
substation. 
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THE ULTRASONIC SOLDERING OF BRITISH STANDARD 
ALUMINIUM. SPECIFICATIONS. 
Aw ultrasonic soldering iron for soldering aluminium| The following 


and other light metals and alloys has been developed 
by Mullard Electronic Products, Limited, Century 
House, Shaftesbury-avenue, London, W.C.2. It con- 
sists essentially of a copper soldering bit, which is 
heated by a resistance winding and is secured to a 
brass block, the latter being in turn fixed to the nickel 
core of a magneto-striction transducer. This trans- 
ducer is supplied with ultrasonic power from an ampli- 
fier and is used to destroy the refractory oxide film 
which forms on most light metals and alloys. No flux 
is required and the standard soft solders may be 
employed, although it is advisable to use one with a 
tin-zine instead of a tin-lead base in order to avoid 
electrolytic action. 

In operation the bit is first heated to the usual 
operating temperature. The transducer is then ener- 
gised and the bit tinned by applying the soft solder. 
Soldering is finally carried out in the normal way, 
care being taken to maintain a good liquid contact 
between the bit and the work. This ensures the 
maximum acoustic efficiency and enables uniform 
joints to be obtained. The ultrasonic frequency em- 
ployed in this iron is well above the normal audible 
range, so that the operator experiences no discomfort. 





CONTRACTS. 


The British Electricity Authority, Great Portland- 
street, London, W.1, have placed contracts, during the 
past month, for switching- and transforming-station and 
transmission equipment amounting, in the aggregate, to 
4,106,7162. The principal items include: two jetty 
cranes for Barking “C” station with STroTHERT AND 
Prrr, Luwtrep ; inlet culverts, coal store, pump house 
extension and river-bank works, also for Barking “C” 
station with Sir ROBERT MCALPINE AND Sons, LIMITED ; 
civil engineering works for filtration plant, etc., for 
Croydon station, with CONCRETE PILING, LmrTeD; 
boiler feed pumps for Littlebrook “C” station, with 
MATHER AND PiatTr, LIMITED; 33-kV switchgear and 
associated equipment for Plymouth station and 132-kV 
3,500-MVA switchgear for Usk Mouth station, with 
METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED; 
two electrostatic precipitators for Kirkstall station, 
Leeds, with LODGE-COTTRELL LIMITED ; 3,000-volts and 
415-volts switchgear for North Tees station with A. 
REYROLLE AND COMPANY, LIMITED; 132-kV and lower 
voltage cables for Braehead station, Glasgow, with 
PIRELLI GENERAL CABLE WORKS, LIMITED; 60-MVA 
132/33-kV transformers and earthing transformers for 
Churchill substation, Somerset, with the ENGLISH ELEC- 
TRIC COMPANY, LIMITED; 45-MVA 132-33-kV trans- 
formers and earthing transformers for Rye House station, 
Hertfordshire, with FULLER ELECTRICAL AND MANUFAC- 
TURING COMPANY, LIMITED; and 60-MVA 132/33-kV 
transformers and earthing transformers for Welham 
Green substation, Hertfordshire, 30-MVA 132/33-kV 
transformers and earthing transformers for Rugby sub- 
station and 60-MVA 132/66-kV transformers and earthing 
transformers for Cwmbran substation, Monmouthshire, 
with BRITISH THOMSON-HovusTON CoMPANY, LIMITED. 





HIGHER NATIONAL CERTIFICATES IN CIVIL ENGINEER- 
InG.—We have been informed by the Ministry of 
Education that Rules 107, setting out the arrangements 
and conditions for the award of Higher National Certifi- 
cates in Civil Engineering, have been revised to include 
courses in the application of civil engineering to gas 
engineering (manufacture) or gas engineering (supply). 
No further courses for the Ordinary and Higher Grade 
Certificates in gas engineering will be approved by the 
Ministry or the Institution of Gas Engineers. Existing 
courses will not be continued after the present entry of 
students has completed them. Local education authori- 
ties and certain educational establishments have been 
informed of this change. 





RECORDING TELEVISION.—The British Broadcasting 
Corporation announce that a system of transferring an 
item in the television programme to a film, so that it 
can subsequently be reproduced with little loss of the 
original quality has been developed ; and was first used 
to record the Service of Remembrance on Sunday, 
November 6, and the Lord Mayor’s Show on Wednesday, 
November 9. This result has been achieved by over- 
compensating the losses which occur in the electronic 
and optical television equipment, so that the degradation 
in picture quality that accompanies recording is counter- 
balanced. In practice, two continuous motion cameras are 
used, in which the movements of the films are “‘ chased ” 
by an optical image of the television picture. This 
enables all the 405 interlaced lines to be recorded on the 
film, thus overcoming the difficulties of relating the 
television-frame frequency to the picture-repetition 
frequency. 


Modern Plastics. By Dr. Harry BARRON. 


have been issued 


at the price quoted at the end of each paragraph. 


British Printing Ink Manufacturers, 


speeded up and made more economical. 


light fastness. [Price 2s. 6d., postage included. |] 


included. [Price 2s., postage included.] 


specification, the 75-gallon 
150- and 200-gallon deep-type pans have been omitted. 
Moreover, the upper limit of the working pressure is 


square inch. The revision provides drawings of, and 
full details regarding, 25-, 50-, and 100-gallon shallow- 


pans. [Price 2s. 6d., postage included.] 
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ublications of engineering interest 
. the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 


Letterpress Process Inks.—Five years of research 
have now produced British Standard four-colour 
and three-colour letterpress inks, and these supersede a 
“trade standard ” set of three-colour inks which had 
been the only one available since 1929. The work, 
which is described in a new specification, B.S. No. 1480, 
has been done by a committee of the British Standards 
Institution, on which were represented the British 
Federation of Master Printers, the Federation of 
the British 
Printing Ink Association, the Printing Packaging and 
Allied Trades Research Association, the Federation 
of Master Process Engravers, and other organisations. 
Among the advantages claimed for the new inks are 
that colour reproduction of the same subject by different 
printers can yield the same result, that printed matter 
reproduced with these inks will retain correct hues 
for a very much longer period than was the case with 
inks formerly used, and that block production will be 
The inks 
have been standardised for hue, colour strength and 


Mild-Steel Refuse Containers.—A new specification, 
B.S. No. 1577, covers small household refuse containers, 
with lid attached, made of mild steel and subsequently 
galvanised. The container is for interior use and is 
not intended as an outside dustbin for weekly collection. 
Full information regarding the material, construction 
and dimensions are given, and detailed drawings are 


Steam-Jacketed Pans.—A revision of B.S. No. 186, 
covering cast-iron and enamelled cast-iron steam- 
jacketed pans for the chemical and allied industries, 
first issued in March, 1923, has now been published. 
In view of the experience gained with the original 
shallow-type and the 


now 40 Ib. per square inch, and, in consequence, the 
hydraulic test pressure has been fixed at 80 Ib. per 


type pans and 10-, 25-, 50- and 100-gallon deep-type 
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PERSONAL. 

Str ROBERT ROBINSON, O.M., has been re-elected 
President of the Royal Society for the ensuing year. 
Similarly Sm THomas MERTON has been re-elected 
treasurer, SIR EDWARD SALISBURY and Sir Davip 
Brunt, secretaries, and PRoressor E. D. ADRIAN, O.M., 
foreign secretary. 

Masor H. E. ALpINneTon, C.B., M.1I.C.E., M.Inst.T., 
until recently chief engineer (highways), Ministry of 
Transport, has been appointed technical consultant to 
the British Road Federation, 4a, Bloomsbury-square,. 
London, W.C.1. 


AIR VICE-MARSHAL ALAN FERRIER, C.B., M.C., B.Sc. 
(McGill), D.1.C., has been appointed assistant secretary 
general for air navigation of the International Civil 
Aviation Organisation and will succeed Mr. Ivor 
McCture at the beginning of 1950. 

Mr. A. M. Lerper, M.I.Mech.E., chief engineer of 
Hadfields Limited, Sheffield, who joined that firm in 
1948, has been appointed a local director. 

Mr. H. West, M.I.E.E., M.I.Mech.E., has been 
appointed assistant chief electrical engineer of the Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17. 

Mr. Lesire Horne is relinquishing his appointment 
as senior superintendent engineer, British Broadcasting 
Corporation, after 26 years of service. 

Mr. N. HOWELL, A.M.C.T., has been appointed general 
manager of the Tudor Accumulator Company, Limited, 
following the retirement of Mr. P. CATTERMULL, F.C.L.S. 

Mr. D. P. Carr, who is on the staff of Edgar Allen and 
Company, Limited, Imperial Steel Works, Sheffield, 9, 
has been elected chairman of the Sheffield Committee of 
the Permanent Way Institution. 

CoLoNEL R. T. GRANTHAM has left the Brockhouse 
Organisation on appointment as managing director of 
Overseas Motor Transport, Limited, Nairobi, Kenya. 
Mr. B. J. Tams, M.Sc., has been appointed general mana- 
ger of Brockhouse Engineering (Southport), Limited, 
and Mr. H. MILNEs, general manager of the Wolverhamp- 
ton Works of J. Brockhouse and Company, Limited. 

Mr. J. F. Woop, B.Sc. (Eng.) (Lond.), A.M.L.C.E., 
informs us that he will shortly terminate his service 
with the United Steel Companies Limited, Sheffield. 
Early in the New Year, Mr. Wood, who has been general 
manager of the Companies’ plant at Wellingborough for 
17 years, proposes to open an office in London as foundry 
consultant and agent. 


Mr. W. ELKIN Piatt has been appointed a director of 
Oldham and Son, Limited, Denton, Manchester. 

Mr. A. B. MacLeop, M.Inst.T., A.M.I.Mech.E., 
M.I.Loco.E., stores superintendent British Railways, 
Southern Region, Waterloo, has been made stores super- 
intendent, London Midland Region, Euston. 

Mr. D. G. Stokes, A.M.I.Mech.E., has been appointed 
general sales manager, Leyland Motors Limited, Leyland, 
Lancashire. 

Mr. W. H. ASPINALL is relinquishing his position with 
British Jeffrey-Diamond Limited, Wakefield, and Mr. 
G. S. Hrest is succeeding him as.publicity manager. 
Mr. E. M. BALDWIN has been appointed to succeed the 
late Mr. W. PARSONS as service supervisor of the Dunlop 
Rubber Company, Limited. 

Mr. G. R. J. Harris has joined the publicity depart- 
ment of Messrs. E. K. Cole Limited, Southend-on-Sea, 
Essex, as Press relations officer. 


The London office of the COPPER DEVELOPMENT 
ASSOCIATION, at Grand Buildings, Trafalgar-square, 
W.C.2, is being transferred to the Association’s head- 
quarters, and all communications should now be addressed 
to the Association, at Kendals Hall, Radlett, Hertford - 
shire. (Telephone: Radlett 5616.) 

The sales organisation for British Polar engines. 
hitherto operated by the ATLAS DIESEL COMPANY 
LimITep, Wembley, will be operated, as from January 1, 
1950, by BrITIsH PoLAR ENGINES LIMITED, Govan, 
Glasgow, direct. The activities of the Atlas Diesel 
Company will be concentrated on the manufacture and 
marketing of compressed-air and tunnelling machinery. 


The information branch of the Ministry of Civil Avia- 
tion has been moved from 336, Strand, W.C.2, to the new 
Ariel House, Theobalds-road, W.C.1. (Telephone : 
CHAncery 3366.) 

An agreement has been arrived at between the Italian 
Government and aircraft industry and the DE HAVILLAND 
AIRCRAFT CoMPANY, LIMITED, and the DE HAVILLAND 
ENGINE ComPANY, LimiTEeD, which provides for the 
supply to Italy of de Havilland Vampire fighters with the 
firm’s Goblin jet engines and for the manufacture, under 
licence in that country, of de Havilland fighter aircraft 
and engines. 

THE Export CREDITS GUARANTEE DEPARTMENT have 
opened a new office at 14, Castle-street, Liverpool, 2- 
(Telephone: Central 5756/7.) The manager is Mr. 
E. J. JACKSON. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—The gratifying level of production 
established this year is being comfortably maintained. 
Raw materials are regularly supplied, deliveries of 
scrap, in particular, being well upheld, and reserves 
now contain substantial tonnages against the risk of a 
hold-up in the early months of the year, This is a 
traditionally difficult period when cold weather can make 
handling and segregating a serious problem. Blast 
furnaces are also well catered for in regard to iron ore 
and coke, and outputs remain on an impressive scale. 
The position of makers and re-rollers continues out of 
balance, some sections being exceedingly busy while 
others are operating more or less on a hand-to-mouth 
basis. Plates and sheets meet a very steady demand. 
A spurt in launchings is expected, the intention being to 
launch 60,000 tons of new shipping before the end of the 
year, which means that plate makers are being taxed to 
meet all requirements. Bookings for sheets continue 
to exceed the rated output of the rolling mills, with 
galvanised sorts keenly sought after by both home and 
overseas buyers. Inquiries from South America, the 
Philippines and Holland are having to be turned down 
because no export tonnage of sheets is available. Con- 
versely, there is a dearth of new business in large sections 
and bars, while orders for small bars are equally scarce, 
and little hope of a recovery is entertained until restric- 
tions on building programmes are relaxed. 

Scottish Coal.—The improvement in coal’ productivity 
noted recently continues in evidence. Man-power in 
the divisional mines at around 81,500 is roughly 1,000 
fewer than last year, but current outputs are higher. 
The equitable distribution of supplies to clients is 
correspondingly facilitated, and inland consumers in 
general are comfortably supplied. Fuel requirements 
for space-heating continue on a relatively small scale, thus 
contributing to a satisfactory industrial position. Elec- 
tricity works, steelworks, and other large consumers are 
in receipt of steady supplies of fresh wrought coal, and 
have comfortable tonnages in reserve, while engineering, 
and similar undertakings have little anxiety concerning 
fuel, despite the sustained high level of manufacturing 
activity. Carbonising coals remain moderately plentiful 
and coke ovens and gasworks, although using substantial 
quantities, are adequately supplied. Gum moves off 
satisfactorily. Demands from householders for large 
coal tend to rise, and while deliveries are maintained in 
accordance with the programme, withdrawals from 
stocks are taking place at some depots. The export 
market is busier as a result of the higher tonnages available. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—As a result of the recent 
activity on the Welsh steam-coal market on export 
account, and the granting of additional allocations, the 
six principal South Wales ports, in the past week, 
handled the largest quantity of coal on any single day 
since the war. This amounted to 50,500 tons and ship- 
ments were destined for South America, Italy, France, 
Holland, Belgium, Sweden, North Africa, Egypt and 
Spain. Also included in the figure was the coastwise 
trade. There was a setback in the coal output drive 
last week, however, and the quantity of saleable coal 
produced was the smallest fora month. At 481,050 tons 
it was about 17,000 tons below the previous week’s level, 
although it was 5,000 tons more than in the corresponding 
week of last year. The man-power in the week reached 
its lowest level ever at 103,324. As a result of the 
continued strikes in American coalfields, business has 
been concluded for some Welsh anthracites to be shipped. 
Two cargoes, each of 4,000 tons, have been sold, and 
there are possibilities of the purchase of a further cargo 
of similar size. The American consumers have been 
showing interest for some little time past and the present 
business followed offers of 12,000 tons of anthracites for 
delivery this month. With a likelihood of the strike 
being continued after a short truce, further business may 
result, although the limiting factor continues to be the 
difficult supply position. Operations on the market were 
again on a high level last week. The demand for all 
classes on both home and foreign account was active 
and the tone was strong. Although the home market 
continues to account for very substantial quantities, 
foreign shipments under recently increased allocations 
are going forward steadily. Bunkers are in keen request. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was little, if any, change in business 
activity in tin-plate. Some home consumers placed a 
number of orders for delivery during the current period 
and during period 1 of next year. There was an improve- 
ment in the export demand, and the sales, for delivery 
during period 1, were more numerous. Steel sheets 
continue to be in exceptional demand, while the request 
for iron and steel scrap is steady. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Sheffield manufacturers are perturbed 
by the decision to raise the price of gas which is exten- 
sively used in the melting and heat-treatment of steel 
and in tool and cutlery factories. The prospect of higher 
transport charges is also a serious matter. High produc- 
tion costs are certain to lead to increased difficulties in 
retaining export business, and, in the opinion of the 
Secretary of the Sheffield Chambers of Commerce, Mr. 
A. E. Hahn, might tend to nullify the temporary advan- 
tage gained by devaluation of the pound. Both in the 
heavy and light industries there has been an accession 
of orders consequent upon devaluation, described by the 
Master Cutler, Mr. W. R. S. Stephenson, as only a 
short-term policy. He urges the necessity of building 
up markets where they are likely to endure, and where 
there is a possibility of getting reciprocal trade. The 
managing director of the English Steel Corporation, Ltd., 
Mr. F. Pickworth, states that, last year, his firm spent 
1,000,0002. on improvements, mainly in Sheffield, and 
that they are nearing the same figure again this year. 
Steps which were being taken to keep plant and equip- 
ment up to date, he continued, were entirely apart from 
the arrears of repair work which had accumulated during 
the war period. He claimed that their machine shops 
were second to none in the world. He disclosed that 
no plant is kept solely for armament production. Their 
policy would never be to install plant unless it could be 
commercially occupied on peace-time products. More 
than 25 per cent. of the firm’s production was directly 
exported last year, and, if goods incorporated in other 
products were taken into consideration, the greater part 
of their production went abroad. 


South Yorkshire Coal Trade.—Further increases in coal 
production due mainly to a more gereral working of a 
Saturday shift have provided sufficient coal for current 
home requirements while a larger quantity of coal was 
dispatched to the Humber ports for export and coastwise 
trading. The demand is steadily increasing and, in 
spite of transport delays, has been generally satisfied. 
Weather conditions continue to hamper the production 
of opencast coal and necessitate bigger calls upon deep- 
mined coal. The make of hard coke is being maintained. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The expansion of business in 
iron and steel continues to be slow but producers have 
contracts to carry out that keep plants very actively 
engaged, and the aggregate tonnage output is maintained 
at a high level. Deliveries of raw material from home 
sources of supply continue on a satisfactory scale and 
considerable quantities of imported iron ore are held by 
users. Stocks of iron and steel scrap are increasing, but 
consumers are still in the market and do not hesitate 
to accept distributable heavy material for their steelworks 
and foundries. Continental competition for steel orders 
is extremely keen in oversea markets and a rise in prices 
of Tees-side products cannot fail to check the impetus 
of the drive to expand export trade. North-East Coast 
firms are at present sharing in substantial Canadian 
orders for plates, bars, sheets and tubes and other over- 
seas customers are still calling persistently for bigger 
parcels of material than they are receiving; black and 
galvanised sheets, in particular, are in strong request. 


Foundry and Basic Iron.—Nearly all the ordinary 
foundry pig iron reaching North-East Coast consuming 
plants is from the Midlands, and deliveries from that 
distant producing area are fairly satisfactory, but North- 
East Yorkshire and South Durham customers would 
readily accept still larger parcels than are coming forward. 
The whole output of the Tees-side basic blast furnaces 
continues to be consumed at adjoining steel plants. 


Hematite, Low Phosphorus and Refined Iron.—The 
usual buyers of East-Coast hematite are obtaining 
increasing deliveries, but the supply has not yet over- 
taken the demand. Available parcels of low- and medium- 
phosphorus grades of iron about cover the actual needs 
of regular users. Refined-iron manufacturers are dealing 
satisfactorily with the demand for material for home 
purposes and provide a little tonnage for export. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron plants could deal with new orders for fairly 
early delivery of some commodities, but contracts in 
hand for other descriptions of material have some little 
time to run. There is a good deal of Continental semi- 
finished steel stored and the delivery of home products 
is steadily maintained, but, while re-rollers are well 
supplied with most types of steel semies, small billets 
are rather scarce and bigger deliveries of sheet bars 
and slabs would be acceptable. Finished-steel producers 
are commendably handling the pressure for delivery 
claims which are greater than the capacity output of the 
rolling mills in operation. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre : Monday, December 12, 6 p.m., Technical College, 
Bath. ‘“‘ Phase/Neutral System of Supply for Rural 
High-Voltage Distribution,” by Mr. G. T. Garwood and 
Mr. G. J. Websdale. Also at the Southern Centre; Wed- 
nesday, December 14, 6.30 p.m., Grand Hotel, Bourne- 
mouth. North-Eastern Centre: Monday, December 12, 
6.10 p.m., Neville Hall, Newcastle-upon-Tyne. Revision 
of Centre’s By-Laws. Jubilee Lecture on “ Early 
Activities of the Centre,” by Mr. P. V. Hunter. Students’ 
Section : Monday, December 12, 7 p.m., Victoria-em bank- 
ment, W.C.2. ‘“ Trolley-"bus Overhead Equipment,” by 
Mr. A. D. Dix. Measurements Section: Tuesday, 
December 13, 5.30 p.m., Victoria-embankment, W.C.2. 
“Checking Orientation of Optic Axis of Meter Jewels,” 
by Mr. 8S. F. Knight. Supply Section: Wednesday, 
December 14, 5.30 p.m., Victoria-embankment, W.C.2. 
“Performance of British Grid System in Thunder- 
storms,” by Dr. J. S. Forrest. 

INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, December 12, 6.30 p.m., Royal Vic- 
toria Station Hotel, Sheffield. “ Coal-Production 
Methods,” by Mr. R. G. Baker. Liverpool Section: 
Wednesday, December 14, 7.15 p.m., Exchange Hotel, 
Liverpool. Discussion on “ Effective Use of Materials.” 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 13, 5.30 p.m., Great George-street, S.W.1. ‘“‘ Con- 
struction of Harbour Works on the River Tagus,”” by 
Mr. D. P. Bertlin. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
December 13, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘“ Flow of Fluids Through 
Granular Beds,” by Dr. J. M. Coulson. 

INSTITUTE OF PuHysics.—London Branch: Tuesday, 
December 13, 5.30 p.m., 47, Belgrave-square, S.W.1. 
“The Nervous System as an Electrical Machine,” by 
Dr. W. Grey Walter. 

ILLUMINATING ENGINEERING SocreTy.—Tuesday, 
December 13, 6 p.m., 2, Savoy-hill, W.C.2. ‘‘ Fluorescent 
Lamp Installations,” by Mr. W. A. R. Stoyle and Mr. 
G. D. Jones-Thomas. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, December 13, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow. “Loch Sloy Hydro- 
Electric Scheme: High-Pressure Pipes, Valves and 
Water-Control Gear,” by Mr. J. Williamson. 

INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
December 13, 6.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. “‘ Systems of ‘Combined ’ Sewerage,” by Mr. 
R. C. Carter. 

RoYAL SOCIETY OF ARTS.—Wednesday, December 14, 
2.30 p.m., John Adam-street, W.C.2. ‘‘ Applications of 
Reinforced Concrete,” by Mr. G. A. Maunsell. 

INSTITUTE OF PETROLEUM.—Wednesday, December 14, 
5.30 p.m., 26, Portland-place, W.1. ‘“‘ Oil in the Nether- 
lands and Emsland,” by Mr. W. J. Mulders. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, December 14, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“* Light-Weight Rolling Stock,” by Mr. Ernst Kreissig. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
December 15, 2.30 p.m., Caxton Hall, Victoria-street, 
$.W.1. ‘‘ Report on Heavy-Oil Engine Working Costs.” 

Royal Socrety.—Thursday, December 15, 4.30 p.m., 
Burlington House, Piccadilly, W.1. Wilkins Lecture or 
“ Robert Hook,” by Professor E. N. da C. Andrade, 
F.R.S. 

INSTITUTION OF MINING AND METALLURY.—Thursday, 
December 15, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Management in Industry,” 
by Mr. F. G. Hill. 

INSTITUTE OF REFRIGERATION.—Thursday, December 
15, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, S.W.1. “‘ Brine Con- 
centration Used in Some Government Cold Stores,”” by 
Mr. A. G. Clausen. 

RoyaL AERONAUTICAL SocrETy.—Thursday, Decem- 
ber 15, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. ‘‘ Navigational Systems and In- 
strument Aids,” by Dr. D. E. Adams and Dr. A. N. 
Uttley. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
December 16, 5.30 p.m., Storey’s-gate, S.W.1. “‘ Furnace 
Design and Practice,” by Professor R. J. Sarjant. AUTO- 
MOBILE DIvVIsION.—Tuesday, December 13, 5.30 p.m., 
Storey’s-gate, 8.W.1. “Internal Expanding Shoe 
Brakes for Road Vehicles,” by Mr. I. M. Waller. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Decem- 
ber 16, 7.30 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Presidential Address, “‘ Mainly About 
Steel,” by Mr. A. Roebuck, 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
, _ that no connection exists between 

ournal and any other publication bearing a 
similar title. , ’ 
Telegraphic Address : 
““ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPue Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 

t in town or country and from railway book- 

stalls, or it can be supplied by the Publisher, post free, 

at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 

places abroad, with the exception 
SN 2 epeticrett cise 


fA 10 0 
fA 5 0 


Subscribers receiving incomplete copies through 
nts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 


For Canada 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an.inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 


for advertisers’ blocks left in their possession for more 
than two years. 
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UNIVERSITY TRAINING OF 
ENGINEERS. 


Tr is in the nature of things that matters relating 
to the provision of courses of training in universities 
and technical colleges should receive constant 
attention, since such institutions, together, consti- 
tute one of the important organs of the body 
of any nation. Like any part of the human body, 
higher education presents various aspects analogous 
to the anatomical, physiological, morphological, 
and pathological, for study on the part of those 
who appreciate the need for continuous adaptation 
to the changes of the environment which we are 
encouraged to call progress. Natural growth, 
undergrowth, and even elephantiasis, may occur 
from time to time, as has recently been indicated 
in two well-documented books : Redbrick University, 
by an anonymous author, and The Crisis in the 
University, by Sir Walter Moberly. On the question 
of higher studies, and more particularly post- 
graduate studies, Sir Walter stirs an uneasy con- 
science by suggesting that, just as research men are 
producing the little papers and not the great books, 
so the authorities responsible for policy are perform- 
ing the little duties and not having the great 
thoughts. The many whose thoughts run in the 
same direction are, without doubt, each in his own 
place, adjusting their practice to their thoughts, 
imagining new expedients or reviving with a new 
bias old ones. It is in the English tradition to 
proceed by compromise to the best practice which 
can be found; hence the effective leaders are the 
great practitioners rather than the administrators 
or the theorists. The subject has many ramifica- 
tions, even when limited to the case of courses 
of university standard for engineers, as Dr. D. 8S. 
Anderson pointed out in a paper presented to the 
Institution of Mechanical Engineers on December 2, 





under the title ‘“‘The Provision of Technological 
Courses in Universities, Technical Colleges, and 
National Colleges.” 

Of the six questions posed by the author, the 
second is pivotal: Is the structure of degree and 
diploma courses satisfactory ? If not, what modifi- 
cations are desirable ? In order to realise the impli- 
cations of this query, due consideration should be 
given to the growing conviction in the minds of 
many qualified to speak that the applied sciences, 
as at present taught and developed, are out of place 
in the university. The view is that a university 
is a corporation of individuals whose aim is to 
preserve and review knowledge and culture acquired 
in the past, and actively to extend the boundaries 
of that knowledge. But, over a period of years, the 
universities have largely discarded these functions 
in favour of vocational training and investigations 
into problems of the day, and the appeal of scholar- 
ship has been ignored in the scramble for higher 
degrees and the rewards attached to such titles. 
In the scientific and technological faculties, finance 
from Government departments, industrial associa- 
tions, and industry itself have often determined the 
course and scope of the research undertaken, with the 
result that the teaching is arranged to produce 
quickly, and in large numbers, men trained for the 
needs of the moment. The dangers are implicit 
in two statements by Dr. Anderson: first, “the 
machine tool, automobile, locomotive, and marine- 
engineering industries might well benefit if specialised 
courses were provided for them”; second, “since 
the demand is not only for more, but for better 
technologists, there are some who would argue for 
a five-year course.” Clearly, there are grounds 
for the comment that to teach engineering technology 
in a university is unrealistic, since no university 
can now reasonably hope to possess up-to-date 


9 | equipment for the purpose. In this regard, the aim 


of a university is to provide leaders in engineering 
and industry, and, for this, students should learn and 
appreciate the modern discoveries of pure science 
from which will arise the industries of to-morrow. 
Moreover, within living memory generations of 
students have been ably equipped at intervals of 
three years by Perry, Unwin and other teachers. 

It is stated in the paper that “nearly every 
university and technical college seems to find that the 
chief subject of failure in applied-science courses is 
mathematics ” ; yet engineering departments either 
insist that mathematics, physics and chemistry be 
taught in a form which they think their students 
need, or decide that the engineer has so much 
technology to learn that systematic courses in these 
fundamental subjects should be eliminated. These 
observations touch the subject of structure of courses 
at several points. If science continues to grow at its 
present rate, how are students to keep pace with it ? 
Guidance to an answer is afforded by the history 
of science during the past two centuries. There 
has been a trend in the direction of specialisa- 
tion, first on broad lines, in pure mathematics, 
applied mathematics, physics, chemistry, geology, 
and so on, then narrower specialisation in certain 
branches, as, forexample, geometry, hydrodynamics, 
and geophysics. Now each branch provides work 
for a lifetime, and further specialisation offers an 
uninviting prospect, since the restriction of intellec- 
tual outlook gradually leads to mental sterility. 
Simultaneously, however, science has acquired 
through mathematical methods the power of 
abstraction and generalisation, coupled with a 
symbolism adequate to describe complex phenomena 
in a language distinguished by great clarity and 
conciseness. Thus the mathematician, penetrating 
into the inner structure of theories, is often able to 
detect common features, not obvious on the surface ; 
to bring specialists into contact with each other by 
disclosing connecting links between their respective 
studies ; to reduce a mass of descriptive theory to a 
few differential equations which can be grasped by 
the serious student. Of special interest to engineers 
is the fact that, more than a century before science 
reached its present state of complexity, Lagrange 
formulated a method of approach to the general 
theory of dynamics, which now extends from 
celestial mechanics to quantum mechanics. In the 
elementary treatment of mechanics, the method has 
not yet supplanted the more direct and physical 
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approach, owing to its rather general and abstract 
nature. Nevertheless, it seems probable that, 
in the course of time, Lagrange’s method will find 
its way to the beginning of text-books on mechanics. 
Engineers would welcome evidence of appreciation 
of the practical utility of such methods in treatises 
on applied mechanics and allied subjects written 
by those occupying university chairs of engineering. 
It may be that the ills implied in Dr. Anderson’s 
paper are largely to be attributed to the surfeit of 
‘little papers” and to the want of the “great 
books and great thoughts,” mentioned above. 

In speaking of post-graduate courses of various 
types, Dr. Anderson compares the numbers of 
candidates for the Ph.D. in chemistry with those in 
engineering, and finds the small numbers in 
engineering disturbing. On this point, it is relevant 
to remark that one of the objects of the creation 
of this title in British universities, at the close of 
the first World War, was to attract foreign students, 
especially those from the United States, who 
hitherto had read for it in Germany, where the 
title was established. In this respect, the scheme 
has met with trifling success. The authoritative 
views of Sir Walter Moberley and others on the 
intrinsic value, to professor and student alike, of 
much of the research undertaken on this account 
will meet with the approval of many responsible 
engineers and experienced scholars who know how 
easy it is to devote their time and energy to tasks 
which do not involve the expenditure of rea] think- 
ing, turning out papers which are evidence of 
industry rather than competence. The abolition of 
the Ph.D. in British universities would make for 
greater freedom on the part of those in charge of 
engineering faculties by removing a title wnich has 
added nothing to the prestige of British universities. 
It is in the mode of thinking that a university man 
differs from other men, not in the content of informa- 
tion. By the same token, among professors and 
lecturers, the good differs from the best in the 
matter of style, in the lecture room and outside. 
That is the quality which is remembered, most of 
all, of lecturers of the stature of Joseph Larmor, 
Max Planck, Carl Runge, and others. 

How, then, is the dead language of the little 
papers to be replaced by the living language of the 
great books from the pens by those who, years ago, 
placed British achievements in the van of engin- 
eering progress ? There is no doubt that a remedy 
for this country’s ills can be found only by increasing 
application of the methods of science to industry, 
and to the human problems associated with the 
highest level of production. In the matter of 
compromise, something may be learned from the 
long-established professions of law and medicine. 
There, students take a three-years’ university course 
in the fundamental arts and sciences of their 
profession, and then enter the arena of practice, 
where they receive further instruction from practi- 
tioners. The value of the subsequent legal studies 
owes much to courses of instruction by senior 
members of the Bar. Likewise, the direction of the 
great teaching hospitals is not given to specialists, 
because they are biassed towards progress of their 
own studies, but to individuals capable of embracing 
all the sciences. The specialist, at best, can only 
be an instrument in the hands of a person with a 
synthetic mind, who will use him as the senior 
physician of a great teaching hospital utilises the 
services of the bacteriologist or chemist. None of 
these scientists is ever given the direction of the 
treatment of a patient, for they cannot be trusted 
beyond the limits of their own field. By substituting 
technical college or technical university for teaching 
hospital, and consulting engineer or technical direc- 
tor for physician, one solution is obtained to the 
problem, a solution which has been developed and 
perfected through the centuries. An engineer study- 
ing for a higher degree, or one taking a refresher 
course, would thus come into contact with practi- 
tioners in the art, as well as the science, of engineer- 
ing. The thesis would be assessed with his former 
professor acting as external examiner, and the 
certificate would bear the imprimatur of his own 
university: The history of achievement in academi- 
cal engineering during the past 30 years affords little 
hope for improvement along present lines, yet a 
solution must be found in the near future. 


THE SCIENTIFIC WORK OF 
UNESCO. 


Ir appears from a chart published by the United 
Nations Educational, Scientific and Cultural Organi- 
sation (Unesco) that, in the manner of a genea- 
logical tree, 31 bodies, or committees, or conven- 
ticles, or whatever they may be, stem from the 
General Assembly of the United Nations. The 
first generation is represented by the Security 
Council, the Trusteeship Council, and the Econo- 
mic and Social Council. This latter body has 
twelve direct descendants, of which Unesco is the 
only one which need be mentioned here. It is 
much the most fertile of the lot and is shown to 
have produced sixteen children, grandchildren and 
great-grandchildren. Probably few engineers and, 
indeed, probably few of any other kind of people, 
have any clear idea of what this omnium gatherum 
is doing, or what they are getting for the money 
they are subscribing to sustain its activities, and 
they may be interested in the account of the 
proceedings of the great-grandchildren which is 
given in a recent Unesco publication bearing the 
title The Field Scientific Liaison Work of Unesco. 
This may be obtained from H.M. Stationery Office, 
price ls. 6d. net. 

The booklet deals with the work of what are called 
Field Science Co-operation Offices. There are four 
of these, situated respectively in Montevideo, Cairo, 
Delhi, and Shanghai. They are directed from the 
Division of Field Science Co-operation, located at 
the Unesco headquarters in Paris. One of the 
clauses in the document in which the constitution 
of Unesco is defined states that one of its duties 
shall be to “‘ maintain, increase and diffuse know- 
ledge . . . by encouraging co-operation among 
the nations in all branches of intellectual activity,’ 
and as one means of implementing this requirement 
it was decided to set up field offices in “‘ regions of 
the world remote from the main centres of science 
and technology.” The original Latin-American 
office was situated in Rio de Janeiro. Whether the 
reason that it has now been moved to Montevideo 
is that Brazil objected to being described as “‘ remote 
from the main centres of science and technology ” 
is not recorded. The East Asia office has also been 
moved ; it was originally in Nanking. The reason 
for this change of address will be obvious. 

It has been decided that these field offices shall 
‘concentrate on the exchange and supply of infor- 
mation, material and personnel,” and it would 
appear, from the reports of their activities, that 
they are essentially information centres, operating 
to some extent in unison, and with the central office 
in Paris. An example is quoted about an inquiry 
received at the Montevideo office for information 
about cold-resistant soya beans. As it was thought 
that suitable strains might have been developed 
in the colder northern provinces of China, contact 
was established with the East Asia office. It 
is stated that two copies of the document recording 
any information obtained “ will be sufficient,” one 
for the Headquarters Unit and one for the office 
files. It is clearly desirable to keep a record of 
any information obtained, but as any subject of a 
scientific or technological nature may be dealt with, 
it is permissible to wonder how much stationery 
is being collected. As Unesco is an international 
body, the staff of the offices are collected from a 
variety of countries. In Montevideo, ‘“‘a Spanish 
(Republican) biochemist” is “assisted by an 
Italian physicist.” In China, a Czechoslovak 
engineer worked with a Chinese industrial-welfare 
specialist and is now associated with an Australian 
biochemist. The Delhi staff contains an Hungarian, 
a Chinese and an Indian; and that at Cairo, a 
Belgian and a Norwegian. No information is given 
about the language in which affairs are conducted. 

Sections of the booklet describe the work of each 
of the several Field Offices. In Cairo, for example, 
inquiries have been received about cold-resistant 
wheat, heat-resistant beet, rubber plants, the 
fixation of sand dunes, deep-sea thermometers, 
bibliographies for scientific libraries, large-scale 
X-ray sets and the utilisation of solar energy. The 
greater part of the material handled is of an agri- 





cultural nature, but, as this brief list shows, en- 





gineering questions are also dealt with. No doubt 
the Belgian agricultural chemist and his assistant, 
a Norwegian mathematician, will know where to 
obtain the desired information but, clearly, those in 
charge of the offices cannot be experts on all sub- 
jects. This evidently applies to the writer of the 
booklet. In connection with inquiries about hydro- 
electric plants he remarks “‘it is extraordinary how 
apparently unrelated branches of science are tied 
up together” and discovers that ‘“‘the central 
constructive effort of the engineers touches geology 
at one point and agricultural matters at another. 
. . - Meteorology also comes into it, as dealing with 
probable rainfall and water supply.” The Institu- 
tion of Civil Engineers had realised this already. 

Similar naive remarks are, unfortunately, charac- 
teristic of the whole booklet, which is reminiscent 
of the more popular type of documentary film. 
The Field Office in Delhi ‘‘ is housed in the univer- 
dity buildings, and the sun coming in through 
the corridor windows is a good deal more powerful 
than in Cairo. Electric fans are a necessity, not 
a luxury, and the brass paper-weights which one 
has to use to hold everything down while one 
is working, are an additional irritation in the 
heat.” This kind of thing is presumably intended 
as local colour, but it is entirely out of place in 
an account of a scientific service. The issue of 
a publication describing the work of these Field 
Offices was desirable. It might be of service to 
serious workers in any country, but what they 
require is a factual record not a picturesque essay 
directed to an ignorant audience which, in any case, 
will probably not read it. 

Possibly one of the most useful activities of these 
offices is the supply of information about technical 
and scientific literature. In some cases assistance 
is rendered in obtaining library accessions, an 
example being the 150 volumes of “a certain 
important geological journal” presented to the 
Chinese Geological Survey by the University of 
Pretoria. The omission of the name of the journal 
is characteristic of this unscholarly publication. A 
valuable aid to workers in remote fields has been 
the introduction of Unesco Gift Book Coupons, by 
means of which individuals or institutions in soft- 
currency countries may purchase books from hard- 
currency countries, the clearing-house operations 
being carried out by the Unesco secretariat. In 
addition to books, the Field Offices also give assist- 
ance in the allocation of machinery and equipment 
for educational services. Through the United 
Nations Relief and Rehabilitation Administration, 
2,000,000 dollars worth of engineering plant has been 
supplied to 35 Chinese universities and technical 
colleges, the necessary local arrangements having 
been carried out by the Field Office. 

The whole of the information which is given in 
the booklet about the activities of the East Asia 
Field Science Co-operation Office appears to relate 
to the Nanking establishment, now closed. It is 
stated that, in this area, by February, 1949, 
“the politically disturbed state of the country 
was ... interfering with the programme.” This 
expression appears to be distinguished by modera- 
tion. Would it not be more accurate to say that 
the whole of the work which has been carried out in 
China must probably be written off? Perhaps 
some day, the ideology now ruling there may allow 
co-operation with other countries in scientific mat- 
ters, but there is as yet no sign of it. Asection of the 
booklet gives lists of the subjects on which questions 
were received by the various Field Offices and the 
institutions from which the questions emanated, and 
the portion relating to China shows that 24 govern- 
ment, educational and commercial organisations 
were in touch with the Nanking office. Some of 
these were situated in countries other than China, 
the Philippines being an example, and these will 
doubtless make contact with the new Shanghai 
office. The total list of the questions directed to the 
four offices covers a remarkable range. In some 
cases the type of information required should be 
particularly within the scope of Unesco ; examples 
are, legal advice on translating foreign books, and 
the supply of German and Japanese periodicals. 
In others, however, Unesco is likely to have been at 
a loss ; for instance, the query from India about the 
manufacture of synthetic rubber in Russia. 
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Marc IsamBarp BruNEL (1769-1849). 

Or the many ingenious men who, driven from 
their native land by political or religious events, 
have found asylum in England, few attained a more 
popular reputation than Marc Isambard Brunel, 
who died in London on December 12, 1849. It is 
true that, during the last years of his life, when 
failing health caused his retirement, his fame was 
somewhat overshadowed by that of his son, Isam- 
bard Kingdom Brunel, but, at one time, the elder 
man’s name was on everyone’s lips. He was born 
in France in 1769, and, as a young officer of the 
French Navy, during the Revolution he fled to the 
United States, where his talents found scope as a 
surveyor, architect and engineer. In 1799, in 
spite of a promising outlook in America, he came 
to England, his journey being, no doubt, consider- 
ably influenced by his attachment to Sophia King- 
dom, an English girl whom he had known in Rouen. 
They were married soon after Brunel reached 
England, and their son, J. K. Brunel, was born in 
1806, at Portsmouth. By that time, Brune] was 
busy with the installation in Portsmouth Dockyard 
of the series of machines for the quantity production 
of blocks, sheaves and deadeyes for H.M. ships, 
which were made for him by Henry Maudslay. 
In this task, he had the wholehearted co-operation 
of Sir Samue] Bentham, Inspector-General of Naval 
Works. The success of this machinery firmly 
established Brunel’s fame as a mechanician, and he 
subsequently devoted much attention to the 
improvement of other classes of machines. In 
1824, however, he turned from mechanical to civil 
engineering, and, for the next 20 years or so, was 
engaged on the construction of the Thames Tunnel 
beneath the river, between Rotherhithe and Wap- 
ping; a work of which the Duke of Wellington 
said, ‘‘Of my own knowledge, I can speak of the 
interest excited in foreign nations for the welfare 
and success of this undertaking ; they look upon it 
as the greatest work of art ever contemplated.” 
The Tunnel was opened to the public on March 25, 
1843, and within the next four months it was 
visited by over a million persons. Long a member 
of the Institution of Civil Engineers, Brunel was 
made an F.R.S. in 1814 and was knighted in 1841. 
The family tomb is to be seen in Kensal Green 
Cemetery. 


Tue INstrruTION OF MECHANICAL ENGINEERS. 

An interesting discussion arose after a meeting 
at the Institution of Mechanical Engineers held on 
Friday, December 2, at which Dr. D. S. Anderson 
presented an Education Group paper on “ The 
Provision of Technological Courses in Universities, 
Technical Colleges, and National Colleges.”” Taking 
the case for more and better training in technology 
as established, the author opened a discussion on 
the provision which should be made in the interests 
of industrial efficiency and supremacy, by posing a 
number of questions. In the case of full-time 
degree and diploma courses, he asked, was the pro- 
vision adequate, should the number of students be 
increased, and were there other branches of tech- 
nology for which courses should be provided 2 Was 
the structure of the existing courses adequate ? 
Should there be better provision of post-graduate 
courses ? Were modifications desirable in part- 
time courses? Should technological courses be 
liberalised by introducing non-technical subjects ? 
How should management studies be incorporated 
in technological courses ? Was there a need for 
other National Colleges (providing specialised 
courses) ? Was there an adequate interchange of 
staff between education and industry? Could a 
comparison be made of British and American prac- 
tice by analysing the qualifications of the technical 
staff of a firm in Britain, and a similar firm in the 
United States, to see to what extent British employ- 
ment of men trained to graduate standard was below 
the American level? Dr. Anderson pointed out 
that the broad general course, teaching fundamental 
principles, and leaving the student to learn his tech- 
nology in industry, was traditional in Britain, 
whereas in the United States specialisation was 
extreme. He asked whether the length of courses 


post-graduate courses to bring persons up to date 
in their knowledge was a field of development which 
was practically untouched, and the low proportion 
(1 in 30) of graduate engineers who proceeded to a 
Ph.D., as compared with the figure for chemists 
(1 in 4), was disturbing. Part-time courses had 
reached a high stage of development but arrange- 
ments should be made for the transfer of first-class 
students to full-time courses. Though most people 
agreed that courses in technology needed liberalising, 
it was difficult to see how that could be done. While 
arrangements for providing industrial experience 
for students were well established, improvements 
could still be effected in the interchange of staff ; 
more use should be made, in full-time courses, of 
technical staffs from industry as visiting lecturers. 
The discussion was opened by Sir Ewart Smith, 
who said that American productivity, which had 
started about equal to productivity in this country 
some 60 years ago, had gone ahead at an exponential] 
rate of increase of 3 per cent. per annum, while the 
rate of increase for this country was about 1} per 
cent. If we were to keep pace with this exponential 
growth, which was the natural rate of growth of 
anything, whether an organisation or a crystal, the 
output of technologists must also go ahead at an 
exponential] rate. In this country we could hold 
our own with anyone in the world as regards quality, 
but not as regards quantity. It was of the first 
importance, he said, to teach the potential leaders 
of industry and the community—the honours degree 
men—to think rather than to know. An informa- 
tive discussion ensued, but no one raised the funda- 
mental questions regarding Anglo-American com- 
parisons, namely, what environmental or circum- 
stantial conditions have been the prime cause, over 
the past 60 years, for the different rates of progress 
in the United States and this country ; and, while 
admitting the possibility of learning now from 
American experience, how it came about that 
certain things were done in the United States but 
not in this country. We comment editorially on 
Dr. Anderson’s paper on page 619. 


Tue IwstrruTION OF Gas ENGINEERS. 


During the first day’s session of the fifteenth 
Autumn Research Meeting of the Institution of 
Gas Engineers, held in London on November 29 and 
30, diplomas were presented by the president, 
Mr. C. H. Chester, O.B.E., and reports from the 
Institution’s Technical and Education Committees 
were considered, as well as three other technical 
papers. In the first of these were discussed the 
effects on coal carbonisation of the general shape of 
the rectangular type of retort, and some results 
were tabulated to indicate the nature of the econo- 
mies which can be effected. The paper on electro- 
detarring described how electrical preciptation had 
been used to remove from crude coal gas the tar 
fog or droplets which otherwise would contaminate 
ammonia and naphthalene washing plants and have 
other harmful effects. The third paper reviewed 
liquor disposal problems and outlined measures 
taken to comply with statutory requirements and 
to improve the quality of gas-works liquor, so 
that waste material caused no pollution when dis- 
charged into streams or rivers. On the second day, 
Dr. H. Hollings, of the Gas Research Board, was 
in the chair, and the proceedings included discussions 
on two papers concerned with the purification of 
gas, and on a third dealing with its enrichment by 
the catalytic synthesis of methane; experience 
from semi-scale plants indicated, apparently, that 
this method of enrichment would be satisfactory, 
though, under certain conditions, cost per therm 
might be increased. The 40th report of the Refrac- 
tory Materials Joint Committee was also considered ; 
this dealt largely with work carried out by the 
British Ceramic Research Association on the 
durability of carbonising refractories in continuous 
vertical retorts, and on refractory insulating 
materials. 


British ELECTRICAL EQUIPMENT AND CANADIAN 
STANDARDS. 


On page 313, ante, we drew attention to the fact 
that the export of British electrical equipment to 
Canada was rendered difficult by the stipulation 





should be increased to five years. The provision of 





that it must first comply with the Testing and 


Approvals Regulations of the Canadian Standards 
Association. To overcome the consequent compli- 
cations, Mr. D. M. Buist, export director of the 
British Electrical and Allied Manufacturers’ Associa- 
tion, proposed that some organisation should be 
set up in this country to carry out the appropriate 
tests and give the necessary approval. The desira- 
bility of such a step has since been emphasised by 
the delay which British manufacturers have been 
experiencing in obtaining approval in Canada, owing 
to the large increase in the number of applications 
which are being received from all countries. We 
are glad to learn therefore, that, as the result of 
discussions between the Candian Standards Associa- 
tion, the British Standards Institution, and the 
British manufacturers involved, and of a visit to 
Canada by representatives of those interested, it 
has now been agreed in principle that the British 
Standards Institution shall act as the agent of the 
Canadian Standards Association in this country 
and carry out the preliminary work of testing as a 
step to final approval. It is hoped that this scheme 
will come into operation early in January, 1950, 
when two engineers from the Canadian Standards 
Association are to arrive in London. One of them 
will remain in the United Kingdom for a year 
and will train two engineers of the British Stan- 
dards Institution so that they can subsequently 
take over the work. A statement is to be issued 
informing British applicants for approval where 
and how to send in their applications. It is under- 
stood that the arrangement, which should greatly 
relieve the work of the Canadian Standards Associa- 
tion, is to be subject to periodical review. It is also 
to be noted that the arrangement will not modify 
the necessity of apparatus complying with the 
Canadian specifications. 


160-MiLLIon ELECTRON-VOLT CYCLOTRON AT 
HarwELL. 


It is announced by the Ministry of Supply that 
the new Cyclotron at Harwell, which is the largest 
of its kind in Europe, successfully underwent its 
first full-scale trial on Friday, December 2. This 
machine, which is installed in an underground room 
100 ft. long by 45 ft. wide by 12 ft. high, with a 6-ft. 
reinforced-concrete roof, has been under construce 
tion for the past three years. It is designed to 
accelerate the voltage from a 150-kW short-wave 
radio oscillator in successive steps up to a present 
maximum of 160 million electron volts, although it 
is hoped to increase this to 180 million electron volts 
or more when the final adjustments have been made. 
The particles now being accelerated are the atomic 
nuclei of hydrogen which are, of course, heavier 
than electrons and are also much more effective in 
producing nuclear disintegrations. The new Cyclo- 
tron consists of a magnet containing 700 tons of steel, 
which is energised by an oil-cooled coil containing 
80 tons of copper and with an electrical loading of 
300 kW. The poles of this magnet are 110 in. in 
diameter and 12 in. apart. The accelerating system 
has a volume of about 500 cub. ft. and vacuum is 
maintained in it by continuously running pumps. 
The principal parts of the Cyclotron are water- 
cooled. A remote system of control has been 
installed and this incorporates a number of safety 
circuits to protect the personnel from the harmful 
effects of the radiation. It is pointed out by the 
Ministry that the Cyclotron is a research tool, not 
a generator of atomic energy. It will be particu- 
larly valuable in nuclear research, since it will enable 
new types of nuclei to be produced. 


THE NATIONAL FEDERATION OF ENGINEERS’ 
Toot MANUFACTURERS. 


The annual luncheon of the National Federation 
of Engineers’ Tool Manufacturers was held at the 
Savoy Hotel, London, on Wednesday, November 30. 
The toast of ‘‘ The Federation” was proposed by 
Lord Aberconway, C.B.E. After referring to some 
of the major advances in tool manufacture which had 
occurred in the past, he went on to emphasise that 
the customers needed educating as to the correct 
and most effective way of using the tools supplied 
by members of the Federation. In closing, Lord 
Aberconway referred to the export trade and 
remarked that the Continent was still on a war 





basis; he felt somewhat apprehensive, therefore, 

















about what might happen when German industry: 
for example, had returned to normal. In reply, 
the Hon. R. A. Balfour, Vice-President of the 
Federation, said that the importance of the fact 
that every machine tool sold was a potential user 
of tools greater in value than the machine tool itself 
could not be over-emphasised. The Federation, he 
continued, was an extremely flexible organisation, 
in which there was room for the largest and the 
smallest producers. In his opinion, the export of 
finished tools should be secondary to the need for 
keeping the manufacturers in this country in full 
production ; their’s was the last industry that lent 
itself to arbitrary conditions as to where their pro- 
ducts should go. ‘‘ The Guests ’was proposed by the 
President of the Federation, Mr. S. W. Rawson, and 
the response made by Dr. D. F. Galloway, Director 
of Research, Production Engineers Research Asso- 
ciation, who expressed his gratitude for the support 
given to his organisation by the industry and 
acknowledged the great service rendered by Lord 
Riverdale, first President of the Association. 





_LETTER TO THE EDITOR. 


‘* HISTORIC RESEARCHES.”’’ 
To THE EprTor OF ENGINEERING. 


Stz,—I desire to thank you for the helpful and 
kindly criticism of my book, Historic Researches, 
which you published in your issue of November 25, 
on page 552, ante. There is, however, one mis- 
leading remark in it which, in the interests of 
historical accuracy—and my own as a historian— 
I feel you might wish to correct. 

Referring to the chapter on the ether drift 
experiments, you say that “the negative result of 
these experiments led, as is indicated, to the 
Fitzgerald-Lorentz contraction and the theory of 
relativity.”” There is no support for this statement 
either in historical fact or in its implication that 
I made it. On page 81 of my book you will find 
that I have denied the truth of the statement. The 
denial could hardly have been more explicit. I 
wrote as follows: “It should be made clear that, 
in spite of frequent statements to the contrary, the 
theory of relativity did not owe its origin and 
inspiration to the null results of the ether drift 
experiments.” Lower down on the same page, 
after very briefly mentioning the true origin and 
inspiration of the special theory of relativity— 
Clerk Maxwell’s electro-magnetic equations and 
Lorentz’s work on them—I wrote: “Had the 
ether drift experiments never been performed, the 
theory of relativity would have arisen in the way 
it did, but it would have lacked one of its several 
sources of experimental confirmation.” 

Yours faithfully, 
T. W. CHALMERS. 

Byways, Knott Park, 

Oxshott, Surrey. 

Dec. 1, 1949. 


[We are glad to publish Dr. Chalmers’s correction, 
and regret that there should have been occasion for 
it.—Ep., E.] 





BUILDING PROGRAMME RETRENCHMENTS.—At a lun- 
cheon of the Federation of Associations of Specialists 
and Sub-Contractors, held at Grosvenor House, Park- 
lane, London, W.1, on December 1, the Rt. Hon. Charles 
W. Key, the Minister of Works and principal guest, 
implied that recent retrenchments in the building pro- 
grammes were temporary, and that, as far as possible, 
work in progress would continue, though there would be 
a slowing of the investment rate. 





THE MAUDSLAY SCHOLARSHIP.—In our issue of May 13, 
we reported that the Maudslay Society, which exists 
primarily to perpetuate the name and fame of Henry 
Maudslay (1771-1831), the famous pioneer in mechanical 
engineering, had enlisted the co-operation of the Junior 
Institution of Engineers, which began among the appren- 
tices in the Lambeth works of Maudslay, Sons and Field, 
which Henry Maudslay founded, in selecting recipients 
of the Maudslay Scholarship, recently established by 
the Society. The award of the first Maudslay Scholarship 
will be made at the inaugural meeting of the 69th session 
of the Institution, to be held at the Royal Society of 
Arts, London, W.C.2, at 7.30 p.m. on Friday next, 
December 16, to Mr. Jack Hope, a student of mechanical 
engineering at the Leeds College of Technology. 
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OBITUARY. 
THE EARL OF VERULAM. 


WE regret to record the death of the Earl of | 


Verulam, which occurred at the age of 69 at New- 
market on Tuesday, November 29, as the result of a 
motoring accident earlier in the day. 

James Walter Grimston, fourth Earl of Verulam, 
was born on April 17, 1880, and was educated at 
Eton and Christ Church, Oxford, where he took his 
degree in mathematics in 1901. He was subse- 
quently educated as an electrical engineer and spent 
his life on the commercial side of the electrical 
industry, in which he became widely known in con- 
nection with the manufacture of electric cables. 
He was chairman of Enfield Cable Works, Limited, 
and Enfield Rolling Mills, Limited, as well as being 
on the boards of several other companies. He was 
also the founder of the St. Albans Rubber Company, 
Limited. Lord Verulam, who succeeded to the 
title in 1924, played a great part in the local affairs 
of Hertfordshire and in particular took a deep 
interest in the excavations of the ancient Roman 
city of Verulamium, about half the site of which was 
on land which he transferred, some years ago, to 
the St. Albans City Council. He is, in turn, suc- 
ceeded in the title by his eldest son, Lord Forrester 
of Corstorphine, who is managing director of Enfield 
Cables, Limited, and Enfield Rolling Mills, Limited. 





LORD PENDER. 


WE also regret to record the death of Lord Pender 
of Porthcurnow, which occurred in London on 
Sunday, December 4, at the age of 67. Lord Pender 
was well known as the member of a family who 
were pioneers in the development of submarine 
telegraph communicaton and he himself had played 
a large part in the organisation of both submarine 
and radio communication, which led up to the 
formation of Cable and Wireless, Limited. 

John Cuthbert Denison Denison-Pender was born 
on May 11, 1882. He was the grandson of Sir John 
Pender, who, after being engaged in the textile 
industry in Glasgow, became a director of the first 
Atlantic Cable Company in 1856, and subsequently 
was a joint founder of the Anglo-American Tele- 
graph Company and chairman of the Telegraph 
Construction and Maintenance Company. His 
father was Sir John Denison-Pender, who was a 
director of the same company, besides being con- 
nected with other submarine cable concerns, as was 
his uncle, Sir James Pender. John Denison-Pender 
himself was educated at Eton and on leaving school 
joined the Eastern Telegraph Company, an organisa- 
tion with which also his family had long connections. 
He was engaged in many branches of its activities 
including a number of important cable-laying 
operations. He served throughout the 1914-18 war 
at first in France and Belgium and afterwards at 
the War Office ; and, on the conclusion of hostilities, 
was elected to Parliament for the Balham and 
Tooting Division of Wandsworth. He had previ- 
ously sat for the Newmarket Division. 

In 1922, however, he abandoned his political 
career, and devoted himself to the work of the 
large number of cable, telegraph and other com- 
panies of which he was chairman or director. On 
the formation of Cable and Wireless, Limited, seven 
years later, he was appointed governor and joint 
managing director and continued to hold this 
position when the name of the organisation was 
changed to Cable and Wireless (Holding), Limited, in 
1934. In 1942, while continuing to be governor, he 
became sole managing director. In 1929, too, he 
was appointed joint managing director of Inter- 
national and Imperial] Communications, Limited, 
and in 1932 was elected chairman. Two years later 
this company took over Cable and Wireless, 
Limited. He resigned his official positions with 
these companies in 1936, although he remained 
on their boards and those of several subsidiary com- 
panies until his retirement in 1942. He was also 
elected chairman of the Marconi Communications 
Company, Limited, in 1933. He was raised to the 
peerage as Baron Pender of Porthcurnow in 1937 
and was Commander of the Royal Danish Order of 
the Dannebrog. 
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THE INTERNATIONAL 
ASSOCIATION FOR 
HYDRAULIC STRUCTURES 
RESEARCH. 

(Continued from page 567.) 

WE continue below our summary of the papers on 
“Transport of Material,” presented at the Grenoble 
Reunion of the International Association for 
Hydraulic Structures Research. 

Mr. A. H. Beckett, in a paper entitled “* Condi- 
tions Initiating Bed Lift and the Effect of Tide 
Cycle Time,” gave some further details of the tests 
on bed movement in tide models being carried out 
by Sir Bruce White, Wolfe Barry and Partners, 
which were mentioned earlier by Mr. J. A. S. Rolfe 
(page 576, ante). These tests showed that bed 
movement was initiated by the difference in flow 
velocity around particles of bed material. Par 
ticles tended to move from zones of high differ- 
ence in velocity, or shear, to zones of lower shear. 
Bed movement was of three types : (1) rolling, where 
the fluid friction combined with the lift due to shear 
so that the resolved forces acted outside the base of 
the particle ; (2) saltation, where particles moved 
upwards out of the zone of high shear into a region 
incapable of support, from which they fell back to 
the bed; if the bed-material conditions and the 
fluid shear were constant over an area, a characteris- 
tic ripple formation would develop. This caused 
local variations in shear conditions which tended 
to build up the ripple form to greater amplitudes, 
to a limit determined by the angle of repose or the 
reduced water depth over the ripple crest. The 
amplitude and wavelengths of the ripples depended 
on the fluid depth and the size and density of the 
bed material. (3) Particles lifted from the bed 
might find conditions for support at a higher level ; 
this was the condition in which silt was carried in 
suspension. One of the advantages of tide models 
was the fact that a 12}-hour tide cycle was con- 
densed into a few minutes; in endeavouring to 
reproduce silt action, however, it might be found 
that the frictional resistance to vertical movement 
was great compared with the lifting and settling 
effects, and that the particles would not respond to 
the rapid tide-cycle of the model. This could be 
overcome by using bed materials composed of 
particles of larger diameter but lower specific 
gravity. The tide model must have for its bed a 
mixture of materials selected to respond to the 
lifting, travelling and settling effects of the tide 
cycle, and proportioned so that at any time the 
volume in motion was equivalent to that under 
natural conditions. At the turn of the tide, there 
was a marked increase in shear, lasting for a short 
period; this meant that bed-lift conditions were 
greatest when the velocity of flow was least. 
Materials, such as silt, of sluggish response and low 
settling rates, could therefore be lifted at the turn 
of the tide and subsequently travel considerable 
distances. Mr. Beckett mentioned briefly some 
tests in progress on a model having a supersensitive 
bed mixture, including materials only slightly 
heavier than water, and graded to respond as in 
Nature ; velocity was independently controlled, and 
the tide-cycle time could be varied. It was thus 
possible to vary lifting and transportation effects 
over a very wide range. An interesting result was 
the increasing activity of the model bed as the tide- 
cycle time was reduced. It had been possible to 
find a tide-cycle time for the model in which rolling, 
saltation and silt action had been observed to pro- 
duce physical changes closely agreeing with 
nature and sensitive to every variation of flow 
found in the spring-neap cycle. The actual rise and 
fall and velocities should, of course, be used as a 
basis of model operation. Mr. Beckett suggested 
that a fuller understanding of the lifting effect at 
the turn of the tide would have an important bearing 
on the use of sluices for clearing silt from basins. 

Mr. D. M. McDowell’s contribution, on “ A New 
Attitude Towards Design of Tide Models,” was also 
concerned with the design of tide models which 
would reproduce correctly the natural bed move- 
ment. The velocity range and the tidal period, he 
observed, must both be taken into account. Bed- 
material design would be greatly simplified if the 
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tidal period could be varied as desired; it would 
then be possible to run the model over a series 
of shortening tide cycles, until a period was found 
at which bed movement would appear to be well 
represented. In order that the water-flow pat- 
tern should be reasonably correct, it would be 
necessary to increase the model velocities simul- 
taneously with the shortening of the tidal period ; 
a condition for flow similarity was that the pro- 
duct of velocity scale and time scale should always 
be equal to the horizontal scale. Departure from 
the conventional tidal period might result in 
unnatural] tidal bores or standing waves due to the 
incorrect surface slope along the direction of flow. 
This effect would be most serious in models of long 
estuaries, for any change of water level at the 
mouth would travel up the channel! with the velocity 
of the gravity wave, which would not conform to 
the velocity scale of the model. This difficulty 
could be overcome by studying a section of the 
estuary at the point under consideration ; if the 
flow across the boundaries of such a section were 
arranged so that the velocity and rise and fall of 
the water were correct at the centre of the section, 
then the only error would be a slight increase of 
depth at one boundary and a slight decrease at the 
other. This section could be studied on a much 
larger scale than if the whole estuary were repro- 
duced to scale. Asmall-scale conventional model of 
the whole area might be desirable to complement 
the working of the sectional model. 

A mathematical treatment of the problem of the 
equilibrium of particles in suspension under condi- 
tions of varying turbulence was presented by Mr. 
A. Craya, in a paper entitled “‘ Schémas de Suspen- 
sion en Régime Variable.” The application of his 
solutions was, he said, limited by certain simplifying 
assumptions, but the analysis gave some idea of the 
order of time which was required for the establish- 
ment of equilibrium after the turbulence conditions 
had been altered. 

Mr. C. Carry described a method for calculating 
the mean velocity V,, of material carried in suspen- 
sion in open channels and in conduits. The method 
involved the assumption of the height above the 
bottom at which the particles ceased to be trans- 
ported along the bottom and were carried in sus- 
pension; the vertical-velocity distribution was 
derived from Von Karman’s logarithmic law, and 
the distribution of material-concentration was calcu- 
lated by a method due to Mr. H. Rouse. The 
expression which Mr. Carry finally derived for the 


Vv 
ratio nit where U was the mean velocity of the 


mixture, was independent of the. quantity of 
material carried in suspension. In the case of the 
conduit, the distribution of particle concentrations 
could not be determined directly from the logarith- 
mic law, and further assumptions which had to be 
made were discussed in some detail by Mr. Carry, 
who admitted that the calculations were long and 
arduous. 

Mr. J. P. Raynaud presented a paper on “ Char- 
riage Pseudo-Plastique.”” Some of the phenomena 
encountered in connection with the transport of 
material in a hydraulic channel showed analogies, 
he said, to plastic flow ; that is, certain suspensions 
resisted the continued application of a force, up to 
a certain value, but beyond this, flow started, and 
any further increase in the force would produce a 
corresponding increase in the flow velocity. The 
degree of plasticity exhibited by a suspension de- 
pended upon the concentration of material in the 
suspension. At Reynolds numbers below 2,000, 
plasticity led to a modified flow-velocity distribution 
in a circular conduit. Since the concentration varied 
over the cross-section of the conduit, the thickness of 
the peripheral plastic film would also vary, and it was 
possible to have plastic flow, turbulent flow and 
laminar flow co-existing in a section of the conduit, 
there being a gradual transition from one state to 
the next. By assuming various velocity distribu- 
tions, in accordance with the Schmidt-Rouse law, 
Mr. Raynaud demonstrated a method for deter- 
mining the thickness of the plastic film, and the 
distribution of plasticity; analogous reasoning 
could be applied to open channels. Mr. Raynaud 
also discussed briefly the effects of plastic flow upon 
head losses. 





Mr. R. K. V. Narasimham’s paper dealt with the 
“Failure of Peddavagu Causeway and Recom- 
mendations for its Reconstruction.” The Peddavagu 
Causeway, in Hyderabad, was provided with 25 
vents, each 8 ft. by 4-4 ft., with a segmental 
arch of 1-6 ft. rise, along the entire length of the 
causeway. The downstream apron was 18} ft. 
wide. During the heavy flood of September, 1947, 
the causeway failed; with the exception of six 
vents on the extreme left flank and four on the 
extreme right, the central portion of the causeway 
had tilted bodily towards the upstream side. 
Where this tilt was great, the masonry of the piers 
and arches and the downstream apron were severely 
damaged. These central vents, and one of the 
four nearly-intact vents on the right-hand flank, 
were found to be more or less completely blocked by 
trees, shrubs, and brushwood. A fairly deep 
trench, of varying width, had been formed in front 
of the blocked vents. It was concluded, said Mr. 
Narasimham, that when the central vents had 
become blocked during the flood, the sand in the 
bed immediately in front of these vents was dis- 
turbed and transported, causing a fairly deep trench 
which, in places, was below the foundation level of 
the upstream retaining wall. This resulted in the 
sinking of the retaining wall, and consequentiy the 
entire causeway over this length tilted over to the 
upstream side. The mode of transportation of the 
sand during the flood was suggested to be as follows : 
when a few of the vents had become blocked, the 
velocity immediately upstream of the causeway and 
below the crest level was suddenly reduced. This 
wuold induce a flow parallel to the causeway 
towards the open vents, with a velocity sufficiently 
great to transport the sand immediately in front 
of the blocked vents towards the open vents and 
through them, thus creating the trench in front of 
the blocked vents. Other theories, which seemed 
less probable, had been advanced, and it appeared, 
that the mechanism of the transport of sand should 
be established by model tests. 

For the reconstruction of this causeway, said 
Mr. Narasimham, it had been recommended that an 
impermeable upstream apron, 15 ft. wide, with a 
6-ft. retaining wall, should be provided for the 
entire length of the causeway. This would prevent 
the shifting of sand immediately in front of the 
vents. To shorten the period during which the 
causeway would be closed to traffic, some additional 
recommendations were made. The depth of flow 
over the roadway during floods could be reduced 
by providing a circular curve of 1-ft. radius to the 
upstream edge, which would increase the coefficient 
of discharge of the causeway acting as a weir, thus 
decreasing the depth of flow over the crest of the 
causeway. The arch ring could be given a pro- 
jection, on the upstream side, of semi-circular 
section, of diameter equal to the thickness of the 
arch, thus creating a bell-mouthed entry to the 
arched portion of the vent and allowing more water 
to pass through the vents, thereby reducing the 
depth of flow over the crest. This would, however, 
be effective only for those vents which did not 
become blocked during the floods; it would be 
useful during low and medium floods, when blockage 
was unlikely. The provision of a one-way camber 
of 1 in 60 towards the downstream edge was recom- 
mended instead of the usual two-way camber with 
a central ridge ; this also would reduce the depth 
of flow over the causeway during floods. In conclu- 
sion, Mr. Narasimham suggested that, in designing 
causeways across jungle streams, which brought 
down a lot of brushwood during floods, the calcu- 
lations for stability, high flood-levels and afflux 
should be based on the assumption that all the vents 
were likely to be blocked. 

This paper concluded the section on Transport 
of Material, 

(To be continued.) 





EXHIBITION OF COMPONENTS FOR THE RADIO, TELE- 
VISION AND TELECOMMUNICATIONS INDUSTRY.—An ‘“‘ Ex- 
hibition of British Components, Valves and Test Gear 
for the Radio, Television and Telecommunications 
Industry ” will be held from April 17 to 19, in the 
Great Hall at Grosvenor House, London, W.1. Further 
particulars regarding the exhibition may be obtained on 
application to the Radio and Electronic Component 
Manufacturers’ Federation, 22, Surrey-street, Strand, 
London, W.C.2. (Telephone : TEMple Bar 6740.) 





WORLD ENERGY RESOURCES AND 
THEIR UTILISATION.* 


By Dr. A. Parker, C.B.E. 
(Continued from page 569.) 

Txovas there are large reserves of peat in many parts 
of the world, there have been few systematic surveys 
of the area and thickness of peat bogs with the object 
of assessing the quantities available for use as fuel. 
For several reasons, the deposits have not, in general, 
been extensively exploited. By draining the bogs, 
cutting blocks or sods and drying them in stacks in the 
open in suitable weather, the water content can be 
reduced to between 20 and 30 per cent.; but cutting 
and drying in the open is usually practicable during 
only a few months of the year. Artificial drying is 
expensive in relation to the calorific value of the pro- 
duct, which is only about one-half that of bituminous 
coal. The bulk density of hand-cut peat blocks is less 
than one-half that of coal. In consequence, cost of 
transport is relatively high. By briquetting under 
pressure, the bulk density can be increased. Though 
this reduces the cost of transport, it increases the cost 
of production. It is only in areas where coal or other 
fuels are not easily obtained or are unusually expensive 
that peat has been used on any considerable scale. 
During recent years, there have been developments in 
mechanised methods of winning, harvesting, and drying 
peat; and it may be that in some areas there will be 
an increase in the winning of peat for general use. 

The fourth Statistical Year-Book of the World Power 
Conference gives what data are available on peat 
resources and production, but the information is far 
from complete. The most recent data are given in 
Table VI, herewith. According to this table, the 
recorded probable reserves in Europe in bogs of a mini- 
mum thickness of 20 in. are equivalent to about 
109,000 million tons of peat containing 25 per cent. of 
moisture ; and the corresponding reserves in the United 
States are equivalent to about 12,000 million tons. 
The total recorded reserves of rather more than 120,000 
million tons must be much smaller than the true quan- 
tity of world reserves, as there are no data for vast 
areas containing large quantities of peat. As the 
calorific value of peat is only about one-half of that of 
coal, 120,000 million tons of peat is equivalent to only 
about 60,000 million tons of coal or about 1 per cent. of 
the probable world reserves (over 6 million million tons) 
of coals and lignites. 

The recorded annual production of peat is about 
16 million tons, equivalent to less than 10 million tons 
of coal, or less than 1 per cent. of the quantity of coal 
produced annually. At the annual rate of production 
of peat given in Table VI, the recorded reserves would 


TABLE VI.—Probable Resources of Peat and Annual 














Production, Computed to Peat containing 25 per cent. of 
Moisture. 
Probable Reserves, | Annual Production, 
Country. Millions of Tons. Millions of Tons. 
Euro,2— 
Austria 79 0-1 
Denmark 246 5-7 
Eire = me 3,450 5-2 
Estonia... aa 2,000 0-2 
Finland... ¥., 3,450 0-2 
France 1,970 0-1 
Germany 9,840 0-5 
Hungery 118 — 
Latvia = 1,640 0-1 
Lithuania .. 255 0-8 
Netherlands 30 0-7 
Poland . 5,900 2-0 
Roumania 67 — 
Sweden 8,860 0-8 
U.S.S.R. 71,190 — 
North America— 
United States 12,345 0-1 
South America— 
Argentina .. 79 — 
Australasia— 
New Zealand 100 _— 
Total 121,619 16-5 











last for about 7,000 years. There are large areas of 
peat bogs in Great Britain, but they have not been 
systematically surveyed, and the Statistical Year-Book 
does not give an estimate of quantity. It is probable, 
however, that the total quantity in Great Britain is 
equivalent to an amount of the order of 10,000 million 
tons of peat containing 25 per cent. moisture. A survey 
has been begun of the peat bogs in Scotland. 
Information on resources of petroleum is much more 
uncertain than that about coal. On several occasions 
during the past 50 years, it has been predicted that, 
at the expected rates of production, the petroleum 
resources would be exhausted within 15 to 20 years. 





* The 36th Thomas Hawksley Lecture, delivered to 
the Institution of Mechanical Engineers at a meeting 
held in London on November 18, 1949. Abridged. 
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The predictions have all been incorrect, for though the 
rate of production has increased rapidly, new reserves 
have been discovered as surveys have advanced, and 
the estimates of resources have been correspondingly 
increased. Thirty-five to 40 years ago, world pro- 
duction of petroleum oils was less than 50 million tons 
a year. By 1938, it had reached 270 million tons, or 
roughly a five-fold increase in about 25 years. In 
1946, world production had risen to 370 million tons, 
and it is now about 500 million tons. 

Reference to the figures given by several authorities 
shows how greatly the estimates of world resources 
have been increased within recent years. In 1937, 
R. Regul, and in 1939, V. R. Garfias and R. V. Whetsel, 
gave estimates of 4,000 million and 4,350 million tons, 
respectively, for world petroleum reserves. This is 
approximately the quantity produced since 1937, but 
production still continues at a high rate. According 
to figures given by J. T. Duce, in evidence in 1942 
before a committee of the United States Senate, con- 
sidering a Bill in relation to synthetic liquid fuels, the 
estimated world reserves of petroleum at that time 
were in the region of 8,000 million tons ; this quantity 
would last for about 15 years at the present annual 
rate of production. M. K. Hubbert, in a paper pre- 
sented in September, 1948, to the American Association 
for the Advance t of Sci » gave a figure of more 
than 300,000 million tons as the possible world reserves 
of petroleum, one-half in land areas and one-half in 
continental shelves under the sea. This estimate was 
based on known yields and reserves of between 8,000 
and 9,000 million tons in 2-5 to 3-0 million cubic miles 
of sediments in the United States, and on the assump- 
tion that this amount could be multiplied by ten for the 
land areas of the world and that the continental shelves 
contained as much as the land areas. Hubbert expresses 
the opinion that the estimate is “ somewhat liberal.” 
It does not take into account the difficulties of tapping 
oil in some areas, particularly in the continental shelves 
well under the sea. 

C. G. Gester (1948) has collected data from what he 
considers to be the most recent reliable estimates. 
Figures derived from those given by Gester are set out 
in Table VII, on this page. The figures in this table 
give a world total of 10,000 million tons on a con- 
servative basis, and 13,000 million tons on an optimistic 
basis, or sufficient for only 20 to 25 years at present 
tates of production. Though it is generally believed 
that large additional reserves will be discovered as a 





TABLE VII.—Petroleum Resources in Millions of Tons. 





Indicated Reserves. 















































| 
Country. | 
| Conservative. Optimistic. 
Europe— 
Albania oe wn of 1-4 2-5 
Austria ne <a al 9-5 10-9 
Czechoslovakia wa ae 0-6 1-2 
France. . ro = oa 0-8 1-2 
Germany 7-3 11-4 
Hungary es 9-5 } 12-0 
Netherlands | 1-8 | 2-1 
Poland : | 4-1 | 6-4 
Roumania ool 53-2 67-9 
U.S.8.R. ae ‘ + 857-1 1,214-3 
United Kingdom ‘ 0-7 1-1 
Total 946-0 1,331-0 
North America— 
Canada 31-1 41-4 
Mexico os 120-0 139-3 
United States. . 3,534-5 4,000-0 
Total 3,685 -6 4,180-7 
South America— 
Argentina 36-1 46-4 
Bolivia .. 8-4 10-3 
Columbia =e ad 60-3 82-9 
Ecuador on ne ae 3-1 3-9 
Peru... ae an 21-1 28-6 
Trinidad i ws oa 29-8 89-3 
Venezuela és = oe 1,257-1 1,535-7 
Total EO ie ee 1,415-9 1,747-1 
rica— 
aot a 12-1 14-3 
Asia—Middle East— 
Bahrain and Saudi Arabia .. 1,041-6 1,500-0 
Iran .. «e -_ os 1,050-0 1,357-1 
eee ap ee Soe 821-4 1,071-4 
Kuwait ea a 601-1 1,428-6 
Quatar 142-9 214-3 
Total 3,657-0 5,571-4 
Asia—Far East— 
urma. . ic es 6-7 9-3 
India and Pakistan .. te 8-2 11-4 
Indonesia 2% de a 138-6 214-3 
Sarawak- Brunei 27-4 35-7 
Sakhalin .@ wa 8-6 10-7 
China and Formosa .. 2-1 3-2 
Japan oe ee 2-7 4°3 
Total 194-3 288-9 
World total 9,910-9 13,133-4 

















result of the surveys continuously in progress, it seems 
fairly certain that world petroleum reserves are much 
smaller than world reserves of coals and lignites. In 
terms of potential heat or energy value, 10,000 million 
tons of oil are equivalent to about 15,000 million tons 
of coal. This is only one four-hundredth part of the 
probable coal reserves of 6 million million tons. Even 
if the petroleum resources prove to be as high as the 
possible figure suggested by Hubbert, they would be 
equivalent to less than 8 per cent. of the coal resources. 

Of the estimated reserves given in Table VII, 30 per 
cent. to 36 per cent. are in the United States, 37 per 
cent. to 43 per cent. in the Middle East, 14 per cent. in 
South America, and 9 per cent. in the U.S.S.R., leaving 
only 5 per cent. for the rest of the world. The propor- 
tion in Europe, excluding the U.S.S.R., is only about 
1 per cent. The amounts discovered in Africa and 
Australasia are insignificant. Intensive surveys in 
Great Britain during the last few years have led to the 
discovery of only very small reserves of petroleum, 
estimated at about one million tons. 

Approximate figures for the annual rates of produc- 
tion of crude petroleum in the principal producing 
countries during the 21 years 1927-47 are given in 
Table VIII, on this page. The data from which this 


TABLE VIII.—Production of Crude Petroleum by Principal 
Countries : Annual Averages in Millions of Tons. 


















































1927 | 1930 | 1933 | 1936 | 1939 | 1942 | 1945 
Country. to to to to to to to 
1929.| 1932.) 1935.) 1938.) 1941.| 1944.) 1947. 
a | | | | 
ro : — 
Europe— | | | 
Roumania “e 4); 7 | 8 7 6 | 5 | 4 
U.S.S.R. .-| 12] 20] 24 | 28 31] 28| 2 
Other countries .. i. 2 1 2 si 2 2 
} | | —— 
Total 17} 28); 33 37 39 36 31 
North America. -| | | | | 
Canada | — | —-|— 1 RT 23 3 
Mexico .. a 8 | | 6 6 7 6 7 
United States 127 114 | 132 | 162 | 180 | 208 | 237 
es ee ae Sa aes |_—— 
Total 135 | 119 | 188 | 169 | 188 | 215 | 245 
South America— | | 
Argentina me 1 2 2 2 | 3 3 | 3 
Colombia << 3 2 3; 8 2; 3 
Peru ve ; ' 2 2 2 2 | 2 oa 
Trinidad .. a 1 | 1 r. a 2) 21 6 
Venezuela | 15} 18] 20| 26] 29] 28 | 55 
Total -+| 22 26) 27) 35 40 | 38 | 66 
Africa— | 
Egypt : — ~- — — 1 1| 1 
Asia— Middle East— | 
Bahrain and Saudi | 
Arabia ;—-}|—/| —] 1] 2] 2] 6 
Tran = es er O31 9 8; 11 19 
Iraq S on —-|— 2; 4/] 8] 4] 5& 
Other countries... —{| —/| —/} —| —| —]| 2 
2 ee Se See ee See! 
Total eof 6 6 9 14 13 17) 381 
Asia—Far East— | | | 
Indonesia re or Bt €F Vf. 3 5 2 
Other countries -+| 1 zs; SBF 8) Bi 8 | 2 
Total .| &| 6] 8| 10] o| 7] 4 
World total. . 185 | 185 | 215 


| 265 | 290 | $14 | 378 








table has been compiled have been drawn from several 
sources, but mainly from figures in the Petroleum Press 
Service and from statistics of the Imperial Institute. It 
is interesting to observe that, throughout this period, 
60 per cent. to 70 per cent. of world supplies have been 
produced in the United States, 8 per cent. to 15 per cent. 
in Venezuela, 6 per cent. to 11 per cent. in the U.S.S.R., 
and 3 per cent. to 8 per cent. in the Middle East. These 
four areas together have provided about 90 per cent. of 
the total quantity. According to the data available 
for 1948 (not in Table VIII), the total amount of 
petroleum produced in that year was about 480 million 
tons, including 286 million tons (60 per cent.) in the 
United States, 67 million tons (14 per cent.) in Vene- 
zuela, 58 million tons (12 per cent.) in the Middle East, 
and 30 million tons (6 per cent.) in the U.S.S.R. Within 
the last 15 years, world oil production has been more 
than doubled. In the same period, production has been 
doubled in the United States, trebled in Venezuela, 
and has been increased to about seven times in the 
Middle East, where further substantial increases are 
expected in the next few years. It is worthy of note 
that, in the last two or three years, large reserves of 
oil have been found in Alberta, where production has 
already been increased from about one million tons in 
1946 to a rate, in the middle of 1949, of about 2-5 
million tons a year. 


(To be continued.) 





Paris Fatr.—The next Paris International Trade Fair 
will be held at the Porte de Versailles from May 13 to 29, 
1959. The London office of the Fair is at 14-15, Rugby 
Chambers, Rugby-street, W.C.1. 








EXTENSIONS AT TAKORADI 
HARBOUR. 


Takoran! is the only deep-water port on the Gold 
Coast and its harbour, which was opened in 1928, has 
an area of 220 acres with 14 miles of breakwater, 
There are 20 moorings for tugs and lighters and six 
for ocean-going ships. The only other port on that 
part of the coast is at Accra, where ships have to be 
off-loaded into surf boats and lighters. 

A contract for the extension of Takoradi harbour 
was recently let to Taylor Woodrow Construction, 
Limited, Southall, Middlesex, and involves the lengthen. 
ing of the main quay by 1,200 ft., so that it will be 
possible to increase the number of ships berthing from 
three to six. In addition, a new transit shed and coal! 
dumps are to be built and the bauxite-loading conveyor 
is to be moved to a new site. The extended quay wall 
will be made up of concrete blocks, each weighing 
15 tons, and for its construction 100,000 cubic yards 
of concrete will be necessary. The depth of water 
in this area is between 40 and 45 ft. and to provide 
the necessary foundations the silt will be removed from 
the sea bed and the rock crust removed by a 10-ton 
Lobnitz rock hammer operated from a barge. The 
existing breakwater will form the other quay wall, 
the area between being filled with earth. 

Other facilities will include a number of electric cranes 
and 12 miles of railway track. A running shed and 
marshalling yard are also to be constructed, work which 
will make it necessary to remove 1,600,000 cubic yards 
of earth from Cox’s Fort Hill, a local landmark. The 
spoil thus recovered will be used on reclamation work 
throughout the harbour area. The approach to the 
quay will be widened by reclaiming an area of over 
40,000 sq. yards to allow room for coal sidings and 
cargo platforms. Three wharves, requiring 35,000 
cubic yards of concrete, are to be built for handling 
the logs which form one of the largest exports from 
Takoradi. These logs will be sorted on the wharves 
and made into rafts, which will be floated out to ships 
in the harbour and picked up by cranes. A further 
addition is to be a sawn-timber shed for dealing with 
the increasing trade in this commodity. 





ADVANCED ENGINEERING 
INSTRUCTION. 


In 1947, the British Thomson-Houston Company, 
Limited, Rugby, inaugurated a system of advanced 
engineering instruction, mainly for graduate appren- 
tices who had spent a year with the firm since taking 
their degree. The courses were arranged to last for 
two years and were designed to provide instruction in 
the advanced analytical methods required in modern 
engineering work. The syllabus was general, with 
mathematics as its basis, because that subject forms a 
foundation for all branches of electrical technology. 

As an essential feature of this Advanced Engineering 
Course is to provide guidance in dealing with design 
and research problems, it may be interesting to mention 
that the first-year course consists of two weekly lectures 
given during working hours; homework associated 
with these lectures; and an evening tutorial class of 
two hours. One lecture is part of a continuous series 
on mathematical subjects which are of value in prac- 
tical engineering. The second deals with a practical 
problem which has been solved by means of the 
mathematics covered by the first lecture. The home- 
work consists partly of text-book study and partly of 
a problem based on actual practical work. The tutorial 
class provides an opportunity for discussing any diffi- 
cult points. The first year course is complete in itself 
and on its conclusion a small number of students 
are selected for a second year. 

It may be pointed out that this course, the success 
of which has been proved by two years’ experience, is 
intended to supplement and not to overlap the work 
of the universities. In fact, the course starts where 
the ordinary degree course leaves off, and provides 
additional instruction in methods underlying more 
advanced engineering work. An important factor is 
that, owing to the close contact in the works with the 
trends of practical development, the most useful sub- 
jects can be chosen for study; the scope of the 
course can be changed as occasion requires. 





50-ToN ARBOR PRESS.—Messrs. Chamberlain Indus- 
tries, Limited, Staffa-road, Leyton, London, E.10, have 
recently added to their rarge of “ Staffa”’ products a 
new arbor press which can exert a force of up to 50 
tons and is suitable for general duties such as assembly 
work and pressing. It incorporates a self-levellir g work- 
table and a vertical ram which is brought down on to the 
work by a two-speed hand-operated hydraulic pump. 
The maximum vertical distance between the ram and 
the work-table is 38 in., the minimum is 6 in.,and the 
horizontal internal distance between the side members is 
39 in. 
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METALLURGICAL APPLICATIONS 
OF THE ELECTRON MICROSCOPE. 


A MEETING, organised by the Institute of Metals, in 
association with other scientific and engineering bodies, 
and briefly mentioned on page 566 in our issue of 
November 25, was held at the Royal Institution, 
Albemarle-street, London, W.1, on Wednesday, Novem- 
ber 16, to review and discuss 13 papers on the use 
of the electron microscope in metallurgy. The pro- 
ceedings were divided into morning and afternoon 
sessions, under the chairmanships, respectively, of 
Sir Arthur Smout, J.P., President of the Institute of 
Metals, and of Dr. F. C. Toy, President of the Institute 
of Physics. 

There was some overlapping between the subject- 
matters covered, but the seven papers summarised in 
the morning by Dr. V. E. Cosslett, of the Cavendish 
Laboratory, Cambridge, dealt mainly with develop- 
ment and operating techniques, while the six reviewed 
in the afternoon by Dr. N. P. Allen, of the National 
Physical Laboratory, were more concerned with the 
metallurgical uses to which the instrument was being 
put. In the discussions, different opinions were 
expressed to explain some of the phenomena revealed by 
the microscope ; and it seems that any conclusions must 
be drawn cautiously, since many points about the 
methods used for examining metal specimens require 
further investigation before full reliance can be placed 
upon the instrument for metallurgical purposes. 

The development and general features of the electron- 
microscope, one version of which was described and 
illustrated in ENGINEERING, vol. 164, page 20 (1947), 
were included in the texts of two of the morning 
papers, “The Application of the Electron Microscope 
in Metallography,”’ by Dr. N. P. Allen, and “ Electron 
Microscopy in Metallurgy,” by Professor Pierre Grivet, 
of the Sorbonne, Paris. It is essentially a transmission 
instrument, in which electrons from a high-voltage 
source are concentrated in a narrow beam upon the 
object to be examined and pass through to be diverged 
electromagnetically or electrostatically to form an 
enlarged image upon a photographic plate or fluorescent 
screen. To quote Dr. Allen, the image has many of the 
characteristics of a shadowgraph, its intensity being 
determined by the thickness and density of the object 
through which the electrons pass. The wave nature of 
these permits of very great resolving powers, so that 
magnifications can be produced much greater than those 
of the optical microscope, though full advantage cannot 
always be taken of this property. In the optical 
instrument, wide-angle illuminating systems are used to 
give high resolving powers, but in the electron micro- 
scope, the angular aperture is small and therefore gives a 
comparatively large depth of focus which is particularly 
useful for examining coarse powders or deeply pitted 
surfaces. The highest resolutions in metallurgical work 
are attained only with selected test objects, and are 
rarely better than 200 Angstrém units (2 x 10-¢ cm.), 
owing to limitations in associated techniques. 

In general, the papers as well as the discussions on 
them indicated that the electron microscope is in the 
stage of being established as a research tool in metal- 
lurgy, and has made less headway in this field than 
in biology for example, because of doubts and diffi- 
culties concerning the methods employed for examining 
the surfaces of metal specimens. Most metals are 
relatively opaque to electrons of the velocities normally 
used, so that their surfaces cannot be viewed directly 
as with the optical instrument. After polishing and 
etching, these surfaces are therefore examined by 
means of transparent replicas, commonly of a plastic 
nature. The replicas themselves are essentially 
moulds or negatives of the surface to be studied, and the 
plastic type consists of a thin film formed by allowing a 
suitable organic material, such as cellulose or Formvar, 
to drain and evaporate from the metal surface. The 
film is carefully removed, sometimes by means of a 
reinforcing or backing agent, such as nitro-cellulose ; 
this is applied and adheres to the top or free surface 
of the replica, but is subsequently dissolved away. 
Crevices in the metal therefore appear as ridges on 
the replica and vice versa. 

In Dr. Allen’s paper, compiled as part of a general 
research programme of the N.P.L., emphasis is placed 
on the importance of suitable etching methods, and 
some replica techniques are reviewed. Differences in 
the surface level of the metal due to etching should be 
sharply defined and characteristic of the features to 
be revealed, and further investigations are needed to 
produce suitable reagents ; those causing deep pitting 
are undesirable, since the replica then becomes keyed 
or dovetailed to the metal—a point made in other 
papers—while those producing a contrast by depositing 
a tarnish film are unsuitable, since the replica then 
reveals only the “‘ more or less rough surface of the 
tarnish film.” According to Dr. Allen, replicas seem 
to reproduce the underlying surface of the metal to a 
remarkable extent, thought they sometimes become 
torn or strained while being stripped away, a contin- 
gency which is possibly prevented by skill in polishing 


and etching. Increased strength can be ensured by 
using a thicker replica at the cost of reduced contrast 
in the image, though this can be partly offset by 
shadowing the replica with metal evaporated on 
to it from the side. Other aspects covered in the same 
paper include a brief survey of some metallurgical 
problems for which the electron microscope could be 
used, as, for example, the collection of evidence con- 
cerning the existence of ‘amorphous metal” on slip 
planes or at grain boundaries, or for the study of the 
hitherto irresolvable constituents of hardened and 
tempered steels. The manner in which the instrument 
might help to investigate the relationship between 
structure and strength is also indicated. 

Professor Grivet’s paper, which also describes the 
electrostatic type of electron microscope, refers to the 
emission types making use of electrons emitted by the 
specimens themselves after being transformed into 
electron sources by heating, ultra-violet light, or by 
low-speed electron beams. Methods of preparing 
powders for examination are described, as well as some 
of the limitations of etching and replica techniques, 
and he concludes that real metallurgical research with 
the instrument is only just beginning. Like the papers 
by Dr. Allen and Professor Grivet, that by Dr. H. 
Mahl, of the Siiddeutsche Laboratorien, Baden, on 
“The Use of the Electron Microscope in Metallurgical 
Research in Germany During and Since the War,” and 
by Mr. C. M. Schwartz, of the Battelle Memorial Insti- 
tute, Columbus, Ohio, on ‘‘ The Progress of Electron 
Microscopy of Metals in America (Excluding Light 
Metals),” review the general features of the microscope 
and various replica techniques. In Germany, appar- 
ently, the instrument has been used mainly for the 
study of the microstructures of aluminium, aluminium 
alloys, copper-beryllium alloys and steels, the latter 
usually being unalloyed steels in various stages of 
annealing ; a “ more or less” pronounced decomposi- 
tion structure, undetectable with the optical micro- 
scope, was found in the steels. Dr. Mabl’s paper also 
refers to the process of hydrochloric-acid etching of 
aluminium, and to the influence of structure deforma- 
tion on the etch figures. 

The paper by Mr. Schwartz explains how replica 
techniques were developed to reveal the nature of 
surfaces which could not be split or divided for micro- 
scopical examination, as, for example, the surface of 
journal-bearing shafts before and after wear tests. In 
common with Dr. Allen, the author emphasises the 
importance of suitable etching methods, and the 
danger of etching the surface too deeply so that the 
replica becomes keyed to the metal. He considers, 
however, that techniques are now available for pro- 
ducing adequate resolutions and contrast, and that one 
of the reasons delaying the fuller use of the instrument 
is the failure to demonstrate the “ unquestioned 
reliability and reproducibility of the various techniques 
in the hands of different workers.” 

The other three papers of the morning session dealt 
more with ‘“‘the perfection of methods rather than 
with their application.” The paper on “ The Structure 
of Some Non-Ferrous Alloys as Revealed by the 
Electron Microscope,” by Dr. G. L. T. Bailey and Miss 
Sheila Vernon-Smith, of the British Non-Ferrous 
Metals Research Association, compares various replica 
techniques and describes some of the results obtained 
during the examination of aluminium-magnesium 
alloys and of aluminium bronze. References are made 
to the positive replica techniques using comparatively 
thick and strong plastic films to obtain negative 
replicas from which thin positives are formed, the 
negatives being dissolved away by suitable solvents. 
The positives are free from mechanical strains due 
to stripping, so that there is less chance of being 
deceived or puzzled by “ artefacts ” in the image ; that 
is, by the appearance of phenomena which are not really 
present or do not represent the true condition of the 
metal surface being examined. According to the 
authors, positive replicas are less likely to leave 
fine detail undetected, and the success of the method 
is probably less critically dependent upon the depth 
of etching, though its preparation requires more time. 
The authors also refer to the use of silica replicas and 
discuss possible causes of some of the results obtained 
in their investigations. 

The two joint papers by Dr. J. Nutting, of the 
British Iron and Steel Research Association, and by 
Dr. V. E. Cosslett, give details of replica techniques 
tried out at the Cavendish Laboratory as part of one 
of the Association’s research programmes. One of these 
papers, “ A Replica Technique for the Examination 
of Fracture Surfaces with the Electron Microscope,” 
describes how replicas were obtained by pressing the 
polished surfaces of aluminium foils against suitably 
etched metal specimens. The aluminium foils were 
subsequently oxidised electrolytically, and the oxide 
film removed and examined in the microscope. In the 
cases described, pressure was applied through a die to 
prevent any lateral] movement of the aluminium over 








the surface of the specimen. Artefacts can also occur in 
this technique apparently, one of the worst being attri- 





buted to electrolytic polishing, and showing up as 
globular markings on the replica images. 

The other paper by these two authors, “‘ The 
Stripping of Formvar Replicas from Etched Metal 
Surfaces,” covers experimental work showing the effect 
of etching conditions upon the removal of plastic 
replicas from pearlite and sorbite in a range of carbon 
steels. Curves are given to illustrate how the etching 
time to produce a satisfactory surface structure’ 
increases with lamella spacing, and to show, on the 
other hand, that the replica is mechanically strained 
during removal if the etching time is too long. As in 
other papers, it is indicated that the keying or dove- 
tailing of the replica to the troughs and crevices formed 
during etching prevents satisfactory stripping—-a point 
also brought out during the discussion. 

The discussion on the seven morning papers was 
opened by Professor F. I. Finch, of the Imperial College 
of Science and Technology, who said that there is 
a tendency for investigators to be fascinated by the 
electron microscope itself, whereas it should be used 
alongside electron-diffraction, X-ray, and other tech- 
niques in the search for new metallurgical knowledge. 
Improvements in the microscope should now be left 
to the electron optician and instrument maker, though 
reliable methods for studying metal surfaces would 
have to be developed by the metallurgist ; in Professor 
Finch’s opinion, the replica technique is still unsatis- 
factory. Dr. G. L. J. Bailey, in discussing the artefacts 
caused by the unevenness of the free surface of the 
replica, indicated that this will follow or copy to some 
extent the form of the underlying surface in contact 
with the metal, and that there will be local stresses 
where the replica passes over sharp ridges or crevices. 
If the replica remains long enough in the viscous con- 
dition, these stresses may relax, and some lateral flow, 
aided perhaps by surface tension, may then help to 
flatten out the top surface. It was uncertain, however, 
how the final smoothness or otherwise depended upon 
the draining of solution from the metal specimen or 
upon the evaporation of the solvent from the replica 
film so ruhees iy 

The effects of top-surface unevenness were also 
referred to by Mr. J. Trotter, of the N.P.L., who repro- 
duced slides showing some artefacts due to this cause. 
In one instance, the upper surface had been chromium 
shadowed to suppress details of the lower surface in 
contact with the metal; despite this, many of these 
details appeared in the final electron micrograph, 
suggesting, apparently, that some unevenness may 
unimportant. Dr. Hume-Rothery said there is 
initially a tendency to assume that the images pro- 
duced are similar to those which would appear under 
the optical instrument, and that some apparent 
discrepancies between certain results illustrated 
in the papers needed further explanation. The 
correct surface structure for a eutectoid steel, with its 
greater proportion of ferrite than cementite, was 
revealed in photographs reproduced by Mr. Schwartz, 
whereas these two constituents appeared in more equal 
proportions in those reproduced by Dr. Nutting and 
Dr. Cosslett in the second of their two papers ; similar 
results were given in Dr. Allen’s paper. Dr. Nutting 
attributed this anomaly to the manner in which pearlite 
etches, and to the rlite lamelle not being always 
normal to the alka. The cementite lamelle are 
narrow and the ferrite spacing is large, so that if the 
lamelle are inclined to the surface, the replica will 
tend to show structures in which the narrower cemen- 
tite appears relatively wide and present in high 
proportions Professor Finch considered this explana- 
tion unsatisfactory, and said that more investigations 
were needed in order to expose the surfaces and obtain 
different lamellz orientations or slopes, and to relate 
such work to the resulting electron micrographs. Dr. 
Allen pointed out that investigations of this nature 
had been made by Colonel Blair, and referred to a photo- 
graph in his own paper indicating that the lamelle 
were cut nearly at right angles in some areas and in 
others, at different angles—a supposition supported 
by the relative proportions of cementite appearing in 
these areas. He agreed, however, that the replica 
techniques needed further study before they could be 
relied upon to show the real nature of the metal surface, 
and used for metallurgical research ; at the N.P.L. they 
relied considerably upon the use of several different 
replicas. 

After some further remarks by Dr. Nutting and Pro- 
fessor Finch, Dr. Cosslett said he agreed with the latter 
to the extent that it was most important to use the 
replica technique in conjunction with every other 
means of examining the metal surface, a point some- 
times overlooked when the electron microscope was 
first developed. In this instrument, only a very 
small area could be examined and there was no certainty 
that this was representative of the whole surface, 
Professor Finch finally referred to aluminium-oxide and 
silica replicas, and said that little was known about the 
size of the aluminium or silica molecules to justify the 





assumption that resolution was limited by molecule size. 
(To be continued.) 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “* NORDHVAL.”—Single-screw cargo vessel, built 
by A/S Nakskov Skibsverft, Nakskov, Denmark, for 
A/S Dampskibsselskabet ‘“‘ Norden,” Copenhagen, Den- 
mark. Second vessel of an order for two. Main dimen- 
sions: 433 ft. 32 in. (overall) by 57 ft. 6 in. by 28 ft. 9 in. 
to main deck ; deadweight capacity, 8,600 tons. B. and 
W. six-cylinder two-stroke single-acting Diesel engine to 
develop 4,100 b.h.p. and a speed of about 14 knots 
loaded. Trial trip, November 23. 

M.S. “ BRITISH CAPTAIN.”’—Single-screw tanker, for 
carrying petroleum in bulk, built and engined by Messrs. 
Harland and Wolff, Limited, Govan, Glasgow, for the 
British Tanker Company, Limited, London, E.C.2. 
First vessel of an order for three. Main dimensions : 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, about 12,300 tons. Harland- 
B. and W. six-cylinder single-acting four-stroke Diesel 
engine, to provide service horse-power at 115 r.p.m. 
Trial trip, November 23. 

S.S.  “‘ MENDIP.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
the British Electricity Authority, London, W.1. Main 
dimensions: 224 ft. by 36 ft. by 16 ft. 3in.; deadweight 
capacity, about 1,700 tons. Triple-expansion super- 
heated steam engines and two boilers, constructed by 
the North Eastern Marine Engineering Company (1938), 
Limited, Sunderland. Speed in service, 10 knots. 
Launch, December 5. 

M.S. “‘ PATHFINDER.”’—Single-screw vessel for carrying 
bauxite ore in bulk, with accommodation for twelve 
passengers, built and engined by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- 
Tyne, County Durham, for the Pan Ore Steamship 
Company, Incorporated, Panama City, Panama. First 
vessel of an order for two. Main dimensions: approxi- 
mately 447 ft. (overall) by 60 ft. by 29 ft. 6 in. to upper 
deck ; deadweight capacity, about 7,500 tons. Haw- 
thorn-Doxford five-cylinder oil engine, developing 
3,400 b.h.p. at 135 r.p.m. Launch, December 6. 





LECTURES ON METAL FINISHING. 


A coursE of lectures on “ Modern Developments in 
Metal Finishing,” will be delivered in the Department 
of Applied Chemistry of the Northampton Polytechnic, 
St. John-street, London, E.C.1, on Wednesday evenings, 
at 7 p.m., commencing on January 11, 1950. The first 
two lectures, on January 11 and 18, will be delivered 
by Mr. E. A. Ollard, of the British Non-Ferrous Metals 
Research Association, who will deal with “ Recent 
Developments in Electrodeposition Processes ”’ and 
** Recent Developments in Plant for Electrodeposition.” 
The lecturer on January 25 will be Mr. H. A. Holden, 
of the Pyrene Company, Limited, who will speak on 
“‘ Phosphate Treatments for Iron and Steel Surfaces ” ; 
while, on February 1, the subject of ‘‘ Methods for the 
Protection and Decoration of Aluminium” will be 
dealt with by Mr. V. F. Henley, of Messrs. W. Canning 
and Company, Limited. The lecture on February 8 
will concern the similar subject of “‘ Methods for the 
Protection of Magnesium Alloys,” the lecturer being 
Dr. W. F. Higgs, of Magnesium-Elektron Limited. 
“The History and General Principles of Vitreous 
Enamelling ” will be the lecture to be delivered on 
February 15 by Mr. W. E. Benton, of Messrs. S. Flavel 
and Company, Limited, while that for February 22 will 
concern “ Vitreous Enamels, their Compositions and 
Methods of Application,” the lecturer being Mr. S. 
Hallsworth, of Metal Porcelains Limited. The last 
lecture of the series, namely, “ Vitreous Enamels and 
Their Value in Industry,” will be delivered by Mr. H. 
Laithwaite, of Radiation Limited, on March 1. The 
fee for the course is 15s., and admission is effected either 
by personal enrolment at the office of the Polytechnic, 
on any day between 10 a.m. and 7 p.m., or by post. 





SPHEROIDAL-GRAPHITE Cast IRON.—The Mond Nickel 
Company, Limited, announce that United States patents 
have been granted to the International Nickel Company 
and that British applications, made in the name of the 
Mond Nickel Company, have been accepted by the 
British Patent Office in respect of spheroidal-graphite 
cast iron. This iron is produced by additions of mag- 
nesium, as a result of which the graphite is present in 
the form of spheroids. The new material has more than 
twice the strength of ordinary cast iron, is much tougher 
and can be bent or twisted, this last feature being mark- 
edly enhanced by a short-time heat treatment. It is 
stated that over 40 firms have been licensed to make the 
new iron in the United States and that licences, for the 
production of the new material in this country have now 
been granted to Messrs. Sheepbridge Stokes Centrifugal 
Castings Company, Limited, Chesterfield; Robert 
Taylor and Son (Ironfounders) Limited, Larbert, Stirling- 
shire; Lloyds (Burton) Limited, Wellington Works, 
Burton-on-Trent; and W. A. Baker and Company, 
Limited, Newport, Monmouthshire. 





LABOUR NOTES. 


A STATEMENT that some 75,000 operatives had left 
the shipbuilding and ship-repairing industries since 
1943, “‘ while the going was good,” was made by Mr. 
E. J. Hill, general secretary of the Boilermakers’ Society, 
at a conference of trade-union officials at Newcastle- 
upon-Tyne, on December 3. Declaring that the 
254,000 persons employed in the industries in 1943 
had now declined in number to 179,000, Mr. Hill 
added that it was obvious to those who were acquainted 
with the facts that, when the requirements of these 
industries returned to normal and only a normal labour 
force was needed, another 75,000 would be compelled 
to leave, owing to lack of employment. Since March 


last, unemployment in the ship-repairing industry had 
risen from 1,000 to 15,000, representing between 15 
and 16 per cent. of those engaged in the industry. 
He considered that no useful purpose would be served 
by trying to develop a case for Tyneside against other 
parts of the country, as the Clyde, the Mersey, and other 
shipbuilding centres were facing the same problems. 


Mr. Hill said that he had discussed the question with 
Sir Stafford Cripps on the previous day and had been 
assured by the Chancellor of the Exchequer that the 
First Lord of the Admiralty and the Minister of 
Transport were conferring on shipyard problems. 
He felt, however, that the difficulty was not going to 
be resolved in that way and added that it would be 
foolish for him to tell the meeting that he was proposing 
to fight for the decasualisation of the ship-repairing 
industry. In normal times the industry could not 
carry more than 50,000 workpeople, but over 95,000 
persons were employed in it at the present time. He 
concluded by saying that, either some employment 
outside the shipyards must be found for the surplus 
75,000 persons, or the shipyards must be re-equipped to 
take other work. 


Sir Cuthbert Headlam, one of the four Newcastle 
Members of Parliament attending the conference, 
stated that, if the meeting realised the immense 
trouble which unemployment caused a Government, 
they would know that no kind of Government wanted 
it. Another Member of Parliament, Mr. E. Popplewell, 
said that he had consulted 20 shipbuilding firms and 
had been assured that they had heavy order books. 
Among the suggestions of delegates for increasing 
employment, were the extension of the electrification 
of the railways, a higher standard of shipbuilding, the 
scrapping of old ships at an earlier stage, and the 
compulsory transfer of industry to the Tyne. A reso- 
lution urging that female labour should be withdrawn 
from the shipbuilding and engineering industries, and 
replaced by unemployed men, was remitted to the 
Newcastle Trades Council, who had convened the con- 
ference. 


Suggestions that large sections of employees in all 
industries “‘ were not pulling their weight,” were made 
by Mr. James Matthews, national industrial officer of 
the National Union of General and Municipal Workers, 
at a conference of shop stewards, held at Newcastle- 
upon-Tyne, on December 5. The delegates, repre- 
senting some 82,000 operatives in the shipbuilding and 
engineering industries in the Tyneside area, were 
informed by Mr. Matthews that the Union was support- 
ing the wage-stabilisation policy of the Trades Union 
Congress, although their membership included some of 
the lowest-paid employees in the country. The stabili- 
sation of prices pre-supposed a standstill of personal 
incomes generally, and it had to be accompanied by 
increased production. He realised that all sections of 
employees had been “all out” since 1939, but he did 
not agree with those who said that they were unable 
to work harder. Unless people were prepared to work 
harder, then the day would surely arrive when they 
would have no work to do. 


Referring to the claims put forward by the Confedera- 
tion of Shipbuilding and Engineering Unions for 
increases of 33s. a week for craftsmen in the ship- 
building and engineering industries, and of 20s. a 
week for labourers, Mr. Matthews said that the view 
taken by the N.U.G.M.W. was that, although they did 
not dispute that large profits were being made in these 
industries, they would prefer to see the profits being 
ploughed back into the industries. Disposal of profits 
in that way meant security for members of the Union 
in the future. The alternative, of using the profits to 
provide wage increases now, could only mean unem- 
ployment later. Industry generally needed to be put 
upon an economic and efficient foundation. ‘That 
could only be done by spending money and the only 
money which could be spent was the profit which 
was being made by industry. To plough profits back 
into a business was a far-sighted policy. 





Mr. Hill said that he did not agree with the state- 
ment made by an official of another union that no 
more than 200,000 tons of new shipping would be laid 
down in British shipyards during 1951. Information 
had been given to him that orders in hand on October 1 
last were for 1,500,000 tons. He also did not agree 
that man-power in the ship-repairing industry would 
have to be reduced to its pre-war level, as the orders 
now coming in were greater than before the war. He 
acknowledged, however, that disputes in big ship- 
building establishments, due to problems of demarca- 
tion between unions themselves, occurred too frequently 
and were a disturbing feature in the industry. 


Civilian staff employed in Government Departments 
reached an effective whole-time strength of 694,001 on 
October 1, exclusive of persons engaged in the coal- 
mining, transport, and other nationalised industries. 
The actual number of individuals employed in the Civil 
Service, however, was even greater than that figure, 
since, in the case of part-time employees, two individuals 
were counted as equivalent to one whole-time employee 
only. The total on October 1 represented a net reduc- 
tion of 3,364 in the strength of the Departments 
concerned, during the preceding three months, the total 
on July 1 being 697,365. This compares with a net 
reduction of 8,832 during the three months from April 1 
to July 1. A statement issued by the Treasury (Cmd. 
7829) records that, on October 1 last, 248,169 persons 
were employed in the Post Office; 109,662 in the defence 
Departments, including the defence section of the 
Ministry of Supply; and 336,170 in the remaining 
Ministries and agencies. The Post-Office total compares 
with one of 246,435 on July 1, an increase of 1,734. 


Apart from the customs and excise and inland- 
revenue services, which employed an aggregate of 
61,426 persons on October 1, the Ministry of Food 
was the Department with the largest civilian staff, but 
their total of 36,993 was almost equalled by the Ministry 
of National Insurance, the staff of which numbered 
36,630. In comparison, the civilian staffs of the 
Admiralty, War Office, and Air Ministry numbered 
but 30,332, 33,475 and 25,048, respectively. The 
Ministry of Labour, also, is shown as a Department 
with a large staff, in this case, 31,242. Departments 
and services employing staffs of fewer than 2,000 
persons are not shown yer gener J in Treasury state- 
ments, but the number of employees in these minor 
Government offices represents, in the aggregate, a 
considerable percentage of the total Civil Service. It 
is also worthy of comment that, while most of the larger 
Departments, such as the War Office, effected some 
reduction in their, staffs between July 1 and October 1, 
these lesser, unnamed Ministries mostly made additions. 
The net total of the additions during the three months 
was 322. The customary column of notes explaining 
the increases and decreases in the Departmental totals, 
which was a feature of Treasury statements in the past, 
was omitted from the statement under review, as it was 
from the July statement, and this omission lessens the 
value of the statement considerably. 


The wage-restraint policy of the Trades Union Con- 
gress is ably defended by Mr. Arthur Deakin, the 
general secretary of the Transport and General Workers’ 
Union, in the December issue of the Transport and 
General Workers’ Record. After setting out in detail 
the eight recommendations of the T.U.C. general 
council to their affiliated unions on wage policy, Mr. 
Deakin appeals to his members to face the facts and 
states that the real problem which had to be deter- 
mined was whether it was, or was not, practicable to 
fix a national minimum wage. Mature consideration 
of all the relevant facts convinced the general council 
that that was quite impracticable, “as the margin 
existing between such a wage and the differentials 
applying to scale employees is very limited indeed.” 


Criticism has poured in from certain quarters, Mr. 
Deakin states, and suggestions for solving the problem 
have included adjustment of taxation, reduction of the 
Armed Forces, the alteration of our trading relation- 
ships with the United States, and the transference of 
our trade to Russia and Eastern Europe. The most 
casual examination of these suggestions reveals, 
beyond any doubt, he continues, that they would not 
provide the foodstuffs, raw materials, or the converti- 
bility of currency in such a way that full employment 
and our present standards of living could be main- 
tained. The special economic committee and the 
general council of the T.U.C. have given the fullest con- 
sideration to every facet of the problem, and are con- 
vinced that we have not even a fighting chance of 
averting the crisis which faces us, unless a measure of 
restraint, within the limits proposed, is accepted. 
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RECENT DEVELOPMENTS IN OPEN- 
HEARTH FURNACE DESIGN AND 
OPERATION.* 

By A. H. Lecarz, B.Sc., Ph.D. 
(Concluded from page 601.) 


Tue “single-uptake ” form of construction is not an 
entirely new development, as at least two types of 
furnace with a single air uptake at each end have been 
either proposed or actually operated during the last 
30 years. Probably the best known of these was the 
Hoesch furnace developed in Germany after the 1914-18 
war and operated in this country both at Messrs. Dor- 
man, Long and Company, Limited, and at Messrs. 
Guest Keen Baldwins Iron and Steel Company, Limited. 
A single-uptake design for oil firing was patented by 
McLain and Carter in 1919. It is difficult to under- 
stand now why these principles were not adopted, or 
at least tried, on a wider scale, Certainly the Hoesch 
furnace was designed specifically to use coke-oven 
gas, and the use of this rich fuel, in a high-velocity 
burner, combined with the single air uptake at right 
angles, led to such intense and early combustion that 
water-cooled “ relieving arches” had to be built in to 
protect the roof. This was expensive, both in refrac- 
tories and fuel, and probably limited the extent to which 
the Hoesch furnace was adcpted even in plants where 
coke-oven gas was available. 

There seems to be no record of a trial of the McLain- 
Carter design and the single air uptake was an incidental 
rather than a main feature of their claims. The use 
of the single uptake in conjunction with producer gas, 
which offers special advantages with this “lean fuel,” 
seems not to have been thought of until a proposal was 
made by S. W. Pearson and his colleagues in 1943 to 
convert a Maerz furnace in the works of Messrs. Steel, 
Peech and Tozer. Drawings were prepared but the 
war-time demands on production made it impossible to 
take a furnace off long enough to make the necessary 
changes. Thus nothing was heard of this particular 
idea outside the works concerned. 

When the British Iron and Steel Research Association 
was formed in 1945, its Steel Practice Committee 
commenced investigations on furnace design, and 
several members submitted proposals for the use of a 
single air uptake at each end. A trial of this idea was 
also vigorously advocated by the B.I.S.R.A. staff. 
These proposals for producer-gas fired single-uptake 
furnaces were actually independent, as at the time the 
investigators were unaware of the existence of both 
the early McLain-Carter patent and of the Pearson 
drawings. As soon as the first schemes were submitted 
to the Committee, Messrs. Steel, Peech and Tozer 
made the latter available as a contribution to the 
research. 

The various proposals put before the Steel Practice 
Committee were considered and it was immediately 
decided to try out all the proposed designs on the Shelton 
model furnace. It should be mentioned here that this 
furnace, while operated by B.I.S.R.A., was made 
available by the Shelton Iron, Steel and Coal Com 
Limited, as part of the co-operative effort. 
results have md outlined above (Fig. 12, page 600, 
ante), and also gave strong evidence that under produc- 
tion conditions the single-uptake furnace would give a 
much more even roof temperature. This is demon- 
strated in Fig. 13, which shows the variation of tempera- 
ture along the centre of the roof of the 1 /5th scale model 
at Shelton with a twin uptake design and a special single 
uptake design under approximately similar conditions.f 
These experimental results encouraged several members 
of the Committee to try single-uptake furnaces under 
production conditions in their own works ; in fact, some 
did not wait for the results of the experiments but felt 
sufficiently confident to proceed independently. 

When the United Steel Companies research labora- 
tories started work on water models, an additional 
advantage of the centralised single-uptake furnace, as 
designed by Pearson and his colleagues, was soon 
revealed. This was the good exit conditions for the 
waste gases. This can be seen easily from the flow 
diagrams published by Halliday and Philip, two of 
which are reproduced in Figs. 14 and 15. This indi- 
cates that a centrally placed single-uptake design 
should, at least in theory, involve less wear on walls 
and uptakes since, instead of relatively high-velocity 
streams of waste gas being compressed into corner 
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* Communication from the British Iron and Steel 
Research Association, entitled ‘‘ Some Practical Aspects 
of Recent Developments in Open-Hearth Furnace Design 
and Operation,” presented at a meeting of the West of 
Scotland Iron and Steel Institute, held in Glasgow on 
Friday, November 18, 1949. Abridged. 

t The actual temperatures are some 600 deg. C. lower 
than those normally encountered in open-hearth furnaces. 
The reasons for the use of lower temperatures in the 
model and the extent to which low-temperature results 
can be applied to practice are fully discussed in the 
published papers on this work. 





uptakes, a slower-moving stream is kept centrally in 
the furnace. 

As far as the author is aware, six melting sho 
now installed at least one single-uptake furnace. 
Since at least a year’s operation is n before any 
reliable conclusions can be drawn, no published account 
of their performance has yet been available, and it 
would be incorrect to anticipate at this stage published 
reports which, it is hoped, will emanate from the works 
concerned. At the same time, oae may, perhaps, 
give a rough indication of what performance has been 
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uptake about stage level. Some operators attribute 
this to direct radiation from the root of the flame which, 
in this design, is developed much earlier than usual. 
Others think it is due to impingement of outgoing 
waste gases. This is not a serious trouble, however, 
as in most cases it is possible to arrange for easy access 
to the affected part so that a week-end repair can be 
carried out when required. The only other trouble 
encountered is that the design sometimes gives too 
short a flame, the roof suffering at the incoming end. 
Where this has happened it seems to be due to the 
change of design having been made in an old furnace 
with an inadequate combustion space in the melting 
chamber (perhaps due to too low a roof). Infact, where 
a conversion to a single-uptake design has not led to 
great improvement inevitably this has been due to the 
trial being made on a furnace which was not entirely 
suitable for conversion. Starting with a “ green field ” 
enables the simple single-uptake furnace to be properly 
designed as such and the full benefits are gained. 

To sum up, the single-uptake furnace shows great 
promise and seems to be the nearest approach yet to 
the correct compromise between the requirements for 
incoming fuel and outgoing waste gases which is so 
hard to attain in a reversing furnace. It gives efficient 
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so far in shops indicated as (a) to (f) below. (a) Sub- 
stantially increased output, longer life for roof and 
uptakes, and fewer repairs ; some indication of reduced 
sulphur pick up. (6) No observed effect on output or 
refractory life, but improved control of oxidation 
conditions giving easier slag control. (c) Only a few 
week’s run so far, but two of these have been “ record ” 
weeks. (d) About 15 per cent. greater output compared 
with furnace with conventional twin uptakes (otherwise 
similar). (e) No observed effect on already good 
output ; indications of less wear on uptakes. (f) No 
observed effect on already good output, but much 
reduced sulphur pick-up. 

Thus, results are somewhat variable, though almost 
every shop has gained some benefit. In all cases the 
management has endeavoured to see that the modified 
furnace has not received preferential treatment ; in fact 
in at least two cases the furnace concerned is at the 
end of the shop where servicing is most difficult. It is 

rhaps regrettable that most of these furnaces use 
iquid fuel and the author feels that the single-uptake 
design is most likely to give its greatest benefits to 
furnaces using producer gas; this view is borne out by 
experience with the producer-gas fired example. 

One cannot expect any design to be without disad- 
vantage and the single-uptake furnace is not immune. 
There is a tendency for some wear to occur in the 
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combustion of fuel and air while affording easy exit 
for the waste gases. There are, no doubt, ways of 
introducing further improvements, such as the com- 
bined single-uptake and Venturi design sketched in 
Figs. 16 to 18, on this page. This may be said to 
incorporate the features of the Venturi, Haerz, Hoesch 
and “‘single-uptake” furnaces. One difficulty in 
adopting a design such as this would be the need for 
high-quality refractories to withstand the intense heat 
developed early in the flame before it reaches the heat- 
absorbing charge. The search for sueh a refractory 
material may not be entirely hopeless, as it will be 

ible to use quite expensive refractories in this port 
in view of the small quantities needed. 

Melting chamber design is one aspect of furnace 
design about which we still know very little. Opinion 
seems fairly evenly divided between the merits of 
straight or ramped roofs ; the correct relative length to 
breadth of the furnace is not generally established and 
even the area of the bath relative to its capacity shows 
great variation. With regard to roofs, the simplicity 
of construction afforded by the straight roof gives an 
obvious advantage, but if a ramp is to be avoided, the 
centre part of the roof will probably be higher than is 
customary in modern furnaces. It would be interesting 
to hold a symposium to discuss the correct height of 
roof. Apart from slight increase of surface area and 
consequent heat loss brought about by the high roof, 
there would seem to be little objection to such a feature 
of design, and one would anticipate considerably 
improved roof life. Protagonists of the ramped roof, 
however, are also able to point to the excellent roof lives 
usually obtained with Venturi furnaces; many hold 
this to be due to the screening action of the lowest part 
of the ramp, though this itself is usually subject to wear. 
From experience with many furnaces, it would seem, 
however, that the straight roof is all that is required, 
provided the port design is satisfactory. 

In most roofs, considerable wear is experienced 
towards the back skewback, often being particularly 
severe over the tapping hole. Intensive research is 
going on at the moment on the causes of this, but it 
has to be admitted that, as yet, we can only make 
intelligent guesses and have no real evidence as to the 
real cause. There is no doubt that the model work 
being done in several research laboratories in this 
country should throw great light on the way hot gases 
move in the furnace and the points where high-velocity 
gases are touching the brickwork. It is not even certain 
yet whether wear is due primarily to simple local over- 
heating or to the erosive effect of gas- borne slag particles. 
Another point requiring further investigation is the 
extent to which it is desirable to “streamline” the 
melting chamber in order to minimise wear. With 
modern methods of suspending brickwork it is now much 
easier to round off corners and provide contours which 
would have been impossible to construct using older 
methods of bricklaying ; on theother hand, Chesters’s 
work indicates that certain sharp corners may not be 
a source of wear since they become filled with a volume 
of “‘ dead ” gas which may protect the brickwork. 

Coming to optimum hearth area per ton of capacity, 
we are again faced with opposing factors. Sir Andrew 
McCance* has shown that it is logical to adopt a 
hearth area which is ane econ to the square root of 
the furnace capacity and that an analysis of existing 
practice gives the relationship: area (sq. ft.) = 
51 ~/ capacity (tons). This gives for a 100-ton furnace 
5-1 sq. ft.. per ton and for a 60-ton furnace 6-6 sq. ft. 
per ton. These are relatively large hearth areas, and 
it would seem that the furnaces used as a basis for this 
formula must have been generously proportioned. 

We still lack fundamental scientific data on which 
the actual value of the constant connecting hearth area 





* Jl. I. and S. Inst., vol. 159, page 5 (1948). 
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and square root of capacity may be based. A large 
hearth area, such as that given by the McCance formula, 
is essential to provide an adequate interface area for 
the reactions between metal and slag so that these 
proceed reasonably quickly, and also to give a good 
quality of steel. Many furnaces were originally 
designed to something like this specification, but 
experience through the years has also shown that if the 
bath is made deeper and the capacity thereby increased, 
the overall output increases. There seems to be little 
real evidence that increasing furnace capacity so that 
hearth areas decrease to as little as 3 sq. ft. per ton 
fails to give increased output, though the point at 
which increased reaction time due to the smaller 
interface area begins to exert an over-riding influence 
may not be far off. 

It is probably true that the turbulence brought 
about by the “boil,” throwing up metal globules 
through the slag, gives an effective interface area much 
higher than the calculated one, so that the theoretical 
square feet per ton is of much less importance. On 
the other hand, the large hearth area furnaces seem to 
have less trouble with sulphur—the reduced thickness 
of slag facilitates the evolution of sulphur into the gas 
phase, via the slag. When the ee work at present 
being carried out and being projected is much more 
advanced, there is little doubt that our knowledge of 
melting-chamber design will become as soundly based 
fundamentally as that of ports and flues. 

The time is not yet ripe for any considered opinion 
on the latest advances in refractories in open-hearth 
furnaces. The information, so admirably gathered 
together in Dr. Chesters’s book, Steel Plant Refractories, 
sti represents the best general assessment of the 
position. The experiments which are at the moment 
exciting the greatest interest are, of course, with the 
“‘ all-basic ” open-hearth furnace, but as yet none of 
these is in any way conclusive. Naturally, considerably 
longer lives and increased rates of output have been 
obtained with basic roofs. Everyone realises, however, 
that some years of continued trials must elapse before 
any reliable knowledge can be gained as to whether 
these economies and gains compensate for the increased 
cost of the materials. Other developments such as the 
use of chemically bonded brick for side and end walls, 
and the recent trials of silica bricks with a very low 
alumina content in roofs, are in a similar position ; 
results are interesting but the real economics of their 
use demand long and extended experiments. 

No account of furnace design can be complete without 
reference to instruments and their influence on the 
operation of furnaces. This is a subject in itself, but 
it must be mentioned briefly here because modern 
methods of operation are closely bound up with design. 
All the experimental work on design recently reported 
has emphasised the importance of furnace operation and 
control, since the latter can exert an almost greater 
effect on output than design. 

The growth of instrumental control in recent years 
has been very great, but it must be emphasised 
repeatedly that instruments themselves are only a 
guide and a help to the skill of the melter and manager 
and cannot in any sense replace this skill. This 
emphasis is specially necessary because of the opposition 
to instruments still occasionally met with among 
melters who fear that the purpose of instruments is 
to permit the employment of less skilled men which, 
of course, is far from the truth. The present position 
regarding instruments is well summarised in recent 
papers presented before the Iron and Steel Institute, 
such as those of R. C. Baker, F. L. Robertson, E. 
Rogers, D. F. Marshall and A. Jackson. The Open- 
Hearth Instruments Sub-Committee of the British 
Iron and Steel Research Association is also preparing a 
standard handbook on the subject which should be 
generally available about the middle of next vear. 
We can perhaps summarise here the present position 
regarding certain instruments about which the most 
interest is shown. 

Until recently, roof-temperature measurement was 
one of the most controversial, though it seems now 
certain that the faith of its earlier proponents is justified. 
It is generally stated that the measurement of roof 
temperature has two main objects (a) to assist in the 
miintenance of the maximum safe roof temperature 
with a view to increased output and (5) to see that this 
safe roof temperature is not exceeded, in order to 
secure maximum roof life. M. W. Thring in his 
theoretical work on heat transfer in open-hearth 
furnaces, on page 171 of Iron and Steel Institute 
Special Report No. 37, has suggested that roof tempera- 
ture is the dominant factor governing heat transfer 
to the charge. This is true if one accepts the standard 
formule for radiation and convection, because the 
calculated heat transfers, by both mechanisms, show 
that by far the greatest proportion of heat transfer 
must be by radiation when temperatures of over 
1,600 deg. C. are concerned. At the same time, prac- 
tical observation tends to cast slight doubt on this 
theory. The speed with which a keen flame will “ cut 
down ” scrap indicates that convection (or something 





like it) must play an important part in heat transfer. 
One could wonder, therefore, whether the standard 
formule for heat transfer by convection apply to piled 
up material in the path of the flame and it is hoped 
shortly to carry out fundamental experiments to 
determine the convective heat-transfer coefficients for 
conditions similar to those encountered in furnaces. 

Nevertheless, whether the importance of convection 
is under-estimated or not, there is no doubt about the 
desirability of maintaining maximum roof temperature. 
Works which have installed the necessary equipment 
are almost universal in their praise of its effect on 
operation. In the latest types of roof pyrometer the 
need for continued maintenance and recalibration is 
much reduced, and this particular trouble is likely to 
be even less serious in the future. Nevertheless, there 
is still considerable divergence of opinion both on the 
total number of pyrometers necessary and on where 
they should be sited. 

In the small-scale model furnace experimented with 
at Shelton the use of ten roof thermocouples demon- 
strated the amount of variation in temperature encoun- 
tered over a roof. It has not yet been possible to use 
this technique in a production furnace, but experiments 
directed towards this end, made by J. A. Hall, of the 
National Physical Laboratory, have indicated appre- 
ciable variations in different parts of the roof, and 
some works already use three temperature-measuring 
points, controlling on whichever happens to show 
the highest temperature. The present position, 
therefore, is that this measurement is becoming 
accepted as being really important, but there is still 
some uncertainty as to how many instruments are 
necessary in each roof and where they should be 
located. 

Practically all new furnaces have fuel and air meters 
and many older plants are installing them. The 
value of a fuel meter (gas or oil) can hardly be disputed, 
but that of an air meter is perhaps questionable at 
present. There is no doubt that it is easy to measure 
quite accurately the amount of air entering the furnace 
at the point of intake. There is also no doubt among 
melters that the amount of air actually flowing in the 
uptakes and reaching the air ports is very different 
from this. Recently, the B.I.S.R.A. has carried out 
some experiments, with the co-operation of certain steel- 
works, directed towards the actual measuring of air flow 
in uptakes. The indications are that at low metered air 
flows (low fan speed or a partly closed valve) the air 
flow reaching the ports is considerably higher than that 
metered. This is only to be expected, because the 
buoyancy in the uptakes and chequers will tend 
inevitably to draw large quantities of air through 
cracks. Conversely, at high fan speed, with an 
appreciable pressure in the air flues below the furnace, 
the air flow in the uptakes may be less than that 
metered. The leakage through the brickwork cracks 
may not be serious in such circumstances there is very 
often appreciable short-circuiting through the reversing 
valve to the stack where a high draught prevails. 

The work directed towards determining true air 
flow in uptakes would be much more advanced were it 
not for certain doubt as to the coefficients of the 
Pitot tubes used for the experiments. The fact that 
the Pitot tube has to be water-cooled and is therefore 
at an appreciably different temperature from that of 
the air being measured may have some effect on the 
readings, and until this effect is determined precisely 
(work which is going on in the laboratory) we cannot 
regard the measurement as being sufficiently accurate. 
It is therefore too early to assess the true value of air 
metering. Since, however, we have considerable 
knowledge of the order of error involved, it may be 
possible to apply a correction to air-meter readings 
which is sufficiently accurate to permit of air/fuel ratio 
control to be applied if this is desired. Again, however, 
there is considerable doubt regarding the need for this. 

Experimental work at the Shelton model furnace 
confirms the common-sense theory that excess air is 
bad and should be avoided. In practice, however, we 
have to remember the following points :—(a) Unless 
port design is very good some excess air is likely to be 
necessary to secure complete combustion within the 
furnace chamber. (b) Air is consumed chemically 
through the oxidation of iron and non-metallic materials 
in the charge. This chemically-consumed air must be 
supplied above that theoretically required for the com- 
bustion, and may be as much as 15 per cent. (c) There 
are many advocates of the “ constant air” method of 
running a furnace, i.e., the air/fuel ratio is set to be 
approximately theoretical when melting down and 
kept at this figure throughout, so that when fuel is 
reduced during refining there is appreciable excess air. 
This excess air, passing through the furnace at a time 
when there is the greatest risk of overheating the roof, 
is thought to be valuable as reducing this particular risk. 

To sum up, therefore, one must say that while the 
use of accurately controlled theoretical air is undoubt- 
edly desirable in order to secure maximum efficiency, 
we have still some way to go in both the design of 
furnaces and the control of their flames before strict 





control of air/fuel to the theoretical figure can be recom. 
mended under all conditions. 

In America furnace roof-pressure control is regarded 
as a sine qua non, and it is one of the instruments so 
regarded by the Open Hearth Instruments Sub- 
Committee of B.I.S.R.A. There is little disagreement 
on this point, the greatest discussion in recent months 
having nm centred on the well-known ing tet A of 
certain types of instrument due to buoyancy in the lead 
between the instrument and the measuring point in 
the furnace. Some operators have maintained that 
since this is an approximately constant error for any set 
of conditions it can be allowed for, but, as I. M. D. 
Halliday has pointed out in a recent Iron and Steel 
Institute discussion, slight changes in furnace pressure 
exert such a profound influence on air infiltration that 
no error at all in this measurement should be tolerated. 
Since it is now relatively easy to correct for buoyancy 
error in the instrument so affected, or to use an elec- 
trical means of transmission which is not subject to this 
error, there is little excuse for inaccurate measurements 
of roof pressure. 

It has been said many times that roof pressure 
should be as high as the inevitable amount of flame 
“sting”? permits. What needs eg mt however, 
is that because flame sting limits the furnace pressure 
that can be carried, the need for proper maintenance of 
doors, and reducing gaps and openings to a minimum, 
is even greater than may be first thought. This, then, 
leads to another important point in connection with 
design. Were it possible to have completely tight 
doors and eliminate all cracks and openings in the brick- 
work, it would be possible to stop infiltration completely 
and this would have a profound effect on output and 
fuel economy. While such a goal is unlikely to be 
attained in the near future, we should endeavour to 
go as far as we can towards it. Careful design of water 
cooling to doors and door frames, scrupulous mainten- 
ance to ensure a good fit, and proper lifting gear, all 
have their part to play. 

Immersion pyrometry is rather far removed from the 
subject of furnace design, but it is generally reckoned 
as part of the furnace equipment. The influence of 
temperature upon steel quality is now generally 
accepted and most works have recognised the im- 
proved yields which follow control of tapping tempera- 
ture at the value which experience shows is best for that 
particular steel. Moreover, many works now use the 
immersion pyrometer as a control on the actual steel- 
making process, ore or scale feeds being made only 
when the temperature is shown to be the correct one 
for the particular carbon content of the bath at that 
time. Furnace design does enter into the picture, how- 
ever, as at least one steelmaker has designed an immer- 
sion pyrometer for permanent installation on the back 
wall of a furnace so that the procedure of dipping is 
much simplified. ; 

Finally, brief mention must be made of automatic 
control, as eventually this may have quite a profound 
effect on furnace design. The application of automatic 
control to open-hearth furnaces has suddenly come to 
the fore in the last two years ; several furnaces are so 
equipped and more are following. It is a pity, perhaps, 
that both the theory of the subject and the methods of 
applying it are somewhat complex ; this is seen in both 
the nomenclature adopted for various forms of control, 
and in the advanced mathematical nature of much of 
the published literature. However, it is hoped that it 
will be possible to include a simple summary of the 
basic principles in the B.I.S.R.A. instrument hand- 
book now in the course of preparation. 

One particular automatic control has been widely 
adopted for many years, that of linkng a power-operated 
stack damper to the instrument measuring furnace 
pressure. This has been very successful, possibly 
because slight “ hunting” is of small importance in 
this particular control. A device linking the gas valve 
with the roof-temperature pyrometer was operated for 
some time by the Shelton Iron, Steel and Coal Company, 
Limited, over ten years ago; this was probably the 
first attempt to control roof temperature automatically. 
This control, which turned down the gas as soon as the 
roof temperature approached the maximum allowed, 
and vice versa, was not entirely successful owing to 
“ hunting,” but its installation was valuable pioneer 
work. It was only the intensive research on the theory 
of automatic control which the war necessitated that 
led to the solution of the problem. 

The main automatic controls used in open-hearth 
furnaces are :—(1) control of fuel according to the roof 
temperature ; (2) control of steam-oil ratio in oil-fired 
furnaces ; (3) air-fuel ratio control ; and (4) damper con- 
trol by roof pressure. Subsidiary controls are also 
available, such as stabilised oil flow and automatic 
reversal. There exist to-day both oil-fired and pro- 
ducer gas-fired furnaces with the fuel rate automatic- 
ally controlled by the roof pyrometers. The equipment 
appears to work satisfactorily and without more than 
routine attention for long periods. The same applies 
to control of steam-oil ratio. While that of air-fuel 
ratio presents no difficulties and is being used to-day 
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in several works, this can only be based on the flow of 
air as metered at the furnace intake and in view of the 
discrepancy between this and the actual flow entering 
the air port (already discussed) its value must be open 
to question until the true air flow in the ports can also 
be controlled. 
Automatic control is still very much in the experi- 

mental stage, not so much with regard to obtaining 
workable equipment (which is already available) but 


with regard to the correct a Only experience 
enables these to be determined for any one furnace. 
It is hoped that those works already using these controls 


will shortly be in a position to publish their experiences. 
The effect Of the advent of automatic control on furnace 
design may be profound in later years when the ability 
to control many variables with a great of pre- 
cision may reveal the answer to questions, for instance, 
of roof shape, which are still unsettled. At present the 
effect on p= tes is a secondary one, being mainly the 
need for allowing space for and access to the mn Bes 
—e and control points. 

results of numerous experiments using oxygen 
have been published and there is only need to discuss 
these here in so far as they affect design. It is well 
known that oxygen is most unlikely to be successfully 
applied through the ordinary air system on account of 
dilution by the inevitable infiltration. Direct applica- 
tion at the oil nozzle is, of course, the usual technique 
and there seems to be no reason why this should not be 
applied to gas ports if thought economic. Results to 
date indicate, however, that while increased rates of 
fuel burning, and consequently of output, can be 
obtained, the price of oxygen would need to be much 
reduced before the process could be economic. 

The use of oxygen to remove carbon by “ lancing ” 
is regarded as more promising, but many investigators 
say that compressed air is just as effective and it is the 
resultant stirring action which is the real cause of the 
faster reaction. One application which definitely 
seems to be established is the use of the oxygen lance to 
bring an acid furnace to boil; in one Swedish works 
recently visited by the author a ten minute lancing was 
sufficient to remove silicon and quickly raise the bath 
temperature to feeding point to an extent which gave 
an overall saving of one hour per charge with a very 
small expenditure of oxygen. 

Up till the present, then, it does not appear that the 
application of oxygen will lead to any great changes 
in design, but if it is definitely established that com- 
pressed air can be usefully applied one may see the 
old idea of an open hearth-cum-Bessemer converter 
revived. Certainly it would seem feasible, in a tilting 
furnace, to install a few tuyeres above the slag line 
so that at an appropriate moment air could be applied 
and the furnace tilted slightly to bring the tuyeres 
beneath the metal. This seems to be such an obvious 
idea that it must surely have been tried. 





FLOATING REAMER WITH MICRO- 
METER ADJUSTMENT. 


A TWO-BLADE floating reamer, in which the cutting 
blades can be adjusted positively by a micrometer 
screw, has been introduced recently by the David Brown 
Tool Company, Huddersfield. It is made in two 
models, the “ § ” and the “ SL,” these being similar in 
construction except that, in the case of the SL type, the 
blades are L-shaped and extend forwards beyond the 
end to facilitate the reaming of blind holes, whereas, 
in the S type, the blades are rectangular in shape. 
The blades are expanded or retracted by the rotation 
of a micrometer screw which works in the body of 
the reamer and causes a push rod to move axially 
inside it. A hardened peg, attached to a rhomboidal 
key inside the reamer fits into an elongated hole in 
the push rod, and as the latter is moved, so the key 
moves.also: The key acts.as.a wedge on. the inclined 
surfaces of the blades, and causes them to expand 
outwards-or-Tetract into the body of the tool. Owing 
to the elongation of the hole in the push rod, the 
key and the blades are free to float radially to a small 
extent, the two blades moving together and their 
overall diameter remaining unchanged. This arrange- 
ment ensures the complete concentricity of the reamed 
hole and the accuracy of its bore, and it is stated that 
an extremely good surface finish is obtained. In both 
types of reamer the blades are of high-speed steel, and 
carbide-tipped blades can be supplied when required. 
Each type is made in 14 sizes which cover a range of 
diameters from ? in. to 4 in., and all are fitted with 
standard Morse-taper shanks. 





THE OLD NIONS ASSOCIATION.—The 22nd annual 
dinner of the “ Old Nions,” an association of past stu- 
dents of the Northampton Engineering College, St. John- 
street, London, E.C.1, will be held on Friday evening, 
December 16, at the Criterion Restaurant, Piccadilly 
Circus, London, W.1. The principal guest will be Air 
Marshal Sir Cyril B. Cooke, K.C.B., C.B.E., who is him- 
self an Old Nion. 





PISTON ASSEMBLIES FOR ROAD 
TRANSPORT OIL ENGINES.* 


By J. L. Herworts, B.Sc. (Ei g.), A.M.I.Mech.E. 


WueEn the compression-ignition engine first started 
to be used in road-transport vehicles troubles were 
plentiful, and the piston bore its share of them. A new 
design technique had to be evolved to deal with higher 
loads and temperatures than had been encountered in 
petrol engines, and which at first gave rise to frequent 
component failures. The lot of the piston igner 
was made worse by faulty combustion in some of the 
earlier engines. After 20 years’ experience, such 
troubles are now rare, and to-day efforts are concen- 
trated on a reduction in rates of component wear. 
Nevertheless, some of these types of failures are worth 
reviewing briefly. Generally, they can be traced to 
flaws in the material. Originally such failures were 
assumed to indicate that material of higher tensile 
strength was needed, and certain piston manufacturers 
on the Continent developed the forged and, ultimately, 
the pressed piston. Greater experience shows such a 
costly fabrication procedure to be unnecessary for oil 
engines and doubt exists regarding the wear-resisting 
qualities of the materials used. Improved die-casting 
technique, with particular attention to collapsible steel 
core design, has virtually eliminated failures from 
casting defects, but as a safeguard crack-detection 
methods are generally employed. 

There are two types of failure, attributable to design 
features still prevailing, which can be overcome by a 
complete - understanding of the basic causes. One 
failure is a vertical crack extending from the top of 
the gudgeon-pin hole towards the crown, a failure of 
this type is illu strated in Fig. 1, on page 630. Another 
is a circumferential crack running round the piston 
above the gudgeon pin, resulting finally in the crown 
coming away completely ; this is illustrated in Fig. 2, 
on page 630. Both these failures can frequently be 
traced to incorrect gudgeon-pin design, in many 
instances due to an attempt to save weight by lighten- 
ing the pin. Only by using a pin section of sufficient 
rigidity can such failures be overcome. Rothmannf 
has carried out valuable research on this subject, and the 
formule he developed have been tested thoroughly 
and shown to be correct in service. In every case 
where his formule have been applied, the piston failures 
of the types described have been eliminated. 

At one time, many seizures could be accounted for 
by “growth” of the piston due to incomplete or 
incorrect heat treatment, but as reliable piston manu- 
facturers now fully heat-treat all pistons, such failures 
have vanished. Skirt seizures are infrequent since the 
advent of the form-ground or turned piston. In addi- 
tion the skirt is contoured in the axial direction to 
the form of a barrel so that hard and hollow spots are 
avoided. The object of this forming is to distribute 
the side thrust of the piston over the maximum possible 
area and thereby keep the surface pressure to an 
absolute minimum, so avoiding seizure from local 
pressures, while at the same time improving heat flow 
and oil economy. Furthermore, a closely-fitting piston 
having the least amount of rock is the most desirable 
for maintaining the piston rmgs in intimate contact 
with the cylinder wall. Seizures do not always originate 
from pistons, and the blame frequently lies in other 
directions including such elementary things as lack of 
cooling water or choking of water passages. A prolific 
source of trouble is cylinder-block distortion. Normally, 
one assumes, when fixing piston ovality, that the bore 
in which it works will be round, but this is not always 
so. Unfortunately, the overall length of engines has 
to be kept to a minimum and consequently “ joining ” 
of bores is a common practice, and the placing of cylin- 
der head studs is always a problem. A study has been 
made of many cylinders using a special exploring head 
and in some cases severe distortion is apparent after 
tightening the cylinder head; in one well-known oil 
engine 0-008-in. ovality was found when the head was 
assembled. 

The sub,ect of ring sticking has been investigated by 
many research workers, and it is generally agreed that 
the cause is a disintegration of fuel and lubricating oil 
to form resinous products, which build up in the grooves 
and clamp the rings. The formation of these resinous 
products can result from the effect of high temperature 
on lubricating oil alone, but products of partial com- 
bustion greatly accelerate the process. The engine 
operator and designer can do much to overcome stick- 
ing by maintaining efficient combustion, for observa- 
tions indicate that the more inefficient engines suffer 
on this account. Here again, bore distortion is a 
serious handicap, promoting blow-by, which raises 
temperatures and allows partly-burnt fuel to reach 





* Paper presented at a meeting of the Automobile 
Division of the Institution of Mechanical Engineers, held 
in London on Tuesday, November 8, 1949. Abridged. 

t G. Rothmann, “‘ Mitteilungen aus den Forschungs- 
anstalten des G.H.H.-Konzern ”’, vol. 4, page 231 (1936). 





the rings. The piston designer can alleviate ring 
sticking by reducing operating temperatures in the 
ring zone, and, by mechanical means, break up the 
resin deposits to prevent ring clamping. Experience 
has shown that ring-groove temperatures in excess 
of 250 deg. C. cause rapid trouble, and one should 
aim at a maximum of 200 to 225 deg. C. To this end, 
the correct disposition of metal around the crown, and 
the position of the top ring are of vital importance. 
A top land depth of Y  recangee one-fifth of the 
piston diameter is sati , and usually locates 
the top ring in the desirable temperature zone. With 
a deep top land the minimum clearance possible should 
be used, and then no effect on engine operating effici- 
ency will be found. Sticking can be avoided mechanic- 
ally by increasing the side clearance of the ring, but 
overdoing this may lead to excessive groove wear and 
oil pumping. A certain mechanical cure is the taper- 
sided ring, which, through the lateral motion of the 
piston in the bore, constantly varies the side clearance 
in the groove, and breaks down the resinous com- 
pounds. However, wedge-rings have a tendency to 
promote groove wear and oil pumping. 

Some intermediate-ring land breakage may be attri- 
buted to weakness in land section causing flexure under 
load, and resulting in a fatigue failure. More often, it 
seems, a partly-stuck ring breaks into many pieces 
causing land fracture of the kind illustrated in Fig. 3, 
on page 630. This trouble can be attributed to exces- 
sive temperature. 

The occurrence of heavy scuffing on the top land 
often leads to the suggestion that the clearance on the 
land should be increased. Such a practice will aggra- 
vate the trouble, which is caused by the building-up 
of carbon, pieces of which break loose and carve deep 
grooves in the land. The minimum land clearance 
allows the formation of only a very thin layer of 
carbon, which cannot do serious damage. The ten- 
dency to land scuffing is increased by the softening 
effect of high temperatures on alloys, and hence any 
improvement in piston internal design, cooling, etc., 
which lowers crown temperatures, is likely to be 
beneficial. Piston material can help, for general 
observations show that Y-alloy is prone to scuffing, 
while the eutectic-silicon alloy is not. 

All pistons suffer ring-groove wear, which proceeds 
at a steady rate but is only appreciable in the upper 
groove. Under some conditions the grooves can widen 
at a phenomenal rate and it is not necessarily the upper 
compression groove that suffers. An example of groove 
“wear ”’ is illustrated in Fig. 4, on page 630. This 
cannot be classed as groove wear, and for want of a 
better term it has been called groove destruction. Its 
cause is obscure and is related to certain types of 
operation only. One definite fact has emerged, how- 
ever: out of many thousands of pistons examined, 
groove destruction has never been seen with the 
eutectic-silicon alloy, and yet, under identical condi- 
tions, Y- and similar alloys have failed. 

The principal indication to the engine operator 
as to the efficient working life of a piston assembly, 
is the oil consumption of the engine, a good 
for a new engine of around 8-litres capacity being 
1,500 to 2,000 miles per gallon. Most users realise 
that any reduction of consumption below these figures 
is likely to result in under-lubrication of the rings, 
followed by rapid wear and increase in consumption. 
The most economical way is to obtain a moderate con- 
sumption at the commencement, thus reducing rates 
of wear to a minimum and producing a steady consump- 
tion curve over a long mileage. When consumption 
begins to exceed 300 to 500 miles per gallon the operator 
considers the time has come for an overhaul, not merely 
because of the cost of the oil burnt, but because he 
knows it to be an indication that all is not well inside. 
Reasons for the rise in consumption fall under the 
following main headings: wear of rings, bores, and 
ring grooves; increased bearing clearances, giving 
greater oil fling ; choking of oil drainage holes in rings 
and pistons ; wear of inlet-valve guides ; and lea a 

Lubrication of the cylinders is provided only by oil 
escaping from the sides of the bearings and being flung 
upwards by the crankshaft. The drawback to such a 
system is that when the piston and ring equipment is 
most efficient the oil fling is least, and vice versa. 
Apart from other factors, the time must come in any 
engine when oil consumption becomes uneconomical. 
It is impossible to prolong the period by fitting drastic 
scraper rings at the commencement, for efficient lubrica- 
tion of the cylinder bores is a necessity and the use of 
severe scraper rings can do great harm. Research 
work has now indicated clearly the minimum oil 
requirements of a cylinder bore. Several claims have 
been put forward in the past that wear is independent 
of oil supply, and this is true so long as more oil than 
necessary is supplied. There is, however, a critical 
amount of oil below which efficient lubrication is 
impossible and ring scuffing follows. 

The mechanism of scuffing has been studied closely 
and it is clear that this critical amount of oil, while 
dependent to some extent upon engine design, is in 
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the region of 0-001 to 0-002 pint per brake horse-power 
per hour for an oil engine. The occurrence of scuffing 
can be observed by taking continuous oil consumption 
records with an over-scraped engine. Starting with 
@ new assembly with rings unbedded, the consumption 
will fall rapidly until the rings seat, and as the critical 
figure is approached the top ring scuffs ; the resulting 
debris scuffs the lower rings, including the scrapers, 
which thus lose their efficiency. This is indicated by a 

rise in oil consumption, and the rings, now well 
lubricated, begin to “ heal” slowly ; the consumption 
improves until the critical figure is again reached, and 
sc commences again. This “scuff and heal” 
cycle can go on indefinitely and results in rapid ring 
wear together with a high average oil consumption. 
The latter feature often deceives the user into thinking 
that the scraper rings are not sufficiently strong, whereas 
in fact their action is too drastic. The cycle is not 
easy to follow with a multi-cylinder engine owing to 
out-of-phase effects of the different cylinders, but 
scuffing can be observed in a dry engine by running at 
light load ; this will probably show a steady and very 
low oil consumption, but on the application of full load 
the scuff cycle commences and oil consumption becomes 
erratic and excessive. Because of this, certain engine 
makers have realised that one scraper ring is sufficient 
for a new engine, but provide another groove, left 
empty on first assembly, so that the operator can 
install a second ring after, say, 30,000 miles when oil 
fling has increased. Most operators object to this, 
and the trouble can now be avoided by the use of the 
special scraper ring illustrated in Figs. 5 and 6, opposite ; 
it is fitted in the lower groove, the periphery of which 
has been provided with a series of flats, approximately 
0-003 in. deep. The flats allow the free passage of oil 
when first assembled but as wear takes place, they 
slowly narrow, and at a predetermined mileage the 
ring acts as an efficient scraper. The delayed action 
of this scraper ring materially assists in attaining a 
flat consumption curve. 

The surfaces which wear out are the ring periphery 
and sides, ring grooves, cylinder bores, gudgeon-pin 
holes and gudgeon pins. The length of time between 
major overhauls is said to be governed by wear of the 
piston assembly and cylinder bores and a survey of the 
normal life of these components is of interest. Quoting 
actual figures is dangerous, for operating conditions 
vary so much and the best figures may be ridiculed, 
while figures obtained under adverse circumstances may 
appear very low. It is usual to relate all performance 
to mileage run by the vehicle, but it would be much 
better to relate it to the total engine revolutions. How, 
for example, can the results of a long-distance, medium- 
sized haulage vehicle be compared with those of a 
double-deck "bus operating in Halifax, or even of 
identical ’buses in London or on long country routes ? 
In a comparison of cylinder-bore wear made between 
three engines running in different cities and fitted with 
identical equipment, but with cylinders 1 and 5 fitted 
with soft rings, it was found that the variation in the 
rate of wear was very noticeable, there being as much as 
100 per cent. variation between different cylinders of 
the same engine using similar rings. These variations 
in one engine may be the result of fuel-injection charac- 
teristics, for no other reason is apparent. Evidently 
comparisons between two materials cannot be made 
unless the average results for a number of engines are 
considered. Even the common practice of fitting 
alternate cylinders of one engine with the different 
materials is shown to be useless because of uncontroll- 
able variations in conditions. 

In order to study the rates of wear of the different 
components, and to determine the factors which limit 
engine life, consider the case of a large city, with fairly 
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hilly routes, and where maintenance conditions are 
exemplary. With soft liners and normal hardened 
4K6 compression rings, the average bore wear is 0-001 
in. per 7,500 miles and thus a liner life of 100,000 miles 
can be expected; this mileage is the usual docking 
period dictated by other parts of the engine. The 
figures for ring peripheral wear as measured by the 
increase in closed gap, ring side-wear, and ring-groove 
wear are given in Table I, below. 


TABLE I.—Wear per 10,000 Miles. 





Increase 
in Gap, ear, 
In. In. 


Ring Side | Ring 


Groove 
| Wear, In. 





First compression ring sl “01 0-0018 

Second compression ring . 0-0002 | 
Third compression ring : Negligible | 
Upper scraper ring .. wa . pe | 
Lower scraper ring .. ei -0035 we | 


0-0008 
0-0001 
Negligible 


” 


0 
25 


” 











It is clear that the peripheral wear of the top ring 
and the scrapers, and ‘the side wear of the top ring, 
demand ring renewal long before 100,000 miles, and in 
this case docking at 50,000 miles would be most 
economical. Furthermore, unless double that ring life 
can be attained, the use of improved materials will 
show to advantage only in a saving of lubricating oil ; 
but under less favourable opérating conditions, when 
two ring docks are required before complete overhaul, 
better materials may be able to obviate one docking. 
Ring groove wear, only of serious proportions in the 
top groove, does not warrant a piston change or regroove 
before major overhaul. Piston-skirt wear is negligible 
and gudgeon pin and hole wear is not, at present, a 
limiting factor. 

Loss of ring pressure is an important point which is 
generally overlooked. It frequently exceeds 50 per 
cent., causing gas and oil control to be greatly reduced, 
and is brought about by two independent factors. 
Firstly, wear of the periphery reduces the strength 
of the ring, wall pressure being proportional to the 
cube of the thickness. Secondly, the ring collapses 
through a combination of annealing and hammering, 
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observable by a loss of free gap. The cure for the first 
is not necessarily the cure for the second. Typical 
“* collapse ” figures at 30,000 miles are given in Table IT, 


below. 
TaBLeE II. 





Soft 4K6, 
Per cent. 


Hard 4K6, 
Per cent. 








First compression ring . . | 18 

Second compression ring | 7 

Third compression ring | 2 

Upper scraper .. oe ont | Nil 
| 


Lower scraper .. | Nil 





A laboratory test, devised to give a quick comparison 
of collapse between materials, consists of closing sample 
rings into a cylindrical jig of appropriate bore size, 
placing in a furnace and bringing up to a temperature 
of 350 deg. C. This temperature is maintained for 
6} hours, after which the rings are allowed to cool 
slowly in the furnace. By comparing —— loads 
before and after heating, an empirical “‘ collapse ” 
percentage is found, which, in practice, bears a definite 
relationship to service results. Some results of these 
tests are given in Fig. 7, opposite, which shows per- 
centage “collapse” plot against the Vickers 
hardness number for 4K6 and alloy 22. With 4K6, 
having a hardness number of 250, in the “as cast” 
condition, a collapse of 19-5 per cent. is found. Harden- 
ing and tempering produces an increase in collapse which 
is very small so long as the hardness figure remains 
below 420, but increases rapidly above that figure. 
Taking into account a working tolerance for production, 
a range of hardness numbers from 360 to 435 is consi- 
dered to be the best for a hardened and tempered 4K6 
ring. In certain cases a hardness of up to 480 is speci- 
fied by engine designers, but clearly excessive “ col- 
lapse” may be ex . Fig. 7 shows also a com- 
parable curve for alloy 22, a “‘ free carbide” cast iron 
described later. Its superiority is clearly indicated, 
for, unhardened, it suffers less than half the collapse 
of 4K6. The curve shows that, if it is hardened to a 
figure of between 450 and 500, the “collapse” will 
still be very small, and even if taken to 525 to 575, 
will be no worse than with a 4K6 ring of 360 to 435. 
In the service tests discussed later, alloy 22, hardened 
to 550 to 600, did not show excessive “‘ collapse ” and 
is considered satisfactory for general purposes. 

From the foregoing survey, it is clear that improved 
engine economy can be achieved by attention to the 
cylinder liners, top and lower compression rings, scraper 
rings and pistons. At the present time most operators 
are satisfied if bores will run 100,000 miles, because at 
this mileage engines usually require stripping for recon- 
ditioning other components. To achieve this mileage 
the author believes that a good pearlitic cast-iron liner 
having a hardness number of 230 to 260 is satisfactory 
when used in conjunction with the latest piston equip- 
ment, and with close attention to cleanliness of the 
lubricating oil; a more expensive liner may not at 
present be considered economical. Engine designers 
are attempting to give the rest of the engine a longer 
life, and if cylinder bores are not to be the limiting 
factor such special liners may later become a necessity. 

The top compression ring is the weakest point in the 
assembly, and suffers from peripheral wear, side wear, 
and “collapse,” needing replacement at least once 
before major overhaul of the engine. At least double 
the present life of this component is required. Rates 
of wear for the lower compression rings are normally 
insufficient to demand attention, but as these rings 
contribute appreciably to oil control a material of low 
“ collapse ” value is desirable. The only problem, so 
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far as scraper rings are concerned, is peripheral wear, 
which results in a loss of scraping efficiency. With 
pistens, top-groove wear only need be considered a 
limiting factor at present. 

During the past two years the author has been observ- 
ing a large-scale service test of ring materials, through 
the co-operation of several transport undertakings. 
For these tests as minv variables as possible were 
eliminated by using one well-known type of six-cylinder 
engine fitted into double-deck ‘bus chassis. In 
the first series of tests now nearing completion, twenty 
completely-overhauled engines, located in eight different 
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for improving engine life are indicated. The chemical 
analyses of the various ring materials tried in this 
series of tests are listed in Table III, and the physical 
properties in Table IV. 

Alloy 12, usually known as 4K6, is the standard 
piston-ring iron in Great Britain, and for oil-engine 


TABLE III.—CwHEMIcAL ANALYSES OF PISTON-RING MATERIALS. 























Code. Total C. | Si. | se Mn. | Cr. | Va. | Others. 
12 3-3 -3-5 2-2-2-5 | 0-55-0-70 0-6-0-8 0-3 -0-45 —- | 0-25 maximum Ni 
22 2-85-3-05 | 2-0-2-4 | 0-35-0-5 | 0-6-1-0 0-55-0-85 | 0-2-0-4 —_ 
27 2-8 -3-1 | 2-2-2-4 0-08 maximum 0-6-0-8 1-2 -1-4 | 0-15 maximum | 0-8-1-2 Al 
509 0-95-1-1 0-35 maximum | 0-05 maximum 0-4-0°6 | —_ | _ 1-6-2-0 W 
| | | i 








TABLE IV.—Physical Properties of Piston-Ring Materials 




















| | 
Ultimate 
Tensile | Vickers | 
Code. ao ae |Strength,| Hardness Condition. 
al cls | Tons per; Number. 
| 8q. in. 
| 
128 15-5 minimum; 16-18 | 230-260 | As cast. 
12H | 15-5minimum! 16-18 | 380-435 | Hardened and tem- 
pered. 
228 20-21 | 28-30 270-300 | Annealed. 
22H 20-21 | 25-29 | 550-600 | Hardened and tem- 
| pered. 
27N 22-23 20-23 750-775 | Nitrided cast iron. 
509 28-30 ; 100 | 520-550 | Hardened and tem- 
| approxi- pered tungsten 
mately steel wire. 





cities, were selected, all fitted with identical liners of 
pearlitic structure, centrifugally cast in one batch and 
with a Vickers hardness number of 230 to 260. They 
were pressed in and finished in pesition, being finally 
honed. Pistons also were identical and of 12 per cent. 
silicon alloy. Five different piston-ring combinations 
were run in these engines, each set containing two or 
more different materials in one engine, for comparison. 
Four engines containing each combination were run 
in different cities for 30,000 to 50,000 miles. While 
the results of this widespread test prove clearly that 
there are many factors affecting bore and ring life 
other than the materials used, several definite lines 


compression rings is usually employed in the hardened 
and tempered state. Scraper rings are nearly always 
left soft. Alloy 22, first developed for aircraft engines 
has recently been used in oil engines. It is a “‘ free 
carbide ” iron, having a low carbon content, and contain- 
ing chromium and vanadium as alloying agents, and, 
when cast centrifugally, is in the ‘“‘ white” state. 
Heat treatment of the casting renders it machineable 
by changing the structure to a fine pearlite, but having 
throughout this matrix very hard particles of free 
carbide. It has high tensile strength, elasticity, and 
resistance to “ collapse.” Alloy 27 is a special nitriding 
iron, but, as results from only one engine are yet 
available, no wear figures are given. Initial results are 
disappointing, and in view of their high cost no further 
work is contemplated. Alloy 509 is a hardened and 
tempered tungsten-steel wire from which rings are 





coiled. 

Certain conclusions can be drawn from comparisons 
of the performance of these materials in service. 
Hardened 4K6 (12H) shows a slight improvement over 
the soft material in resistance to peripheral and side 
wear. It suffers more from “ collapse,” but gives less 
bore wear. Soft alloy 22 is somewhat superior to hard 
4K6 in all aspects, except that it gives slightly more 
bore wear. Hard alloy 22 has outstandingly good wear 
resisting properties, does not suffer excessive collapse, 
and is only slightly worse than 12H for bore wear. 
Tungsten steel (509) is not considered exceptionally 
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DELAYED-ACTION SCRAPER RING. 


small, and an expensive material is unnecessary, but 
12H is to be avoided because of excessive “ collapse.” 

This survey does not include chromium-plated rings, 
but recent evidence shows that by using one such ring 
in the upper groove of each piston, cylinder life may be 
extended by 100 per cent. or more. Rates of ring wear 
are vastly reduced. Initially there was some trouble 
in manufacturing this type of ring and in certain cases 
the chromium plate has worn through quickly. Great 
advances have been made in the plating technique and 
uniformly good results are now confidently expected. 
The rate of deterioration of the lower compression rings 


| is less than one-third of that of the upper rings, and it 
|is not considered necessary to use an expensive ring 
| material for them, although a “ collapse ’’-resisting 


material will assist oil control. Scraper-ring wear is 
appreciable and rapidly affects oil control, so that some 
improvement is desirable. Scraper rings, because of 
their construction, are not easily hardened, but the 
possibilities of using alley 22H are being considered. 
Chromium plating is not feasible, however, owing to 
difficulties of producing a sharp scraping edge. 

While the wide variation in bore wear from cylinder 
to cylinder makes comparisons difficult, an average 
has been taken and it seems that an improvement in 
bore wear is shown by the harder ring materials. It is 
assumed that hard materials will not hold in their 
surfaces abrasive materials which lap the bores. Ring 
groove wear of the piston is confined to the upper 
groove and change of ring material would seem to have 
little effect upon the rate of wear. 

From a summary of the findings of these tests, it 
would appear that operating conditions have a far 
greater bearing on rates of wear than any change of 
ring materials. Thus, under the worst conditions, all 
components of the assembly wear out three to six 
times as fast as under the best. Although the piston 
manufacturer can help the operator to a large extent, 
there is much more that the operator can do to improve 
the component life 

Final agreement as to the most suitable aluminium 
alloy for an oil-engine piston has still to be reached ; 
many alloys are available for which claims of superior 
physical properties at elevated temperatures are made, 
and while such alloys may be desirable for aircraft and 
other pt. ge aig engines, they are not neces- 
sarily of value for commercial use. The author has 
seldom seen pistons which failed through lack of tensile 
strength or fatigue resistance, or through creep, yet 
he has seen thousands which were worn out. In 
deciding upon an alloy, therefore, it seems best to 
choose the one with maximum wear and scuff resistance, 
provided that it has the strength to withstand the load 
conditions. Wear testing cannot be carried out with 
any degree of certainty in the laboratory, and one has 
to rely upon the results of service tests. After com- 
paring many alloys under such conditions, the conclu- 
sions reached are that the 12 per cent. silicon alloy is 
outstandingly good for wear and scuff resistance. This 
material, in the cast state, possesses all the desirable 
features of a bearing material, and in addition has a 
coefficient of thermal expansion some 20 per cent. less 
than any of the low-silicon alloys. For maximum 
life, the material is die-cast to ensure fineness of grain, 
and fully heat-treated to develop the optimum physical 
properties. Figures have been published suggesting 





good. Wear of the lower compression rings is relatively 





that the 12 per cent. silicon alloy has relatively poor 
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strength. Given correct foundry technique, however, 
this material shows better strength than Y-alloy at 
temperatures up to 240 deg. C.; this temperature 
seldom is exceeded in the load-carrying portions of an 
oil-engine piston. 

The dissipation of heat from the piston crown 
presents a problem to the piston designer. Approxi- 
mately 10 per cent. of this heat is lost from the under- 
side of the crown, but the remainder must be conducted 
to the cylinder jacket by the lands, rings, and skirts. 
Heat must first travel from the combustion chamber 
in the crown to the periphery of the piston. Some 
designers have attempted to restrict this heat flow by 
providing a narrow tortuous path to the ring belt. 
Such a design cannot stop heat flow, but will raise the 
crown temperature, and, furthermore, will ensure that 
all the heat travels down the top land to the upper 
compression ring, raising its temperature above safe 
limits, and resulting in stuck rings, groove wear, and 
other troubles. Such restrictions to flow can only be 
successful when alternative means of removing the 
heat are provided, for example, by under-crown oil 
cooling. The top ring being the first to suffer, its 
condition should be eased by providing a direct path 
for some of the heat to the lower rings and skirts by 
the use of adequate crown sections and large fillets at 
the junction with the ring belt. In the case of indirect- 
injection engines, uneven crown heating, with conse- 
quent distortion troubles, is difficult to avoid, but the 
use of sufficient metal in the crown minimises the 
effect. 

Many difficulties are encountered when the top 
ring temperature becomes excessive, and while atten- 
tion to heat flow can help matters, the position of this 
ring is important. After considerable service experi- 
ence, it is recommended that the width of the top land 
be one-fifth of the piston diameter. The intermediate 
lands must be rigid enough to carry the gas load 
without flexure and, as a rule, should be at least ¥ in. 
wide. The up-and-down clearance of a ring in its 
groove is a matter for compromise. The minimum 
possible clearance is desirable to prevent oil pumping 
and reduce groove wear, and yet ring sticking must be 
avoided. A side clearance of 0-0025 in. to 0-0045 in. 
has been usual in the past, but in high output engines 
there is a tendency to work with clearances of 0-0035 in. 
to 0-0055 in., possibly because groove distortion under 
heat is more severe. The underside of a piston crown 
is swept by a stream of air and oil mist circulated by 
movement of the crankshaft and connecting rods. The 
maximum use should be made of this to assist crown 
cooling. Ribs or webs which are at right angles to the 
air flow cause stagnant pockets and retard heat transfer. 
Webs parallel to the air flow assist radiation, but it 
has been shown* that if the metal in the webs were 
to be spread uniformly over the crown section, it 
would conduce more to cooling by improved conduction 
than it does in web form by improved radiation. From 
the structural point of view, when the crown thickness 
is adequate for efficient heat flow it will be sufficiently 
rigid without webs. In time, carbon accumulates under 
the crown, but at a much slower rate where stagnant 
corners are avoided. For many reasons, therefore, a 
“* streamlined ” under-crown is desirable. 

According to the formula developed by Rothmann, 
the pin diameter should be such that a maximum 
surface pressure, Ps, of 5,700 lb. per square inch 
in the small-end bush is not exceeded :— 


a D*p 


rae a 
rae 


where D = piston diameter, d = pin diameter, p = 
maximum explosion pressure, and 6 = width of small 
end. In practice this pressure has been exceeded 
without serious trouble, although gudgeon-pin hole 
wear may be accelerated. More important is pin-wall 
thickness, which governs the amount of deflection 
under load. This deflection, which should never exceed 
0-001 in., is given by the formula :— 


5 7p x D® x d 
$= — x ———_ 
LE (2t)® 


~ 48 
where L = length of pin, and E = modulus of pin 
material. From this, the following formula for pin 
thickness is obtained :— 


1-42 ,3/ Dp 
L 


the units being in inches and pounds. Should the pin 
thickness be less than this, no amount of rigidity in 
the bosses and their supports can prevent deflection, 
which ultimately will cause piston fracture. 

Three efficient compression rings are adequate for 
any high-speed engine, and the use of a greater number 
of rings only increases friction, lengthens the piston, 





* H. Wright Baker, Proc. Institution of Automobile 
Engineers, vol. 27, page 109 (1932). 





and increases cost. Cases where designers have pro- 
vided four rings at the expense of land width have 
yielded indifferent results ; when three rings were used 
later and the land widths increased, much improvement 
was shown. A “free carbide’ type of ring material 
hardened to between 550 and 600 V.H.N. is out- 
standingly good, but chromium-plated rings seem likely 
to be even better. Such rings have an electro-deposited 
coating of hard chromium on the periphery, usually 
0-003 in. to 0-005 in. in thickness, but there have been 
many difficulties in producing such rings satisfactorily. 
Originally, the problem of adhesion between cast iron 
and chromium had to be overcome. Next it was 
found difficult to avoid ragged edges at the corners of 
the ring, so that a small chamfer had to be machined 
at the corners before plating. A micro-photograph of 
a section though su:h a ring is reproduced in Fig. 8, 
on pagé 631. Another problem is that of bedding a 
plated ring to its cylinder, for, as wear resistance 
increases, a ring takes longer to seat. A solution has 
been found by tapering the ring on the periphery to 
an angle of } deg. to 1 deg. before plating, and giving 
a light lap after plating to produce a narrow land of 
contact around the full circumference. It is important 
to install such rings with the land away from the 
piston crown. The taper-faced rings give an imme- 
diate seal and take a considerable time to establish 
full face contact ; this, however, is not detrimental. 

It is nece: to determine the most suitable material 
to be plated, for although peripheral wear is greatly 
reduced by the chromium, one still has the ring side 
wear and “collapse” to consider. In addition, it is 
said in the United States that the plating procedure 
weakens the rings owing to hydrogen embrittlement, 
although the author has seen no evidence of it in this 
country. It is clear, therefore, that, if the expense of 
plating is to be accepted, it would be a false economy 
to use one of the lower-grade materials. The “ free 
carbide” material, having high strength, wear resist- 
ance and low “ collapse ” is eminently suitable for long 
life and is being used in the unhardened condition as a 
base material for plating. It is necessary to employ 
such a ring in the top groove only, and in the second 
and third grooves a normal type of ring may be used. 
As these lower rings play their part in oil control, 
resistance to “‘ collapse ”’ is of importance, and therefore 
the use of the unhardened “ free carbide ” material is 
again recommended. 

It has been indicated earlier that there is a limit 
to the degree of oil control possible without excessive 
wear, but that in a part-worn engine some extra oil 


control is needed. It seems, therefore, a good policy | P 


to design the ring equipment so that at first the rings 
above the skirt give all the control that is necessary. 
Provided that the cylinder bores are reasonably 
cylindrical, oil fling is normal, and the piston design 
satisfactory, it is quite feasible to do this in any engine, 
bearing in mind that the compression rings also play 
their part in oil control. To counteract the increase in 
consumption at higher mileages, the use of a delayed- 
action type of ring, fitted in the skirt groove, is recom- 
mended. In the service test previously discussed, 
scraper rings made in wear-resistant materials were 
tried, but as they gave disappointing results research 
is still being continued to extend their life. 

The recommended ring equipment for a piston is, 
therefore, three compression rings to the Society of 
Motor Manufacturers and Traders standard, the upper 
ring being in a “ free carbide” material, taper faced 
and chromium plated on the periphery. The second 
and third rings would be satisfactory in soft 4K6 
material, but it is better to use the “ free carbide ” 
material, which will give a little extra life and oil 
control. For the purpose of quick seating these two 
lower rings may be stepped internally. For the scraper 
rings, the use of one slotted and grooved ring at the 
top of the skirt in conjunction with the compression 
rings already described should be adequate for initial 
oil control. Naturally, the wall pressure of this ring 
may have to be adjusted to suit varying engine designs, 
but generally speaking a radial thickness of D/26 in 
4K6 material is satisfactory, and if extra wall pressure 
is required the stronger materials may be used. A 
scraper ring at the bottom of the skirt should be 
unnecessary in a new engine, but a ring of the delayed- 
action type, again slotted and grooved, will give the 
maximum oil economy without starvation in the early 
stages. 

Complete piston break-up should no longer occur, 
and the author feels that all problems of piston break- 
age, seizure, and scuffing can be overcome without 
difficulty. Ring sticking presents a more difficult 
problem which is likely to become more acute in the 
future. No trouble should be a in making 
existing engines run to 50,000 miles without drawing 
pistons, but if longer mileages are envisaged other 
precautions may have to be taken. Of the solutions 
possible, wedge-sectioned rings are being widely tested 
and have proved their value in preventing sticking, 
but are likely to bring in their train even worse pro- 
blems. Another alternative is the use of a detergent 





oil, not only to keep the rings free in their grooves, 
but to eliminate “‘sludging” of scraper rings. 
Experience with these oils so far has led to mixed 
findings, but with increased knowledge, satisfactory 
oils which can remove this source of trouble may 
become generally available. 

Failing solution of the problem by either of these 
two methods, there remains the possibility of cooling 
the piston by a jet of oil sprayed on the underside of 
the crown from the small end of the connecting rod. 
Such a method has been widely used, particularly in 
two-stroke engines, and there seems no reason why 
it should not be applied satisfactorily. A simple 
arrangement can be obtained merely by drilling the 
connecting rod so that an intermittent jet of oil im- 
pinges against the underside of piston crown once or 
twice every revolution. Naturally, this entails a larger 
oil pump and an efficient means of oil cooling. A 
radical change in piston-crown design is required, for 
the object is no longer to transfer the heat to the ring 
belt, but rather to prevent it flowing there. Oil control 
needs to be studied closely, but the problem is by no 
means insuperable. 





ANNUALS AND REFERENCE BOOKS. 


Engineering Industries Association Classified Direc- 
tory—The second, 1949, edition of the Classified 
Directory of the Engineering Industries Association 
9, Seymour-street, Portman-square, London, W.1, 
has now been published. It has been produced by 
the Association in collaboration with the Standard 
Catalogue Company, Limited, and contains a complete 
record of the Association’s members and their products. 
The book is divided into two main sections, namely, a 
list of members arranged in alphabetical order and 
including addresses, telephone numbers, telegraphic 
codes used, and principal activities; and a classified 
section of firms’ products and processes arranged in 
alphabetical order. The Directory has been distributed 
to chambers of commerce in the United Kingdom, 
to British and foreign chambers of commerce overseas, 
to commercial Diplomatic Officers and Trade Com- 
missioners throughout the world and to other trade 
associations. Additional copies, price 32s. 6d., may 
be obtained from the Standard Catalogue Company, 
Limited, 26, Bloomsbury-way, Holborn, London, 
W.C.1. 


Metals Reference Book.—The object of this new work 
ublished by Butterworths Scientific Publications, 
Limited, Bell Yard, Temple Bar, London, W.C.2, 
according to its editor, Dr. C. J. Smithells, is to provide 
a convenient summary of data relating to metallurgy 
and metal physics. Dr. Smithells, who is director of 
research of the British Aluminium Company, Limited, 
has been assisted by seven associate editors and 
by 44 contributors, most of whom are well known, 
in the metallurgical world. The book, which contains 
735 pages, covers an exceedingly wide range, and 
among the 35 chapter headings are: line spectra of the 
elements, X-ray crystallography, geochemistry, metal- 
lography, equilibrium diagrams, gas-metal systems, 
diffusion in metals, thermodynamical data, radiating 
properties of metals, electrical properties, steels and 
magnetic alloys, mechanical properties, hard metals, 
lubricants, casting alloys and foundry data, refractory 
materials, fuels, corrosion, electroplating and metal 
finishing, and welding. Wherever possible the data 
have been presented in the form of tables or diagrams 
and descriptive matter has been introduced only when 
this is necessary. The book is a monumental work in 
many respects ; for example, some hundreds of equili- 
brium diagrams of metal systems have been reproduced 
and there are 50 pages of tables of line spectra of the 
elements. Most other subjects have been dealt with on 
similar lines and it would seem that no previous 
work of this character has been planned on quite such an 
elaborate and comprehensive scale. The work deserves 
to receive a good reception from all metallurgists and 
more particularly perhaps from research investigators, 
to whom it should prove of daily value. The price is 
60s. net, or 61s. 3d., postage included. 


The Birmingham Exchange Directory—The 1949 
edition of the Birmingham Exchange Directory, of 
members, subscribers and representatives, has recently 
come to hand. As has been the case with previous 
issues the three main sections of the book comprise an 
alphabetical list. of member and subscribing firms, with 
their addresses and the names of their tatives ; 
an alphabetical list of holders of admission tickets to 
the Exchange; and an alphabetical classification of 
member firms by profession or trade. In shorter sec- 
tions are set out a list of the officers and committee 
of the Exchange, a brief history of its origin and 
development, a list of its by-laws, a catalogue of the 
books contained in its reference library, and other 
matters of interest to members. Copies of the Directory 
are obtainable on application to the secretary of the 
Exchange, Stephenson-place, Birmingham, 2. 
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EXPERIMENTAL STEAM 
PLANT AT DEVONPORT 
TECHNICAL COLLEGE. 


An important addition to the equipment available 
at Devonport Technical College, for the training 
courses leading up to the granting of Ordinary 
and Higher National Certificates, has recently 
been made by the installation of an experimental 
steam plant by Messrs. W, Sisson and Company, 
Limited, of Gloucester. The main item in the plant 
is a two-cylinder experimental Sisson steam engine, 
arranged so that it may be operated as a compound 
or a single-cylinder unit exhausting to atmosphere 
or to a condenser. The plant includes a gas-fired 
locomotive-type boiler, a separate condenser and an 
Edwards-type air pump. A similar plant has also 
been supplied to the South Dorset Technical College 





and others are on order for Teheran University, by 
the Anglo-Iranian Oil Company; for Farouk 
University, by the Egyptian Government ; and for 
the R.A. Establishment Technical College at Farn- 
borough, by the Ministry of Supply. 

A general view of the Devonport plant is given in 
Fig. 1, on this page, and a separate view of the 
engine in the makers’ works in Fig. 2. Drawings 
cf the engine are reproduced in Figs 3 and 4, on 
page 634. The cylinders are 4 in. and 7 in. in 
diameter by 7} in. stroke, and the engine has an 
output of 15 brake horse-power when supplied with 
superheated steam at 160 Ib. per square inch, 
and when running at 240 r.p.m. It can be run in 
six different conditions or combinations: as a 
compound exhausting to atmosphere or to the 
condenser; with the high-pressure cylinder only, 
exhausting to atmosphere or the condenser; with 
the | ow-pressure cylinder only, exhausting to the 

















Fie. 1. 


GENERAL VIEW OF PLANT. 

















Fie. 2. Expsrmentat Steam ENGINE. 





atmosphere or the condenser. Under these two 
latter conditions, the working pressure is reduced 
to 65 Ib. per square inch. The locomotive-type 
boiler was supplied by Messrs. Ruston and Hornsby, 
Limited, of Lincoln. It is rated to evaporate 
100 to 1,300 lb. per hour at a pressure of 160 Ib. 
per square inch gauge and is provided with an 
independent gas-fired superheater which is capable 
of raising the temperature of the steam 100 deg. F. 
above the saturation temperature at the superheater 
outlet. The separate surface condenser is of the 
standard marine type and has a fabricated steel 
shell, Muntz-metal tubeplates, and seamless brass 
tubes secured by ferrules in the usual way. The 
Edwards-type air pump is independently driven by 
an electric motor, and is arranged to extract the con- 
densate and discharge it to a two-compartment tank 
for weighing and measurement. Drawings showing 
the layout and these various items of the equipment 
are reproduced in Figs, 5 and 6, on page 634. Flange 
a on the right-hand side of the condenser in Fig. 6 
is for the connection from a Greenwood and Batley 
experimental turbine, with the exhaust from which 
the condensing plant is arranged to deal. The 
turbine can be seen on the right-hand side of 
Fig. 1. 

The framing of the engine follows usual launch 
practice ; the connecting rods are of the marine 
type and the piston rods are forged solid with the 
crossheads, which are fitted with slippers working in’ 
cruiser-type guides. The crankshaft is made in 
two solid-forged parts connected by a coupling, ' 
between the cylinders, which is formed with slots. 
at 90 deg. to each other; a movable cross ke 
allows the angle between the high-pressure inl 
low-pressure cranks to be set at 90 deg., 180 deg., or 
270 deg. When the cross key is removed, either the 
high-pressure or the low-pressure engine may be run 
independently. The high-pressure cylinder is pro- 
vided with a steam jacket, as shown in the cross 
section of the cylinders given in Fig. 7, on page 635, 
and a drain from this is connected to a steam 
trap so that the jacket condensate may be measured. 
The high-pressure piston valve is of the makers’ 
labyrinth type and is actuated by a Stephenson 
link motion with a reversing lever and arranged 
so that the gear may be linked up. The valve 
travel is 14 in. and the lead admission, top and 
bottom, 4 in. The mean cut-off is 0-6 of the 
stroke. The low-pressure valve is of the Meyer 
variable-expansion type; an external handwheel 
permits the cut-off to be varied from 0-2 to 0-8. 
The travel of the main valve is 14 in. and of the 
expansion valve 1? in. The low-pressure eccentric 
is arranged so that its angular position may be 
varied and reversal of the direction of rotation 
effected. In order to demonstrate to students the 
action of the steam-distribution valves, indicators 
are carried on extensions of the high-pressure and 
low-pressure valve spindles. The indicators are 
marked to correspond with the lengths of the valves 
and work against polished brass plates scribed to 
show the steam and exhaust ports. The arrange- 
ments are shown in Fig. 7. 

High-speed belt-driven Pickering throttle gover- 
nors are provided for the high-pressure and low- 
pressure cylinders; they are fitted with auto- 
matic knock-off gear which closes the throttle valve 
if the belt breaks. This is shown in Fig. 3. The 
governors are provided with adjustment gear to 
vary the speed of the engines, and the low-pressure 
governor is inoperative when the engine is running 
as a compound. Each cylinder has a complete 
equipment of relief valves, thermometer pockets and 
indicator cocks, and steam and vacuum gauges are 
fitted in convenient positions. A Kirkham force- 
feed lubricator delivers oil to the high-pressure 
cylinder. A tachometer is fitted for the high-pres- 
sure engine, the low-pressure engine being provided 
with a reciprocating revolution counter. For the 
purpose of demonstrating the effect of clearance on 
steam consumption, arrangements are provided by 
means of which the clearance volume of the high- 
pressure cylinder may be increased by 100 per cent. 
at top and bottom. Dished-plate brake drums, 3 ft. 
in diameter, are mounted on crankshaft extensions at 
each end of the engine. The drums are arranged 
for water cooling and are fitted with brake gear com- 
prising top and tail spring-balances with 4 ip. con- 
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(26540) 
necting ropes. A handwheel for increasing the 
tension in the ropes is provided at the top of each 
brake stand. The crankshaft extensions are carried 
in ring-oiled bearings mounted on cast-iron stools 
bolted to the concrete foundation block. 

The various combinations in which the high- 
pressure and low-pressure engines may be operated 
for experimental and testing purposes have been 
mentioned already, and it is not necessary to deal in 
detail with the pipe lay-out by means of which the 
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various connections are obtained; it is shown 
in the general drawings of the plant. Control 
is by means of two valves on the front of the engine 
and three cocks on the rear side. One of the valves 
controls the main steam supply at 160 lb. per square 
inch. The other, which makes connection through 
a reducing valve, shown in Fig. 5, supplies steam at 
65 lb. per square inch when the low-pressure engine 
is run as a single unit. The three cocks, in various 
combinations, control the distribution of the exhaust, 
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passing it, when the set is being run as a compound, 
from the high-pressure cylinder to the low-pressure 
receiver and then either to the condenser or atmo- 
sphere as desired. With single engines, either high- 
pressure or Jow-pressure, suitable setting of the cocks 
directs the exhaust either to the condenser or to 
atmosphere. By breaking the vacuum in the 
condenser, it is possible to measure the steam con- 
sumption when the engine is exhausting against a 
back pressure. The cooling water for the condenser 
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is taken from the town mains and passes through 
a flowmeter which measures the quantity used. 
The indicator cards and tne diagrams reproduced 
in Figs. 8 to 12, on this page and on page 636, are 
based on a series of tests which were carried out to 
ascertain the behaviour of the engine under varying 
conditions. The indicated horse-power, brake horse- 
power and steam consumption were obtained for a 
series of brake loads and from the data obtained the 
curves of Figs. 9 to 11 were plotted and the heat- 
balance chart, Fig. 12, was prepared. After a pre- 
liminary warming-up, the engine was run on fight 
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load, the cooling-water supply to the condenser 
being adjusted to a suitable rate. A series of five 
tests, each of 20 minutes’ duration, was then carried 
out with increasing brake loads, a suitable interval 
being interposed in each case to allow the plant to 
adjust itself to the new conditions. All pressure and 
temperature readings were noted at five-minute 
intervals throughout each test ; steam consumptions 
were estimated by discharging the condensate into 
divided and graduated measuring tanks, by means 
of which the average consumption per minute could 






































































































































pressure and low-pressure cylinders were taken for 
each brake load in order that truly representative 
diagrams should be used to determine indicated 
horse-power. The engine ran smoothly throughout 
the tests and provided excellent practical instruction 
for the students engaged in the collection of records. 
Typical high-pressure and low-pressure indicator 
diagrams for the five tests are shown in Fig. 8. 
TABLE I.—Indicator Records. 
| Mean Effective Pressures, 
Lb. per sq. in. 
ae cir westee vis a 
Test LP. Cy .. | | a 
No. | -P. Cylinder. | L.P. Cylinder. | R.p.m.| Lh.p. 
— = pone rey men | 
Bot- | Bot- 
Top. | tom. | Top. | tom. | 
| | 
| | or baal 
1 | 15-9 | 15-85] 7-54] 7-45 | 220 3-97 
2 | 22-73! 22-43] 13-7 | 13-47 | 220 6-57 
2 23-25 | 22-8 | 17-68] 17-35 | 220 7-84 
4 85-1 | 34-9 | 22-43 | 22-25 | 221-6 | 10-63 
5 | 39-1 | 38-9 | 28-85 28-8 | 217-4 | 12-84 
' | i i 
TaBLE II.—Brake Records. 
cae S8 
Net Brake a 
y I nical 
Test No. | 1. B.h.p. F.h.p. Efficiency. 
1 52-1 3-27 0-7 82-4 
2 93-8 5-91 0-66 90 
3 120-3 7-56 0-28 96-4 
4 | 143-4 9-08 1-55 85-5 
5 172-3 10-7 2-14 83-4 
TABLE III.—Condenser Records. 
. Cir. Water : 
Temp. be ae | Temperature, a 
Test |Vacuum,| of Con- | joncate. | Deg. F. Water 
No. In. Hg. dgnsater| Lb. per | ata Lb. per 
hh Se Out. — 
— 
1 27-28 | 102-5 | 2-78 | 57-5| 76-38 | 145 
2 27-44 | 108-2] 4-235] 57-5 | 82-14] 145 
3 27-48 | 112 5-265 | 57-5 | 86 145 
4 27-18 | 114-4] 5-62 | 57-5| 87-78 | 145 
5 | 26-9 | 119-4 | 6-22 | 57-5 | 90-28) 145 
TABLE IV.—Stleam Records. 
Inlet Pressure | 
to H.-P. Steam pe... 
Test No. Cylinder, Consumption, Lb. r bh > 
Lb. per Lb. per min. pom - 
sq. in. gauge. | | ” P 
| | - 
1 27-8 2-78 51 
2 | 47-8 4-235 43-1 
3 61 5-265 41-8 
4 74°6 | 5-62 87-2 
5 95 | 6-22 34-9 
TABLE V.—Efficiency Records. 
| Rankine | ,Brke | Retative| Gon- | Overall 
Test | A Thermal | “pm. |sumption,| Plant 
No. | gi Effi- ciency. Cub. ft. Kii- 
| Clemey. | ciency. si per min, | ‘ieney. 
1 | 21-6 4-57 | 21-18 | 18-5 1-90 
2 22-85 5-38 | 23-35 | 21-58 2-94 
3 23-4 5-52 | 23-6 23-8 3-41 
4 24-1 6-2 25-75 | 26-5 3-66 
1. § 24-6 | 66 26-9 29-65 3-87 
| —_— 
TABLE VI.—Heat Balance Records. 
Heat Allocations, Per Cent. 
Test No. am 
| B.h.p. | . Exhaust. | Surroundings. 
1 4-57 90-7 4:73 
2 5-38 77-6 17-02 
3 5-52 71-3 23-18 
4 6-2 68-8 25 
5 6-6 69-4 24 
The tests were carried out at the full working 
pressure of 160 Ib. per square inch, the engine 
being controlled by the throttle governor and a 
constant cut-off being used throughout. The mean 
effective pressures in the two cylinders and the 
indicated horse-power worked out from the indi- 
cator diagrams are given in Table I, and the brake 
records in Table II, in which “ F.H.P.” indicates 
the friction horse-power, the difference between 





be caloulated. Several indicator cards for the high- 
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indicated horse-power and brake horse-power. 
Curves connecting indicated horse-power and fric- 
tion horse-power with brake horse-power and 
mechanical efficiency with brake horse-power are 
given in Fig. 9. The readings covering temperature 
and weight of condensate and condensing water 
and steam consumption are given in Tables IIT and 
IV. Thesteam consumptions are plotted in the form 
of curves in Fig. 10. The various efficiencies 
worked out from the data obtained are set out in 
Table V and are shown in the form of curves in 
Fig. 11. The percentage heat allocations to brake 
horse-power, the exhaust and the surroundings are 
shown in Table VI and Fig. 12. 





LITERATURE. 


The Geology of Water Supply. By Sm Cyrm 8S. Fox, 
D.Se., M.I.Min.E., F.G.S. The Technical Press, 
Limited, Gloucester-road, Kingston Hill, Surrey. 
[Price 25s. net.] 

In these days of town planning, matters concerning 

the supply and disposal of water in centres of popu- 

lation are of increasing importance, not only to 
members of local councils, but also to the ratepayer, 
who is normally the consumer as well as the sufferer 
in times of shortage. Of equal importance are the 
related questions of improved surface drainage of 
roads and building sites, the causes of sudden floods 
and washaways, and the reasons for peculiarities in 
supplies from springs and wells. The subject lacks 
nothing in the way of variety, since it constitutes a 
noteworthy branch of economic geology in which 
each scheme should be examined in relation to the 
geological characteristics of the locality. While 
considerable literature is available to the engineer 
and geologist, the same cannot be said in regard 
to the non-technical reader, who may be an agricul- 
turalist or a person concerned with the matter in 
local government affairs. In this book, Sir Cyril 

Fox goes far to meet the requirements of such 

readers, who most of all desire a broad treatment that 

is technically correct in all respects. 

Following an introductory chapter is one on the 
general problem of rainfall which indicates the 
ramifications of the subject by reference to the 
effect of mountains, deserts, cold dry areas, and 
marshes on the yield of catchments. By easy steps 
the author discusses, in Chapters ITI and IV, the 
geological and the geographical aspects, as, for 
example, valleys, their structure and section, mud 
banks, river “capture” and floods, and relevant 
points on tidal currents, waves and coast erosion. 
After perusing the next principal section of the 
book, on the stability of hillsides, the discriminating 
reader will realise that the treatment is written from 
an unusually wide experience of practice on the 
part of the author in Hindustan, Pakistan, Burma, 
Afghanistan, Arabia, and various countries in 
Europe, including the United Kingdom. In some 
of these countries, supplies of surface water on the 
one hand, and of underground water on the other, 
require special consideration, and it is well to have 
these problems generalised as much as may be in 
separate chapters. Factors governing the choice 
of site for a reservoir bring under review much of the 
subject matter preceding Chapter VIII, bearing the 
title ‘‘ Engineering Works,” for, in the first place, 
the catchment area is influenced by the proportion 
of run-off and percolation. In deciding on the area 
to be flooded, attention is drawn to the requirement 
that there should be no risk of serious leakage 
when the ground is under pressure from the full head 
of water in the reservoir. As regards the dam, the 
serious reader will understand why a secure founda- 
tion is essential, and why the nature of the sub- 
surface geology at the site should be explored by 
trial bores or other means. The construction of the 
dam will usually involve the excavation of a trench, 
and possibly a certain amount of tunnelling, with 
the result that the geological conditions in the area 
should be known as closely as possible. The ideal 
conditions, namely, foundations in water-tight rock, 
are seldom met with in practice, hence percolation 
below the dam when the reservoir is full, and the 
position of the mass of impounded water in relation 
to the water-table, are questions which also have 
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particulars from others in this regard, but this 
applies to the whole subject, including the quality 
of water, which is dealt with in the final chapter. 
The photographic reproductions, 23 in all, greatly 
enhance the practical value of the work as a source of 
information for non-professional readers, and for 
the student of geology who is unacquainted with the 
engineering side of his subject. 





The Story of Atomic Energy. By PROFESSOR FREDERICK 
Soppy, F.R.S., Nobel Laureate in Chemistry. The 
Nova Atlantis Publishing Company, Limited, 53, 
Museum-street, London, W.C.1. [Price 15s. net in 
boards ; 20s. net in cloth.) 

READERS Of ENGINEERING will recall the series of 
articles that appeared at fortnightly intervals 
between October 3, 1947, and May 14, 1948, in 
which Professor Soddy retraced the ground covered 
in two of his earlier books in the light of later 
developments and brought the story of atomic 
energy up to date. This series has now been issued 
in book form. It is curious that the latest and 
most perilous triumph of physics—the release of 
“‘atomic,” more correctly “nuclear,” or, as the 
author prefers to term it “ tomic,” energy—should 
prove to be a by-product of transmutation, one of 
the earliest objectives of scientific research. How 
immeasurably beyond the resources of the alchemists 
was their attempt to transmute the base metals into 
gold is only now apparent. Part I traces the story 
from the origins of alchemy in Egypt, through the 
atomic speculations of the Greeks, down to the 
foundations of modern chemistry by Boyle and 
Lavoisier, who established the conservation of 
“mass” in chemica: changes—not “ weight” as 
stated on page 15 of the book. The next part is 
devoted to the modern atomic and molecular 
theories and the periodic classification of the 
chemical elements. Evidence is adduced to show 
that much of the.credit now given to Dalton, as the 
reformulator of the atomic theory, should go to 





to be investigated. Each case differs in important 





William Higgins who, in Professor Soddy’s words, 
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“‘ was a chemist with original physical ideas whereas 
Dalton was a physicist without them.” This is 
followed by a brief account of the fundamental 
advances made in physics between the middle of the 
Eighteenth and the end of the Nineteenth Centuries, 
the concept of energy and the kinetic theory, the 
electromagnetic theory of light and spectrum 
analysis, the discovery of X-rays, radio-activity and 
electron. The introduction of dimensions, usually 
attributed to Fourier, is here ascribed to Francis 
Bacon. 

Professor Soddy is the sole survivor of the brilliant 
team that coJlaborated with Rutherford at Montreal 
in the early stages of his work on radioactivity. His 
authoritative account of the pioneer investigations 
which showed radioactivity to be a process of 
atomic disintegration, unaffected by chemical com- 
bination or physical agencies, liberating energy 
spontaneously on a hitherto unknown scale and 
which established the sequence of the natural radio- 
active transformations, wiil be read with especial 
interest. Soddy introduced the word “isotope ” 
and formulated the displacement law of radioactive 
change which provided a rational interpretation of 
the periodic law, while Aston, with his mass spectro- 
graph, carried out the original determinations of 
isotopic masses. Meanwhile, Rutherford had deve- 
loped and, by his scattering experiments provided 
convincing evidence for, his nuclear atom model, 
which is considered in Part VII together with the 
quantum theory which Bohr so boldly and success- 
fully applied to this nuclear atom to explain its spec- 
tral series. Gravitational] and electrical forces vary 
inversely as the square of the distance, but the 
word “inversely ” is omitted on pages 65 and 69. 
The use of the symbol “‘ E” for kinetic energy on 
page 69 and for the charge on the nucleus on page 70 
is liable to be confusing. Moreover, the latter is 
not the atomic number (usually denoted by Z) 
but Ze. There is a tendency in works such as this 
to concentrate too exclusively on physics. As a 
chemist, Professor Soddy helps to redress the 
balance with his section on “‘ Quantum Theory and 
Chemistry ” in which an interesting point of. view 
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concerning the Uncertainty Principle and Zero 
Point Energy is presented. 

Rutherford first succeeded in disrupting nitrogen 
nuclei with «-particles from natural radioactive 
sources in 1919. The long-range protons ejected 
were detected by the scintillations they produced 
on a fluorescent screen—the apparatus being, in 
essence, a modified version of the Crookes spinthari- 
scope. It was also Rutherford who, in 1932, at a 
meeting of the Royal Society, announced the dis- 
integration of lithium nuclei with artificially ac- 
celerated protons by Cockcroft and Walton, working 
in his laboratory. Their modest high-voltage instal- 
lation was speedily followed by the Cyclotron, 
which is described and illustrated, and by other 
ingenious and costly engineering equipment for 
imparting to charged particles the high energies 
needed to disrupt the more massive nuclei. 

In this same year, 1932, “‘ the wonderful year of 
radioactivity,” the position and deuteron were dis- 
covered and the existence of the neutron finally 
confirmed. Its absence of charge enables the 
neutron to enter nuclei comparatively readily and, 
in many cases, slow-moving, or ‘‘ thermal,” neutrons 
proved to be more effective transmuting agents 
than fast-moving ones. Another significant ad- 
vance was the discovery of artificial radioactivity 
in 1933. The other elementary particles—the 
mesons—came to be recognised as a result of cosmic- 
ray researches, which are briefly described. The 
final step was taken in 1939, when it was shown 
that the capture of a neutron by a uranium nucleus 
resulted in an entirely new type of disintegration. 
This is known as “‘ fission ’’ and consists in the break- 
ing up of the origina] nucleus into a pair of fragments 
of comparable mass. The minute mass that dis- 
appears during the transformation reappears in 
the high energies of recoil of the fission products in 
the manner predicted by Einstein. Moreover, since 
further neutrons are generated in the process, such 
a reaction can, under appropriate conditions, become 
self-sustaining. Thus, at the outbreak of war, all 
the purely scientific knowledge required to effect 
the release of nuclear energy was available. Such 
details as have been made public concerning the 
industrial exploitation of these discoveries in the 
United States by the War Time Atomic Energy 
Projects are given in Part XII. Work on both the 
explosive and power objectives proceeded simultane- 
ously on a scale only rendered possible by unlimited 
funds and a total conscription of scientific man- 
power. The success of the former is not unjustly 
claimed as the greatest, though also the most 
sinister, achievement in history. It remains to be 
seen how soon the second objective can be realised 
and applied to more constructive pu : 

Professor Soddy has devoted considerable thought 
to the social implications of science and the responsi- 
bilities of scientists, and the views expressed in his 
concluding section merit close attention. He wrote 
this book “‘in the hope of dispelling the view that 
the subject is too difficult to be seriously studied 
except by experts.” Clear as his exposition gener- 
ally is, and aided as it is by many excellent illustra- 
tions of historical apparatus, Wilson cloud tracks 
and Geiger counter records, its mastery demands 
a certain effort. These matters are, however, of 
such vital concern that it is to be hoped that non- 
specialists, and particularly those who have the 
ultimate responsibility of shaping national policies, 
will be prepared to make the necessary effort. 
University Mathematics: A Text-book for Students of 

Science and Engineering. By J. BLAKEY, Ph.D. 

Blackie and Son, Limited, 66, Chandos-place, London, 

W.C.2. [Price 25s. net.] 

CoursEs of study fora university degree in engineer- 
ing and science generally imply, at various stages, 
a knowledge of pure mathematics, starting with the 
idea of limits, convergence of series, complex 
numbers, partial fractions, and summation of series, 
and subsequently passing on to the infinitesimal 
calculus. A working acquaintance with such 
preliminaries is of the greatest practical value to a 
student on entry to a university, as Dr. Blakey 
demonstrates in his treatment of most of the 
branches of mathematics required by engineering 
students, excluding projective geometry. In the 
book, a discussion of the above-mentioned topics 
precedes Chapters IV and V, on differentiation and 





integration, which are discussed in a commendably 
concise and instructive manner, characterised by 
easy ways of approach to important principles, 
illustrative examples, and exercises based on exami- 
nation papers of the University of London. Answers 
to the exercises enhances the value of the book for 
private study. Further exemplification of the 
calculus is to be found in the next two chapters, 
dealing with the expansion of functions in power 
series, maxima, minima, and points of inflexion, 
and with tangents, normals, curvature, and partial 
differentiation ; also, in a iater chapter, on the 
evaluation of the area under a curve, and the volume 
of a solid of revolution. What the author has to 
say on determinants, in Chapter VIII, though 
excellent in its way, would doubtless have been 
improved by applications to the solution of simul- 
taneous equations of the type met with in practice. 
Due attention is paid to the geometrical side of 
the subject, in Chapters IX to XIV, beginning with 
plane co-ordinate geometry, and ending with the 
genera] conicoid. This part of the treatment 
presents topics which are not so widely utilised by 
engineers as they should be ; the polar and general 
equation of a conic is sometimes of great utility 
in problems concerning the disturbed motion of 
chains, ropes, and belts, and a grasp of co-ordinate 
geometry of three dimensions facilitates the solution 
of many problems of complicated frameworks and 
structures. In expounding the theory of differential 
equations, of the first and second orders, in the 
concluding pair of chapters, Dr. Blakey incorporates 
useful sections on partial differential equations. 





Deep Mining. By JacK SPALDING, A.R.S.M., B.Sc., 
M.I.M.M. Mining Publications, Limited, 482, Salis- 
bury House, London Wall, London, E.C.2. [Price 
40s. net.) 

Mins are now being worked at depths of 8,000 ft. 

below the surface in several countries and, in some 

of these mines, plans are already prepared to extend 
mining operations to depths of 10,000 or 12,000 ft. 

Meanwhile, countless other mines are steadily becom- 

ing deeper and large numbers are approaching the 

state when they may be called deep. The author 
classifies the problems associated with deep mining 
into three main groups, namely, high rock pressure, 
requiring special attention to the support of the 
excavations ; excessive rock temperatures, neces- 
sitating special attention to ventilation and the 
installation of air-conditioning plant; and deep 
hoisting problems, requiring two-stage, three-stage, 
or even four-stage winding. During recent years, 
the theory of rock pressure and its effects has been 
developed in considerable detail and, in the first 
two chapters of the book, the theory is explained 
from first principles. Practical details regarding 
stope planning and ground control are discussed 
in the next four chapters. High rock temperature 
is the factor most likely to limit the depth to which 
mining can be extended, and a large part of the 
book is rightly devoted to the problems of providing 
adequate ventilation. The author’s treatment of 

a mine as a heat engine and his use of indicator 

diagrams to determine the natural ventilating 

power is a novel method, worthy of close study. 

The reactions of the human body to abnormal air 

conditions, the installation of air-conditioning plant, 

and the dangers of inhaling dust-laden air are all 
fully dealt with. In regard to deep winding, it may 
surprise many people to learn that several mine 
hoists are winding from depths of over 6,000 ft. 

This has been achieved by an increase in the breaking 

strength of the steel used in ropes for deep winding, 

a better knowledge of the complicated series of 

surges which take place in the rope when accelera- 

tion is changing, and more accurate calculation 
of the stresses in winding ropes. The book con- 

cludes with a chapter on the human element, a 

glossary of mining terms and seven graphs, giving 

solutions to ventilation calculations. All the prob- 
lems encountered in deep mining do not manifest 
themselves simultaneously. The staff of a mine 
which has gradually become deeper are not usually 
fully conscious of the position until, one day, the 
mine is struck by a rock-burst or the management 
is faced with the necessity for a new winding lay-out. 

It is particularly to the staffs of mines approaching 

this critical stage that Mr. Spalding addresses his 

work, 





THE DEPARTMENT OF 
SCIENTIFIC AND INDUS- 
TRIAL RESEARCH. 


THE re-appearance of the annual report of the 
Committee of the Privy Council for Scientific and 
Industrial Research,* embodying the Advisory 
Council’s review of the Departments activities, is 
doubly welcome ; directly for the technical informa- 
tion now disclosed, and indirectly for its assurance 
that another war-time austerity is at an end. 
Annual reports have been presented during the 
years from 1938 to 1947, but. they have not been 
published ; and, although many of the D.S.LR. 
establishments have issued accounts of their war- 
time activities, it is appropriate that the 33rd 
Report, now published, should review the more 
outstanding contributions of the Department to 
the national effort during the war, as well as discuss 
its present position and future plans in the light of 
post-war industrial requirements. The Depart- 
ment was created, while the country was at war 
in 1915, primarily for the purpose of serving the 
needs of industry in times of peace. Just as that 
first World War revealed the potentialities of 
applied science in meeting war-time conditions and 
regaining the lead in industrial developments after 
the war, so, 30 years later, the same principles have 
been amply confirmed, with even greater urgency 
now as regards the exploitation of existing scientific 
knowledge for expanding production and augmenting 
export trade. 

An idea of the expansion that has taken place 
in the Department, during the ten-year period under 
review, can be gained from the increases in annual 
expenditure, from 682,1801. in 1939 to 2,694,0611. 
in 1948, and in total staff from 2,153 to 3,090. The 
same trend is apparent in the growth of the indus- 
trial research associations, which increased in 
number from 22 to 35 and in total income from less 
than half a million pounds to nearly two and a 
half millions. Even when these figures are dis- 
counted by the reduced value of money in terms of 
material and services, they reflect something of the 
scale on which plans for developing the nation’s 
scientific resources have been made, notwithstanding 
the uncertainties of the earlier war years. Progress, 
in fact, has been slower than was hoped, partly due 
to the difficulties of building and staffing new 
laboratories, but partly also as a result of policy 
which has deflected effort away from extended 
programmes of basic research, in favour of concen- 
trated attacks upon pressing economic and indus- 
trial problems offering speedy and profitable solu- 
tion by the application of existing knowledge. 

Nevertheless, a start has been made towards 
filling several gaps in the national research structure. 
One such defect was a lack of a substantial measure 
of research into basic and generic problems under- 
lying mechanical engineering, needed to supplement 
the important volume of work on specific engineering 
problems by providing a broad foundation for new 
advances and a better background for existing 
practice. The outcome is the new Mechanical 
Engineering Research Organisation, at East Kil- 
bride, which, together with new branch laboratories 
of the Fuel, Road and Building Research establish- 
ments at Thorntonhall, also near Glasgow, will 
comprise a powerful nucleus of industrial research 
in Scotland. Its effectiveness will be enhanced by 
a branch of the Headquarters Office of the D.S.I.R. 
which was opened in Edinburgh in 1947, to collect 
and disseminate information on behalf of Scottish 
science and industry. 

In the civil engineering field, the major unsup- 
plied need has been for research on marine works 
and waterways, especially on problems associated 
with the silting and scouring of estuaries, coast 
erosion, irrigation and generally what is termed 
**loose-boundary hydraulics.” A Hydraulics Re- 
search Organisation has accordingly been created 
which, coupled with extended activities by several 
existing D.S.I.R. laboratories, will go a long way 
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towards meeting the requirements of civil engineers. 
The influence of war-time experience in suggesting 
directions for post-war investigation is exemplified 
by the establishment, in 1946, of a Fire Research 
Organisation controlled jointly by the Department 
and the Fire Offices’ Committee; and by the 
creation at the National Physica] Laboratory of a 
Division concerned with mathematical and statis- 
tical research. The value of overseas scientific 
liaison, also manifest during the war to the Ministry 
of Production mission in Washington, has now been 
extended and made permanent by the formation, 
under the D.S.I.R., of the United Kingdom Scien- 
tific Mission, North America, which is a unit of the 
British Commonwealth Scientific Office in Washing- 
ton; and of a Commonwealth Scientific Office in 
London, which was started in 1948. 

The Pest Infestation Laboratory, established at 
Slough in 1940, provides an instance of research 
directed, particularly during the war, to the conser- 
vation of stored cereals, but now widened in scope 
to include the study of all forms of insect and fungal 
pests, the action and application of remedial mea- 
sures, and the basic knowledge underlying the 
principles of preventing infestation as well as 
arresting its progress. In varying degrees, every 
type of research sponsored by the D.S.I.R. has 
encountered, during the war, types of problems and 
avenues for development that are obviously going 
to be of such lasting importance as to justify 
expanded activity under the somewhat easier 
conditions prevailing to-day. Outstanding on 
account of its military significance was the Depart- 
ment’s co-ordination of British work on nuclear 
fission, the outcome of which is the enormous 
atomic energy project for which the Ministry of 
Supply is now responsible. In scores of smaller 
matters, such as the dehydration, preservation and 
processing of food, the intensive study of the pro- 
perties and technology of concrete, the stabilisation 
of soil, the exploitation of British sources of sand 
for making optical glass, and the applications of 
operational research, war-time necessity has laid 
the foundations for industrial developments which 
the Department hopes to pursue with vigour. 

Of special interest are the striking achievements 
in radar, regarded as the major contribution of 
British science to the successful prosecution of the 
war, which are typical of the wide advances in 
radio science and applied electronics in having an 
enormous potential industrial value. To do justice 
to this subject, an eventual expenditure approach- 
ing a quarter of a million pounds per annum is 
envisaged for plans which include the combination 
in a new laboratory of the work now being carried 
out at the National Physical Laboratory and at the 
Telecommunications Research Establishment at 
Malvern. The interim effect is to transfer to the 
electronics programme, controlled by the National 
Physical Laboratory, some basic investigations of 
the principles of electronic valve circuits, and many 
design problems arising from the application of 
electronics to automatic computing and control 
systems, infra-red and supersonic radiations, and 
measuring instruments. In the Physics Division 
of the National Physica] Laboratory, approval has 
been given for an extension of thermal researches 
at low temperatures, down to the temperature of 
liquid helium. This decision has been prompted 
partly by the need for the International Tempera- 
ture Scale to be realised over the whole range, not 
only above the present lower limit, at Teddington, 
of 0 deg. C.; and partly also to enable the Labora- 
tory to satisfy the needs of industry for data on 
the properties of materials at low temperatures. 

Concurrently with these achievements and devel- 
opments in all the laboratories controlled by the 
Department of Scientific and Industrial Research, 
similar contributions to the victorious outcome of 
the war, and similar plans for post-war expansion 
and improved scientific service by the industrial 
research associations, are appreciatively noted in 
the annual report. The continued success of the 
research association movement is not, however, 
wholly automatic, and when the Industrial Grants 
Committee reviewed the future of the scheme in 
1943, they considered that the relationship between 
Government and industry required reconsideration, 
though they were in no doubt at all that the general 


shape of the scheme was fundamentally sound and 
had been so proved by experience since its inception 
in 1917. These views are upheld in the report by 
the Advisory Council, who feel that, though industry 
has an important and essential part to play, Govern- 
ment responsibility for the national welfare entails 
their financial co-operation in the form ofannual 
and special capital grants. Since 1943, there has 
been a sharp increase in the total industrial income 
of research associations, made up partly of in- 
creased contributions to existing associations and 
partly due to the incomes of newly formed associa- 
tions. Industry itself is therefore largely accredited 
with the initiative that has led to such satisfactory 
progress. At the same time, the D.S.I.R. grants 
have continued at a level exceeding half the total 
industrial contribution, presumably with more 
benefit to the poorer and newer associations than 
to the richer and longer-established ones. Having 
the assurance of such continued support, the 
research associations ought to grow in numbr and 
size, with a corresponding increase in their signific- 
ance to British industrial efficiency. 

An important, if indirect, reason for subsidising 
the research associations has been the hope that 
they would stimulate individual industrial firms to 
carry out their own research to meet their own 
particular needs. While the Finance Act of 1944 
allows expenditure on industrial research to be 
treated as an expense for income-tax purposes, 
there are obvious administrative difficulties in pro- 
viding more direct financial encouragement for 
research by private firms. It is the more satis- 
factory, therefore, to remark that the annual 
expenditure on research and development by British 
industry in its own establishments is in the region 
of 30,000,000/., representing about two-thirds of 
1 per cent. of the total annual value of British 
manufacture ; and that some 45,000 persons, of 
whom 10,000 are graduates, are employed on this 
work. While not withholding approval of these 
figures, the Advisory Council consider that a much 
larger proportion of the turnover of industry could, 
with profit, be devoted to research. The future of 
the various nationalised industries in this connec- 
tion has been considered with some care by the 
Advisory Council. The report expresses the hope 
that the plans of the National Boards and Commis- 
sions will be designed to fortify, and to take advan- 
tage of, the facilities existing in the D.S.I.R. and 
the research associations, and that the nationalised 
industries will co-operate with the Department in 
matters of research so as to fashion their activities 
within the pattern of existing organisations. 

While discussing the practical application of 
research results, the Advisory Council refer with 
approval to the recent formation of the National 
Research Development Corporation, under the 
general sponsorship of the Board of Trade. The 
work of this body should help to ensure that promis- 
ing inventions are not being left undeveloped for 
financial or other reasons, and that the benefits of 
departmental inventions may be made widely avail- 
able in industry ; though it may be observed in 
passing that the publication of the full details of 
the powers conferred on the Corporation has not 
entirely allayed the doubts felt in some quarters 
regarding the position of individual inventors. 
This question of exploiting inventions is but one 
aspect—albeit one of great potential importance— 
of the wide and difficult subject of applying new 
scientific knowledge rapidly and completely enough 
to yield the utmost profit. The opinion is expressed 
in the report that only of late, and only in some 
parts of industry, has the problem of carrying the 
results of research into industrial practice been 
sufficiently appreciated and attacked with sufficient 
vigour. The need is thus clearly indicated for 
information services and liaison arrangements to 
bridge the gap between scientific research and fac- 
tory management. In many firms and industries, 
delay is due to the lack of means for carrying 
laboratory results to an intermediate stage of 
development where the possibilities of the discovery 
can be set against the problems of large scale pro- 
duction or process operation. Such development 
work, lying between the fields of interest of the 





research scientist and the industrialist, tends to be 
neglected by both, especially if equipment for doing 





it is not readily to hand. Though the Department’s 
policy has akways been to bring the results of its 
research, and their possible benefit, to the attention 
of industry, it has not hitherto undertaken this 
type of development work except in special cases. 
Whether this statement implies that plans are 
under consideration for more development work in 
the future remains to be seen. Clearly, however, 
the major part must always be taken by industry, 
if only because of the great variety of similar 
applications to which a single basic discovery can be 
adapted. The Department’s views in this section 
of the report are thus of special significance to 
industrial managements, as affecting their relations 
with their research associations as well as with 
the Government research establishmunts. 





THE SMITHFIELD SHOW AND 
AGRICULTURAL MACHINERY 
EXHIBITION. 


(Concluded from page 613.) 


TuE first Smithfield Show to be held since 1938 
closed on the evening of Friday, December 9, after 
having been open since the previous Monday. As 
pointed out on page 612 of our issue for last week, 
this year the show was held for the first time at 
Earl’s Court, and the title was altered to the Smith- 
field Show and Agricultura] Machinery Exhibition. 
The scope and size, especially of the machinery ex- 
hibits, have been increased considerably and there 
is little doubt that this proved a success as the at- 
tendance figures for each day were approximately 
double those for the 1938 show. An exhibition of this 
nature undoubtedly performs a valuable function 
as it enables prospective buyers to view different 
machines of the same type under one roof and in 
comparative comfort; furthermore, it provides a 
common meeting ground for the exchange of views 
between producers and users of agricultural equip- 
ment with consequent advantages to both sides. 
This is a particularly valuable feature so far as 
overseas visitors are concerned and, judging by 
preliminary reports, the volume of orders booked 
by the various exhibitors alone rendered the show 
well worth-while. As previously mentioned, the 
exhibits covered a wide range of agricultural machin- 
ery ; several of these were described in our issue for 
last week and some others of interest are dealt 
with below. 

The dehydration of green crops represents an 
important advance in modern agriculture and 
several firms were showing machines designed for 
this purpose. The “Ivo” Engineering and Con- 
struction Company, Limited, Wood-lane, Shepherd’s 
Bush, London, W.12, for example, were exhibiting 
a crop drier suitable for drying grass, lucerne or 
grain ; this machine is illustrated in Fig. 9, on the 
opposite page. It is a tray-type machine using the 
up-draft hot-air drying principle with recirculation 
during the second stage of drying. There are two 
trays arranged one at each side of a central furnace, 
each tray having a width of 7 ft. and a length of 
14ft. They are fitted with perforated metal bases 
and the hot air is circulated by an axial-flow fan 
driven from the power take-off of a standard farm 
tractor. The fan is of cast aluminium and is 
arranged to run in 3-in. self-aligning ball bearings, 
the total power required to drive it being in the 
neighbourhood of from 8to 10 h.p. The oil burner, 
which forms an integral part of the drier, is con- 
trolled by a single valve, the maximum air tempera- 
ture obtainable being 350 deg. F. The material to 
be dried is placed in one of the trays and the lid left 
open. During initial drying, the air leaves the 
bed of material in a saturated condition. As drying 
proceeds, the moisture content of the air falls and 
when this has reached a predetermined value, the 
other tray is filled with grass and initial drying 
started. At the same time, the lid is closed on 
the first tray, which automatically brings into 
operation an air-recirculating system arranged so 
that the air is passed through the bed several times. 
This procedure is followed continuously so that while 
one batch is being dried initially, the other is in the 
final stages of moisture removal. The output 
depends, of course, on the material to be dried, but 
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“ Ora” THREE-WHEEL TRACTOR; OAKTREE APPLIANCES, LIMITED. 
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when operating with materials delivered directly 
from the field, the output ranges from 2 to 4 ewt. 
of dried material per hour. This can be increased 
considerably if the crop is prechopped. 

Ensilage also plays an important part in the 
winter feeding of livestock as it provides a home- 
produced source of protein, and an interesting 
machine for its production, based on a new system, 
was being exhibited by Messrs. Silorators, Limited, 
103, Park-street, London, W.1. The machine 
lacerates the stems of green crops; this stops life 
instantaneously and releases the natural juices, 
which provide a suitable medium for bacterial 
growth, fermentation, as a consequence, starting 
immediately. Furthermore, the shredded products 
pack closely into the silo, thereby saving space and 
reducing after-filling to a minimum. No preser- 
vatives are required and it is claimed that silage 
made by this method is resistant to mould after 
several days’ exposure to the atmosphere. The 
lacerating machine, or “‘ Silorator,” is illustrated in 
Fig. 8, where it is shown with the front cover 
open. It consists basically of an impeller and 
lacerating wheel, both of which are driven from the 
belt power take-off of a standard tractor. The 
material to be shredded is fed through a chute 
to the centre of the impeller, which passes it to 
the lacerating wheel, an adjustable plate being fitted 
below the lacerating wheel to allow the shredding 
action to be controlled. After passing through 








Farm-Crop Drier; “ Ivo’ ENGINEERING AND CoNnsTRUCTION Company, LIMITED. 


the machine, the treated crop is delivered to the silo 
through ducting, the draught created by the impeller 
and lacerating wheel being sufficient for this purpose. 
The impeller rotates at 2,000 r.p.m. and the lacerator 
at 3,000 r.p.m., the two shafts being connected to 
each other by three V-belts and supported by self- 
aligning roller bearings. The complete unit is 
mounted on pneumatic-tyred wheels and is fitted 
with a drawbar so that it can be towed to the 
working site. By removing the lacerating wheel, 
the machine can be used as a blower, in which 
capacity it is capable of delivering straw or hay 
over distances of up to a hundred yards. 

Several types of wheeled tractors were being 
shown, some of them for the first time. Oaktree 
Appliances, Limited, Fillongley, Coventry, for 
example, were exhibiting their new three-wheel 
lightweight tractor, the “‘ Ota,” a photograph of 
which is reproduced in Fig. 7. This tractor was 
designed at the outset for use on the road and in 
industry generally, as well as for the small farmer ; 
it should, therefore, have a wide range of applica- 
tions. It is powered by a Ford 10-h.p. four-cylinder 
water-cooled industrial engine having a cubic 
capacity of 1,172 c.c. and governed to a maximum 
speed of 2,000 r.p.m. The drive is transmitted 
through a standard Ford clutch to a three-s 
and reverse gearbox, the output shaft of which 
drives the rear axle through a transfer box. This is 
arranged to give high and low ratios so that, in all, 
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SmaGE Lacgrator ; Srtorators, Limtrep. 


there are six forward and two reverse speeds. 

With the transfer box in low gear, the speeds in the 

various gears are 1 -24 m.p.h. in first gear, 2-12 m.p.h. 

in second, and 3-82 m.p.h. in top, these figures, 

rising to 4-24, 9-25 and 13-44 miles an hour. 

respectively, with the transfer box in high range. 

Final drive is through a worm and worm wheel, 
which incorporates a bevel-type differential. Only 
the two rear wheels are fitted with brakes, but 
these are arranged so that they can be applied 
separately and used, therefore, to assist the steering. 
The front wheel is fitted with a 5-50 in. by 16 in. 
pneumatic tyre and the rear wheels with 6-00 in. by 
22 in. pneumatic tyres, the rear track being adjust- 
able between the limits of 3 ft. 6in. and 5ft. The: 
wheelbase is 5 ft. 11 in. and the ground clearance, 
at the lowest point, 16 in. Various agricultural 
tools can be mounted on the tractor and the hydrau- 
lically-operated tool-bar linkage has been designed’ 
so that the weight of the tool can be transferred! 
to the front or rear wheels according to require- 
ments. The equipment fitted to the tractor includes 
a generator and starting motor and provision has 
been made for fitting a driver’s cab. 

A tractor-mounted harvest thresher of McConnel- 
Bomford design was exhibited by Messrs. M. B. Wild 
and Company, Limited, Argyle-street, Birming- 
ham,7. It has been designed for mounting directly 
on the rear of a standard Fordson Major tractor 
and arranged so that it can be driven from the belt 
power take-off. The thresher, which is known as 
tne Wild 40 in., is illustrated in Figs. 10 and 11, 
on page 640. The principle employed for threshing 
is that of passing a threshing rotor through the 
standing crop. The machine is fitted to the tractor 
by two brackets bolted to the rear-axle casing ; 
these brackets carry a parallel-motion linkage 
which, in turn, supports the awner tube and rotor. 
A winch gear is connected to the linkage, and, 
when operated by the driver, raises or lowers the 
whole machine to suit varying heights of crop. 
The bagging platform and operator’s seat are 
carried by a castor-wheel trailer which, like ‘the 
main body of the machine, is attached to the brackets 
on the tractor rear axle. The bagging platform, 
which can be seen in Fig. 10, is large enough to carry 
up to four sacks of grain as well as a supply of 
empty sacks. 

The rotor unit, which has a width of 40 in., 
is mounted outboard to the left of the tractor 
driver. The standing crop is guided between the 


peed | rotor blades, where the threshing operation takes 


place, by sheet-aluminium guide fingers. Fingers 
are also provided for raising laid crops; both sets 





can be seen in Fig. 11, those for raising the crop being 
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arranged above the guide fingers for the threshing 
drum. The air blast caused by the rotor elevates 
the grain into the main cyclone, where a large 
proportion of the chaff is separated. The grain is 
then led into the horizontal awner which conveys 
it to the awner fan, the blast from which elevates 
it into a second, smaller cyclone. This is connected 
by a 5 in. diameter pipe to a suction fan, which 
removes any remaining chaff before the grain is 
discharged into the sacks. As will be seen from 





Fig. 10, the awner shaft and fan are driven from 
the tractor belt power take-off by V-belts, the drive | 
being transferred to the threshing rotor by further | 
V-belts arranged at the end of the awner shaft 
remote from the fan. The complete unit can be 
fitted to the tractor in 15 minutes and requires 
only two operators, namely, the tractor driver and 
bagger. It threshes a 40-in. width of crop at 
speeds up to 3 m.p.h., and can be operated by 
unskilled labour. When it is required to drive the 
machine along narrow lanes, the rotor unit can 
easily be detached from the main assembly and 
fitted to brackets provided on the trailer. 

The wide range of implements shown on the stand 
of the Ford Motor Company, Limited, for use with 
their Fordson Major tractor, included single- and 
two-furrow “F.R.” reversible ploughs produced 
jointly by the Ford Motor Company and Messrs. 
Ransomes Sims and Jefferies, Limited, Ipswich. 
Reversible ploughs have many advantages over the 
more usual one-way ploughs. With them, for 
example, there is no need to mark out the field, 
headland running is reduced to a minimum, and on 
hillside ploughing all the furrows can be turned up 
the hill, thereby giving greater tractor stability 
and reducing soil erosion to a minimum. A photo- 
graph of a Fordson tractor fitted with a two- 
furrow plough of this type is reproduced in Fig. 12, on 
page 646, from which it will be seen that the plough 
is fitted directly to the linkage of the hydraulic-lift 
assembly. Both the single- and two-furrow ploughs 
are turned over by operating a long lever situated 
beside the driver, the balance of the implements 
being such that very little effort is required ; when 
the lever is pulled it disengages a pawl and the 
plough is rotated by a gear-driven segment. Depth 
of working is governed by two land wheels, one for 
each direction of travel; these wheels can be fitted 
with either pneumatic or steel tyres and the depth 
control mechanism is arranged so that one setting 
serves for both right- and left-hand ploughing. 
Three 14-in. disc coulters are fitted to the two- 
furrow plough, the front disc being automatically 
adjusted for left- or right-hand work. The pitch is 
adjusted by the tractor’s telescopic top link and 
the depth of working by a simple screw mechanism. 
Both the single- and double-furrow ploughs have 
been designed so that they are light enough to be 
lifted and transported by the tractor’s hydraulic- 
lift mechanism without interfering with the stability 
of the tractor. 

Another interesting exhibit on the Ford Motor 
Company’s stand was a Fordson Major tractor fitted 
with full tracks manufactured by County Com- 
mercial Cars, Limited, Fleet, Hampshire. This 
machine, which is illustrated in Fig. 13, on page 646, 
is based on the Fordson Major power unit and gear- 
box assembly and can be supplied with either a 
Fordson petrol-paraffin engine or a Perkins P-6 
Diesel engine ; the tractor illustrated is fitted with 
the latter type of engine. The clutch and gearbox 
are standard Fordson components, alternative gear 
ratios similar to those used on the Major tractor 
being available. The Fordson double-reduction 
gear is retained in the final drive but the bevel- 
driven countershaft and differential are replaced by 
a shaft which extends each side of the casing and is 
fitted with the independent clutch-and-brake drives 
to each track. The clutches are of the internal- 
expanding type and the mechanism is arranged so 
that the shoes can be adjusted externally. The 
steering clutches are controlled by hand levers in 
the usual way and the brakes by pedals. The tracks 
are built up from forged-steel heat-treated links, 
case-hardened steel pins and bushes and removable 
tread plates. Five track rollers are provided at 
each side and each roller is fitted with renewable 
hardened-steel tyres. The track is normally fitted 





with 12-in. tread plates, but 14 in. or 16-in. tread 
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plates can be fitted if required. The tractor has an 
overall length of 10 ft., a width of 5 ft. 44 in. when 
fitted with 12-in. tread plates and a height, mea- 
sured to the top of the air cleaner, of 6ft. 7in. The 
length of track in contact with the ground is 
5 ft. 44 in. while the ground pressure varies, of 
course, with the width of tread plate, being 4} Ib. 
per square inch for 12-in. plates and 34 lb. per square 
inch for 16-in. plates. The tractor can be fitted 
with the Fordson Major power take-off, lighting 
and starting equipment and hydraulic power lift. 
The exhibits on the stand of Messrs. Vivian Loyd 
and Company, Limited, Bridge-road, Camberley, 
Surrey, included the new Diesel-engined track- 
laying tractor illustrated in Fig. 14, on page 646. 
This machine is fitted with a Dorman 4 DWD four- 
cylinder engine developing 55 brake horse-power at 
the maximum governed speed of 1,600 r.p.m. The 
drive from the engine is transmitted through a 
twin-plate over-centre clutch to a gearbox designed 
to give five ratios in both forward and reverse. 
The road speeds in forward and reverse for each 
ratio, however, are not the same; at an engine 
speed of 1,600 r.p.m., the first forward-gear 
ratio gives a road speed of 1-7 miles per hour 
whereas first-reverse ratio gives a speed of 1-24 
miles per hour. Similarly, fifth-forward ratio gives 
a road speed of 5-1 miles per hour and fifth-reverse 
ratio, 6-9 miles per hour. The tractor is steered by 
clutch-and-brake mechanisms, 





and the tracks: 


have a width of 14 in. and are set either 50 in. or 
60 in. apart at the centres. The length overall is 
10 ft. 8 in., the width with 50-in. track centres 
5 ft. 9in., and the height, to the top of the bonnet, 
5ft.2in. The weight is 10,500 lb. and the maxi- 
mum drawbar pull is 10,000 Ib. in first gear. 

Messrs. Vivian Loyd and Company, Limited, were 
also showing their ‘‘ 105 Centimetre ” crawler trac- 
tor, which is illustrated in Fig. 15, on page 646. It 
is fitted with a Fordson four-cylinder engine which 
develops 30 brake horse-power at 1,200 r.p.m. The 
drive is transmitted through a single-plate oil- 
immersed clutch to a four-speed gearbox, the 
ratios of which are arranged to give 0-87 miles 
an hour in first gear; 1-8 miles an hour in second ; 
3-3 miles an hour in third ; and 5-6 miles an hour 
in top gear. Reverse gear gives a maximum speed 
of 0-72 m.p.h. The final drive is fitted with a 
differential and the tractor is steered by braking the 
half-shafts, which are fitted with Girling internal- 
expanding brakes with double leading shoes. The 
tracks, the design of which appears to be based on 
that whichis successfully used on Army carriers, have 
a width of 10 in. and the track centres are set 31 in. 
apart. The overall length of the tractor is 8 ft., 
the total width 3 ft. 6 in., and the height, to the top 
of the fuel tank, 4 ft.4 in. The weight is 4,620 Ib. 
and the maximum drawbar pull is 4,500 Ib. A 
hydraulically-operated power lift can be supplied 
if required. 
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IMPROVED FOOTPLATES FOR 
BRITISH RAILWAYS LOCOMOTIVES. 


Detatzs of the first example of efforts at co-ordi- 
nating, under the nationalised regime, the best loco- 
motive practices of the former main-line companies, 
have been announced by the Railway Executive. 
Following a thorough examination, in which repre- 
sentatives of the staff and trade unions have taken 
part, of the relative merits of various arrangements of 
locomotive footplates and associated fittings, a new 
design has been evolved incorporating some features 
which are entirely new to British Railways and others 
which have been adopted from previous practice. 
Fig. 1, on this page, shows a “ mock-up ” footplate for a 
standard 4-6-2 express passenger locomotive which is 
at present being designed by British Railways. This 
type of locomotive is one of six types which are expected 
to appear in traffic in 1951; as previously announced, 
the Railway Executive envisage 12 standard designs 
of steam locomotives for meeting all traffic require- 











FoorruaTe oF Former L.M.S. 2-6-0 Locomorive (1946). 


ments of British Railways. Footplates generally 
similar to that shown in Fig. 1 will be incorporated in 
all the standard designs. 

The principal innovations are the placing of as 
many fittings as possible outside the cab, where they 
will be more accessible for maintenance purposes and 
where radiated heat and steam leaks will not cause 
discomfort to the driver and fireman ; the segregation 
of the fittings into two compact groups for the driver 
and fireman, respectively; and the extension rear- 
wards of the footplate proper so as to eliminate the 
hinged fall-plate bridging the gap between the engine 
and tender. As a comparison of Fig. 1 and Fig. 2* 
will show, the result is a much more tidily arranged 
footplate, the boiler backplate in particular being 
noticeably clean in appearance. If there is one criticism 
which might be made of the new arrangement, it is 
that the enginemen will find it impossible to rectify 





* This illustrates the cab of an L.M.S. 2-6-0 locomotive 
built in 1946 ; see ENGINEERING, vol. 163, page 128 (1947). 








faults in the fittings which are now outside the cab, 
without stopping the locomotive. 

In the past it has been customary to attach the 
cab structure to the main frame plates, and since the 
expansion of the boiler was arranged to take place at the 
firebox end, an appropriate allowance was made 
in the fitting of the cab front around the firebox and 
of the floor boards up against the backplate. With the 
new design the cab is attached to the firebox and fits 
snugly around it. The steam manifold, which has 
generally been mounted inside the cab between the 
roof and the firebox top, is now placed outside, as also 
are the majority of the steam pipes and valves. The 
three handwheels seen on the fireman’s side of the cab 
(from top to bottom) in Fig. 1 control the carriage- 
warming valve, the exhaust-steam injector and the 
livesteam injector, but the valves themselves are 
outside the cab on the side of the firebox. 

The driver’s controls are grouped together so that 
the driver can reach them all without leaving his seat 
(which is provided with an upholstered back). The 
regulator is of the multiple-valve type in the smokebox, 
the regulator handle being arranged vertically, similar 
to the former L.N.E.R. type, on the left-hand side of 
the backplate. The arrangement of the reversing- 
screw handwheel is new; the drive is transmitted 
through bevel gears, with a large cut-off indicator drum 
mounted on a secondary shaft, and the wheel placed in 
a convenient position for the driver. The vacuum- 
brake valve, the blower handwheel and the steam 
sanding valve (similar to the L.M.S. pattern) are 
mounted on a stand on the left-hand side of the fire- 
door, and the steam-brake valve is above. The small- 
ejector and large-ejector controls are above the reversing 
screw, and the driver is also provided with a steam-chest 
pressure gauge and a vacuum gauge. The two water- 
level gauges are of the former G.W.R. pattern, and 
the firedoor is of the former L.M.S. pattern. A cross- 
shaft with two handles, for the driver and fireman, 
operates the whistle through a Bowden cable. 

On the fireman’s side, in addition to the controls 
already mentioned, there are a carriage-warming 
pressure gauge and a boiler-pressure gauge, handles for 
the injector water cocks, etc. Although the live-steam 
injector is mounted below the firebox on the left-hand 
side, the overflow pipe is extended across the locomotive 
to a position close to the exhaust-steam injector over- 
flow so that the fireman can observe both from his 
side of the footplate. Both injectors are attached to 
the firebox, and the steam and delivery pipes are 
carried on the firebox and boiler, thus avoiding relative 
movement and undue vibration. A continuous blow- 
down valve is not fitted, as it is anticipated that new 
arrangements for the softening of water on British 
Railways will be adopted. A blow-off cock is, however, 
fitted near the bottom of the throat plate. The controls 
for the rocking grate are sunk below the level of the 
floor boards, and are reached through holes which 
are provided with substantial cover plates so that 
draught and dust are excluded from the footplate. 
Ashpan damper doors are fitted at the front of the 
firebox only, and are operated by a single handwheel 
on the fireman’s side of the cab. The d of 
opening is indicated by the length of the screw which 
protrudes through the handwheel; this can be felt by 
night and is visible by day. 

As already briefly noted, the footplate proper is 
extended to within a few inches of the vertical plate 
of the tender, so that the fireman has a rigid level 
floor to work on. This arrangement also facilitates 
the provision of improved cab doors, since the door 
opening is of constant width, not varying when the 
locomotive and tender negotiate curves. The cab 
is fitted with two sliding doors in the roof, and sliding 
windows in the sides. The design of the tender 
front includes a small window on each side to permit 
a view backwards (the top of the coal bunker being set 
in to allow this) ; vertical handles for the tender brake 
and water pick-up; a large tunnel for fire irons ; 
folding doors giving access to the coal space ; a separate 
locker lined with stainless steel for food ; and a water- 
level indicator operated by a float mechanism. 





Imports OF ExcavaTors.—<According to statistics 
quoted recently in Parliament, the value of United 
Kingdom imports of excavators, including levelling 
machinery, from the United States during the period 
January 1, 1947, to October 31, 1949, was 10,200,0001. 





“‘ HInTs TO BusINESS MEN ” BOOKLETS.—New book- 
lets on Greece, Hong Kong and Yugoslavia, and a revised 
edition of that on Cuba, the Dominican Republic, and 
Haiti, have recently been published in the Government 
series of guides entitled ‘‘ Hints to Business Men.” 
United Kingdom business men who intend to visit these 
countries on export affairs can obtain copies on applica- 
tion to the Commercial Relations and Exports Depart- 
ment (Industries Branch), Dissemination Section, 
Thames House (North), Millbank, London, S.W.1. 





(Telephone : VICtoria 9040, Extension 3085.) 
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INSPECTION PITS FOR LONDON 
TRANSPORT VEHICLES. 


Two inspection pits of a new type evolved by the 
engineering department of the London Transport 
Executive have been constructed recently at the St. 
Albans garage. The pits have been designed for use 
with all types of *buses operated by London Transport, 
but particularly for those having the engines fitted 
either under the floor or at the side of the vehicle. 
The vehicles maintained at St. Albans include an 
appreciable number of the latter type and the experience 
gained so far has shown that they fulfil all the basic 
requirements. et eae 

A photograph of the new pits is reproduced in Fig. 1, 
on this page, from which it will be seen that they are 
joined by a central communicating trench. The 
incorporation of the central trench has the effect of 
increasing considerably the natural lighting and, 
at the same time, has provided a larger area in which 
to work with consequent improvement in access 
to the vehicles. The central trench is, of course, 
bridged so as to permit the vehicles to be driven 
over the pits; the bridge pieces are constructed, 
however, so that they can be folded away once a vehicle 
is in position and do not, therefore, impair accessibility. 
They are shown in the raised position in Fig. 1; 
each consists of two se te fabricated sections 
hinged to the wall of the communicating trench at their 
outer ends and supported at the centre by a telescopic 
strut. The equipment has been designed so that it 
can be quickly erected and dismantled, and once a 
vehicle is in position it can be folded to the sides 
by two men in less than a minute. The bridge pieces 
were designed and constructed in the Chiswick Works 
of the London Transport Executive. Each weighs 
approximately 70 lb. and is capable of withstanding 
a load of 1-6 tons. The telescopic centre supports 
consist of 3 in. and 3} in. diameter steam barrel and have 
been designed for a crippling load of 14-56 tons with 
3 in. eccentricity of loading. 

Another innovation is the provision of permanent 
jacks at the corners of the pits. They are placed so that 
a vehicle having the standard London Transport 
wheelbase of 16 ft. 4 in. can be driven on to them and 
each, or all four, of its wheels raised and lowered at will. 
One of the jacks is illustrated in Fig. 2, on this page, 
where it is shown in the raised position. The jacks 
are operated by oil, the rams having a diameter of 
10% in. ; the working pressure is 120 lb. per square inch 
and the maximum lifting effort of each jack, after 


allowing for friction, is 34 tons. They are controlled | 


by valve located in the pits, and when retracted the 
heads of the jacks fit flush with the floor. Vehicles 
having a wheelbase greater than 16 ft. 4 in. can, of 
course, be placed over the pits, but in such cases, the 
front and rear axles can only be raised separately. The 
jacks were designed and constructed by Messrs. Tecale- 
mit, Limited, in conjunction with the Chief Mechanical 
Engineer’s Department (Road Transport Services) of 
the London Transport Executive. 

The walls of the pits and the communicating trench 
are faced with oil-resisting white-glazed tiles; and 
the concrete surfaces at the top of the pits are finished 
with Vitretex oil-resisting enamel. Fluorescent light- 
ing is fitted, the installation consisting of a series of tubes 
3 ft. long let into the topsurrounds. The tubes are held 
in aluminium casings which are provided with plate- 
glass fronts and designed so that they are both gas and 
flame proof. Electric heaters of the tubular type are 
installed beneath the floors of the pits; these are of 
comparatively low power, however, as they are only 
intended to take the chill off the concrete floors. 

Waste oil from the vehicles is drained into a shallow 
funnel which is supported by a cradle and connected 
to an outlet pipe built into the wall of each pit. At 
present the od led to a small storage tank from which 
it is removed by hand, but ultimately the tank will be 
fitted with an automatically-controlled pump arranged 
so that when the oil reaches a predetermined level it is 
pumped to a large storage tank. The floors of the pits 
and communication trench are provided with sumps 
which are emptied by hand; future pits of this type, 
however, will be connected to the main drainage 
system so that waste water will be drained away auto- 
matically. Trenches for the various services are also 
provided in the floors of the pits. At present these 
only accommodate compressed-air pipes and the wiring 
for the heaters, but future plans envisage the installa- 
tion of pipes for the delivery of oil and grease. 

Each pit has an overall length of 33 ft., an effective 
width of 3 ft. 6 in. and a depth of 4 ft. 6 in.; the 
communicating trench is, of course, of the same depth 
but the width is 7 ft. 6 in. It should, perhaps, be 
emphasised that the new ee are of an experimental 
nature and future pits of this type, no doubt, will 
incorporate minor modifications arising from the 
experience gained at St. Albans. According to prelimi- 
nary reports, however, they have proved entirely 
satisfactory and it appears unlikely that London 
Transport will revert to the earlier type of pit. 





GARAGE PITS FOR PUBLIC-SERVICE VEHICLES. 
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OXYGEN CUTTING TORCH. 


Duninc the past 40 years, tremendous progress has 
made in the application of gas to the cutting 
of ferrous metals, but little has been done to improve 
economy in the use of the industrial gases required for 
the process. The Buckle Flame Cutter Company, 
Limited, Oldfield-lane, Greenford, Middlesex, have re- 
cently developed, and are now marketing, a new oxygen- 
cutting torch which is designed to keep the consumption 
of gas as low as possible, while at the same time main- 
taining the cutting speed and reducing the initial period 
of preheating necessary to start the cut. The econo- 
mies claimed are considerable and appear to be 
substantiated by the results of extensive tests. The 
torch is simple to handle and is stated to give good 
results when used by semi-skilled operators. In order 
to understand its features, it is necessary first to 
examine the mechanism of flame cutting from a theo- 
retical standpoint. 

All flame cutting depends on the combustion of 
ferrous metals in a jet of oxygen supplied through the 
nozzle of a cutting torch, and the preheating flame, 
which is provided by all kinds of torch, is merely a 
means of liquefying the metals in order to create condi- 
tions in which this combustion will commence and be 
maintained. When an oxygen jet is applied to a ferrous 
metal, already heated to a bright red, the metal 
burns with great intensity, evolving a tremendous 
amount of heat. The rate of evolution of heat is, in 
theory, sufficiently rapid to enable the cutting process 
to continue indefinitely without the further application 
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of heat from any external source, and, under ideal 
conditions, long cuts have been made in this manner 
by Mr. L. G. Buckle, by M. Jottrand as early as 1901, 
and by other workers in this field. In general practice, 
however, it is necessary to hold the metal surrounding 
the cut at its kindling point in order to break up scale 
and to safeguard against the effects of vibration of the 
torch, particularly in hand operation. For this purpose 
heat need be supplied at only a moderate rate, although 
it is preferable to have a preheating flame of much 
larger size for heating the metal as rapidly as possible 
before the oxygen jet is turned on. In the design of 
the oxygen-cutting torch described here, due regard has 
been paid to these principles. 

In this torch, the preheating flame is arranged to be 
large during the initial heating-up period, but is cut 
down to the minimum size which will maintain com- 
bustion, as soon as the oxygen jet is applied. It is not 
claimed that any economy can be made in the amount 
of oxygen passing through the cutting jet, since the 
combustion of ferrous metals depends on their carbon 
and alloy constituents and cannot be improved by 
altering the temperature to which they are preheated. 
The sconomy is effected solely in the gases used to 

roduce the flame after cutting has started ; neverthe- 
ess, it appears to be considerable. 

Several series of tests have been made in order to 
compare the performance of the Buckle cutter with 
cutters of standard design. In one series of three 
tests, the gases used were acetylene and oxygen; 
in another they were oxygen and Pyro gas. In 





each series the mild-steel plates which were cut had 
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thicknesses of 4 in., 1 in., and 1} in., ¥-in. nozzles 
being used throughout. The cutting speeds during 
each comparative test were kept the same for both 
types of cutter. In the first series the saving in 
acetylene ranged from 64 per cent. to 84-3 per cent. 
and the overall saving in oxygen from 28-8 per cent. to 
39-4 per cent. The figures for oxygen are smaller 
because the greater part of the oxygen supply, on an 
average some 75 per cent., passes directly through the 
cutting orifice of the nozzle, and a saving can be made 
only in the remaining part of the oxygen which is used 
in the preheating flame. In the second series of tests, 
the saving in Pyro gas ranged from 43-7 per cent. to 
53-4 per cent., and in oxygen from 11-3 per cent. to 
20-3 per cent. The photographs reproduced in Figs | 
to 4 illustrate the torch in action during further tests 
which were carried out at the Birmingham works of 
Messrs. Stewarts and Lloyds, Limited, and in this case 
the saving in fuel gas was approximately 80 per cent., 
while that in oxygen was about 25 per cent. 

The general design of the torch is on conventional 
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lines, the cutting-oxygen valve being controlled by a 
lever which can be operated while the torch is in use. It 
is considerably lighter than cutters generally employed 
in this country, but has been made particularly robust 
at the head in view of the regrettable inclination of 
some operators to use the torch as a hammer. The 
arrangement of the valves, gas ducts, injector and nozzle 
is shown in Fig. 5. Oxygen and the chosen fuel 
gas, which may be dissolved acetylene, Pyro gas, 
coal gas or any other gas normally used for this pur- 
pose, are fed through rubber tubes to the torch. A 
main gas valve a, located in the fuel-gas line, turns the 
gas supply on and off, while the oxygen supply divides 
into two main branches, one of which contains the 
preheating-oxygen valve b, the other containing the 
valve c, which controls the supply of oxygen to the cut- 
ting jet. The novelty of the design is partly dué to the 
fact that the supply ducts to the injector f and hence 
to the preheating portion of the nozzle g, contain 
by-pass valves d and e, which are coupled to the 
cutting-oxygen valve c, and close when this valve opens. 


OXYGEN CUTTING TORCH. 
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Thus, when a cut is to be commenced, the oxygen and 
fuel gas are each supplied initially through two channels 
in parallel, and a large preheating flame is produced 
which allows the cut to be started rapidly. When, 
however, the valve ¢ is opened, thereby admitting 
oxygen to the cutting jet, two of these duplicate 
channels are closed and the supply of fuel gas and 
oxygen to the preheating flame is greatly reduced. 
Thereafter, the preheating flame is small. The main 
gas valve a, and the preheating-oxygen valve b, are 
not used to vary the proportions or the quantities of 
fuel gas and oxygen in the preheating flame, but are 
opened wide whenever the torch is lit. The channels 
in the torch body are so proportioned that the supplies 
of fuel gas and oxygen to the preheating flame are 
correctly balanced whether the cutting jet is in use or 
not. The balance, of course, depends on the setting of 
the reducing valves in the main supply lines and it is 
necessary for the supply pressures to be in a certain 
ratio. These pressures, however, are easily set, and 
their magnitude determines the size of flame and hence 
the thickness of material which the torch will cut. 
In conventional torches the preheating flame is adjusted 
by control valves on the torch, the correct ratio between 
oxygen and fuel gas being obtained by observing the 
appearance of the flame, whereas in the Buckle torch 
the main reducing valves are set in accordance with a 
chart. 

Another feature of the Buckle torch follows from 
the design adopted: the main restriction on the flow 
of fuel gas and oxygen is provided not by the valves, 
but by the channels inside the torch; in conse- 





quence, the velocities of the gases as they flow through 
the torch are comparatively high. It is stated that this 
eliminates blow-backs and backfiring completely, and 
that the torch can be used upside down. Fig. 3 shows 
the torch being used to trim the end of a heavy 
steel pipe, and in Fig. 4 the operator is continuing 
the cut, which was, in fact, completed without the 
tube being rotated. Owing to the high degree of initial 
preheating which it provides, the torch will rapidly 
start a cut in the middle of a metal plate and it is 
not essential for a starting hole to be drilled. The 
pile of slag produced while a cut was being commenced 
without a starting hole can be seen in Fig. 1, where a 
large hole is being cut in a forged-steel high-pressure 
steam drum, 2 in. thick. In Fig. 2, the edge of 
the completed hole has been partly chamfered in prepar- 
ation for the welding of a header. 

The torches are supplied already balanced for use 
with any one of the fuel gases normally used, and may 
be converted readily for use with any of the other gases ; 
this is a simple operation which can be carried out by 
the operator. The torch may be dismantled easily 
for repair or overhaul, and is fitted with a standard 
splined two-piece nozzle with a copper external piece. 
It is being manufactured in association with Messrs. 
J. Brockhouse and Company, Limited, 25, Hanover- 
square, London, W.1. 





THE FARADAY LECTURE.—The Faraday Lecture of the 
Institution of Electrical Engineers, to which the public 
will be admitted without tickets, will be delivered by 
Dr. R. A. Smith at the Central Hall, Westminster, 
London, 8.W.1, on Wednesday, January 18, 1950, at 
6.30 p.m. The subject will be “‘ Radar,” and, in addition 
to the war-time achievements in this field, reference will 
be made to peace-time applications, recent developments 





and expectations for tbe future. 
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CONTRACT. 


Messrs. STANDARD TELEPHONES AND CABLES LIMITED, 
Connaught House, Aldwych, London, W.C.2, have 
received a contract from the Egyptian Government 
for the supply of two high-power short-wave broad- 
casting transmitters. These, which are of a type similar 
to those used by the British Broadcasting Corporation, 
have two channels, an output power of 100/140 kw 
and will operate in the 13-19 metre wave band. The 
broadcasting station building, situated at Abu Zabal 
about 20 km. from Cairo, is now under construction and 
when the transmitters are installed they will inaugurate 
the first high-power broadcasting service of the Egyptian 
administration. 





LAUNCHES AND TRIAL TRIPS. 


8.S. GoLFrrro.—Twin-screw banana-carrying vessel 
with accommodation for 99 passengers, in addition to a 
number of children, built and engined by Messrs. Alex- 
ander Stephen and Sons, Limited, Glasgow, for the 
Caribbean service of Messrs. Elders and Fyffes, Limited, 
London, W.1. Main dimensions: 415 ft. by 62 ft. by 
35 ft.; deadweight capacity, 5,800 tons on a draught of 
26 ft.3in. Two sets of double-reduction geared turbines 
developing together over 10,000 s.h.p., and three Babcock 
and Wilcox watertube boilers. Speed on trial exceeded 
19 knots. Trial trip, December 3. 


M.S. “‘ SPERO.”-——Single-screw general cargo vessel, to 
carry eight passengers, built by The Burntisland Ship- 
building Company, Limited, Burntisland, Fife, for E. B. 
Aaby’s Rederi A/S, Oslo, Norway. Second ‘vessel of an 
order for two. Main dimensions: 424 ft. 6 in. by 57 ft. 
by 37 ft. 6 in. to shelter deck; deadweight capacity, 
about 8,650 tons on a loaded draught of 25 ft. 10 in. 
Hawthorn-Doxford four-cylinder opposed-piston Diesel 
engine of 4,400 b.h.p., constructed by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Newcastle- 
upon-Tyne, and installed by the shipbuilders. Speed, 
143 knots. Launch, December 6. 


8.S. “* Hutpra.”—Single-screw oil tanker, built by 
the Blythswood Shipbuilding Company, Limited, Scots- 
toun, Glasgow, for Skibsaktieselskapet William Hansens 
Rederi, Bergen, Norway. Main dimensions: 305 ft. by 
44 ft. by 20 ft. 3 in. to upper deck ; deadweight capacity, 
about 3,500 tons on a draught of 18 ft. 6 in. Triple- 
expansion engines and two cylindrical Scotch boilers, 
supplied by Messrs. David Rowan and Company, Limited, 
Glasgow. Launch, December 10. 





BrRITiIsH OpTicaL-GLass Disc FOR THE UNITED STATES. 
—wWe understand that a disc of dense flint optical glass, 
25 in. in diameter and about 4 in. in thickness, has been 
completed recently by Messrs. Chance Brothers, Limited, 
at their Smethwick works. The disc is to be used for 
the correcting lens of a Schmidt-type telescope which is 
being constructed by the Warner and Swasey Company, 
of Cleveland, Ohio, for the University of Michigan, and 
will be ground and polished by the Perkin-Elmer Cor- 
poration, of Glenbrook, Connecticut. The production 
of the disc has occupied eight months, the first operation 
being the casting of a large block of glass weighing about 
half a ton and of the correct refractive index. From this 
block a portion about 250 Ib. in weight and free from 
any optical defect was selected, heated to the softening 
point and moulded to the required circular shape. The 
two sides of the moulded disc were polished for further 
optical tests and it was then heated and slowly cooled 
for four weeks in an electric furnace. Finally, the disc 
was tested in the firm’s laboratories by the interferometer 
and by polarised light, and will shortly be dispatched. 
Messrs. Chance Brothers, whose business was founded 
in 1824 by Robert Lucas Chance, are making another 
similar disc for the same American firm. 


Frum ON “ ARMOURPLATE” AND “ ARMOUR- 
Lieut ” GLass.—A sound film on the manufacture and 
uses of “‘ Armourplate ” and “‘ Armourlight ” glass, pro- 
duced by Cecil Musk Productions for Messrs. Pilkington 
Brothers, Limited, St. Helens, Lancashire, the manu- 
facturers of the glass, was shown in London for the first 
time on December 9. It depicts and describes different 
types of toughened glass and, by illustrating a series of 
tests, indicates the greatly increased resistance to severe 
impact and thermal shock of Armourplate glass as 
.compared with ordinary plate glass. The twisting and 
bending properties of the material are also shown. The 
film then indicates the many diverse applications of 
toughened glass in factories, hospitals, public and private 
buildings, railway rolling stock, ships, etc. Armourlight 
glass, it may be explained, is a toughened glass which, 
instead of being in sheet form like Armourplate glass, is 
moulded to shape to form miners’ lamp glasses, cover 
glasses for lamps on board ship, and similar purposes. 
The film is of the 16-mm. type, and copies are available, 
on loan, upon application to Messrs. Pilkington’s pub- 
licity department, at St. Helens, their West End office and 
showrooms at Selwyn House, Cleveland-row, St. James’s, 
London, S8.W.1, or to one of their other depots. 








BRITISH STANDARD 
SPECIFICATIONS. 


The following publications of engineering interest 
have been issued E the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Mild-Steel Shackles.—First published in February, 
1939, specification B.S. No. 825 has now been re-issued 
in revised form. It is one of a series concerned with 
equipment used for lifting purposes and covers mild- 
steel shackles. In addition to the small and 
“dee ” and “‘ bow ” shackles listed in the 1939 edition, 
the t issue —— narrow dee shackles for safe 

working loads m 10 cwt. to 80 tons. Two 
additional rom ge are now included, ptene 
greater choice at the option of the purchaser. 
with screwed pins for use with Bordeaux p Berea 
for grabs having safe working loads of from 10 cwt. to 
10 tons 10 cwt., constitute another addition. Eleven 
tables of dimensions and numerous line drawings are 
included, together with information and stipulations 
regarding materials, workmanship, heat treatment, 
testing and marking. [Price 5s., postage included.] 

Engineering Drawing-Office Practice—When the 
current edition of “ Recommendations for British 
Standard Engineering Drawing-Office Practice” (B.S. 
No. 308-1943) was published, an announcement was 
made that the subject of ‘“tolerancing” would be 
dealt with in a separate publication. Such a publica- 
tion, in draft form, namely, B.S. No. 308. Part IT. 
“ Dimensioning and Tolerancing,” has now been issued 
for comment. It is based on the work of an Inter- 
Services Committee appointed to devise a basic system 
for dimensioning cat tolerancing drawings of arma- 
ments, and throughout the drafting stage in the pre- 
paration of this provisional specification, members of 
the British Stan Institution technical committee 
responsible have been collaborating with the Inter- 
Services Committee. The draft publication deals with 
such matters as methods of expressing units of measure- 
ment; screw threads; drawing symbols; limiting 
dimensions; geometrical requirements and form; 
clearance, transitional and interference fits ; jally 
fitted assemblies; cones, tapers, poteershae and 
chamfers; angularity, parallelism and squareness ; 
and profiles. The subject is a difficult one and the 
period until March 31, 1950, has been allowed for 
comment in order to give industry an opportunity to 
appreciate fully the implications of the system as 
applied to industrial practice. The draft has been 
issued in two re the first consisting of the text 
and the second of the illustrations. The price of each 
portion is 2s., postage included. 





BOOKS RECEIVED. 


Ministry of Fuel and Power. Report of H.M. Chief 
Inspector of Mines for the Year 1947. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. 3d. 
net.] 

Department of Scientific and Industrial Research. Road 
Research. Note No. 8. Some Cases of Frost Damage 
to Roads. By D. Crongey. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 9d. net.] 

Electronics : Experi tal Techniq By PROFESSORS 
WILLIAM C. ELLMORE and MATTHEW SANDs. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 3.75 dols.] 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 32s.] 

Applied Hydrology. By Ray K. Linstgy, Max A. 
Kouier, and JoserpH L. H. Pautuus. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 8.50 dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 72s. 6d.} 

The History of Sugar. Volume I. By NoeEt DEERR. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 50s. net.] 

Scientific Instrument Manufacturers Association of Great 
Britain, Limited. A Symposium on Electronics in 
Research and Industry. 1948. Edited by A. G. PEa- 
cock. Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 16s. net.] 

Minisiry of Transport. Railway Accidents. Report on 
the Derailment which occurred on 26th May, 1949, at 
Douglas Park in the Scottish Region, British Railways. 
H.M. Stationery Office, Kingsway, London, W.C.2. 








[Price 4d. net.) 
Werkstatibiicher. No. The Die wirtschaftliche Verwen- 
dung von Mehrsp at By Dr.-Inc. Hans 


H. FINKELNBURG. Second enlarged edition. 
3-60 D.M.] No. 81. Die wirtschaftliche Verwendung 
von Ei indelaut By Dr.-Inc. Hans H. 
FINKELNBURG. Second enlarged edition. [Price 
3-60 D.M.] Springer-Verlag, Reichpietschufer 20, 
Berlin W.35, Germany. 
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Str CHARLES BRUCE-GARDNER has been appointed 
a vice-chairman of Crompton Parkinson, Limited. Mr. 
E. C. HoLtRoypDE, who has been vice-chairman for some 
years, is to continue in that office. 

Mr. T. H. WInDIBANK, M.I.E.E., is relinquishing his 
appointment of works director (South), Crompton 
Parkinson, Limited, on December 31, but will remain a 
director of the company with special assignments. Mr. 
J. V. DANIEL has been appointed assistant managing 
director (works) with effect from January 1, 1950. 

Mr. W. F. HutcHInson, manager of the Manchester 
works of Redpath Brown and Company, Limited, has 
been appointed a director of the company. 

Smtr ERNEST OPPENHEIMER and Mr. R. O. STANLEY 
have joined Lorp McGowan and Mr. A. CHESTER 
BEatry as honorary Presidents of the Copper Develop- 
ment Association. 

Sm Wiiam A. McCatitum, K.B.E., who has been 
managing director of the British Structural Steel Com- 
pany, Limited (a subsidiary company of Dorman, Long 
and Company, Limited), Buenos Aires, since November, 
1923, has relinquished this position. He is remaining a 
director of the company. 

Mr. F. W. Rowe, B.Sc., managing director of K. and L. 
Steelfounders and Engineers, Limited, has succeeded 
Mr. F. A. Martin, O.B.E., as chairman of the British 
Steel Founders’ Association, 301, Glossop-road, Sheffield. 

Mr. V. J. RapBONE, chairman and managing director 
of the International General Electric Company of New 
York, Limited, Crown House, Aldwych, London, W.C.2, 
has retired after 43 years of service with the organisation. 
Mr. K. K. Boynton, European vice-president, becomes 
chairman, Mr. B. R. SANKEY, acting managing director, 
and Mr. A. T. NEALE, chief European auditor. Mr. A. 
MacARTHUR has joined the board. 

Mr. T. E. CaLVERLEY, B.Sc., A.M.I.E.E., has been 
appointed chief engineer of the rectifier department, 
The English Electric Company, Limited, Stafford Works. 

Mr. H. S. Lewis, London manager of Richardsons, 
Westgarth and Company, Limited, is retiring at the end 
of 1949 after 22 years of service with the company. His 
successor is Mr. E. A. EBORALL. 

Mr. R. L. McILMoYLE, assistant engineer (structures), 
Civil Engineer’s Department, British Railways, London 
Midland Region, Euston, has been made assistant engin- 
eer (new works) in that department. Mr. F. J. J. Prior, 
assistant divisional engineer, Western Region, Plymouth, 
has been appointed district engineer, Derby (South). 

Mr. K. E. Carne, A.M.I.Mech.E., A.M.1LE.E., has 
been appointed industrial consultant to the Miles-Martin 
Pen Company, Limited. His address is 67, Brook- 
street, Mayfair, London, W.1. 

Mr. A. R. CLEMITSON, J.P., who has represented the 
Hydraulic Coupling and Engineering Company, Limited, 
Fluidrive Works, Isleworth, Middlesex, in Northumber- 
land, Cumberland, Westmorland, the Furness Peninsula, 
County Durham and Teesside, for many years, is relin- 
quishing this position, which will be taken over, as from 
April, 1950, by Mr. J. M. Bazin, D.S.O., D.F.C., 
A.M.1L.E.E., 35, Mitchell-avenue, Newcastle-upon-Tyne. 

Mr. N. A. COLLARD, a former deputy director of John 
Thompson Water Tube Boilers, Limited, has been ap- 
pointed to the Hamworthy Engineering Company, 
Limited, and British Combustion Equipment, Limited, to 
assist in developing the sales organisation of both com- 
panies. 

Mr. E. J. ABBEY has joined Messrs. E. H. Jones 
(Machine Tools), Limited, at their Dover-street premises, 
London, W.1. He is in charge of export sales. 

Messrs. RELIANCE ELECTRICAL WIRE COMPANY» 
LIMITED, and RELIANCE (CORDS AND CABLES) LIMITED, 
announce that the name of their parent company, THE 
GENERAL GAS AND ELECTRICITY COMPANY, LIMITED, has 
now been changed to RELIANCE-CLIFTON CABLES AND 
INDUSTRIAL Propucts, LIMITED. 

THE RAPID MAGNETTING MACHINE COMPANY, LIMITED, 
Lombard-street, Birmingham, 12, inform us that their 
telegraphic address is now ‘‘ Magnetism Birmingham 12.”’ 

Messrs. DRYSDALE AND COMPANY, LIMITED, Bon- 
Accord Works, Yoker, Glasgow, W.4, have arranged to 
use- the Engineering Centre, 351, Sauchiehall-street, 
Glasgow, as a permanent showroom for their pumps 
and steam engines. 

Messrs. BRITISH OI ENGINES (EXPORT) LIMITED, 
the company responsible for handling all export orders 
for ASSOCIATED BRITISH OIL ENGINES, LIMITED, have 
changed their name to ASSOCIATED BRITISH OIL ENGINES 
(Export), LiMITED. The address is still : Duke’s Court, 
32, Duke-street, St. James’s, London, S. W.1, and, for 
the time being, the cable address will remain ‘“ Boex 
London.” MESSRS. ASSOCIATED BRITISH OIL ENGINES, 
INCORPORATED, of 57, Park-avenue, New York, have 
been formed to act as the American agents of the firm. 

Messrs. TUBES AND FITTINGS (WHOLESALE) LIMITED, 
115-119, West-street, Bedminster, Bristol, 3, have changed 
their name to TUBES AND Firrtnes (BRISTOL) LIMITED. 
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NOTES FROM THE NORTH. 


GLasGcow, Wednesday. 

Scottish Steel.—Improved outputs from the melting 
furnaces during the past two weeks have brightened still 
further the prospects for a fresh record out-turn of ingots 
and castings this year. Some of the ground lost since 
August, when production reached a rate of 2,577,000 tons 
per annum, has been recovered, and, provided the im- 
provement is maintained until the end of the year, makers 
are hopeful that last year’s final figure of 2,253,900 tons 
will be comfortably exceeded. As indicative of the 
rising trend, Messrs. Colvilles’ Clydebridge Steel Works 
established a record of 9,647 ingot tons in the week 
before last. A greater tonnage of pig iron is also being 
produced at present, ensuring an adequate supply of hot 
metal and pigs for steelmaking. Other raw materials are 
in satisfactory supply. Unevenness continues to charac- 
terise the position of the rolling mills in regard to orders. 
Marked activity in the shipyards, coupled with busy 
conditions among other consumers, absorbs the capacity 
production of plates, while a strong demand for medium 
plates and sheets keeps sheetmakers’ plant operating at 
maximum levels. Overseas buyers are particularly 
interested in light sheets, while the home demand for 
both black and galvanised varieties shows no sign of 
diminishing. On the other hand, specifications for large 
bars and sections are unsatisfactory, while semies are in 
moderate demand only. 


Scottish Coal.—A small eruption of strikes cost the 
division some 10,000 tons in output recently, depressing 
the weekly average production to around 490,000 tons, 
in contrast with the target of 500,000 tons. The losses, 
fortunately, did not cause much inconvenience. The 
availability of coking coal was curtailed by about 6,000 
tons, but the reduction coincided with a period when 
margins were running favourably. Until the end of the 
year distributors will be busy securing extra tonnages 
for the coke ovens to tide them over the holidays. Con- 
siderable savings from space heating have helped mate- 
rially to consolidate industrial stocks, and most firms 
are quite happy about their position. While quantity, 
however, is adequate, more graded fuel is needed to meet 
all requirements. The outlook for the domestic con- 
sumer is better than at this time a year ago. Record 
stocks were on the ground at the end of October, and 
withdrawals since then have been appreciably less than 
in 1948, when relief supplies from collieries in Northum- 
berland had to be dispatched. Exports to Denmark and 
Sweden remain on a high plane, while routine tonnages 
for Eire, France, and Holland ensure active conditions 
in this section of the trade. November export cargoes 
totalled 118,217 tons. 





NOTES FROM THE SOUTH-WEST. 


OaRDIFF, Wednesday. 

The Welsh Coal Trade.—With outputs maintaining 
their recent improvement, shipments of coal to foreign 
countries from South Wales have again been going forward 
on busy lines. As a result, the Docks and Inland 
Waterways Executive were able to report that coal 
shipments from their six South Wales ports, in the week 
ended December 3, had been at the highest level for 
nine years. Shipments amounted to 211,539 tons during 
that week. It now seems fairly certain that the export 
trade will finish the year showing a considerable improve- 
ment over the 1948 programme. It has been estimated 
that more than 1,000,000 tons more coal will have been 
sent as cargo to foreign countries than was the case last 
year. Anthracite has also shared in the general improve- 
ment, and, in the past ten months, shipments have 
totalled 732,000 tons as against 276,000 tons in the same 
period of last year. Returns for the third quarter of the 
year show that the mines of South Wales and Monmouth- 
shire produced 5,147,313 tons of saleable coal at a loss 
of £131,910, or just over 6d. per ton. This compared 
with 5,582,471 tons produced in the June quarter at a loss 
of 133,3401., or just over 54d. per ton. With very heavy 
losses in the Forest of Dean (equal to 8s. 5-3d. per ton) 
and in Somerset (10s. 2-4d. per ton), the figure for the 
division, as a whole, showed a loss of 1s. 03d. per ton, 
against 10-3d. per ton in the second quarter of the year. 
Trading has remained difficult on the Welsh steam-coal 
market throughout the week. Inquiry has been briskly 
maintained but sellers have practically nothing to offer 
for delivery over the next month or so. Shipments 
continue on brisk lines, with chief activity still centring 
in the French, South American, and Italian trades. 
Steady deliveries continue to go to Spain and Portugal 
and other Continental countries. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was well 
maintained. As several consumers placed orders for 
their requirements during Period 1 of 1950, the sales were 
on a satisfactory scale. The export market, however, 
was a little quieter. Makers of steel sheets are still 
inundated with orders, while steady business continues 
to be transacted in iron and steel scrap. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—All steel and engineering works are 
working at full pressure to complete specific jobs before 
the holidays. Progress is being made at a more satis- 
factory rate than a year ago on account of modifications 
in the system of staggered hours of working; these are 
now less irksome both to the management and to the men. 
Special attention is being paid to the use of alloys and 
materials alternative to those which have risen in price 
as a result of devaluation. While, in the majority 
of cases, new business is less easily arranged, there are 
evidences of expansion. The managing director of the 
English Steel Corporation, Limited, Mr. F. Pickworth, 
who has recently returned from a 15,000-mile tour of the 
United States and Canada, says he hopes that the 
Corporation and its subsidiaries will be able to double the 
trading target of a million dollars already achieved as a 
result of developments in Canada. He adds that much 
of the production fer Canadian markets was from the 
Corporation’s Manchester works. An old-established 
Sheffield steel firm, W. T. Flather, Limited, has acquired 
a six-acre site at Springs, in the East Witwatersrand, 
Transvaal, for a steelworks. The company proposes 
to build and operate the new plant with the help of 
technicians from the Sheffield works, and the intention 
is to produce bright steel bars from South African 
materials, for precision engineering and components. 
Tool factories in Sheffield are fully occupied on a wide 
variety of orders both for the home and export markets, 
but are experiencing difficulty in maintaining export 
business owirg to import restrictions. 

South Yorkshire Coal Trade.—High outputs of coal 
have been achieved. There have been intermittent 
stoppages owing to wagon shortage, but the men have 
worked overtime to offset these losses. A special appeal 
has been made to the Railway Executive for 10,000 extra 
wagons for the Yorkshire coalfield during the week 
before Christmas. Flooded opencast sites have retarded 
production of coal. Heavy demands of coal for gas 
and electricity works and the railways have been satisfied. 
Bigger calls have been made for coking coal to maintain 
coke works in operation during the holiday break. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.— Available parcels of iron and steel 
are increasing and as buyers are less disinclined than of 
late to negotiate for supplies, some expansion in market 
transactions can be reported. Customers, however, still 
hesitate to purchase for delivery over periods ahead and 
the business passing is mostly for small quantities of 
material to deal with the needs of the near future. The 
prices of iron and steel scrap have remained steady in a 
period of general inflation and the position has encour- 
aged consumers to use extensive quantities of scrap in 
place of pig iron, supplies of which have been scarce, 
until quite recently. Deliveries of scrap are maintained 
on a substantial scale and buyers are steadily building 
up stocks. Supplies of various descriptions of raw 
material from home sources are plentiful and consider- 
able quantities of foreign ore are stored at users’ yards. 
Manufacturers of semi-finished and finished products are 
busily occupied in an endeavour to complete orders due 
for delivery before the new year. The pressure for 
maximum parcels of certain finished commodities is 
unabated. 


Foundry and Basic Iron.—North-East Coast users of 
ordinary foundry pig iron have eagerly taken up the 
better supplies which have become available and there 
has been some replenishment of stocks. As has been 
the case for some time, the bulk of the tonnage coming 
forward is from the Midland producing area. The output 
of the Tees-side basic blast furnaces continues to be con- 
veyed directly to makers’ own consuming departments 
and promptly absorbed. 

Hematite, Low Phosphorus and Refined Iron.—Sub- 
stantial deliveries of East-Coast hematite are reaching the 
usual customers but still larger parcels would be accept- 
able. Distributable tonnages of low and medium 
phosphorus classes of iron are in steady request and the 
demand promises to expand. Refined-iron manufac- 
turers are providing regular customers with parcels which 
satisfy their actual needs. 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron could give early attention to new orders 
for some products but have yet to carry out quite good 
contracts for several commodities. The aggregate ton- 
nage output of steel is heavy but is still insufficient to 
meet all the calls of customers. Small billets are in brisk 
demand, while sheet bars and slabs are wanted in con- 
siderable quantities. Most other classes of semi-finished 
steel, however, are in ample supply. In the finished 
branches of steel, overseas inquiries for sheets and plates 
continue large and the hope of early considerable expan- 
siou in the export trade is expressed. 





NOTICES OF MEETINGS. 


Tr is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF CIVIL ENGINEERS.— Midlands Associa- 
tion: Monday, December 19, 2.30 p.m., East Midland 
Gas Board Showroom, Nottingham. Film: “ The 
Magnel System of Pre-stressed C te.”’ Institution : 
Tuesday, December 20, 5.30 p.m., Great George-street, 
Westminster, S.W.1. Unwin Lecture on “‘ The Function 
of the University in Engineering Research,’’ by Professor 
A. J. Sutton Pippard. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section : Monday, December 19, 5.30 p.m., Savoy-place, 
Victoria-embankment, W.C.2. Lecture on “‘ The Acou- 
stics of Studios and Auditoria,” by Mr. W. Allen. South 
Midland Centre : Tuesday, December 20, 6 p.m., Midland 
Institute, Paradise-street, Birmingham. Joint Meeting 
with the INSTITUTION OF CIVIL ENGINEERS (Midlands 
Association), and the INSTITUTION OF MECHANICAL 
ENGINEERS (Midland Branch). “ Electricity in the 
Service of Man,” by Dr. P. Dunsheath. (Tickets 
required.) Scottish Centre: Tuesday, December 20, 
7 p.m., Institution of Engineers and Shipbuilders in 
Scotland, 39, Elmbank-crescent, Glasgow. ‘‘ Overhead 
Line Regulations,” by Mr. H. W. Grimmitt. 

INSTITUTION OF PRODUCTION ENGINEERS.—Derby 
Sub-Section : Monday, December 19, 7 p.m., School] of 
Arts, Green-lane, Derby. ‘“‘Induction Heating,” by 
Mr. W. S. G. Cosgrave. Manchester Section: Monday, 
December 19, 7.15 p.m., College of Technology, Man- 
chester. ‘‘ Control of Overhead Cost,” by Mr. T. G. Rose. 
Luton and Bedford Section: Tuesday, December 20, 
7 p.m., Town Hall, Luton. ‘Sheet Metal as a 
Substitute for Other Material,” by Mr. J. A. Grainger. 
Edinburgh Section ; Wednesday, December 21, 7.30 p.m,, 
North British Station Hotel, Edinburgh. “ Scotland’s 
New Industries,” by Mr. C. A. Oakley. Yorkshire 
Section: Monday, January 2, 7 p.m., Hotel Metropole, 
Leeds. ‘“‘ Modern Measuring and Inspection Equip- 
ment and Its Application,” by Mr. E. Clarke. 


Roya Society oF ARTSs.—Tuesday, December 20, 
5.15 p.m., John Adam-street, Adelphi, W.C.2. “ Educa- 
tion in Canada,” by Mrs. Anna M. Robinson. 


INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, December 20, 7 p.m., Engineering Centre, 
351, Sauchiehall-street, Glasgow. “ Metallizing for 
Industrial Plant Maintenance,” by Mr. J. Barrington 
Stiles. South Yorkshire Branch: Thursday, December 
22, 7.30 p.m., Grand Hotel, Sheffield. Film: “‘ Moving 
Earth.” 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—WNorth- 
Eastern Centre: Tuesday, December 20, 7 p.m., Vane 
Arms Hotel, Stockton-on-Tees. “ Welding of Sheet 
Metal and Castings,” by Mr. O. Cobb. 


RoyaL METEOROLOGICAL SocreTy.—Wednesday, 
December 21, 5 p.m., 49, Cromwell-road, South Kensing- 
ton, S.W.7. (i) “The Composition of Coagulation 
Elements in Cumulonimbus,” by Mr. F. H. Ludham. 
(ii) “‘ Air Motion Ahead of Warm Fronts,” by Mr. M. K. 
Miles. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—North- 
Eastern Section: Wednesday, December 21, 6 p.m., 
Neville Hall, Newcastle-upon-Tyne. ‘“‘ A Review of the 
Basis of Electronics,” by Mr. C. Laverick. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Coventry Branch : Wednesday, December 21, 7 p.m., 
Technical College, The Butts, Coventry. Discussion on 
“Mercury-Arc Rectifiers and Their Application.” 
Manchester Branch : Wednesday, December 21, 7.30 p.m., 
Engineers’ Club, Albert-square, Manchester. Brains 
Trust Meeting. 


Junior INSTITUTION OF ENGINEERS.—Sheffield and 
District Section: Wednesday, December 21, 7.30 p.m., 
198, West-street, Sheffield. ‘“ Civil-Engineering Works 
in Connection with the Manchester-Sheffield-Wath 
Electrification,” by Mr. A. S. Young. Institution : Friday, 
December 30, 6.30 p.m., 39, Victoria-street, S.W.1. 
Question and Discussion Evening. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Falkirk Section : 
Friday, December 23, 7 p.m., Temperance Café, Lint 
Riggs, Falkirk. ‘‘ Non-Ferrous Practice in a Mixed 
Foundry,” by Mr. J. G. Boyle. Sheffield Branch: 
Monday, January 2, 7.30 p.m., Royal Victoria Station 
Hotel, Sheffield. Film Evening. 








IMPORTED RAW-MATERIALS GUIDE.—A new edition 
of “* Raw Materials Guide ” has been published by H.M. 
Stationery Office for the Board of Trade (price 1s. 6d.). 
The booklet lists the main uses for each raw material, 
together with the chief sources of supply for the United 
Kingdom, and gives information about import and 
export licences, and other Government controls. 
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ELECTRICITY GENERATION 
BY WIND POWER. 


A WORLD survey, of which some particulars were 
given in Mr. P. C. Putnam’s book entitled Power from 
the Wind,* showed that many places in the British 
Isles occupy a particularly favourable position 
from the point of view of wind power. With the 
exception of isolated islands in the South Atlantic 
and South Pacific, and some others, such as Iceland, 
situations in Scotland, Ireland and the Shetlands 
stand in the forefront as regards high-velocity 
winds of long duration, though there are places in 
Wales and South-West England which are not far 
behind. The estimated output in kilowatt-hours 
per kilowatt of installed wind-power plant are 6,000 
kWh for some South Atlantic islands, 4,500 to 5,000 
kWh for Scotland, and 3,500 to 4,000 kWh for 
Devonshire and Wales. These latter figures are 
substantially higher than those for Denmark, where, 
in 1944, there were 88 wind-driven generators in 
service, varying in capacity from 30 to 70 kW. In 
Vermont, in the United States, where the 1,250-kW 
Grandpa’s Knob unit was installed, wind velocities 
are stated to be lower than in this country. 

There are numerous small wind-power sets in 
Great Britain, mostly generating direct current and 
many operating in connection with batteries, but 
the average capacity is much below that used in 
Denmark. There was a rapid increase in the 
numbers in that country during the war, but, with 
the extension of rural networks, many have now 
been shut down; about 58 are still operating. 
The Danish sets are isolated units serving self- 
contained systems but the general opinion in 
Denmark is that wind power is quite successful if 
it can be absorbed by a network as and when it is 
available. This statement bears on the aspect of 








* See ENGINEERING, vol, 166, page 469 (1948). 


the matter which is of particular interest in this 
country. The Grandpa’s Knob installation was 
designed from the first to run in conjunction with a 
general supply network and, although one of the 
reasons why it was abandoned after the mechanical 
failure of March 26, 1945, was that the firms con- 
cerned felt that they had already spent as much 
money as was justified on what was really only 
a large-scale experiment, another reason was that 
adequate supplies of water power exist in the area 
where it is situated. 

This latter condition does not apply in this 
country and this fact, taken in conjunction with the 
favourable wind régime, is full justification for 
experimental development on an adequate scale. 
Experience at Grandpa’s Knob has shown that a 
wind-driven alternator may be run successfully in 
parallel with, and feeding into a genera] network, 
and the idea of wind-power sets feeding into the grid 
is fundamentally attractive. Such an arrangement, 
to be successful on a large, or, indeed, on any, 
scale, must be commerciaily sound. As wind, 
the propelling agent, is supplied for nothing, gener- 
ating costs are limited to capita] charges and running 
expenses. American and Danish expenses suggest 
that capital costs are in the neighbourhood of 501. 
per kilowatt and, assuming annual charges at 8 per 
cent. and an output of 4,000 kWh per kilowatt per 
annum, this would enable electricity to be generated 
at 0-24d. per kilowatt-hour. These figures are 
taken from a report published by the Electrical 
Research Association. It is added that, as suitable 
sites for wind-power generators may be situated 


654 | at some distance from a supply network, an addi- 


tional cost of 0-0ld. per kilowatt may have to be 
added to cover transmission charges. 

The Electrical Research Association have pub- 
lished two reports* on this subject. The second is 
the more directly concerned with the development 
work which has been undertaken, but the first 
contains detailed information on the extensive study 
of the wind-power regime in various parts of Great 
Britain. The two reports should be considered 
together. The earlier one shows that Orkney is 
the most favourable situation for a wind-power 
generator and it is for a site on that island that a 
100-kW set is now under construction for the 
North of Scotland Hydro-Electric Board. It is 
stated in the report that the British Electricity 
Authority also will install one or more 100-kW sets, 
but no information is given about the location. 

The capacity of 100 kW which has been chosen 
for these first installations is comparatively modest 
and for this reason little difficulty either in their 
construction or operation need be expected. A 
100-kW aero-generator was erected at Yalta, in 
Russia, in 1931 and operated in parallel with an 
alternating-current network. According to the 
report, “it is known to have run for 10 years but 
was destroyed during the war.” It is not likely, 
however, that any record of operating experience has 
been made available to outsiders. The new units 
will not be much larger than the 70-kW sets which 
are in successful operation in Denmark. One 
of these generated 118,729 kWh in 1947, though 
it was shut down at night because the night load 
on the system was very small. 

The operation of wind-power scts involves no 
charge for fuel; the same thing may be said about 
water-power sets, but these usually require expen- 
sive civil-engineering works. Although the utilisa- 
tion of the wind is free from both these disabilities, 
it has its own disadvantages. As the density of the 
air and its average velocity are relatively low, the 
kinetic energy per unit volume is small and, conse- 
quently, the projected area of wind-turbine blades 
must be large in comparison with the blades of 
steam or hydraulic turbines. Further, wind velocity 
increases with height above the ground, the rate of 
increase being about 20 per cent. for a rise of 
70 ft. These conditions demand large wheels 





* Technical Report. Reference W/T16. The Poten- 
tialities of Wind Power for Electricity Generation (With 
Special Reference to Small-Scale Operation). Technical 
Report Reference C/T101. Large-Scale Generation of 
Electricity by Wind Power—Preliminary Report. The 
British Electrical and Allied Industries Research Associa- 
tion. Thorncroft Manor, Dorking-road, Leatherhead, 





Surrey. ([Price, in each case, ls. 6d. net.]} 
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mounted on high towers so that the capital cost per 
unit of output may be large. The Electrical Re- 
search Association, on the basis of Danish and 
American data, arrived at the figure of about 501. 
per kW. This apparently applies to sets ranging in 
capacity from 1,500 kW to 2,500 kW; smaller 
sets are more expensive, a 25-kW unit costing 
921. per kilowatt. The decrease in cost per kW 
with increase in size is no doubt one reason for 
the ambitious scheme for a 20,000-kW unit which 
has been put forward by Honnef in Germany, 
but clearly it would be undesirable to install a 
unit of that kind until much more experience 
has been obtained with the operation of sets of more 
modest size. Some American reports have sug- 
gested the range of 1,500 kW to 2,500 kW as 
likely to show the best overall economy. 

It is stated that aerodynamic investigations are 
being carried out, and that a report dealing with 
the design of the ‘more conventional type of 
windmill” will shortly be issued. The present 
reports do not deal with the type of aero-generator 
to be adopted in the installations projected, being 
largely concerned with wind statistics and the 
choice of sites. As the main purpose of the work 
in hand is to develop wind generation in conjunc- 
tion with general supply, it is clear that sets of 
100-kW capacity must be situated in the neighbour- 
hood of existing networks. The set which is on 
order for the North of Seotland Hydro-Electric 
Board will probably be erected on Costa Head, on 
Orkney Mainland, and will operate in parallel with 
the Diesel station which now supplies the island. 

An extensive survey of wind conditions on Main- 
land has been carried out. It is a very windy area 
and there are many hills lying close to the network. 
The shape of the hills is of some importance, as, 
when of suitable form, they act as aerofoils and speed 
up the wind over the summit. Putnam has shown 
that speed-up factors of 1-2 or more may be present. 
A hill top offers the additional advantage that 
there is compression of the streamlines as the air 
flows over the hill, and turbulence is damped out. 
Conditions at a number of sites on Mainland were 
investigated and favourable conditions were found 
to exist at Vestra Fiold, which has a height of 
420 ft., as well as at Costa Head, which is 480 ft. 
high. The mean wind speeds at these two places 
during the least windy month of the year were 
15-1 miles per hour and 19-5 miles per hour. 
The corresponding figure at Kirkwall, the main 
town, was 12-3 miles per hour. Both Vestra 
Fiold and Costa Head are on the west coast. At 
the latter, the wind speed exceeded 10 miles per 
hour for 80 per cent. of the time. Measurements 
made by anemometers mounted 35 ft. above 
ground on lattice towers showed an average wind 
velocity of 26-8 miles per hour at Costa Head 
from December to June. Assuming a rated wind 
speed of 30 miles per hour, a cut-in speed of 17 miles 
per hour, and furling at 60 miles per hour, it is 
estimated that the Costa Head installation will have 
an output of 4,600 kWh per kilowatt per annum. 

Surveys in North Wales indicated that favourable 
sites could probably be found on the Lleyn penin- 
sular in Caernarvonshire. One of these is at a 
height of 1,000 ft. and showed itself superior to a 
site at 1,340 ft., above Dolgarrog. The reason for 
this is thought to be that the Dolgarrog site is 
screened from westerly and south-westerly winds 
by the Snowdon range. This site was investigated 
because it lies conveniently close to the Dolgarrog 
hydro-electric station. Surveys in Cornwall, begun 
in May of this year, suggest that wind speeds at 
various sites are at least as high as those in North 
Wales, but the period of observation has not yet 
been long enough for definite conclusions to be 
drawn. It is proposed to carry out similar surveys 
in South Wales. Some sites should permit of out- 
puts of 4,000 kWh to 5,000 kWh per kilowatt per 
year, and there should be little difficulty in finding 
sites which would give outputs of from 3,500 to 
4,000 kWh. per kilowatt. Rapid changes, of appre- 


a 


ciable magnitude, in the wind direction at heights 
of 60 ft. wo 70 ft. above a hilltop are infrequent, 
especially when wind speed is fairly high; also, 
very windy hills usually have a shallow depth of 
soil, over rock, affording solid foundations. Trouble 


PRODUCTION-ENGINEERING 
RESEARCH. 


THERE are cases to be found of engineers who are 
pitiably helpless with the hand tools or machine 
tools of their craft and who are even incapable of 
tackling the simplest repair or constructional job 
in house or garden. Civil engineers and mechanical 
engineers are not often in this class, since even in 
their most erudite flights of research they usually 
manage to reach conclusions which have apparent 
practical applications. Doubtless the electrical 
engineers who, it seems, figure largely in this class, 
take some pride in the fact that, thanks to science 
and engineering, progress in the division of labour 
leaves them free to devote time and attention to 
the advanced studies of their profession while all 
practical work is done by someone else. Some 
proficiency in the crafts of their profession must 
always be an asset to engineers, but the stress they 
lay on its importance is generally in direct propor- 
tion to their individual capabilities. A year or two 
ago, during a discussion at the Institution of 
Mechanical Engineers, an older member spoke with 
feeling of the craftsmanship of the early pioneers of 
engineering, and suggested that such skill was still a 
necessary qualification of a professional engineer. 
His sentiments apparently found no response among 
his audience, and although every professional engi- 
neer is rightly expected to have served a pupilage 
or apprenticeship, he is not required to pass a 
practical test. 

No one will doubt the inevitability of the change 
which has taken place from the practical inventive- 
ness and ability of Bramah, Maudslay and others in 
the Eighteenth and Nineteenth Centuries, through 
the combined theoretical and practical faculty of 
men such as Royce, to the present stage in engineer- 
ing, where those in the van of progress are often as 
much physicists as engineers. Significant exceptions 
to this generalisation readily come to mind, but it is 
as true as any generalisation can be, and it draws 
attention to that gulf which is in danger of widening 
between the professional engineer and the working 
men in the field and at the bench. (‘‘ Craftsmen ” 
still, happily, connotes too high a degree of skill for 
it to be applied to all who actually produce.) Here 
again, it is easy to think of exceptions : in the newer 
engineering industries—the aircraft industry, for 
example—all aspects of design and production are 
8o effectively studied and developed, and with such 
a degree of co-ordination, that design and production 
constitute one vast problem to be solved in the 
most efficient manner. Nevertheless, the gulf is in 
danger of widening, particularly in the older- 
established branches of engineering—a fact which 
those who seek to introduce the compulsory regis- 
tration of engineers would do well to ponder, lest 
the door is for ever closed to the man with inventive- 
ness and enterprise but with no recognised engi- 
neering training. 

The reasons for the gulf between the engineers 
and the engineering employees are to be found in 
the same circumstances which have led to that 
much-discussed but unavoidable evil—the speciali- 
sation of engineers. A young man entering the 
industry to-day must quickly make up his mind, 
if it has not already been made up for him, whether 
he is going to remain in the shops for the rest of his 
working life or equip himself to become a profes- 
sional engineer; hence the gulf which has been 
mentioned, Advancement in engineering technique 
is in danger of being left entirely to professional 
engineers, who so often are out of touch with the 
day-to-day practical issues in the shops, and minor 
improvements in production technique, first intro- 
duced in one works, go unpropagated in many 
other works for lack of someone to watch for 
them and apply them. 

That this generalisation is substantially true is 
shown by the success, since its inception in 1946, of 
the Production Engineering Research Association 
of Great Britain (P.E.R.A.). The association was 
established by various trade associations for the 
improvement of production techniques in the mapu- 
facturing industries. It is financed partly by the 
member-firms, to whom no extra charge is made for 





from icing is not expected to be serious. 


special services, and partly by a grant from the 





Department of Scientific and Industrial Research. 
In addition to undertaking research in production 
engineering for the benefit of all members, or in 
special cases for the private information of one 
member, P.E.R.A. is actively concerned with the 
effective dissemination of existing production- 
engineering knowledge, and is thus helping to 
bridge the gulf between the research workers and 
the men in the shops. The information depart- 
ment advises members on all aspects of production 
through frequent visits by P.E.R.A. engineers, who 
maintain a thorough liaison service, also through 
prompt answers to technical queries, and through a 
bulletin and abstracting service, educational 
schemes, and other means. 

The Association have well-equipped workshops 
and laboratories at Staveley Lodge, Melton Mowbray, 
Leicestershire, where investigations are conducted 
into a wide range of problems. The facilities 
offered by P.E.R.A. were reviewed by the Director 
of Research, Dr. D. F. Galloway, Wh. Sc., B.Sc., 
M.I.Mech.E., at a meeting held at the Institution 
of Mechanical Engineers on Tuesday, December 6. 
The chair was taken by Sir Claude Gibb, C.B.E., 
F.R.S., M.I.Mech.E., and the meeting was attended 
by chairmen and directors of a large number of 
engineering firms from all parts of the country, as well 
as by representatives of a number of trade associa- 
tions. Sir Claude spoke on the problem of increasing 
productivity, and, as an example of what could be 
done without any great capital expenditure, showed 
some coloured slides of the interiors of a large works 
in which light and colour had been introduced by 
appropriate colour schemes. The works employed 
about 5,000 persons, and the normal cost of painting 
and repainting was more than 10,0001. per annum ; 
by adopting pleasing colours the environment of 
the employees had been considerably improved, with 
consequent benefit to production. Referring to 
P.E.R.A., Sir Claude said that, whereas the larger 
manufacturing companies had on their staffs plant- 
efficiency engineers who were continuously endea- 
vouring to improve output, the majority of firms in 
this country could not afford the expense of large 
efficiency and research staffs. P.E.R.A. overcame 
this difficulty and, in addition, ensured the effective 
application in industry of data which would assist 
in the improvement of efficiency and economy 
throughout the whole range of production activity. 

That the services of the Association are exten- 
sively used by member firms was evident from the 
figures quoted by Dr. Galloway in his address. 
About 3,500 executives, foremen and others are 
receiving each month the Bulletin of the Association, 
which contains abstracts of about 200 production- 
engineering reports and articles published in this 
country and abroad. As a result, 12,000 copies 
of the original articles are dispatched to member 
firmseach year. At Melton Mowbray, investigations 
have been put in hand on metal pressing, grinding, 
thread rolling, thread grinding, drilling, tapping, 
milling, turning and other subjects. The machine 
tools in the workshops include a special heavy-duty 
lathe which was designed so that the performance 
of turning tools can be assessed, and the effects 
of varying the form of the tool and using different 
cutting fluids can be determined. A dynamometer 
is used to measure the forces involved in cutting, 
and variations in the hardness of the workpiece 
are detected by means of a Brinell hardness-testing 
apparatus mounted on the rear cross-slide of the 
lathe. 

The membership list of P.E.R.A. includes firms 
of different sizes, from some employing a dozen 
or so, to others which are widely known and employ 
several thousands. The degree of success achieved 
by a firm in applying the results of research must 
ultimately depend on the management, but there 
is no doubt that the Association have considerably 
simplified the task. It remains to the management 
at each works to foster a spirit of inquiry among all 
employees, from the principal executives to the 
individual machinists and fitters. This is, perhaps, 
the hardest task of all, since too much drive from 
the top is apt to encourage, lower down, a laissez- 
faire attitude of mind, if not an active opposition to 
the introduction of improved techniques. It is far 
better to foster initiative in the shops than to 





attempt to impose improvements from above. 
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NOTES. 


Tue INnstTiITuTION OF MECHANICAL ENGINEERS. 


A PporTrRalt of Joseph Bramah, the bicentenary of 
whose birth occurred on April 13 this year, was 
unveiled at a meeting of the Institution of Mech- 
anical Engineers last Friday, December 9. Dr. S. F. 
Dorey, C.B.E., Wh.Ex., F.R.S., who presided during 
the unveiling ceremony, said that the present 
meeting was the first meeting of the Hydraulics 
Group of the Institution, and that the Council were 
of opinion that the occasion might be marked 
specially by the unveiling of the portrait of Bramah, 
whose inventiveness and resource for many years 
in the Eighteenth Century did so much for the 
science of hydraulics and the use of hydraulic 
apparatus. Dr. Dorey recalled the circumstances 
under which the existence of this portrait (possibly 
the only known portrait of Bramah) was made 
public some years ago, and said that two members 
of the Institution, Mr. J. Lionel Daniels and Mr. 
Frank H. Towler, had subsequently approached the 
owner of the picture, Mr. Val Wood (a great-great- 
grandson of the inventor), purchased it from him, 
and presented it to the Institution. The Council 
had accepted the gift with pleasure and had arranged 
for it to be hung in the Council room. Mr. Towler, 
prior to unveiling the portrait, said that it had 
some merit as a painting. No one would guess, 


from looking at it, that Bramah was the son of a| P® 


coachman ; one could see quite clearly evidence of 
vision, purpose, imagination and enterprise. He 
was a great engineering pioneer. Mr. Towler then 
unveiled the portrait, and at his suggestion Com- 
mander E. G. K. Bramah, R.N., a present member 
of the family, stood at one side so that members 
could observe the striking likeness. In a brief 
speech, Commander Bramah expressed his pleasure 
at being present. Reviewing the life of Bramah, 
Mr. Daniels recalled the bicentenary celebrations 
which were held at Wentworth Castle, Stainborough, 
Yorkshire, on April 9 last. After his early days on 
a farm at the Castle estate, Bramah spent some 
time in the smithy, the carpenter’s shop and the 
sawmills. Some say that he was apprenticed to a 
carpenter and joiner, and others that he was appren- 
ticed to the village blacksmith. He walked to 
London, where he worked as a journeyman cabinet 
maker, and subsequently established his own busi- 
ness. His first patent, at the age of 29, was for 
the improved water closet; others followed, on 
water cocks, a fire engine, the hydraulic press, a 
beer pump, the Bramah lock and key (still made 
under that name), printing machines, the laying of 
water pipes, and the application of cement to wood 
to prevent dry rot. A vote of thanks to Mr. Daniels 
and Mr. Towler was proposed by Dr. Dorey, and 
carried by acclamation. The chair was then taken 
by Mr. T. E. Beacham, B.Sc. (Eng.), chairman of 
the Hydraulics Group, and Mr. S. P. Hutton, M.Eng., 
presented a paper entitled ‘‘ Laminar Flow Aerofoil 
Theory and the Application of Analogous Methods 
to the Design of Kaplan Turbine Blades,” which 
was afterwards discussed. 


ELECTRICAL ENGINEERS AND PHYSICISTS: 
SuprPty anp DEMAND. 


In 1941, a Technical Personnel Committee, under 
the chairmanship of Lord Hankey, was appointed 
by the Cabinet to recommend measures for increas- 
ing the supply of trained scientists and technicians 
and for ensuring their most economic employment 
in the services or in civil life. After the war this 
Committee, at the request of the Minister of Labour 
and National Service, undertook the supervision 
of inquiries into the supply of, and demand for, fully- 
qualified technical and scientific man-power during 
the next five years. A number of sub-committees, 
representative of the professions, universities and 
Government departments, were appointed to deal 
with this question ; and the results of the investiga- 
tions of five of these, covering electrical engineering, 
physics, architecture, chemistry and geology were 
published by the Stationery Office last week. The 
price of these reports in the case of all but the 
last named (which is 4d.) is 6d. Similar reports 
dealing with mechanical engineering, civil engineer- 
ing, chemical engineering, metallurgy, building and 





quantity surveying, valuation and estate manage- 
ment, and biology, are to follow. The electrical- 
engineering report deals mainly with the profes- 
sional electrical engineer. It is estimated that 
1,670 such engineers will be required every year 
during the next five years, of whom 900 will find 
positions in industry (including research associa- 
tions), and 660 in the public services. It is further 
estimated that at present 1,550 professional 
electrical engineers are becoming available each year, 
although there is a prospect of some increase after 
1950. The correlation of supply and demand would, 
it is thought, be assisted if employers would avoid 
the tendency to demand qualifications beyond those 
actually essential. No special steps are, it is 
considered, necessary to increase the training capa- 
city of the universities, but facilities for the further 
education of technicians, of whom five times as 
many are required as professional engineers, should 
be developed. It is also recommended that facilities 
for practical training after the completion of full- 
time courses should be amplified. The report on 
physicists estimates that the annual requirement 
amounts to about 870, while the annual output 
from the universities is about 750. It seems 
likely, however, that the demand will decrease to 
700 during the years 1951 to 1955, and will subse- 
quently fall further to about 600. The demand for 
really sound men for original research, and for 
physicists with an engineering outlook, will, however, 
rsist. On the other hand, less able men may 
have difficulty in finding posts. It is hoped that 
these reports will be useful to parents and others 
who have to advise young people about their 
prospects. The difficulties of such forecasting are 
emphasised and the possibility that the estimates 
may be falsified by events is stressed. 


THE CENTENARY OF MEssrRs. CONTINENTAL 
Express, LIMITED. 


The transport of parcels is a service of much more 
recent introduction than the carriage of letter mail, 
but most of the guests at the centenary celebration 
on November 12 of Messrs. Continental Express, 
Limited, the well-known London firm of forwarding 
agents, were probably surprised to learn that they 
anticipated the parcels service of the General Post 
Office by 35 years and the ‘“‘cash on delivery ” 
service by 59 years. As was explained by Admiral 
Sir Aubrey Smith, K.C.V.0., who welcomed the 
guests, the business was founded considerably 
earlier than 1849 by John Friend, a Dover customs 
and victualling agent, who began to send parcels to 
the Continent by the sailing packets. His son, also 
John Friend, extended the service by making use of 
steam packets as soon as a steam service became 
available. In 1846, the Belgian State Railways 
started a steamer service with a vessel originally 
named Chemin de Fer (afterwards the Diamant) 
which was built on the Thames by Ditchburn and 
Mare, and engined by Maudslay, Sons and Field. 
Their agent was one John Piddington, who subse- 
quently secured for himself a sole agency for the 
Dover-Ostend route and, in 1894, joined with John 
Friend to establish a daily parcels service which 
eventually developed into the Continental Express, 
Limited, with connections all over Europe and still 
farther afield. To commemorate the centenary, a 
history of the company and their services, with their 
subsidiaries, L’Agence Continentale et Anglaise (in 
France and Belgium) and Continental Agentur (in 
Germany) had been prepared by Colonel J. A. 
Aytoun Ellis, and copies of this were distributed to 
the guests. It forms a notable addition to the 
rather inadequate literature of general transport, 
collating a great deal of historical information which 
is too widely dispersed to be common knowledge. 


PIONEER FLIGHT TO AUSTRALIA. 


On December 10, 1919, a Vickers Vimy biplane, 
which had left Hounslow on November 12, arrived 
at Port Darwin, thus completing the first air passage 
between England and Australia and winning the 
10,0001. prize offered by the Australian Govern- 
ment; and on December 10, 1949, a dinner was 
given in the Savoy Hotel, London, to do honour to 
Sir Keith Smith, K.B.E., F.R.Ae.S., who, with his 
brother, the late Sir Ross Smith, piloted the aircraft. 
The toast of ‘‘ Sir Keith and Lady Smith,” proposed 





by Lieut.-General Sir Ronald Weeks, K.C.B., chair- 
man of Messrs. Vickers Limited, having been 
honoured with acclamation, Sir Keith, in reply, gave 
to the guests a vivid account of the experiences of 
himself and his brother, with their two mechanics, 
Sergeants W. H. Shiers and J. M. Bennett, especi- 
ally on the second half of the flight, when they had 
to use extemporised landing grounds, could obtain 
few really adequate maps, and had to take extra- 
ordinary precautions to ensure that the petrol in 
their tanks had not picked up any water or other 
impurities in the course of its transit. As the air- 
craft had no brakes, landing on the aerodromes— 
usually too small and seldom affording a good 
surface—was a risky proceeding, as some other 
competitors for the prize discovered also, to their 
cost. In reply to the toast of ‘The Guests,” pro- 
posed by Major Sir Hew Kilner, M.C., Sir Miles 
Thomas stated that modern air transport had re- 
duced the flying time from England to Australia by 
100 hours and the overall time for the journey by 
25 days. 
Tue Duties oF A REFEREE. 

The engineer is not infrequently asked to act as 
referee, his duty then being to inquire into the facts 
of a case and make a report thereon to a judge. 
The matter is provided for by 8. 90 of the County 
Courts Act, 1934, which provides that a judge 
may refer to a referee for inquiry and report, “‘ any 
proceedings which require . . . prolonged investi- 
gation or any scientific investigation which cannot, 
in the opinion of the judge, conveniently be made 
before him.” The referee may hold the inquiry at 
any place convenient to the parties. He may also 
inspect any property or thing concerning which 
any question may arise, and may submit any 
question arising in the inquiry for the decision of 
the judge. It is expressly provided, however, that 
he must make his report in writing. Normally, 
the report having been filed at the County Court, 
the judge acts upon it, but it is open to either party 
to apply to vary the report or remit it back to the 
referee. It will be seen that the rule does not 
contemplate that the referee shall sit with the 
judge as assessor. A recent case heard in the Court 
of Appeal (Schooley v. Nye, noted in The Times 
of November 16, 1949) draws attention to this: 
that, when giving his decision, the judge must rely 
on the written report—and the written report only 
—of the referee. There must be no private com- 
munication between the judge and the referee. 
The facts of the case just mentioned need not be 
quoted at length. Suffice it to say that, after a 
referee had made his report, the judge had an inter- 
view with him in private. The referee was asked 
some questions as to what the effect of his report 
would be. Although the judge was given no answer 
which assisted him, the Court of Appeal set aside 
the subsequent judgment, since it was possible 
that the attitude taken by the referee when the 
matter was put to him might have influenced the 
judge when making his decision. In the event, it 
was ordered that the whole case be transferred to 
the High Court for trial. The moral is that no 
referee should express any opinion unless he does 
so in writing. As has been stated above, it is 
competent for the judge when considering the report 
in the presence of the parties to send it back to 
the referee, who can then, if necessary, explain 
what he means ; but he must do this in writing. 


Crry anp Guitps oF Lonpon INSTITUTE : 
DEPARTMENT OF TECHNOLOGY. 


The City and Guilds of London Institute was 
founded in 1878, for the advancement of technical 
education, by the Corporation and certain of the 
Livery Companies of the City of London ; it was 
incorporated under the Companies Act in 1880, 
and was granted a Royal Charter in 1900. The 
Department of Technology of the Institute, 31, 
Brechin-place, London, S.W.7, is responsible for 
conducting examinations in technical and allied 
subjects covering most of the staple trades and 
industries of the country. In the annual report 
for the year ended December 31, 1948, the Depart- 
ment of Technology records that a total of 52,172 
candidates from the British Isles, including mem- 
bers of His Majesty’s Forces serving in occupied 
Europe, presented themselves for examinations in 
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technological subjects, an increase of 10,846, or 
26 per cent., over the number who sat in 1947. 
Of these, 20,962 candidates were examined in some 
branch of telecommunications engineering, 9,505 in 
building-craft subjects, 1,711 in machine-shop 
engineering, 1,345 in electrical-engineering practice, 
and 1,165 in gas fitting ; other mechanical-engineer- 
ing and allied subjects accounted for 2,650 candi- 
dates. The percentage of successful home candi- 
dates has remained about the same—64-6 per cent. 
in 1948, 64-2 per cent. in 1947, and 64-6 per cent. 
in 1939. The number of oversea examination can- 
didates in 1948 was 4,512, a decrease of 284 com- 
pared with 1947. Of these, 2,952 entered for 
telecommunications engineering and electrical sub- 
jects, 315 for mechanical engineering and allied sub- 
jects, and 239 for building-craft subjects. The per- 
centage of successful overseas candidates was some- 
what lower than that of home candidates, being 41-1 
per cent. in 1948 and 41-3 per cent. in 1947. In 
1948, 1,289 full technological certificates were 
awarded, compared with 892 in 1947. Thirty-seven 
electricians’ certificates and 11 electricians’ extra 
cartificates were awarded on electrical-installation 
work courses. The British Constructional Steel 
Work Association have offered money prizes to be 
awarded on the results of the final and intermediate 
examinations in the new subject, fabrication of 
steel work; they are also offering a money prize 
for the steel-structures examination in the structural 
engineering final examination. The Department 
has adopted a number of revised schemes in con- 
nection with mechanical-engineering design, boiler- 
makers’ work, sheet-metal -work, aeronautical- 
engineering practice, electric-arc and oxy-acetylene 
welding, and heating- and ventilating-engineering 
practice. A new scheme has been drawn up pro- 
viding an examination qualification of final standard 
in television servicing, to be conducted jointly by 
the Institute and the Radio Trades Examinations 
Board. An important matter which is being con- 
sidered by the Institute concerns the lack of skilled 
technicians available for the production side of 
many industries, and the means by which worker- 
students, who have passed the Institute’s final 
examinations or who hold an Ordinary National 
Certificate, may be encouraged to take further 
courses of a higher standard on the practical side of 
their industries. 





LETTER TO THE EDITOR. 


A REVIEW OF DIMENSIONAL 
ANALYSIS. 
To THE Eprror oF ENGINEERING. 

Smr,—I should be glad if you would allow me to 
comment on the letter signed “ A. R. L.” which 
appeared in your issue of November 25, 1949, on 
page 566, ante. 

Your correspondent speaks of “‘the claims of 
dimensional analysis to give information about the 
solutions of differential equations of physics beyond 
what is obtained from their form.” May I set 
beside this the following quotation from my article 
(page 557 of your issue of June 17, 1949): ‘ Any 
result provided by dimensional analysis could be 
deduced from the differential equations of the 
problem by transforming these and the boundary 
conditions into non-dimensional forms. However, 
the technique of dimensional analysis provides a 
short cut to the results.” It may be added to this 
that dimensional analysis can be applied even 
when the differential equations have not been 
formulated and, perhaps, do not exist. 

“A. R. L.” quotes part of my article dealing with 
the motion of a simple pendulum and then goes on 
to say: “Thus from three assumptions, entirely 
contingent on the user’s judgment but widened in 
accordance with the facts, dimensional analysis 
‘ provides,’ ‘ yields’ or ‘indicates’ three conclu- 
sions with notable absence of formal logic.” I 
cannot agree that logic is absent here. The result 
given by the dimensional analysis depends on the 
assumptions made ; in other words, the deductions 
drawn from the logical argument depend on the 
premises, as they must. 

Your correspondent is, of course, quite correct in 


saying that dimensional analysis does not show 
that the motion of the pendulum is periodic. The 
periodic nature of the motion as revealed by experi- 
ment is accepted as one of the premises and then 
the inquirer applies dimensional analysis, having 
decided what variables he believes to be concerned. 
It is very relevant to remark that dimensional analy- 
sis is here in the same situation as any application 
of mathematics to physica] problems. In giving the 
physical problem a mathematical formulation, it is 
always necessary for the investigator to review the 
problem and decide what variables he believes to 
be relevant. His choice may be wrong and, if so, 
this will be made apparent when the results of the 
mathematical analysis are compared with experi- 
ment. 

Your correspondent says “ Professor Duncan 
inserts X,, before k, R*®, and thereby avoids a 
major fallacy at the cost of throwing overboard 
dimensional analysis, since the function of R is 
now entirely arbitrary.” To this I reply that 
dimensional analysis is most certainly not thrown 
overboard. It appears that “ A.R.L.” is under 
the impression that, when we deduce from dimen- 
sional analysis, in accordance with equation (1]) of 


my article, that 
I 
f (=) =7(R), 
» 


F 
pvt? re 
we have established nothing helpful or of value. 
This is far from true. The point is that dimensional 
analysis has shown that, if it be true that the force 
F depends only on V, l, p and yp, then the non- 
dimensional force coefficient 


(ree) 


is a function of the single variable R. In the 
absence of dimensional analysis, or of a detailed 
reduction of the differential equations and boundary 
conditions to non-dimensional forms, we could only 
assert that the non-dimensional force coefficient is 
some function of the four variables V, 1, p and u 
separately. The gain in precision obtained by the 
dimensional analysis is immense since we have to 
deal with a function of one variable instead of four. 

Near the end of the letter it is stated: “Ona 
minor point, he (Professor Duncan) is no doubt 
aware that the factor V* applies only over a limited 
range and then only approximately.” Not only 
was I aware of this, but I drew attention to it in 
my article, near the beginning of page 557, in the 
issue of June 17. 

In conclusion, I must say that I emphatically 
disagree with “ A. R. L.”’ when he suggests that the 
claims of dimensional analysis are unfounded. On 
the contrary, I consider dimensional analysis to be 
a very valuable tool, with which every engineer 
and physicist should be familiar. I may add that 
I have written this somewhat long reply, not so 
much to defend myself as to combat the dissemi- 
nation of what I believe to be incorrect opinions on 
an important subject. 

Yours faithfully, 
W. J. Duncan. 

College of Aeronautics, 

Cranfield, Bedfordshire. 

December 5, 1949. 





INDUSTRIAL USES OF ULTRA-VIOLET LIGHT.—AnR ex- 
hibition to demonstrate some of the applications of ultra- 
violet rays in industry and medicine was held on 
December 1, at the London offices of Messrs. Hanovia, 
Limited, 3, Victoria-street, Westminster, S.W.1. Dis- 
plays were arranged to show that apparently similar 
materials or impurities in them can be sorted out by the 
manner in which they fluoresce in different forms of ultra- 
violet light ; and how use is made of these effects to detect 
otherwise invisible blemishes’or markings in papers and 
textiles, and the presence of adulterants in foods, chemi- 
cals, and oils. The use of ultra-violet rays for the cold- 
welding of transparent plastics was illustrated photo- 
graphically. In this technique, the edges or sides to be 
joined are coated with a “dough” or cement which 
hardens under the action of the rays to form an almost 
invisible joint of high strength. Among the other 
applications demonstrated were those for revealing 
stains or fine grease films on metals prior to painting, 





and for assessing the durability of paints and varnishes 
under natural sunlight. 





THE 17TH INTERNATIONAL 
NAVIGATION CONGRESS. 


(Continued from page 583.) 

“* QuEsTION 2” in Section II (Ocean Navigation) 
of the programme of the 17th International Naviga- 
tion Congress, held in Lisbon, dealt with ‘‘ Facilities 
of port depots for loading, unloading and storage of 
fuel oils (including mechanical equipment).” The 
sub-sections of this somewhat wide subject covered 
the segregation of such depots, and refineries, from 
other parts of ports, and other special measures to 
reduce fire risks ; the best location for oil storage 
and for refineries within the boundaries of ports ; 
facilities for moving fuel oil inland from ports ; 
and experience resulting from the war. Nine papers 
were submitted, two being from Great Britain, two 
from Sweden, and one each from Denmark, the 
United States, France, Italy and Holland. The 
reporter-general for the Question was Senhor J. (. 
Alves, Director of the Port of Lisbon. 


Om StToraGcE AND HANDLING aT PorTs. 


The first paper was presented by Mr. J. G. Rode, 
chief engineer of the Port of Copenhagen, who 
explained that Danish laws divided oils into three 
groups with flash-points below 21 deg. C., between 
21 deg. and 50 deg. C., and over 50 deg. C., respec- 
tively. Imports of oils in the first two groups 
(petrol and benzole, and kerosene and crude oil) 
were received in a special basin in the outer part 
of the harbour, pontoons being moored across the 
entrance to prevent oils spilled on the water from 
spreading to other parts of the harbour. Later, 
this arrangement was superseded, another basin 
being allocated for petrol imports, in the northern 
part of the harbour ; and at a still later date (1932) 
a new harbour, the Provestenen, was constructed. 
Fuel oils were handled at separate berths. The 
Provestenen oil harbour was situated on an island, 
connected to the mainland by a bridge 400 m. long. 
The island was bounded by sheet-steel piling, back- 
filled with sand. The depth of water in the basin 
and entrance was 9-1 m., which it was intended to 
increase to 10 m. by dredging. The entrance was 
protected by two breakwaters. The five oil com- 
panies who leased portions of the site had provided 
storage for 50,000 tons of oil. All kinds of oil were 
allowed in the harbour. The storage tanks were 
surrounded by moulds or concrete walls and the 
fire-fighting arrangements included special pipelines 
for foam and high-pressure water, connected to a 
local pumping station with branches to all tank 
installations. 

The American paper, by Colonel F. S. Besson, 
district engineer at Galveston, Texas, having been 
prepared for the abandoned 1940 Congress, was 
supplemented by another short paper, contributed 
by Rear-Admiral William S. Smith, U.S. Navy 
(retired), dealing with war-time experience. Colonel 
Besson’s paper described United States practice (as 
at 1940) in the development of docks, pumping 
plant, storage, and tank-car loading, but touched 
only generally on refineries, and did not discuss 
pipelines for oil transport inland. The extent of 
the traffic, he said, was indicated by the figures for 
shipments in 1938—over 85 million short tons from 
Texas Gulf ports, 38 million tons from a single port 
entrance (Sabine Pass), and 11} million tons from 
one company on the Port Arthur Canal. The 
modern trend in dock design was indicated by the 
“Suggested Ordinance for Petroleum Wharves ” 
adopted by the National Fire Protection Association 
in 1938, which provided that such wharves should 
not be constructed within 400 ft. of any bridge 
over a navigable waterway or any tunnel entrance, 
and that the materials of construction should be 
fire-resisting. ‘Tanks were usually of steel and 
cylindrical, generally having a welded-steel or 
concrete floor, riveted or welded shell, and a steel 
roof, though concrete linings and aluminium roofs 
were used where the oils stored were corrosive. 
Welded construction was becoming more general, 
but riveting was still the rule where the employ- 
ment of welding involved risk.of explosion or fire. 
Floating or pontoon roofs, riding on the surface of 
the oil, had the advantage of practically eliminating 
evaporation. Painting of tanks affected evaporation 
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losses greatly, and a reflecting paint would reduce 
evaporation by 30 per cent., compared with the 
loss from a tank covered with black paint. Oil 
companies usually provided a dyke or fire wall 
round each tank or battery of tanks, of sufficient 
capacity to contain from 50 to 100 per cent. of the 
contents of the largest tank. The latest develop- 
ments in railway tank wagons for oil provided for 
pressure loading up to 225 Ib. per square inch. 
Pressure tank cars held from 8,000 gallons to 12,000 
gallons, and were covered with 4 in. of cork lagging 
and a steel jacket of }-in. plate, to prevent sudden 
changes in temperature. 

The supplementary paper by Rear-Admiral Smith 
stated that the only available protection against 
the bombing of oil storage depots, at the outbreak 
of war, was anti-air defence and camouflage, neither 
of which was successful. The next step was disper- 
sal, but the safety thus achieved was short-lived. 
The only sure protection was the use of deeply 
buried underground tanks. Shortly after the 
attack on Pearl Harbour, the United States con- 
structed there a large storage system comprising 
20 vertical cylindrical reservoirs, domed at top and 
bottom, 100 ft. in diameter and 250 ft. high. Each 
held 300,000 barrels of fuel oil, and they were 
excavated in solid rock. In other plants, concrete 
tanks were used, despite their known disadvantages, 
because of shortage of steel. To overcome leakage, 
and deleterious action of the oil on the concrete, 
various linings of synthetic latex were adopted, 
some of which proved fairly successful and reliable. 
An important lesson learned in the war was that 
storage should be located so that, in the event of 
damage, oil did not flow into a developed harbour ; 
preferably, tank farms should be sited on the 
coast, away from harbours, where overflows would 
discharge into the sea and littoral currents would 
carry the effluent away from harbour entrances. 
Where sufficient land was available, tanks should 
be dispersed in small groups, with ample space 
between the groups to give maximum safety. The 
added cost of the land, pipelines and pumping plant 
had to be balanced against the advantage of the 
extra safety and might easily be prohibitive in 
commercial installations. 

The French paper was a joint contribution by 
MM. Callet and Deschénes, of Le Havre, and Mr. H. 
Couteaud, of Marseilles, who described the three 
most typical oi] ports in France, namely, Marseilles, 
Le Havre and Dunkerque, which were used mainly 
for crude oil imports and refined exports. The chief 
considerations in designing such ports were rapidity 
of handling, and safety ; these might prove contra- 
dictory. The largest tanker should be able to 
discharge its cargo, revictual and carry out minor 
repairs in about 30 hours without a change of berth. 
The berth should provide free access by vehicles 
to the stern of the vessel and should have mobile 
cranes for handling oil pipes, etc., which the ship’s 
derricks could not reach, as well as service pipes 
for discharging water ballast, and supplying fresh 
water, bunker oil and steam. Fire risks could be 
reduced by such simple precautions as providing a 
certain minimum distance between berths, facilitat- 
ing drainage, arranging piping overhead, and 
avoiding the closing of confined spaces in which 
gas might accumulate. The paper concluded with 
a comparative study of the various means of trans- 
porting oil inland, based on economic studies made 
in France since the liberation. 

The first of the two British papers was presented 
by Mr. T. A. Owles, C.B.E., M.1.C.E., who considered 
that berths which would allow a tanker to lie 
alongside were almost essential for rapid discharging, 
even if they consisted only of dolphins connected 
by a bridge with the shore; though this had the 
disadvantage that the small quantities of case oil 
products sometimes carried might have to be dis- 
charged into lighters. Submerged and/or floating 
pipelines from an anchorage might be worth consi- 
deration in some circumstances, but they were liable 
to damage and difficult to maintain. Modern 
tankers could discharge up to 500 tons an hour 
with their own pumps, but boosting pumps on shore 
were usually necessary if a high rate of discharge to 
the storage tanks was to be maintained. The jetty 
should have separate pipelines for the ‘ white ” 
oils (aviation spirit, motor spirit, benzine and 





kerosene) and the “‘ black” (crude or fuel) oils ; 
as it was the practice to wash out the former and 
either leave them full of water or to clear them with 
compressed air, whereas pipelines for ‘‘ black” 
oils were left full. Screw displacement pumps had 
several advantages for pumping oil. Oil refineries, 
Mr. Owles considered, ‘‘should have their own 
facilities, far removed from all others in the port, 
crude oil being the most objectionable and possibly 
the most dangerous cargo of all the petroleum 
products’; but, he thought, it was most unlikely 
that any port would be asked to provide such 
facilities, as refining was usually carried out at or 
near the oilfield. He concluded the paper with a 
description of the oil port at Colombo ; an installa- 
tion which he believed to be unique in that all 
operations in connection with the discharge of oil 
from the tanker to storage, and of bunker oil from 
storage to the ship, were carried out by the 
Government as a ‘‘ common oil facility,’ operated 
by the harbour engineer of the Colombo Port Com- 
mission. The main oil storage, at Kolonnawa held 
196,000 tons, and there were measuring tanks which 
would hold a further 25,000 tons. The latest pro- 
posals for harbour development at Colombo, he 
added, included an oil dock capable of berthing two 
of the largest tankers contemplated, and closed 
by an articulated floating boom, protected from fire 
by a Mulsifyre system of water jets. 

The other English paper was by Mr. P. de H. 
Hall, D.S.0., B.Sc., of the Anglo-Iranian Oil Com- 
pany, whodrew a distinction between “‘ ports ofexit ” 
and “ ports of entry,” in oil transport, observing 
that the former would not usually be sited near a 
commercial port, but near an oilfield, since they 
would be concerned mainly with handling either 
crude ojl or petroleum products refined locally. 
After reviewing the essential considerations—which, 
necessarily, were broadly similar to those put forward 
in the previous papers—Mr. Hall passed to storage 
tanks. These were usually made of sufficient size 
to take one complete tanker-load of oil ; therefore, 
when 10,000-ton tankers were more or less the 
standard type, a standard tank was used, 118 ft. in 
diameter and 40 ft. high, holding about 10,000 tons 
under normal conditions. With the building of 
larger tankers, however, larger tanks were coming 
into use, of sizes up to 168 ft. in diameter and 64 ft. 
high, holding some 36,000 tons of-oil. Following 
some notes on pumping plant, he mentioned that, 
in some instances, conveyors were used to deliver 
cased oil products from the packing shed to the 
quayside, the uniformity in package size making 
this method particularly suitable. 

The siting of refineries and oil storage depots, 
Mr. Hall continued, depended on different considera- 
tions. A site for a refinery must provide the best 
combination of several factors—a water front 
suitable for the construction of jetties, an area of 
level gound for the refinery, ample cooling water 
and fresh water, adequate availability of labour or 
space for housing accommodation, and good inland 
transport connections ; whereas an oil storage depot 
might be placed almost anywhere, within an 
economic pumping radius. Inland transport might 
be by railway tank-car, road tank-lorry, tank 
barge or coastal tanker, or pipeline; the choice 
depended entirely on local conditions. War-time 
conditions introduced an entirely different set of 
values ; for instance, the “‘ Pluto” pipeline pro- 
vided a safe means of transferring petrol to the 
Continent in time of war, but it had no peace-time 
commercial value. The inland pipelines laid in 
England during the war, though not now in use, 
might have a peace-time value as a means of 
equalising stocks in different parts of the country 
as an alternative to using a large fleet of railway 
tank-wagons or road tank lorries. 

Sig. A. Camanzi and Sig. Lino Fermi, who jointly 
contributed the Italian paper—actually two papers 
—divided the subject between them, Sig. Camanzi 
describing the oil ports at Venice, Trieste and 
Naples, and Sig. Fermi dealing generally with oil 
transport and its problems in Italy and more par- 
ticularly with the traffic handled at Savona, Genoa, 
Spezia and Leghorn. At Venice (Porto Marghera) 
the petroleum traffic is handled in an inner harbour 
on the lagoon, where there is a large area of calm 
water and flat land adjacent to it. At Trieste, the 





oil harbour is at a distance from the main harbour, 
and more or less shut off from it. At Naples, a 
scheme is proposed which would segregate the oil 
port as much as possible from other traffic, although, 
in this case, the petroleum harbour forms part of 
the main port. The basic principles governing the 
design of these several ports, and also the safety 
precautions dealt with by Sig. Fermi, conformed 
generally to those described in earlier papers, 
although, as it was pointed out, there were slight 
differences in the degree of security afforded; at 
Savona, there was absolute security. The war 
damage suffered by Italian oil depots and refineries 
was extensive and the best protection, it was 
evident, was by underground storage and wide dis- 
persal of tanks. 

The contribution from the Netherlands consisted 
of a joint paper by Ir. L. W. G. de Roo de la Faille, of 
Rotterdam, and Ir. C. J. Tuijn, head of the harbour 
department of Amsterdam, and described, with 
various plans of the installations, the oil harbours 
associated with those ports. At Amsterdam, it was 
stated, separate arrangements were made for 
handling fuel oil and the oils of low flash-point, the 
more dangerous oils being dealt with in a special 
basin, the Petroleumhaven, situated on the North 
Sea Canal, to the west of the city and about 20 km. 
from the sea. Nine large tankers could berth at a 
time in the basin, the two entrances to which were 
closed by floating pontoons. The fuel-oil storage 
depot of the Royal Dutch-Shell Company was 
situated in the centre of the port of Amsterdam ; 
its pre-war capacity of 100,000 cub. m. was now 
reduced to about 20,000 cub. m. In addition to 
these instaliations, there was the Benzinehaven, 
where the storage was partly in bulk and partly in 
underground tanks holding 100 cub. m. each. At 
Rotterdam, the storage depots were at a consider- 
able distance from the city, the tankers berthing in 
special basins and not along the river banks. There 
were two of these, and a further small basin was 
provided in the centre of the port, for inland dis- 
tribution of oil. During the war, the depots were 
severely bombed, but, though many tanks were set 
on fire, no oil escaped from the tank farms into sur- 
rounding areas. The post-war repairs took 2} years 
and gave to a total capacity of 900,000 cub. m. 
A difficulty still experienced in Rotterdam was the 
fouling of the river banks by spillage of oil on the 
surface of the water. 


(To be continued.) 





LiLoyp’s REGISTER WRECK RETURNS.—Statistics of 
ships lost or broken up during the quarter ended March 31, 
1949, have now been issued by Lloyd’s Register of Ship- 
ping, 71, Fenchurch-street, London, E.C.3. They show 
that 62 vessels, aggregating 38,336 gross tons, were 
totally lost or condemned in consequence of casualty 
or stress of weather during the quarter under review. 
Of these ships, eight, making together 2,857 tons, were 
British. Fifty vessels, totalling 180,898 tons were 
otherwise broken up during the quarter under considera- 
tion, and 26 of these, aggregating 84,636 tons, were 
owned in Great Britain and Northern Ireland. 





NEw CABLE Factory IN INpDIa.—The Government of 
India has concluded an agreement with Standard Tele- 
phones and Cables, Limited, London, for the establish- 
ment in India of a factory for the production of all that 
country’s requirements of communication cables. By 
the agreement, which is for a period of 20 years, the 
company are appointed technical consultants to the 
Indian Government. The factory, the plant for which 
it is expected will be purchased in Great Britain, will be 
Government-owned and operated, and Indian manufac- 
turing and technical staff will receive instruction in 
Standard works in this country. 


GOVERNMENT DEPARTMENT ELECTRICAL SPECIFICA- 
TIONS.—The Committee on the Standardisation of 
Electrical Wires and Cables for the Government Services, 
the secretary of which has his office at the Ministry of 
Supply, Inspectorate of Electrical and Mechanical Equip- 
ment, *‘ Walsingham,” Manor Park, Chislehurst, Kent, 
have issued a new edition of G.D.E.S. No. 18, dealing 
with polyvinyl chloride insulating and sheathing com- 
pounds for electric cables. Since the last edition, that for 
1945, the number of grades of compound has been 
reduced, and it is now laid down that tests are to be 
carried out on cable samples. Copies of the specification 
can be obtained from H.M. Stationery Office, Kingsway, 
London, W.C.2, at the price of 1s. 3d. 
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METALLURGICAL APPLICATIONS 
OF THE ELECTRON MICROSCOPE. 
(Concluded from page 625.) 

THE six papers of the afternoon session, summarised 
by Dr. N. P. Allen, of the National Physical Laboratory, 
were more concerned with metallurgical researches that 
had been carried out with the electron microscope. The 
paper on “ The Microstructure of a Water-Quenched 
Carburished Iron,” by Mr. J. Trotter, Mr. D. McLean 
and Dr. C. J. B. Clews, describes N.P.L. experiments in 
which specimens were examined after water quenching 
from 950 deg. C. in the austenite region, and after 
quench-ageing treatments in the «-region, the Formvar 
replica technique being used with magnifications up to 
20,000 diameters. The specimen structures varied 
considerably, changing rapidly from point to point, and 
emphasising the danger of relying too much upon the 
examination of a single field. Accepted views on the 
structure of hardened steels were generally confirmed, 
though some interesting points were revealed, as when 
ferrite appeared in long thin plates, between which were 
white films probably containing carbon. 

The paper by Dr. Fred Keller, of the Aluminium Com- 
pany of America, on “ Electron Microscopy of Light 
Metal Alloys ” describes how small particles may affect 
the structure of aluminium-oxide replicas. The oxide 
films referred to were removed by allowing merc to 
attack the underlying parent metal through lines 
scratched on the surface of the specimen. The struc- 
ture of the film itself is discussed, and a photograph 
is reproduced indicating that the film may sometimes 
be porous. In the United States, as elsewhere appar- 
ently, the electron microscope is being used to investi- 
gate the structure of light-metal alloys at magnifications 
beyond those of the optical instrument, though it is 
admitted that much remains to be settled — 
specimen preparation before full use can be made o' 
the high resolving powers available. 

A paper on some “ Observations on the Age-Harden- 
ing Process in an Aluminium-Copper Alloy,” by Mr. 
G. L. Bucknell and Dr. G. A. Geach, of the Associated 
Electrical Industries Research Laboratory, briefly 
describes precipitation in a pure alloy of one per cent. 
copper in aluminium. The oxide-replica technique was 
used, and the precipitates appeared as white spots in 
the replica images and often coincided with escarp- 
ments in the etching pattern ; they were also similar 
in size to some of the particles observed by Dr. Keller. 
As pointed out by Dr. Allen in his summary of the 

r, the spots seemed to have the same appearance 
or room-temperature ageing, as for higher-tempera- 
ture ageing treatments, so their exact meaning needed 
further explanation. 

In his paper on “ Elementary Slip Processes in 
Aluminium as Shown by the Electron Microscope,” 
Dr. A. F. Brown of the Cavendish Laboratory, outlines 
how the aluminium-oxide replica technique was used 
to calculate the magnitude and direction of the slip 
movement at temperatures between — 180 deg. C. and 
+ 500 deg. C. Special methods produced sharply 
defined cubical etching pits, and the metal was then 
cold-worked to produce slip bands which traversed 
the surface and sometimes intersected the pits ; calcula- 
tions were based on the fact that slip occurred in one 
set of planes, while the faces of the etching pits were in 
another. The results suggest that the slip bands are 
themselves composed of lamellw, and that though the 
slip of these lamelle upon each other seems indepen- 
dent of temperature, the spacing of the slip zones 
decreases as the temperature falls, while the number of 
lamellz in each zone becomes less. 

The paper on some “ Studies in the Electron Micro- 
scopy of Nickel-Chromium Alloys,” by Mr. B. 8. Cooper 
and Mr. G. A. Bassett, of the General Electric Company, 
Limited, like most of those already mentioned, dis- 
cusses the results obtained with different etching 
reagents. In the words of Dr. Allen, the paper con- 
firms that the “ best etching reagent for light microscopy 
is not necessarily the best for electron microscopy,” 
and that no replica technique is satisfactory unless 
a suitable etching reagent is first used. The final 
paper of the afternoon session, was “ A Note on the 
Examination of Metal Powders by the Electron Micro- 
scope,” by Mr. J. I. Morley, of the Brown-Firth Re- 
search Laboratories. For such investigations, replicas 
are not needed, since the powder can be inserted in the 
electron stream to produce its own image. The main 
problem is the collection of a representative sample 
and its uniform distribution upon a suitable mount, but 
in the cases described, each powder specimen was 
mounted on a thin film of Formvar which was sup- 
ported in the microscope on the usual type of copper 
grid. The effects of ball milling and of different 
methods of preparation upon the grain size of tungsten 
metal powders were examined, and photographic illus- 
trations are given of results obtained with tungsten 
as well as with other powders. te 

The discussion on the afternoon papers was opened 
by Mr. G. L. Bailey, Director of the British Non- 
Ferrous Metals Research Association, who said he was 





not convinced that the electron microscope had fully 
proved itself for metallurgical work, and that his first 
reaction to an electron micrograph was one of doubt 
or disbelief. There must be, in his view, some uncer- 
tainty over the exact form which a replica assumes 
at relatively deep pits or steps in the metal surface, 
and also over the type of image thrown from such 
points. Certain results discussed in the goo rather 
puzzled him, and ought not to be accepted as metal- 
lurgical evidence at this stage. Some of those _illus- 
trated by Messrs. Cooper and Bassett seemed to 
depend largely on the type of etching reagent used, and 
he failed to understand their exact significance. 
Answering this last comment, Mr. Cooper agreed that 
their methods of preparing the specimen certainly 
produced varying results in that different features were 
revealed, but he and his colleague had used the tech- 
nique considered most suitable for their purpose, which 
was the study of carbide particles in grain boundaries. 
Mr. B. Samuel said he thought this particular paper was 
illuminating as it emphasised the importance of first 
trying out different etching reagents; in reply, Mr. 
Bassett said there was difficulty in removing Formvar 
replicas, as they tended to break across the carbide 
particles when these were revealed by a suitable 


reagent. 

Professor A. Guinier and Mr. R. Castaing, of the 
Office National d’Etudes et Recherches Aéronautiques, 
Paris, referred to investigations they were carrying out 
into the ageing of light alloys to correlate the results of 
electron-microscopy with those of X-ray techniques. 
Their work suggested that evidence of precipitation, 
for example, can be detected with the electron micro- 
scope, though at this stage X-ray wig “st evidence 
was desirable or even n . Dr. Brown explained 
how the formation of the slip zones and lamella 
described in his paper might account for the nature of 
the stress-strain curve. He emphasised that he and 
his colleagues had been unable so far to uce reliable 
replica techniques to enable similar slip experiments 
to be made with metals other than aluminium, though 
cadmium was being tested with a replica material 
which polymerised on the surface and could be easily 
removed. 

Mrs. E. M. Smith referred to tests on thermally- 
etched silver at the Royal Aircraft Establishment, and 
in which it was shown that some patterns do not appear 
in the electron micrograph, when certain crystallo- 
graphic planes slope at less than some critical angle to 
the surface of the metal. Commenting on this, Mr. P. R. 
Rowland remarked that the etching of a single crystal 
sphere of metal provided useful information on the 
manner in which differently oriented grains may etch. 
With electrolytically polished copper, for example, the 
etch pits in different parts of the sphere are dissimilar, 
though the various micro-facets are distributed in a 
pattern suggesting that the angle of the grain with 
the surface affects the shape of the etch pits or the 
furrows produced. 

Dr. Clews, speaking on behalf of Mr. A. Saulnier, 
Chambery, France, said that the latter had been 
studying four per cent. copper-aluminium alloy with the 
electron microscope, and by of dilatomet 
experiments and hardness measurements; some pre- 
liminary results had been obtained which might throw 
further light on the phenomenon of precipitation. Mr. 
H. Halma then gave some details of improvements in- 
corporated in the latest electron microscope produced 
by the Radio Corporation of America, which enables 
magnifications to be continuously varied from 1,000 to 
20,000 diameters without breaking the vacuum system 
ofthe instrument. He was followed by Professor Grivet, 
who showed some slides illustrating an emission type 
microscope which he and his colleagues were also 
trying out for high-temperature.problems. Dr. P. 
Coheur, Director of the Centre National de Recherches 
Métallurgiques, Liege, explained that the N.P.L. 
results described in the paper by Messrs. Trotter, 
McLean and Clews supported those of himself and his 
colleagues in their work on the microstructure of water- 
quenched carburised iron. They noticed that the type 
of precipitate occuring in chromium- and molybdenum- 
steels, also occurred in those carbides where the pre- 
cipitates were in the form of platelets orientated in a 
certain plane in the ferrite. 

. Clews, in elaborating on these N.P.L. investiga- 
tions, said that Messrs. Trotter and McLean had also 
studied the tempering of martensite by means of the 
electron microscope, and had observed the formation 
of discrete platelets at 250 deg. C., and of the usual 
carbide particles at 700 deg. C. The etched surface of 
the specimens had also been examined by electron- 
diffraction reflection patterns, and subsequently, alco- 
holic-ethyl residues were from the same 
specimens and examined by the normal X-ray diffrac- 
tion techniques. On specimens tempered at 550 deg. C. 
and above, there is evidence of the presence of the 
normal cementite FeC,; but for lower temperatures, 
the diffraction patterns become rather complex. After 
some concluding remarks by the chairman, Dr. F. C. 
Toy, the proceedings terminated. 











ELECTRIC TRACTION CONVENTION. 


Ir is announced that a convention on electric rail- 
way traction will be held at the Institution of Electrical 
Engineers, Savoy-place, Victoria-embankment, London, 
W.C.2, from Monday, March 20, to Thursday, March 23, 
1950. This convention, which will be inaugurated by 
the President, Professor E. B. Moullin, will consist of 
an opening meeting and six technical sessions. Its 
object will be to present the latest views and practices 
in electric railway traction and to illustrate the achieve- 
ments and capabilities of British engineers and the 
British electrical industry in the fields of electrifica- 
tion and Diesel-electric traction. 

The first meeting will be held at 5.30 p.m. on Monday, 
March 20, when the President will take the chair and 
the opening speaker will be Sir Cyril Hurcomb, Chair- 
man, British Transport Commission. A paper by Mr. 
C. M. Cock on “ Railway Electrification in Great 
Britain ” will be presented. 

At the subsequent meetings, the papers, which are 
to be specially written for the convention, will be 
arranged in groups with a view to ensuring a co-ordin- 
ated discussion. At a meeting on Tuesday, March 21, 
at 2.30 p.m., the subject of electric railway traction in 
general will be considered ; and the papers will include 
a “ Review of London Transport Railway Practice” 
by Messrs. T. S. Pick and R. Dell; “ The Liverpool 
Street-Shenfield Electrification” by Mr. H. H. Swift ; 
and “ Achievements of British Engineering in Over- 
seas Railway Electrification’ by Mr. E. T. Hippisley. 
The subject at the meeting at 5.30 p.m. on that day 
will be Project Considerations and papers will be pre- 
sented on “The Effect of Electric Traction on the 
Track,” by Dr. F. C. Johansen; on “ Spacing of 
Substations,” by Mr. W. J. Webb; on “ Multiple Unit 
Trains,” by Mr. W. S. Graff-Baker ; and on “ Tractive 
Resistance of Electric Trains,” by Mr. F. Lydall. 

On Wednesday, March 22, the first meeting will be 
at 2.30 p.m. when the general subject of equipment will 
be covered by seven papers : on ‘‘ Overhead Equipment 
Design,” by Messrs. F. B. Kitchin and J. Holland ; on 
“* Maintenance of Overhead Equipment,” by Mr. H. P. 
Colwell; on “‘ Conductor Rail Installation and Main- 
tenance” and on “Collector Gear for Conductor 
Rails,” by Mr. C. A. Craig and Mr. M. E. Constant ; 
on “ Lightning Protection on the South African Electri- 
fied Railways,” by Mr. W. L. King;'on “ Traction 
Substations,” by Mr. 8. B. Warder, and on “ The 
3,000-volt Traction Substations on the South African 
Railways,” by Mr. A. J. Gosling. At the meeting at 
5.30 p.m. on the same day the subject will be loco- 
motives and coaches ; and papers will be presented by 
Mr. W. J. A. Sykes on “‘ Electric Locomotives of the 
British Railways,” by Mr. F. A. Harper on “ Diesel- 
Electric Locomotives of the British Railways,” by 
Mr. E. 8S. Cox on “‘ Mechanical Design of Electric and 
Diesel-Electric Locomotives”; and by Messrs. F. W. 
Sinclair and S. C. Lyon on “ Mechanical Design of 
Modern Motor Coaches.” 

At the meeting at 2.30 p.m. on Thursday, March 23, 
control and ayxiliary equipment will be considered and 
the papers will be on “ Control and Auxiliary Equip- 
ment for Direct-Current Electric Locomotives,” by Mr. 
R. Brooks ; on “ Control Gear and Auxiliary Machines 
for Multiple Unit Electric Trains, by Messrs. E. T. 
Hippisley and F. E. Butler; on ‘“ Power Operated 
Doors,” by Mr. R. I. D. Arthurton; on “ Electro- 
Pneumatic Brakes,’ by Mr. H. R. Broadbent; on 
“* Electric Coach Lighting and Heating,” by Mr. J. W. 
Grieve; on “ Electrical Equipment of Diesel-Electric 
Locomotives and Motor Coach Trains,” by Messrs. P. L. 
Mardis and W. G. Jowett; and on “ Electric Braking 
Systems,” by Mr. F. Whyman. 

At the concludin — on Thursday, March 23, 
at 5.30 p.m. the subject will be the design and main- 
tenance of stock, and the following papers are to be 
read: “Features of Modern Traction Motors and 
Gearing (Mechanical and Electrical),” by Messrs. G. H. 
Fletcher and E. A. Binney; “ Running Attention to 
Electric Rolling Stock,” by Mr. D. McKenna; “ The 
Maintenance of Electric Rolling Stock,” by Mr. H. H. C. 
Barton ; “ Maintenance of Diesel-Electric Equipment,” 
by Mr. F. A. Harper ; and “ ——s Experience with 
the Electrical Equipment of Diesel-Electric Motor 
Coach Trains,” by Mr. L. C. Woodhouse. 

The opening lecture, as well as the papers and dis- 
cussions, will be published subsequently in a special 
issue of the Proceedings of the Institution. The con- 
vention is being organised by the Traction Technical 
Committee in collaboration with members and others 
engaged on the railways and in industry. 





PAPER ON CAUSTIC CRACKING.—Advance copies are 
available from the secretary, Institution of Mechanical 
Engineers, Storey’s Gate, St. James’s Park, London, 
S.W.1, of a paper for written discussion entitled ‘‘ Caustic 
Cracking—Stress-Corrosion Tests in Sodium Hydroxide 
Solutions at Elevated Temperatures,” by Dr. C. D. Weir, 
B.Sc. Communications are invited and should be 
received at the Institution by February 28. 
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25-KW RADIO-FREQUENCY FURNACE. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 














25-KW RADIO-FREQUENCY position that there is free circulation through the 


oscillator cubicle. The control equipment comprises 
INDUCTION FURNACE. a 500-volt three-pole isolating vale wih three high 

As is well known, electric induction furnaces oper- | rupturing capacity fuses and an “on load” voltage 
ated at radio frequencies have advantages, such as | regulator, which is oil-immersed in a sheet-steel cubicle 
giving a clean melt under controlled conditions and | and is provided with a motor and limit switches so 
enabling the temperature of the charge to be main- | that it can be remote controlled. This remote control 
tained at any required degree. These characteristics | is effected from the front panel of the oscillator cubicle, 
make this type of furnace worth careful consideration | so that the radio-frequency power can be smoothly 
for many purposes, especially for melting small charges | regulated between one quarter and full power. In 
and powders the surfaces of which resist the passage | the case of the 5-lb. furnace, however, regulation is 
of the current. Such furnaces may also be used for | effected by tapping on the high-tension side of the 
heat treatment and brazing, as well as for melting ; | transformer. 
and their employment demands neither expensive foun-| The combined oscillator and rectifier cubicle is con- 
dations nor a large amount of space. The Metropolitan- | structed of sheet steel and is provided with electrically 
Vickers Electrical Company, Limited, Trafford Park, | interlocked side-opening doors. It contains the main 
Manchester, 17, manufacture three sizes of induction | transformer, rectifier valves and filament transformers, 
furnaces with maximum loadings of 5, 10 and 25 kW. | as well as the fan for circulating the cooling air, the 
The last of these operates at a nominal frequency of main and auxiliary contactors, and the necessary sub- 
600,000 cycles per second, a value which was chosen | sidiary components. A filter in the main supply circuit 
to secure both low capital and running costs. The | prevents radio frequencies from being fed back into the 
high-frequency current is produced by a valve oscillator | mains, while a constant voltage is maintained on the 
supplied with high-tension current from a step-up/| valve filaments by a stabiliser. The equipment is 
transformer and rectifier, as explained below. These | protected from damage due to incorrect operation or 
furnaces are capable of melting 5 Ib., 10 Ib. and 20 Ib. | the failure of any component by overload and other 
of ferrous metal, respectively, in from 20 to 30 minutes, | relays. All the controls for routine operation, and the 
the capacities when melting non-ferrous metals being | necessary meters, are mounted on the front panel of 
rather less. Normally, melting takes place in air, but | the cubicle. Power at radio frequency is conveyed to 
equipment in which melting can be effected in special | the tuned-circuit cubicle from the oscillator cubicle 
atmospheres or in vacuo are also available. The | through screened coaxial cables. 
appearance of a 25-kW furnace is illustrated by the 
photograph reproduced on this page. This shows the 
tuned-circuit cubicle with the melting pot in the pouring 
position. 

Electricity is supplied to the 5-lb. furnace on the 
single-phase system at 380 to 460 volts and a frequency 
of 50 cycles per second and to the 10-lb. and 20-Ib. 
furnaces on the three-phase system at the same voltage 
and frequency. All the equipments are tapped for 
intermediate voltages within this range. The necessary 
soft and clean cooling water is delivered at a pressure 
of 40 lb. per square inch, 1 gallon per minute being 
required for the two smaller sizes and of 2 gallons per 
minute for the 20-lb. furnace. 

The furnaces are designed for indoor operation and, 
as the valves are air-cooled, must be sited in such a 





feed-back coil, the radio-frequency selector switches, 
front of the cubicle, while for heat treatment a connec- 
tion can be provided at the back. The melting or heat- 


switches. 


about the lip axis. 


The tuned-circuit cubicle, which is also constructed 
of sheet steel with electrically interlocked side-opening 
doors, contains the main tuning condenser, the grid 


and the necessary auxiliary components. The furnace 
is connected to *bus-bars, which project through the 


treatment position is selected by hand-operated link 


The furnace is of the hand tilting type and comprises 
a water-cooled box of insulating material, which is 
fitted with trunnions so that pouring can be effected 
The charge is held in a crucible 
within the water-cooled coil and is packed round 


replaced when worn and the material of which it is 
made depends upon the nature of the charge. As will 
be seen from the illustration, the furnace stands on a 
steel table in front of the tuned-circuit cubicle with its 
top about 2 ft. 6 in. above the floor. The alternative 
heat-treatment position at the back of the cubicle com- 
prises two ’bus-bars to which suitable coils can be con- 
nected for carrying out annealing, brazing, or soldering 
operations. 





TELEVISION CAMERA CABLES. 


A MULTI-coRE cable, in which polythene is the 
insulating material, is now being manufactured by 
British Insulated Callender’s Cables, Limited, Norfolk 
House, Norfolk-street, London, W.C.2, for connecting 
the camera and mobile control van employed on the 
latest television outside-broadcast equipment. This 
cable, which has an overall diameter of only 0-85 in. 
and contains 22 conductors, has been designed to 
transmit video signals with low attenuation, as well 
as to carry the scanning, speech intercommunication, 
power-supply and cue-lighting circuits. Balanced 
screened twin units are used for the main pulse circuits 
as these were considered to have advantages over 
coaxial cables from the point of view of mutual inter- 
ference. The units initially designed for this purpose 
incorporated two video circuits, the principal require- 
ments for which were low attenuation and a charac- 
teristic impedance of 130 ohms. It was also found 
that the twin units for the line scanning and blanking 
signals could be similar to those used on the video 
circuits, although they had to be made somewhat 
larger, in order that their direct-current resistance 
should not exceed a certain minimum. It was decided, 
therefore, to make all four units the same size and to 
base their design on the characteristic impedance and 
direct-current resistance required. At the same time, 
their attenuation was made rather lower than the 
minimum necessary. The other two twin circuits, 
which provide telephone communication and carry 
direct-circuit at 1,000 volts, were also screened for 
reasons of safety. 

To obtain the best space utilisation, the “six plus 
one” arrangement, in which six units are laid round 
a seventh, was employed. The centre “heart” of 
the cable thus consists of a four-core unit containing 
pairs carrying 50-cycle current and the supply for 
frame scanning, for both of which a low direct-current 
resistance is necessary. This four-core unit was designed 
as a star-quad the diametrically opposed wires in 
which are used as balanced pairs. This arrangement 
gives a low level of interference between the two 
circuits and is economical of space. Six wires, each 
0-032 in. in diameter, with polythene coatings, 0-02 in. 
thick, are laid in the grooves between the six twin 
units. Four of these are employed for the high-tension 
supply to the view finder and the cue light, beam-focus 
and image-focus circuits. The other two are utilised 
as an additional intercommunication circuit and as a 
second 300-volt line. 

All the units are solid insulated and are of the usual 
twisted and filled construction. Mechanical reinforce- 
ment is provided by an overall wire braid, which is 
insulated from the individual screens by varnished- 
cambrie tape. The cable is covered with a polyvinyl- 
chloride sheath. 

The cable is normally supplied in 200-ft. lengths, 
which are connected together by couplers. These 
couplers are moulded to the cable and are designed so 
that two lengths can be connected with all the circuits 
correctly disposed and screened. The continuity of 
the screening is maintained by brass plates, which 
divide the inside of the coupler body into nine com- 
partments. Each screened twin and the star quad is 
connected to pins or sockets in separate compartments, 
while the six single cores are distributed between the 
other two compartments. 





“THe VOCATIONAL ASPECT OF SECONDARY AND 
FURTHER EDUCATION.”’—Three issues of a journal with 
the above title have now appeared. It is primarily a 
production of the three Training Colleges for Teachers of 
Technical Subjects, and “ aims at elucidatirg the prin- 
ciples underlying this range of education, at examiuing 
its history and the organisation now supportirg it, and 
at describing and discussing teaching methods appro- 
priate to it.” Titles of articles which have already 
appeared and are of engineerirg interest include refer- 
ences to French apprenticeship schools, the teacher and 
research, the use of the principles of similarity in teach- 
ing, the teachirg of dimensional principles to ergineers, 
and the need for a new approach in technical education. 
The journal is published twice annually at 5s., post free, 
for each issue, and is obtainable from any of the three 
colleges at the following addresses: Manchester-road, 
Bolton, Lancashire ; North-Western Polytechnic, Prince 
of Wales-road, London, N.W.5; and Queen-street 
South, Huddersfield. 











with heat-insulating sand. The crucible can easily be 
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LABOUR NOTES. 


Vicorovs opposition to the wage-restraining policy 
of the Government and the Trades Union Congress is 
disclosed in an. editorial in the Railway Review, the 
official journal of the National Union of Railwaymen, 
for December 9. In the course of his article, Mr. J. B. 
Figgins, the Union’s general secretary, also attacks 
the export policy of Sir Stafford Cripps, the tariffs 
imposed by the United States on British goods, and 
the failure of private enterprise to increase this coun- 
try’s exports to dollar markets. He suggests that the 
Government’s economic policy will provide no solution, 
temporarily or permanently, to the vital problems 
which confront the country. 





considers that the possibilities of raising 
the earnings of the lower-paid grades of workpeople by 
means of the incentive schemes suggested in the recent 
T.U.C. statements are very small indeed. He states 
that lower-paid employees work in conjunction with 
the medium-paid and high-paid grades, and any 
rewards for increased productivity would be shared by 
all ranks. Where incentive schemes are not already in 
existence, it would be impossible, in the majority of 
cases, to devise schemes to benefit the lower-paid 
operatives. In addition to this, he points out, no one 
has to date attempted to define who are lower-paid 
employees, and the only logical conclusion from all 
this is that the general council of the T.U.C. wish no 
one at all to have wage increases. Mr. Figgins calcu- 
lates that the cost to industry of introducing a legal 
minimum weekly wage of 5/. would be approximately 
200,000,000/. annually. Evidence of the need for a 
redistribution of the product of industry, and proof 
that sufficient resources are available, are provided by 
the profits of trading companies. These profits in- 
creased from 1,219,000,000/. in 1946 to 1,639,000,000I. 
in 1948. Furthermore, he states, the additions of such 
companies to their free reserves, after allowing for 
taxation, jumped from 285,000,000/. in 1946 to 
545,000,000/. in 1948. 





Arrangements designed to bring about closer staff 
consultation throughout the railway industry, at all 
levels, were made known in a statement to the 635,000 
employees of British Railways, which was issued on 
December 9. The announcement, signed by the chair- 
man of British Railways, Sir Eustace Missenden, and 
by the chiefs of the four railway unions, states that the 
object of the new scheme is to “ promote greater co- 
operation in the running of British Railways and good 
relations between the management and the staff, in all 
grades and departments.” The arrangements are 
made in accordance with the declared intention of the 
Railway Executive to take the staff more closely into 
their confidence, and to explain their policy and pro- 
blems to their employees. Without interfering with 
the agreed negotiating machinery regarding wages, 
salaries, and conditions of service, the new consultative 
procedure will apply to those subjects related to the 
actual administration of British Railways which are 
outside the defined scope of such negotiations. 





According to the statement, the Railway Executive 
will give the staff prior indication of contemplated 
lines of action. The Executive will also arrange for 
the discussion of such proposals with staff representa- 
tives at the appropriate level, and give careful con- 
sideration to representations from the staff with regard 
to such The staff will be informed of deci- 
sions reached by the management, and, when it is 
impracticable or undesirable to give effect to staff 
representations, they will, when necessary, be told the 
reasons. As it is desired that the new procedure for 
consultation shall have the widest possible scope, the 
agreement between the Executive and the unions is 
not tied to any defined or restrictive list of subjects. 
It is recognised that consultation may be instigated by 
either management or staff at the appropriate levels 
and it is intended that periodical meetings shall be 
held under the new arrangements to review matters of 
common interest. Should any difficulties arise at the 

ised level for discussion after the new procedure 
has been followed, these may be referred to the Execu- 
tive and the headquarters of the unions for their assist- 
ance. The National Union of Railwaymen, the Rail- 
way Clerks’ Association, the Associated Society of 
Locomotive Engineers and Firemen, and the Confedera- 
tion of Shipbuilding and Engineering Unions, are the 
four unions concerned in the agreement. 





An unofficial strike of manual employees at Brims- 
down Power Station, Enfield, commenced on December 
12 and spread later in the day to Taylor’s Lane Power 
Station, Willesden, and Littlebrook Power Station, 
Dartford, involving about 1,200 men in all. The 


Government’s decision to use Servicemen, to maintain 


the supply of electric current from the three stations 
concerned, was given as the reason for strike action by 
the employees at Barking Power Station, who ceased 
work on the following day. In a statement justifying 
the action of the Government, the Minister of Labour, 
Mr. George Isaacs, informed Parliament that the men 
at Brimsdown had gone on strike “ without notice and 
in breach of contract.” Their action was not only 
endangering the interests of the country, but was also 
a breach of loyalty to the trade-union leaders. 





It was stated by the British Electricity Authority, on 
Monday night, that appropriate steps would be taken 
by them to maintain supply from the stations affected 
to the maximum capacity possible. Regarding the 
original causes of the strike, the B.E.A. commented 
that men at these stations had received certain excess 
payments and it had been decided, through the national 
negotiating machinery, that the recent wage increase 
should merge in these excess payments, as existing 
conditions at the stations did not justify a continuation 
of the excess payments without such merger. Occupa- 
tions at the stations which were abnormal in character, 
the statement continued, would be met by special pay- 
ments negotiated in accordance with the national 
agreement. Strike action was threatened last June 
but was rejected after an assurance had been given 
through the Joint Industrial Council for the electricity- 
supply industry that wage anomalies would be investi- 
gated. That has since been done, but the men find the 
decisions taken through the negotiating machinery 
unacceptable. 





Mr. Frank Foulkes, President of the Electrical Trades 
Union and chairman of the Joint Industrial Council, 
stated on Monday that, although a small percentage of 
the men had had the “ plus differential’ between 
themselves and other operatives of a different class 
reduced, no one in the industry was receiving a smaller 
wage than before. Asa result of an agreement dated 
May 31, some 110,000 operatives in the power-supply 
industry received an increase of 1}d. an hour in their 
basic rates, which varied from 2s. 1ld. an hour for 
skilled men to 2s. 63d. an hour for labourers. This 
increase merged into the percentage addition, where 
paid, but, Mr. Foulkes stated, persons employed under 
conditions abnormal to the industry were left free to 
negotiate for the increase of 14d. an hour to be raised 
to at least 2d. The strikers at Brimsdown complain 
that half the 7} per cent. addition to their basic rates, 
which they received as “dirt and heat” money on 
account of the abnormal conditions at the station, dis- 
appeared at the time of the May increase, and that they 
are losing an average of 5s. 6d. a week as aresult. A 
decision to return to work was reached yesterday. 





The high cost to industry of the turnover ot its 
labour force has seldom been doubted. An investi- 
gation of the problem recently conducted by the 
British Institute of Management, 17, Hill-street, 
London, W.1, confirms that the burden is considerable 
and throws an interesting light on the reasons why 
employees leave their employment and the numbers of 
workpeople who do so. Firms were invited by the 
Institute in November, 1948, to submit statistics of 
their labour turnover, for analysis by industry and 
locality, on a standard form. A report has now been 
issued in which the details supplied by 187 under- 
takings in respect of the period January to June, 1949, 
are dealt with in that manner. The returns cover 
310,374 employees, 215,499 men and 94,875 women, 
including juveniles. They are drawn from 37 industrial 
groups and from 13 localities. 





The total labour-turnover percentages for the six- 
monthly period, expressed as an annual rate, are 
27-2 for men and 42-0 for women. In some cases, the 
annual turnover rate exceeded 100 per cent. As the 
firms who submitted returns are thought to have 
conditions of employment which are above the average, 
there is some ground for the opinion that the national 
percentages are even higher. Of the total number of 
— leaving their jobs, the percentages of those who 
eft after less than one month’s service were 15-3 men 
and 13-4 women. The percentages of leavers who 
had been in their jobs for less than one year were 
55-7 men and 57-6 women. 





The total leavers covered by the return were 29,348 
men and 19,961 women, of whom 20-0 per cent. men 
and 9-0 per cent. women were discharged by their 
employers for redundancy reasons, and 9-9 per cent. 
men and 8-4 per cent. women for other reasons. 
Resignations accounted for 70-1 per cent. of the men 
leavers and 82-6 per cent. of the women. Out of every 
100 men leavers, 21-1 left to better themselves, and 





e 
is found by putting y = 0 in equation (9). 


TOOTH CONTACT CONDITIONS IN 
SPUR AND HELICAL GEARS.* 


By R. M. Macarruvr, B.Sc. 


STANDARDISATION is a useful feature in gear manu- 
facture as in other branches of engineering, and in 
this respect the British Standard tooth form has proved 
excellent for general use. At the same time, there are 
cases in which a departure from standard would be 
of advantage where it is particularly important to 
obtain the optimum performance with the minimum 
of material. It is the object of this per to discuss 
some of the possible variations in doclgn and their 
influence on the stress conditions in the teeth, which 
ultimately determine the performance of the gear in 
service. The stresses in gear teeth under load are of 
two kinds: contact or surface stress, which determines 
the life of the gear from the point of view of wear or 
surface failure; and bending stress, which determines 
the ability of the tooth to withstand load without 
breakage. While they are of equal importance and 
must be taken into account in considering any departure 
from a design which has previously proved successful, 
the strength of the tooth in bending presents a rather 
simpler problem to which ordinary beam strength 
formule can be applied with a considerable degree of 
certainty, but for various reasons it does not lend 
itself so readily to generalised analytical treatment. 
It is therefore proposed to limit the discussion to 
surface stress conditions. 

For purposes of analysis, mating spur or helical 
gear teeth can be regarded as cylinders in line contact 
under load. The solution of the general problem of 
the surface stresses arising in bodies having any 
degree of curvature was first given by Hertz in 1881, 
and his results now form the basis of practically all 
formule for surface stress and load-carrying capacity 
in gears. The equations for the stress components 
obtained by Hertz have been modified by later investi- 
gators to the form, more suitable for numerical calcu- 
lation, in which they are given here. 

With reference to Figs. 1 and 2, opposite, let 


T},T, = radii of cylinders. 
R, = relative radius of curvature = NF, 
1 +1, 
E = modulus of elasticity, assumed the same 
for both cylinders. 

m = Poisson’s ratio. 
p = load per inch of line contact. 

X, Y, Z = stresses parallel to the co-ordinate axes. 
b = half width of band of contact. 


/ ae 
on 8p (1 mi) Ry a 
nE 


Taking an average value of m = 0-3 for steel, this 


becomes 
7-2 
b= 7-28 p Ry 7 (2) 
V nE 


In the region of the contact zone, the principal’ 
stresses in the direction of the axes are all compressive, 
and are given by :— 


po ae cosec tan-1 Vu —1}. 
a b? d 


x = 
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where 

Qu = V(b? — y? — 22)? + 4 bet — (0? — y* — 2?) 

In the line of symmetry, where y = 0, these become: 
4pm Te 

= <= (fo + 2? — 2) 


(Veae 2) 
1 
Ve + OF 
In the surface of contact, z = 0, and 
Z= ae Ve —¥. (9) 


The maximum compressive stress, as might be- 
, occurs in the centre of the contact band, and 
Thus 
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* Paper presented at a meeting of the British Gear 
Manufacturers Association, held in London, on Tuesday, . 
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which shows the maximum to be . times the mean 
7 


stress over the surface of contact. Substituting in (10) 
the value for b given in (2), 


and taking E = 30 x 10¢ Ib. per sq. in. for steel. 


P 
= 2,280 —, . 
Zmax, 8 fz 


If the materials of the two cylinders have different 
moduli of elasticity, say, E, and E,, a relative modulus 
of elasticity, E,, is used, where 
_E, E, 

E, + Ey 

Taking the maximum shear criterion of failure 
depending on the maximum difference between prin- 
cipal stresses, it will be found that for all probable 
values of m this is determined by Z—Y. Putting 
S = 4(Z — Y), and substituting for Z and Y from (7) 
and (8), 


2 1 
s-4(P 2 
w/t + oF 


(11) 
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and putting = = 0, 


(22 + 083 — 26 (2 + 52) + 2? = 0 
which reduces to 
a + 22d? — bt = 0, 


from which =(\/ Ea or 0-8b approximately. 
2 


This shows that the maximum shear stress occurs 
at a depth of 0-8) below the surface, at which point 
failure might be expected to begin, and offers a partial 
explanation of the phenomenon of pitting, a common 
type of surface failure in gears. The elastic compression, 
or as it is sometimes termed, the approach e of the 
cylinders, has been calculated by Foppl to be 

E | 
vy 





2p ‘ 
ew — m*){ 1-207 + log, 


a result which is occasionally useful. 

In his analysis, Hertz made the following assump- 
tions: (1) that the materials are isotropic, i.e., that 
they have the same physical properties in all direc- 
tions ; (2) that the contact areas are small in relation 
to the dimensions of the bodies in contact ; (3) that 
they are loaded statically; (4) that all stresses are 
within the elastic limit; and (5) that no tangential 
forces are present. It will be seen that only the second, 
and possibly the first, are satisfied by gear teeth in 
action. Condition (3) may be regarded as satisfied in 
the case of slow-running gears, but with the highest 
range of pitch-line velocities in use to-day, any particu- 
lar point on a tooth profile will pass through a load 
cycle from zero to a maximum and back to zerc in an 
interval of time of the order of a few millionths of a 
second, which is bound to result in a stress distribution 
appreciably different from that calculated from formule 
based on static conditions. In a time interval of this 
order, a stress wave in steel would travel only about 
¢ in. to } in., and it is apparent that an increase in 
stress in the surface layers would result. This effect 
is possibly inappreciable in all but the fastest running 
gears, but if pitch-line velocities increase further, as 
they threaten to do, its effect would increase rapidly. 
There are, of course, other aspects of increasing pitch- 
line velocity which are taken into account in practice. 
Condition (4), that all stresses are within the elastic 
limit, may be satisfied theoretically, but in practice 
unavoidable geometrical inaccuracies will result in 
some degree of load concentration on high spots, 
where the limit will be exceeded with consequent 
local plastic flow and work-harden ng. There is, in 
fact, some evidence that this process may go on con- 
tinually, particularly in the case of the softer materials. 
Owing to the friction between mating teeth, condi- 
tion (5) is not strictly satisfied, and the resulting 
tangential surface forces will modify the stress distri- 
bution to some extent. 

There is a further element of uncertainty, due to 
the fact that the equations assume that the surfaces 
are in contact, whereas in practice oil is invariably 
introduced with the object of keeping them apart. The 

recise manner in which an oil film affects the stress 
distribution has not yet been determined. Slow- and 





medium-speed gears probably operate under conditions 
of boundary lubrication, in which case the very thin 
oil film will probably not affect the stress distribution 
to any appreciable extent, except by reducing tan- 
gential forces owing to the reduced coefficient of friction. 
In the case of very fast-running gears, however, there 
is the possibility of an oil film forming, and the stress 
distribution in the contact area then depends largely 
on the pressure distribution in the oil film, and while 
it might be concluded that conditions would be im- 
proved, this is not necessarily the case. This is a 
complex problem to approach from the theoretical 
angle, as an exact analysis would require to take into 
account the following factors: (1) The high local 
temperatures and pressures set up in the contact area, 
(2) The fact that the important feature of the oil, its 
viscosity, is a decreasing function of temperature but 
an increasing function of pressure. (3) It is not known 
whether the viscosity responds instantly to changes of 
temperature and pressure, so that values obtained from 
tests occupying finite intervals of time may not be 
applicable. There may be some lag in change of 
viscosity with respect to rapid changes of temperature 
and pressure. (4) In mating gear teeth, the relative 
radius of curvature is constantly changing, as are the 
relative rolling and sliding velocities. (5) The pressure 
in the oil film, assuming one to be formed, will be 
sufficiently concentrated to cause elastic compression 
of the tooth surfaces so that the stress distribution in 
the teeth and the pressure distribution in the oil film 
will be inter-related. It is not legitimate, therefore, 
to analyse the pressure distribution in the oil on the 
assumption that the tooth surfaces retain their original 
cylindrical form, although this assumption is usually 
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made. It would appear, in fact, that either the tooth 


surfaces become parallel in the contact area, as they 
do in the unlubricated condition, in which case the 
necessary wedge formation is lost at the point where 
it is most necessary, or the teeth do not become sub- 
stantially parallel, in which case there is the possibility 
of increasing the pressure in the centre of the contact 
area above what it would be in the unlubricated or 
boundary lubrication conditions. 

It is probable that boundary conditions are reached 
within the contact zone, although in the faster running 
gears some portion of the load may be carried by the 
adjacent oil wedge. The above consideratiuns, how- 
ever, do not detract greatly from the practical useful- 
ness of the Hertzian equations, the chief value of 
which lies in the fact that, although the calculated 
stresses may not be identical with the actual stresses 
in the teeth, they provide a reliable criterion for the 
comparison of different designs employing similar 
materials, on the reasonable assumption that the error 
will be comparable in each case, particularly if formule 
based on the equations are not used much beyond the 
limits covered by successful experience. 

For practical application to gear teeth, use is made 
of equation (11), which indicates that for given 


materials, Zmax, © = or for Zmax. constant, 


p x R,, i.e., for a given maximum permissible compres- 
sive stress the allowable load per inch of contact line is 
proportional to the relative radius of curvature. For 
given conditions of curvature the stress goes up as 
the square root of the load perinch. This proportion- 
ality is used as a basis of the formule for wear capacity in 
B.S. 436-1940. To avoid the necessity for calculating 
the relative radius of curvature for any particular 
gear combination, this is covered by the pitch factor K 
and zone factor Z, while a surface stress factor, S,, 


which corresponds to the expression 2. is given for 


various materials. The interpretation to be put upon 
S, is that, in gears designed on the basis of the value 
given, the stress conditions in the teeth will be similar 
to those existing in two cylinders having unit relative 
radius of curvature and in contact under a load per 





inch equal to the value of 8, in pounds. In any given 
case, the actual maximum compressive stress in the 
teeth may be calculated from equation (11). Thus, 
for steel gears, assuming a value of S, = 1,600 lb. per 
square inch. 
Zmax. = 2,280 4/1,600 = 91,200 Ib. persg. in. 
= 40 tons per sq. in., approximately. 


The pitch factor K is equal to P®®, where P is the 
pitch. In B.S. 436, therefore, the allowable load per 
inch is taken as proportional to R*, and not to R*° 
as indicated by the Hertzian equations. The reason 
for the adoption of the index 0-8, which, for given 
numbers of teeth means a band of contact p jlonal 
to D®-* (where D is the diameter of the gear) was that, 
according to theories then held from a lubrication 
point of view, the width of the effective band of lubri- 
cant would be proportional to the square root of the 
diameter, whereas, without lubrication, the Hertzian 
formule indicate that it would be proportional to the 
first power of the diameter; and in view of the uncer- 
tainty of the existence of a complete oil film, the value 
of the index, 0-8, was arrived at as a compromise 
between 0-5and 1-0. There was also the fact that this 
more nearly accorded with experience. 

In dealing with spur gears, for any particular overall 
dimensions the only factors in design which can be 
varied are the pressure angle and tooth proportions, 
which include addendum distribution. In any parti- 
cular case, let 


y% = pressure angle, 

p = tangential tooth load per inch of face 
width. 

r = pitch radius, 


R, = relative radius of curvature. 
The load normal to the tooth surface is p sec 
The maximum compressive stress is given by Zmax. 


k —— ¥ where k is a constant. For a given per- 


ha 








missible maximum stress, therefore, p sec yy « R,: 
or p « R, cos % Since R, at the pitch point is pro- 
portional to sin y, and this relationship will hold 
approximately at other phases of engagements, then 
p © sin ycos %. Since sin ¢ cos y reaches a maximum 
when y = 45 deg., this would indicate that the optimum 
pressure angle from the point of view of surface stress 
is 45 deg. If the index 0-8 is adopted, the optimum 
pressure angle would be about 40 deg. 

In Figs. 3 to 6, on page 656, a series of curves has 
been drawn for 30/120-tooth gears, me pire eR | an 
average ratio, of unit pitch and pressure angles of 10 
20, 30, and 40 deg. They show, to a base of line of action, 
the variation of R, cos ¥, which is taken to represent 
the load-carrying capacity of the teeth, ignoring the 
index of 0-8. The points a, b, denote the working line 
of action for unmodified gears of standard addendum 
equal to one module. In the case of the 10-deg. 
diagram, these points have been displaced to a’, b’, 
just sufficiently to avoid loss of contact through 
undercut. The sliding velocities of the teeth have also 
been plotted (Vs, = sliding velocity of pinion, and 
Vew = sliding velocity of wheel). Fig. 7, on page 656, 
shows, in one diagram, values of R, cos y for the same 

of pressure angles. The full lines indicate the 
lines of contact for standard addenda. Fig. 8, on page 
657, shows the values of the relative radius of curvature 
at the pitch line, the minimum relative radius of curva- 
ture, the maximum sliding velocity over the working 
line of contact, and the surface stress at the pitch line, 
which has been taken as represented by the reciprocal 
of ~/R, cos y. The speed and tangential tooth load 
are constant. These curves exhibit the theoretical 
result that the tangential load-carrying capacity 
increases with pressure angle up to an optimum value 
of 45 deg., but it is noticeable that the improvement 
beyond about 30 deg. is not very great. ere are, 
however, other considerations which prevent the use 
of such high angles as 45 deg., namely, the fact that 
the length of the line of contact and the contact ratio 
are reduced as the pressure angle increases, while 
the teeth also tend to come more rapidly to a point, 
which prohibits the use of deeper teeth to maintain 
the contact ratio. Fig. 9, on page 657, has been 
drawn to show the reduction in contact ratio with 
pressure angle for the same gears, and also shows the 
tip thickness in terms of the module. It will be noted 
that the teeth come to a point at a pressure angle of 
about 37 deg. There is also the point that an increase 
in pressure angle increases the separating force between 
the gears, which is proportional to tan ¥, and this 
must be related to the available rigidity of mounting 
in any particular case. 

While there appear to be both advantages and 
disadvantages attending the use of pressure angles in 
excess of the standard 20 deg., consideration of the 
curves in Figs. 3, 4, 5 and 6 will show that for any 
selected pressure angle, for the gears shown, an improve- 
ment in tooth contact conditions can be e by 
increasing the addenum of the pinion with a corre- 
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sponding decrease in the addendum of the wheel, while 
maintaining the same working depth of teeth. This 
has the effect of moving the points a, b, bodily to the 
right and bringing a b into a region where the relative 
radius of curvature is improved. Since the pressure 
angle remains the same, this improvement is obtained 
without any age loss of contact ratio or increase 
in separating force, such as attend the use of a higher 
pressure le. The chief disadvantage lies in the 
increased sliding velocity at the tips of the pinion 
teeth. There is no definite relationship known to 
exist between this factor and the advantage of an 
improved relative radius of curvature, as very little is 
known of the precise relationship of sliding velocity and 
surface stress, the problem being largely bound up with 
the question of lubrication. The example chosen 
shows the conditions for a gear ratio of 4:1. It will be 
clear, however, that for larger ratios a greater range 
of addendum modification is possible, while, at the 
opposite extreme, in the case of equal gears, this 
device is not applicable and improvement in curva- 
ture can only be obtained by increase in pressure angle. 

Several criteria have been suggested as a basis for 
determining the amount of addendum modification 
which can be usefully applied. One is that the sliding 
velocity at the tips of the pinion and wheel teeth 
should be pitas he Figs. 3, 4, 5 and 6 show that, in 
the case of 4:1 gears, there is very little difference 
in these velocities; in fact, in the extreme ‘case of a 
pinion meshing with a rack, the increase in the ratio of 
addendum to working depth required would only 
amount to about 5 per cent. This basis does not appear 
to take into account enough of the factors involved. 
There is evidence to suggest that the load-carrying 
capacity of an oil film is related to the product of surface 
compressive stress and sliding velocity, which indicates 
that the value of this product should be equalised in 
the limiting positions, at the tips of pinion and wheel 
teeth. For the extreme case of a pinion of about 30 
teeth and 20-deg. pressure angle, meshing with a rack, it 
can be shown that this condition is satisfied when the 
pinion addendum amounts to about two-thirds of the 
working depth. For smaller ratios, the fraction would 
be progressively reduced to } in the limiting case of 
equal gears. 

Another approach to the problem is based on the 
known facts regarding pitting, one of the commonest 
types of surface failure. This is generally accepted 
to be a form of fatigue failure, which invariably occurs 
first on the dedendum are just below the pitch line 
and then progresses to the root of the tooth. It seldom, 
if ever, occurs on the addendum, which has given rise 
to the view that it is always to be associated with a 
negative value of specific sliding, i.e., when the sliding 
and rolling velocities are in opposite directions, a 
condition which occurs on the dedendum ares of both 
pinion and wheel, In addition, the occurrence of 
pitting depends on the value of the compressive stress, 
and will therefore appear first where this is greatest, 
which is normally at the beginning of the phase of single 
contact where one pair of teeth are taking the whole 
load. It will generally appear first on the pinion 
owing to the greater number of revolutions, and conse- 
quently stress cycles, and it has been suggested as a 
system of design that the addendum of the pinion 
should be proportioned so as to bring the pitch line 
into the region of double contact. The effect of this 
is that the maximum stress on the pinion tooth is 
located on the addendum arc, where pitting is much less 
likely to occur and its appearance is therefore retarded. 

The variation in contact ratio, or ratio of length of 
line of contact to base pitch, with pressure angle, for 
teeth of standard proportions, is shown in Fig. 9. 
Since this ratio affects only the phases of engagement 
when two pairs of teeth are in contact and sharing the 
load, its value is relatively unimportant from the 
point of view of the maximum surface stress in the 
teeth, which always occurs in the region of single con- 
tact. The values have been calculated on the assump- 
tion that the involute profile extends to the tips of the 
teeth; but the almost universal practice of providing 
a certain amount of tip relief, which consists of relieving 
the profile for some distance down the tooth, with the 
object of minimising the impact at engagement and 
permitting the load on the tooth to build up uniformly 
until the region of single contact is almost reached, 
must be taken into account, particularly as the amount 
of relief at the tip is generally rather more than is 
actually required and amounts in effect to a reduction 
in working depth. Fig. 9 also shows the reduction in 
tip thickness which occurs with increased pressure 
angle, the limit for teeth of standard proportions 
being reached at about 37 deg., when the teeth become 
pointed. This may be overcome by reducing the work- 
ing depth, as in stub teeth, but this, in turn, reduces 
the contact ratio which, at this value of pressure angle, 
does not greatly exceed unity. Taking these two 
factors together, the highest practicable value of 
pressure angle is about 30 deg. The conclusion to 
be drawn from the above considerations is that, while 
the British Standard tooth of 20-deg. pressure angle and 
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working depth of twice the module forms a well- 
balanced design for general use with ordinary materials, 
it may in certain cases be advantageous to depart from 
it. As the tensile strength of the material increases, 
the surface stress capacity increases at a greater rate 
than the strength in bending, and the adoption of a 
higher pressure angle, with a consequently stronger 
tooth, gives a better balanced design. This is parti- 
cularly desirable in the case of hardened gears of close 
ratio, where the benefits to be derived from addendum 
modification are very slight, and the optimum pressure 
angle would appear to lie between 25 and 30 deg. 

The tooth surfaces of both spur and helical gears 
may be regarded as generated by a straight line in a 
plane which rolls on the base cylinder. In the special 
case of spur gears, this straight line is parallel to the 
axis of the cylinder, whereas in helical gears it is 
inclined at an angle equal to the base helix angle. 
Contact between helical gear teeth must, therefore, 
take place in the common tangent plane to the base 
cylinders. Since any transverse section of a helical gear 
is identical with that of a spur gear of the same circular 
pitch and pressure angle, the line of action of this 
spur gear will represent the projection, on a transverse 
plane, of the line of action of the mating helical teeth. 
In Fig. 10, opposite, AB is the line of action in a 
transverse plane, and ABCD is a projection of the base 
tangent plane in a direction normal to itself for a face 
width of one axial pitch. For this face width, all 
contact must take place within the area ABCD. At 
the phase of engagement shown, one pair of teeth are 
just in contact at B and, if the upper gear has a right- 
hand helix and the lower one a left-hand helix, the 
contact lines for the position shown will be BQ and PS. 
If the lower gear rotates in a clockwise direction, the 
line BQ will shorten and the line PS lengthen by equal 
amounts; for the opposite rotation the line PS will 
shorten and a new contact line will appear at D, the 
length of which will equal the reduction in length o, 
PS. If the gear were two or more axial pitches wide, 
similar conditions would exist in each axial pitch of 
face width; thus if the face width is an integral 
number of axial pitches the length of the line of contact 
is constant. From the geometry of the figure, also, 
PS = QR, and the total length of the contact line per 
axial pitch is equal to the full length of contact line 
between two mating teeth. If the face width is less 
than one axial pitch, the total length of contact line 
will vary with the phase of engagement. The ratio 
of minimum to maximum contact lengths will fall to a 
minimum of 0-5, which will be reached when the face 
width is reduced to AS. 


AS = AP cota, 
= (AB — BP) cot a 
= Do (re — 1) cot a 


where p, = base pitch, r, = contact ratio, o, = base 
helix angle. When this condition is reached, the 
contact will be somewhat analogous to that in spur 
gears, except for the helical disposition of the contact 
lines. For a face width greater than one axial pitch, 
the same conditions will apply. The length of contact 
line for each axial pitch will remain constant, while it 
will fluctuate in the remaining fraction of an axial 
pitch. The percentage variation will therefore be 
reduced as the face width increases. Consideration of 
Fig. 10 will also show that if the contact ratio is reduced 
to unity, or increased to any integer, the total length 
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of contact line will be constant for all phases of engage- 
ment, whatever the face width. 

For purposes of analysis, contact between helical 
gear teeth can be regarded as line contact between 
cylinders, but the tooth reactions, curvature, etc., 
must be investigated in the base tangent plane and 
normal to the contact line. 

In Fig. 10, let 


Py, = normal pitch 


Po = base pitch 
P. = circular pitch 
Pq = axial pitch 
% = transverse pressure angle 
Oo = base helix angle 
o = helix angle at pitch line 
d = working depth of teeth. 


For a face width of one axial pitch, the total length 
of contact line is 


BQ + PS = BR = AB cosec ay 


Ignoring fluctuations which occur if the face width 
is not an integral number of axial pitches, the length 
of the line of contact per inch face width is therefore 


AB cosec ag 
Pa ‘ 


But, 
Pa = Po Cot ay = De Cos Y; COt ay 

= Dy sec a cos yf; cot a 

Therefore, length of contact line per inch face width 
AB cosec og 

Dn Sec a COs yy Cot ag 
For a tangential tooth load, P;, per inch face width, 
the load per inch in the base tangent plane is P; sec yy. 
As shown in Fig. 11, therefore, the load per inch face 
width normal to the tooth, P,, = P; sec y sec ay. The 
normal tooth load per inch of contact line is therefore 





P; sec yt sec ay Pt Dn sec o 
AB cosec do AB 


In Fig. 10, if the circular arcs representing the 
outside diameters of the teeth were straight lines, the 
length of the line of contact, AB, in the transverse 

lane, would be equal to d cosec yj. With d constant, 
or comparison of practicable values of y,, we can 
put AB =d cosec y, as the error will be approxi- 
mately the same in each case. The load per inch of 
line of contact is therefore 


X Dy sec a cos yy Cota, = 








Prpn seca  PeDn seca _ Pi py sec o sin yy 

AB d cosec yy d : 
Fig. 12 shows a projection of the base tangent plane 
in a direction normal to itself, in which BQ is the 
straight line generator of the teeth and XY is the line 
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of tangency of the plane with the base cylinder. PM is 
perpendicular to XY and PN perpendicular to BQ. 
PM is therefore the radius of curvature of the teeth 
in the transverse section when BQ is the line of contact, 
and PN is the radius in a plane normal to the base 
tangent plane and normal to BQ. From the figure, 
PN = PM sec gy. In the transverse section, at the 
pitch line, PM = rp sin ¥,, where r, is the pitch radius, 
and therefore PN = rp sin y sec ay. The radius of 
curvature of the mating tooth can be obtained simi- 
larly, and the relative radius of curvature will therefore 
be proportional to sin y¥; sec og. This will also hold 
approximately for other positions of the mating pro- 
files; and if R,, is the relative radius of curvature 
normal to the line of contact, we can put Ry, = k 
sin yy sec oy, where k is some constant. Having found 
values of the load per inch of contact line and the 
appropriate relative radius of curvature, the stress in 
the teeth can be found from equation (11) : 


Zmax. = inf & where c is a constant 
Tr 


Pt Dn sec o sin yy 
dk sec a, sin Wy © 


Zmar, = € 


Since o and a, are practically equal, this reduces to 


Pt Pn 
Zmax. wey / 2? 

Pt Pn 
Z, o : 
4max, af a 


This shows that within fairly wide limits, over which 
the assumptions made are reasonably true, the maxi- 
mum stress in the teeth is virtually independent of 
pressure and helix angles and depends, for any given 
tangential tooth load, only on the ratio of tooth depth 
to normal pitch. 

It has often been suggested that, providing the helix 
angle is large enough to give overlap, there is no point 
in increasing it further. This means, in effect, that the 
axial pitch should be made equal to the face width, 
and the contact conditions would then be as shown in 
Fig. 10. It has already been shown that the total 
length of the contact line is constant and equal to 
BQ + PS. Consideration will show that, as regards 
the distribution of the contact lines across the face 
width, there will always be a length equal to BQ 
equally distributed, and an additional length, equal 
to PS, the position of which will vary. One limiting 
position is as shown in the diagram, and there will be 
a similar limiting position when a length equal to PS 
has appeared in the neighbourhood of D. There will 
be two intermediate positions: one in which a length 
equal to half PS occurs in the neighbourhood of ‘both 
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A and D, and a second where the additional length PS 
occurs in the middle of the face width. The net effect 
as rotation takes place will be a constant length of 
contact line equal to BQ, equally distributed, and an 
additional length equal to PS which traverses the gear 
face in one direction. Thus for anti-clockwise rotation 
of the lower gear, this additional length would travel 
in the direction D to B, and repeat this cycle at tooth- 
contact frequency. 

If it is correct, or even approximately correct, to 
assume that the load per unit length of contact line is 
constant, the result will be a cyclic fluctuation of load 
across the face width. In narrow-faced gears this 
would not be so important, but in the case of a wide 
pinion it could set up vibration at tooth-contact 
frequency. In double-helical gears the effect would 
be to set up transverse vibration, and in both cases 
the effect would increase with speed. To avoid this 
condition, the alternatives are to choose an integral 
value of contact ratio, which is seldom practicable, or 
to increase the helix angle. In the latter case, this 
fluctuation would still occur within each axial pitch 
of face width, but the total effect would be more evenly 
distributed across the face width. 

These considerations favour the adoption of helix 
angles greater than that required to give overlap. In 
single-helical gears, the limit is usually set by con- 
sideration of the axial thrust amounting to P; sec x; 
tan o,; in double-helical gears, from strength con- 
siderations, by the increased tooth pressure in relation 
to the reduced tooth section in the normal plane, and 
the higher friction. In the case of double-helical 
gears, it has been claimed that the reduced amplitude 
of the axial shuttling of the pinion, caused by differ- 
ences in the phasing of the pitch errors in the two 
helices, as the helix angle increases, tends to produce 
quieter and smoother running. Gears of 45 deg. have 
been used quite extensively, but it is doubtful if they 
show any great advantage in this respect over those 
with the more commonly used angle of 30 deg. 

The conclusions to be drawn are that, in narrow- 
faced gears, the face width should be an integral number 
of axial pitches so as to avoid variation in length of 
contact line; in wide-faced gears, this integral ratio 
is not so important, but the face width should contain 
several axial pitches. These conditions are of increasing 
importance as the speed rises. 


The discussion on Mr. Macarthur’s paper was opened 
by Mr. S. Archer. He queried the author’s statement 
that “ the strength of the tooth in bending presents a 
rather simpler problem to which ordinary beam strength 
formule can be applied with a considerable degree of 
certainty.’ In his opinion, the assumptions usually 
made rendered this doubtful, particularly for helical 
gears. With the comparatively soft materials used in 
the recent past for marine gears, breakages by fatigue 
had been rare, but with the present trend towards higher 
specific tooth loads and the consequent adoption of 
harder and more notch-sensitive materials, more atten- 


tion might have to be paid to bending fatigue 
strength. 

The Hertz formula for shear stress showed that shear 
stresses were equal for pinion and wheel for the same 
value of Z, i.e., they were independent of the actual 
curvature of pinion and wheel teeth and were governed 
only by the relative radius of curvature. Was that 
strictly justifiable for a very small pinion and a large 
wheel? A German authority, Heinrich Hofer, had 
suggested a semi-empirical basis similar to the strict 
Hertz formula, but using the actual radius of curvature 
of each element in turn as a working criterion. 

Dr. W. A. Tuplin, referring to addendum modifica- 
tion, said that there had been many systems, some 
having no real justification. When dealing with large 
gears, where the number of pinion teeth might not be 
less than 30, there was no need to have any addendum 
modification. If the addendum of the pinion was 
increased, the speed at the tip was higher, and that 
was quite a good reason for not having addendum 
modification in large high-speed gears. Regarding 
pitting, there was no complete explanation, although 
various suggestions had been made. It was fairly 
certain, however, that pits were formed by extension of 
cracks. On the question of contact ratios in spur 
gears, he remarked that in some phases of engagement 
there was only a single pair of teeth making contact. 
By departing from standard tooth proportions, it was 
possible to produce spur gears with the number of 
pairs of teeth in contact alternating not between one 
and two, but between two and three. On that basis, 
a higher load capacity would be expected, but in prac- 
tice no appreciable gain was apparent. Tip relief was 
not required in helical gears for the reason that made it 
important in spur gears, although a small amount 
might be justified on other grounds; end relief was, 
however, required. Regarding the question of axial 
pitch, it was desirable to make the axial pitch of the 
teeth equal to a simple multiple of the pitch of the 
feed screw of the hobbing machine. 

Captain (E) L. A. B. Peile, D.S.0., said that when 
considering gearing designs for the latest warships, a 
slightly longer addendum than standard had been 
adopted. He stressed particularly the importance of 
accuracy in the cutting of teeth; it made even more 
difference than the designed variations in tooth shape. 
Mr. J. M. Newton also referred to this matter, and 
said that the formule given by the author were quite 
sound, but the coefficients would vary with the accuracy 
of manufacture. 

Mr. A. Sykes, in a written communication, expressed 
his conviction that straight spur gears and double- 
helical gears to B.S. 436 were adequate for all normal 
commercial purposes. Helical gears for high-speed 
turbine drives were in a different category, as the 
loading was usually continuous and steady and per- 
mitted the use of finer pitches. As indicated by the 
author, the surface stress in helical gears was inde- 

ndent of the pressure angle and the helix angle ; this 
ed to the conclusion that, even for turbine gears, it 
should be possible to decide on a standard pressure 
angle without any disadvantage. The deep tooth had 
lately been the subject of some experimental work and 
theoretical consideration, which suggested that this 
was the direction in which to look for improvement. 
The problem in nearly every case, was to strike a 
balance between allowable root stress and allowable 
surface stress; if the deeper tooth led to a greater 
root stress, it was possible to counterbalance this 
by using a slightly larger pitch. Regarding the author’s 
statement that pitting invariably occurred first on the 
dedendum arc just below the pitch line and then 
progressed to the root of the tooth, Mr. Sykes said that 
that did not agree with his observations ; he thought 
it should not be overlooked that, in many cases, slight 
errors of tooth form entirely obscured any theoretical 
considerations, and pitting seemed to occur where the 
loading was heaviest. Mr. Macarthur had suggested 
that an increased pressure angle tended to give a 
better balanced design, but he (Mr. Sykes) thought it 
was dangerous to generalise, as the root stress depended 
on the pitch of the gear and its depth, as well as on 
its pressure angle, and a balanced design could be 
produced in other ways than by increasing the pressure 
angle. 

In reply, Mr. Macarthur agreed that the problem of 
bending strength was not simple. With regard to 
Mr. Archer’s point about a small pinion and a large 
gear, it should be remembered that Hertz was primarily 
concerned with finding the value of the maximum 
compressive stress at the centre of the contact area. 
In reply to Mr. Sykes, he agreed that the present 
B.S. tooth form was adequate for normal work, and 
he also agreed that the adoption of standard tooth 
form for turbine and similar gears would have 
obvious advantages, but there was not yet any general 
agreement as to what constituted the best form. 
Regarding the choice of pressuré angles, he had not 
intended to convey that, in general, an increase would 
give a better balanced design, but it was clear that in 





certain circumstances this would be the case. 
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WORLD ENERGY RESOURCES AND 
THEIR UTILISATION.* 
By Dr. A. Parker, C.B.E. 
(Continued from page 624.) 


In many of the world there are large deposits 
of oil shales (and torbanites) which, on distillation, 
yield oil. As the resources in general have not been 
systematically surveyed, the available data are far from 
complete. The figures in Table IX, herewith, are derived 


TABLE [X.—Oil-Shale Resources in Certain Countries. 





| Oil-Shale 











Probable Oil! Oil in Shale 
© Resources, | Content of | Resources, 
jountry. | Millions’ |Shale,Weight,' Millions 
| Of Tons. Per Cent. | Tons. 
= : - 
a 
Estonia a 5,000 25 1,250 
France 2,500 5 125 
Sweden 5,000 5 250 
Turke 37 2 1 
USS.R. .. os 55,000 14 7,700 
United ~~ 
(Scotland es 680 10 68 
North America— 
United States 400,000 3 13,000 
South Africa 25 16 4 
Asia— 
Manchuria 540 5 27 
Australasia— 
Australia .. 40 40 16 
Tasmania .. 31 7 2 
Total 468,853 _ | 22,443 
' 











In addition to the reserves mentioned above, there are reserves 
of unknown amount in Bulgaria, Czechoslovakia, Germany, Italy 
Spain, Canada, Brazil, and India; the reserves in Germany and 
India are considerable. 
mainly from estimates brought together by W. H. 
Cadman (1947). According to these figures, world 
resources of oil shale are at least 470,000 million tons, 
from which not less than 22,000 million tons of oil 
could be obtained by distillation. Of the estimated 
reserve of oil in shale, three-fifths is in the United 
States and one-third in the U.S.S.R. It will be noted 
that this esimate of the world reserve of oil shale is 
about twice the indicated reserves of petroleum. given 
in Table VII, 624, ante. Hubbert (1949) states 
that the oil shales of the United States are estimated to 
contain at least 50,000 million tons of oil, and he 
assumes about three times this quantity for the world. 
Owing to the high cost of winning and distilling shale to 
produce oil, in comparison with the cost of petroleum 
oils, shale oil has been produced in only a few countries 
and on a comparatively small scale. The world produc- 
tion of shale oil in recent years has been only about 
400,000 tons a year, roughly divided equally between 
Estonia, Scotland and Manchuria, with small quantities 
in some other countries. This quantity is equivalent to 
no more than 600,000 tons of bituminous coal per 
annum. 


In discussing oil shale, it is appropriate to mention | T€P 


the bituminous tar sands, which occur as extensive 
deposits near the Athabasca River in Alberta, and in 
smaller quantities in Utah and in Germany. These 
sands are impregnated with a heavy tarry oil. Esti- 
mates of the quantity of crude oil that could be 
obtained from the tar sands in Canada have ranged 
from as low as 100 million tons to as high as 20,000 
million tons. The cost of mining is likely to be high, 
as most of the sand is well below the surface. In 
addition, the recovery of the crude oil is not an easy 
process, and the crude oil requires costly treatment to 
meet ordinary requirements. As a possible economic 
proposition, the lower estimates of the reserves of oil 
in these tar sands should be accepted in preference to 
the higher estimates. So far, the tar sands have not 
been used commercially as a source of oil. 

Combustible hydrocarbon gases, mainly methane, 
are always associated to a greater or less extent with 
underground reserves of oil and coal. On average, the 
ratio of the quantity of hydrocarbon gas to oil in 
petroleum resources is much greater than the ratio of 
gas to coal in coal measures. Petroleum well gases 
also contain larger proportions of the higher hydro- 
earbons, such as ethane and propane, with the main 
constituent methane. There is difficulty in estimating 
the reserves of gas in relation to petroleum resources, 
partly because, in the past, the gas has been largely 
allowed to escape to waste, and partly because the 
proportion varies considerably in the oil-bearing strata 
in different areas. It has been stated that, for some 
wells, the total thermal value of the gas is greater 
than that of the oil with which it is associated. From 
experience in the American petroleum industry, Hub- 
bert (1949) has suggested that a volume in the region 


* The 36th Thoms Hawksley Lecture, delivered to 
the Institution of M>chanical Engineers at a meeting 
held in London on November 18, 1949. Abridged. 





of 15,000 cub. ft. of natural gas for each ton of oil is a 
reasonable basis, or a quantity of gas with an energy 
value of about 40 per cent. of that of the oil. On this 
basis, the estimated reserves of oil of at least 10,000 
million tons (Table VII, page 624, ante) would be 
accompanied by 150 million million cub. ft., equivalent 
to 4,000 million tons of oil. 

Enormous quantities of escape to waste during 
drilling operations and before the flow of a well is 
controlled ; and considerable waste of gas is frequent! 
allowed even during the controlled production of oil. 
Within recent years, collection and distribution of the 
gas for utilisation has been increased, particularly in 
the United States. Statistics on the quantities of gas 
utilised are by no means complete, but, from the data 
in the fourth Statistical Year-Book of the World Power 
Conference, it can be concluded that the quantity of 

etroleum well gas used for field operations, as a fuel 
or general industrial and household purposes, and for 
the manufacture of carbon black is now at least 
5 million million cub. ft. a year, including not less than 
4 million million cub. ft. in the United States. 

One of the objects of ventilating coal mines with 
large volumes of air is to ensure that the proportion of 
methane in the air is never sufficient to produce an 
explosive or inflammable mixture. It has not been pos- 
sible so far to make a useful estimate of the resources 
of methane in the coal measures, though J. I. Graham 
(1944) has estimated that, in the production of coal in 
Great Britain, more than 70,000 million cub. ft. of 
methane escape each . As the calorific value of 
methane is 1,000 B.Th.U. per cub. ft., 70,000 million 
cub. ft. are equivalent to about 2-4 million tons of 
coal, or about 1 per cent. of the coal raised each year 
in Great Britain. If the proportion of methane were 
the same on the average for all coal measures, the 
reserves of methane in the probable world reserves of 
coal would be equivalent to more than 60,000 million 
tons of coal, and the annual escape of methane at the 
present rate of coal production would be equivalent 
to a loss of more than 12 million tons of coal. 

It is known, however, that the amount of methane 
in relation to the quantity of coal varies widely. 
Further, attempts to collect the methane from coal 
measures for utilisation have in general failed, though 
the gas has been collected in small quantities for use 
in a few places. On the basis of geological information, 
a site in Staffordshire was selected a few years ago for 
@ boring in an effort to obtain a supply of methane 
over a long period from the coal measures of the area. 
The effort failed in its main object, but the boring 
provided useful information on the various seams of 
coal and the changes in the character of the coals with 
increasing depth below the surface (J. O’N. Millott, 
F. W. Cope, and H. Berry, 1946). Experience up to 
the present does not show early promise of economic 
collection of methane in large quantity from coal 
measures. 

All the energy resources so far discussed are 
sented by materials which have been accumulated or 
stored over long geological periods. They can be 
considered as irreplaceable, in that they cannot be 
laced at a rate sufficient to have any significance in 
periods of the order covered by records of human 
history. With the discovery in recent years of methods 
of harnessing nuclear energy by means of uranium 
fission, there has been much speculation on the possi- 
bilities of utilising so-called atomic energy for the 
generation of heat and power. With the limited 
knowledge and experience so far obtained, supplies 
or uranium are essential, though thorium can be used 
as an “auxiliary fuel.” At present, therefore, early 
development of the use of nuclear energy on any scale 
is dependent on supplies of uranium ores, which can 
be classed as irreplaceable. These ores are widely 
distributed, but so far as is known, the quantity of 
high-grade ore is small, and the working up of the much 
more abundant low-grade ores is costly. At this stage, 
few would attempt to estimate the probable resources 
of material useful in harnessing nuclear energy. Surveys 
are in progress in many areas. 

The resources and rates of production of the major 
energy materials classed as irreplaceable having been 
considered, the next step is to consider the resources of 
materials that can be classed as replaceable, since they 
are dependent on the storage over a relatively short 
time of some of the energy being received from the 
sun. One of the most recent collections of statistics on 
the forest resources of the world is that issued in 1948 
by the Food and Agriculture Organisation of the United 
Nations. Data computed from those statistics are 
given in Tables X and XI, on this page. According to 
Table X, the forested areas cover about 15-4 million 
square miles, or 27 per cent. of the total land area of 
the world. Approximately two-thirds, 10-1 million 
square miles, are considered to be productive forests 
capable of producing crops of timber suitable for con- 
structional work, with one-third or 5-3 million square 
miles covered by forests incapable of yielding products 





other than fuel. Of the 10-1 million square miles of 
productive forests, 5:5 million are “ accessible ” (that 


is, they are within reach of economic exploitation), 
while 4-6 million are not economically accessible. 

About 36 per cent. of the productive forest areas 
are coniferous and 64 per cent. grow broad-leaved 
species. The rate of growth for conifers ranges from 
less than 10,000 cub. ft. (without bark) per square mile 
per annum to as much as 70,000 cub. ft. As an overal! 
average figure for conifers ‘in productive areas, the 
document of the Food and Agriculture Organisation 
(1948) suggests 20,000 cub. ft. per square mile per 
annum, with reasonably qe management. No 
ae i figure is given for the rate of growth of 
broad-leaved species, but the overall average rate is 
probably not very different from that suggested for 
conifers. On the basis of 20,000 cub. ft. per square 
mile per annum, the 5-5 million square miles of access- 
ible productive forests should provide 110,000 million 
cub. ft. annum; and it may be that this amount 
could be doubled if the additional forest areas of nearly 
10 million square miles could be made economically 
productive. 

So far as it is possible to make an estimate, roughly 
one-half of the world consumption of wood is used as 


TABLE X.—Forested Areas of the World by Continents. 





| Millions of Square Miles. | Total 











| | Forested 
' Productive | | as 
Continent. Forests. pn Total | centage 
eeehemn Forest Forested! of Total 
| Acces- | Inacces- pice a 
| sible. | sible rea. 
Europe (includ- | 
ing U.S.S.R.) 1-64 1-17 1-23 4-04 38 
North America 1-29 0-67 0-85 2-81 31 
South America 1-18 1-38 } 0-35 2-91 43 
Africa .. .-| 0°58 0-60 | 2-10 3-28 28 
--| 0-67 0-71 | 0-63 2-01 20 
Oceania ..| 0-09 0-10 0-12 | 0-31 9 
Total ..| 5-45 | 4-68 | 5-28 | 15-36 | 27 





TABLE XI.—Average Annual Growth and Fellings of 
Wood in Accessible Productive Forests in Certain Countries 





Net Average . -m 
Country. Annual | Annual — citi 
Growth. | Fellings. ; 
| 
Europe— | 
Austria . 290 247 + 43 
Belgium 43 43 ‘ 0 
Bulgaria. . ee 189 | 173 + 16 
Czechoslovakia 368 476 — 10 
Denmark , 81 83 - 2 
Finland .. 1,380 | 1,218 + 162 
France . 1,010 1,095 - 85 
Germany 952 2,248 ~ 1,296 
Hungary | 65 106 - @ 
Norway 374 | 353 + Zi 
Poland 318 353 S| — 6 
Sweden .. oe : -| 1,610 1,455 + 156 
Switzerland es ool 95 145 —- 
United Kingdom | 45 162 —- 117 
North America— 
Canada .. ro 2,209 2,446 — 237 
United States .. 11,900 | 12,190 — 290 
Alaska .. “fr 224 20 } + 204 
Africa— 
Union of South Africa. .' 64 83 | — 19 
Asia— 
China 1,557 348 + 1,209 
India 1575 | — _ 
Japan... 1,409 2,348 — 989 
Indonesia 388 123 + 265 
Australasia— 
Australia 3038 | 9289 + 
New Zealand 50 83 | — 88 
fuel. ony that, with increased production, the 
use of timber for constructional purposes would still 


require one-half of the amount produced, it should be 
possible to provide 55.000 million to, say, 100,000 
million cub. ft. per annum for fuel. The calorific value 
und specific gravity of wood vary considerably. If the 
overall average thermal value of one cub. ft. is taken 
to be two therms, then 55,000 million cub. ft. would be 
equivalent to 380 million tons of coal, and 100,000 
million cub. ft. to 670 million tons of coal, as com 

with the present annual production of coal of about 
1,350 million tons. Estimates of world consumption 
of wood during the ten years preceding 1939 indicated 
an annual rate of about 53,000 million cub. ft., of 
which probably 30,000 million cub. ft. were used as 
fuel, equivalent, in thermal value, to roughly 200 million 
tons of coal a year. 

Records of average annual rates of growth and of 
fellings during recent years have not been ascertained 
for a sufficient number of countries to provide estimates 
for the world. Available figures for some countries are 
given in Table XI. It is interesting to note that the 





net annual rate of growth in the forested areas of the 
United States is about 12,000 million cub. ft., which is 
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several times as great as for any other country in the 
list, and 260 times as great as the figure for Great 
Britain. Separate figures are not available for the 
U.S.S.R., but the area under forest in that country is 
much greater than in the United States, and the 
probability is that the net total annual rate of growth 
in the U.S.S.R. is also greater. 

There are numerous vegetable and animal wastes 
that could be, and are, to a small extent, used as fuel 
for the generation of heat and power. As examples, 
there are sawdust and wood shavings, straw, flax 
shives, sewage sludge, town refuse, animal dung, 
and organic wastes from a large variety of industries. 
The proportion of such materials used as fuel has been 
very small. Many of the wastes are distributed in 
small quantities over wide areas. Often they are 
bulky and associated with large amounts of water. 
In consequence, costs of collection, transport, drying, 
and utilisation are usually prohibitive in relation to 
their fuel value. It is impossible to give figures for the 
quantities of such materials that are produced, as no 
data are available for most of the wastes. The total 
must be large, but it is improbable that it is so high 
as to be equivalent in thermal value to that of the wood 
now being used as fuel, apart from the fact that some 
of the materials are required for agriculture or for the 
manufacture of by-products for use other than as fuel. 
Examples of materials of this kind that are being used 
as fuel to a small extent, at the points of production or 
where costs of collection are low, are town refuse, saw- 
dust and wood shavings, flax shives, sewage sludge after 
drying, and, in some tropical areas, animal dung. 
Reference should also be made to the production of 
fuel alcohol and methane gas by the fermentation of 
vegetable and animal wastes and by-products. 

Statistics on the production of ethyl alcohol are far 
from complete. Data for some countries are given in 
the Statistical Year-Books of the World Power Confer- 
ence. The annual totals for each country include 
alcohol as beverages as well as alcohol for other 
purposes. Some data are given for the quantities used 
as fuel. As a rough estimate, it can be concluded that, 
during the three or four years before 1939, annual 
world production was in the region of the equivalent 
of three million tons of absolute alcohol ; probably less 
than one-fifth was used as fuel. It seems, therefore, 
that the fuel alcohol was equivalent in thermal value to 
no more than about 500,000 tons of coal a year. The 
countries which produced and used the largest quantities 
of fuel alcohol were France, Germany, and Czecho- 
slovakia, in the order named. Together, they used 
much more than the whole of the rest of the world. 
Average annual production and utilisation of fuel alcohol 
in Great Britain during the three years 1936-38 was 
about 18,000 tons, equivalent in thermal value to 
roughly 18,000 tons of coal. Since 1939, production 
of alcohol for fuel has declined considerably. If 
required, much more: alcohol could be made from 
vegetable materials, but at a high cost in comparison 
with present prices of petroleum oils. 

Methane can be obtained by the fermentation of 
vegetable and animal matter under controlled condi- 
tions. The gas is being collected and utilised at several 
sewage-disposal works in Great Britain and other 
countries during the fermentation or digestion of the 
sludge. It was at the works of the Birmingham, 
Tame and Rea District Drainage Board that methane 
gas from the digestion of sewage sludge was first 
collected and used in gas engines to provide power. 
Experience has shown that, on average, the quantity of 
gas that can be obtained in this way is about one cub. ft. 
a day for each person served by the sewage-disposal 
works ; for example, at the works of the West Middlesex 
Main Drainage Department, which serves a population 
of about 1-4 millions, the quantity of gas collected is 
approximately 1-4 million cub. ft. a day. The gas 
contains about 70 per cent. of methane, 25 per cent. 
of carbon dioxide, and some nitrogen. At the West 
Middlesex works, most of the gas is used to provide the 
whole of the heat and power required for the works ; 
and some is washed to remove carbon dioxide and 
compressed to replace petrol for motor vehicles. 

It should be emphasised that the main object of 
sludge digestion is to reduce the quantity of sludge for 
disposal, and so to alter the character of the remaining 
sludge that it is more easily dried by drainage, thus 
further reducing the volume and weight. The gas is 
a by-product. It is only at comparatively large works 
that it is economic to install and operate the plant and 
equipment necessary to collect and use the gas. There 
are many communities, particularly near the coast and 
large estuaries, not served by works for the separation 
of sludge and purification of the sewage liquor. In such 
circumstances, the sewage is often discharged directly 
into the sea or estuary. At some places of this kind, 
the sludge is separated, but is conveyed without treat- 
ment for discharge out at sea. While satisfactory 
disposal can be achieved in this way, it is not economic 
to build and operate equipment for collection and 
digestion of the sludge to produce methane. 


In Great Britain, as many of the large number of 
small sewage-disposal works for inland communities are 
replaced by fewer and larger works, it might be economic 
to digest the sewage sludge from a population of 
30 millions of the total of 50 millions, thus producing 
30 million cub. ft. of gas a day or about 11,000 million 
cub. ft. a year. As the gross calorific value is about 
700 B.Th.U. per cub. ft., the thermal value of this 
quantity of gas would be equivalent to that of 250,000 
tons of coala year. In less densely populated countries, 
particularly with mainly rural communities, the 
position would be much less favourable. At the present 
time, the total quantity of gas from the digestion of 
sewage sludge in Great Britain is in the region of 1,000 
million cub. ft. a year, which is probably about one-half 
of the total for the world. 

Within the last 20 or 30 years, estimates of potential 
water power have been made by several authorities. 
The figures given by the United States Geological 
Survey (1948) are the basis of the information in 
Table XII, herewith, which is taken from a recent 
paper by Hubbert (1949). According to this table. 
the potential annual production of electricity from 
non-tidal water power for the world is 6-5 million 
million kWh, calculated from mean flow and a load 
factor of 0-5. If this energy were generated from coal- 
fired steam stations at an efficiency of 20 per cent., 
3,750 million tons of coal would be required, or nearly 
three times the present annual production of coal. 
The water-power resources of Great Britain are esti- 
mated to be in the region of 1 to 1-5 million kW at 


TABLE XII.—Developed and Potential Water Power. 


























j Total Potential Water 
| Power. 
| Installed Pet 
| Capacity, At Output 
Continent. jons of | Ordi: At Mean* Milbor 
kW. Minimum low, kWh 
Flow, Millions 4 
Millions of kW. 
k | 
i 
Europe .. a 26-0 | 51 153 0-67 
North America 26-7 | 63 189 0-83 
South America. . 1-8 | 50 150 0-66 
Africa .. oid 0-3 204 612 2-69 
Asia 9-0 =| 113 339 1-49 
Oceania 10 | 15 45 0-20 
Total ..| 64-8 | 496 1,488 6-54 








* Based on a mean flow three times the minimum flow. 
t+ Based on load factor of 0-5. 


minimum flow, or no more than | to 4 per cent. of the 
corresponding resources in the U.S.S.R., in the United 
States, or in Canada. 

The installed capacity for the world is given in 
Table XII as about 65 million kW, or 4-3 per cent. of 
the estimated potential water power at mean flow. 
With a load factor of 0-5, this would provide annually 
280,000 million kW. To generate the same quantity 
of electricity at coal-fired steam stations at an efficiency 
of 20 per cent. would involve the consumption of about 
165 million tons of coal a year. The total quantity of 
electricity generated in Great Britain in 1947 was 
42,600 million kWh, including 1,200 million kWh, or 
2-8 per cent., from water power. To produce the 
1,200 million kWh at steam stations would have 
required 750,000 tons of coal. 

In the Hawksley Lecture in 1940, Sir Alfred Egerton 
said that the total power corresponding to the dissipa- 
tion of the energy of the tides is 1,000 million kW. 
This is equivalent to nearly 9 million million kWh a 
year, or to the thermal energy of 1,000 million tons of 
coal a year. Tidal power is unevenly distributed, and 
it is only in a few areas that the range of tide is sufficient 
to justify considering harnessing the power. The 
greatest range of tide is in the Bay of Fundy, where 
the mean rise is 46 ft. Places at which the mean range 
is about 30 ft. include the areas of the Hudson River, 
United States, and the Bristol Channel, England. 
There are several areas in different parts of the world 
with mean tidal ranges of 20 to 25 ft.; but at most 
places the range is less than 20 ft., and often only a 
few feet. Within the last 25 years, tidal- power schemes, 
ranging in maximum capacity from 3,000 to one million 
kW, have been considered in some detail for a dozen 
or more places in France, Germany, Great Britain, 
Canada, the United States, and Argentina. The total 
estimated maximum capacity for all the schemes is 
about three million kW, with a total estimated annual 
production in the region of 10,000 million kWh; but 
the schemes have not been developed, mainly because 
the costs would have been too great. The most 
important project considered for Great Britain is that 
known as the Severn Barrage, which has been investi- 
gated on several occasions, most recently in 1945. 

It has been stated by Professor F, E. Simon (1948) 
that 2 per cent. of the sun’s radiation is converted into 





kinetic energy of the air. If this means 2 per cent. of 


| the radiation reaching the earth, the kinetic ene 





of 
the air is equivalent to about 30,000 million million kWh 
a year, or to the thermal energy of 3-4 million million 
tons of coal a year. Another estimate is that the 
world resources of wind power that might be used 
could provide 1,500 million kW, or 13 million million 
kWh a year, which is equivalent to the energy of 
combustion of 1,500 million tons of coal a year. Though 
the energy of the winds has been used for centuries in 
small units of not more than a few horse-power, no 
large units have been constructed to harness the power 
for general use. The reasons for this lack of develop- 
ment have been the high capital costs, and the variations 
and uncertainties of wind velocities. The general 
opinion seems to be that useful wind velocities are 
from 8 to 25 m.p.h. As a rough average for places 
in Great Britain, the winds have velocities in this 
range for 4,000 to 5,000 hours in a total of 8,760 hours 
a year ; but there may be periods of several days during 
which the velocity never reaches 8 m.p.h. The possi- 
bilities of generating power on a large scale have been 
considered in several countries, and experimental 
generators of capacities up to 800 kW have been built 
in the United States and in the U.S.S.R. Interest 
has recently been revived in Great Britain, and wind 
surveys and experimental work are in p . A 
windmill with a blade-diameter of 60 ft., to generate 
about 100 kW, is to be installed in the Orkneys, where 
throughout the year the wind velocities are generally 
above the minimum required. 

Several authorities have made estimates of the store 
of energy in the form of sensible heat remaining in the 
earth from the energy with which it was originally 
endowed by the sun. Though the estimates differ 
somewhat, they are mostly of the same order of magni- 
tude. Egerton (1940) gave a figure of almost 4 x 10% 
calories, which is about 1-5 x 10% therms, and is 
equivalent to the heat of combustion of approximately 
5 x 10" million tons of coal, or 80 million times the 
estimated probable reserves of coal. This is a tremen- 
dous store of heat energy, which is being dissipated at 
an extremely low rate owing to the high insulating 
property of the earth’s crust. In general, with increas- 
ing depth from the earth’s surface, there is a rise in 
temperature. At the greatest depth at which tempera- 
tures have been measured, nearly 3 miles in a boring 
in Texas, United States, the recorded temperature was 
about 120 deg. C. It has been calculated that, at a 
depth of 500 miles, the temperature is probably in the 
region of 1,400 deg. C. The difficulty is to collect any 
appreciable part of this heat energy for use on the 
surface of the earth at a cost that is not prohibitive. 
Terrestrial heat is collected and utilised on a small 
scale in a few areas where it reaches the surface as 
geysers or hot springs. There are examples of such uses 
in Tuscany, where jets of steam are harnessed to drive 
turbines ; in California, where steam is released by bore- 
holes ; and in Iceland, where hot water from geysers 
provides district heating. It is unlikely, however, that 
in the foreseeable future there will be any substantial 
extension in harnessing terrestrial heat. 

It has been mentioned that, on the assumption that 
it would be possible to retain one-tenth of the energy 
reaching the earth by radiation from the sun, there 
would be available energy equivalent to 2-3 x 10% h.p. 
or to the heat of combustion of 17 million million tons 
of coal a year. Part of this energy is collected or 
changed in form by the growth of plants and animals, 
by generation of winds, and by the evaporation and 
condensation of water; but there is the question of the 
extent to which radiation from the sun could be 
collected more directly by absorption, aided by systems 
of storage and by mirrors, lenses, or other devices. 
Simon (1948) has stated that, with some mechanism 
collecting 10 per cent. of the radiant energy reaching 
the earth and with an efficiency of 10 per cent. in 
converting the collected energy into useful form, an 
area the size of E would be sufficient to supply 
the power requirements of the world. 

Radiation from the sun has been used to a small 
extent in some parts of the world; for example, in 
evaporating solutions of salt, and for providing hot 
water for houses. In a recent paper, F. Daniels, of 
the University of Wisconsin, has stated that, on 
average, the radiation received at the surface of the 
earth, in the temperate zone, is about 2,000 B.Th.U. per 
square foot per day. This means that an absorbing 
surface collecting the radiation with an efficiency of 
10 per cent. over an area of 100 sq. ft. would collect 
20,000 B.Th.U., which, under suitable conditions, 
could provide a household with 20 gallons of hot water 
a day. Work on this type of system has been carried 
out in the United States. Other possibilities include 
the collection of the energy in useful form by thermo- 
piles and photo-electric or photo-chemical cells. Only 
in exceptional cases, however, and then on a very small 
scale, is it likely that svstems of this kind could compete 
with Nature’s method of photosynthesis through 
vegetation. 

(To be continued.) 
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NOTES ON NEW BOOKS. 


In the Workshop. By “ Dupizex.” Vol. I. Percival 
Marshall and Company, Limited, 23, Great Queen- 
street, London, W.C.2. [Price 8s. 6d. net.] 


Fatty early in the 1914-18 war, the late Mr. Percival 
Marshall set himself to organising the ranks of model 
engineers in aid of the national war effort, with results 
which were sufficiently striking to arouse the disapproval 
of some ardent trade-unionists; and, in one of his 
leading articles on this subject in The Model Engineer, 
he observed that the principal difference between the 
amateur and the professional, in engineering produc- 
tion, was one of the time taken to do a particular job. 
The present book—a collection of practical “ wrinkles ” 
—should go some way, and quite a considerable way, 
towards reducing that handicap of the uninstructed 
amateur by showing him how to make the best use of 
his resources, and how to supplement them most 
effectively when (as is the custom, and sometimes the 
weakness, of amateurs) the temptation arises to buy 
additional tools and patent gadgets which, in fact, may 
not be necessary. The various sections of the book 
consist of reprints of articles from The Model Engineer, 
and, if carefully studied, should be of material advan- 
tage to the neophyte and, undoubtedly, to many an 
engineering apprentice also. 





Electrical Technology. Sixth edition. By Proressor 
H. Corton, D.Se. Sir Isaac Pitman and Sons, 
Limited, Parker-street, London, W.C.2. [Price 
18s, net. ] 


Tuts text-book, first published 25 years ago, was 
originally written with two main objects : to cover the 
ground of the more important examination syllabuses 
in electrical technology and to do so at a moderate 
price. As time has passed, some increase in price has 
been inevitable, but the book is still good value for 
the money. In this edition, the chapter on general 
electrical theory has been extended by including an 
explanation of Thevenin’s theorem of networks. Inci- 
dentally, the references to the diagrams in this section 
are a little confusing and that to Fig. 35c seems to have 
been omitted. The chapter on illumination has been 
revised in view of the growing importance of the 
subject. This chapter was added to the original work 
nine years ago but since that time the application of 
discharge lamps of various kinds has been extended and 
considerable space is now rightly devoted to the 
principles upon which they operate. In the case of a 
book such as this, which is so highly charged with 
information, it is perhaps capricious to complain of 
omissions. We should, however, like to have seen a 
bibliography; and the index is so abbreviated as 
hardly to disclose the scope of the contents. 





Stress Analysis and Design of Elementary Structures- 
By Proressor James H. Cissei. Second edition. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 5 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, Lon- 
don, W.C.2. [Price 40s. net.] 


Tue late author of this book, who was professor of 
structural engineering at the University of Michigan, 
had considerable practical, as well as teaching, experi- 
ence of structural design. The present book, which is 
a revision of an earlier one, aims to provide instruction 
in the subject for readers who are not civil engineers. 
Part I, on stress analysis, is much the same as it was 
in the original edition. Following chapters on external 
forces, graphic statics, and reactions, shear and bending 
moment, which assume some knowledge of statics 
and strength of materials on the part of the reader, 
a chapter on restrained and continuous beams explains 
the method of moment distribution and the theorem 
of three moments, and includes the case where there 
is a vertical displacement of the supports. Next 
follows a chapter on the deflection of trusses and the 
determination of bar forces in simple loaded statically- 
determinate trusses, and another on the stability of 
masonry structures and foundations. Part II, on the 
design of simple structures, has been largely rewritten 
to conform with the most recent American specifications. 
This part of the book, therefore, will not be so valuable 
to the English student as the first part, which is of a 
more general character ; emphasis is often on structural 
materials which are not readily available in this country. 
The first chapter deals with structural fastenings and 
connections (including special connectors for use with 
timber) and welded joints. After this comes a chapter 
on timber beams and columns, followed by one on 
steel tension members, columns, beams and girders. 
There is a new chapter on the design of light-gauge 
steel construction, for which the Americans have 
produced special sections. The final chapter is con- 
cerned with the design of reinforced-concrete beams, 
slabs and columns. Problems have been added at the 
end of each chapter, but no answers are supplied. 
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CUSTOMS PATROL LAUNCH FOR 
CEYLON. 


Tue Customs launch Sunga Kavalan, a photograph 
of which is reproduced on this page, has been built 
for the Ceylon Customs service at the Hampton-on- 
Thames yard of Messrs. John I. Thornyeroft and Com- 
pany, Limited. The launch will operate from Colombo 
and her duties at times will involve the pursuit of 
small craft engaged in smuggling tobacco, drugs and 
rice between Ceylon and the Indian mainland. She 
may be required also to seek out such craft in muddy 
creeks and shallow rivers ; certain features have been 
incorporated in the design, therefore, to meet these 
conditions. 

The Sunga Kavalan has a length of 50 ft., a beam of 
10 ft. 6 in., and a draught of approximately 2 ft. 9 in. 
She is of round-bilge construction and the hull planking 
is of double-skin mahogany, each skin being laid on 
opposite diagonals with oiled fabric between them. 
The planking is fastened by copper rivets to steam-bent 
timbers of English oak, spaced at 8-in. intervals, with 
additional intermediate timbers laid on the bottom 
and extending to the bilge stringers. The gunwales 
and stringers are of Oregon pine, the decks of double- 
skin mahogany, the deck beams and carlings of English 
oak and the superstructure sides of mahogany. All 
timber has been treated with Cuprinol preservative. 
The bottom of the hull up to 6 in. above the waterline 
is sheathed in Muntz metal weighing 14 oz. per square 
foot. To withstand the stresses brought about by ram- 
ming small boats during pursuit operations, the bow 
section has extra stiffening fitted for a distance of 
approximately 10 ft. from the stem. The stiffening 
includes the fitting of intermediate timbers, closely- 
spaced web frames and wide breasthooks. A gunmetal 
stem plate is fitted over the Muntz-metal sheathing, 
which is also covered by a layer of teak to protect it in 
ramming. 

The propelling machinery consists of two Thornycroft 
type RL/6 six-cylinder Diesel engines, each of which 
develops a maximum of 130 b.h.p. at 1,600 r.p.m. The 
engines drive manganese-bronze handed propellers 
directly, there being no reduction gearing. The pro- 
pellers have a diameter of 21 in. and with full power, 
the launch attains a maximum speed in excess of 
16 knots; in service, however, the speed will seldom 
exceed 154 knots. As mentioned, the launch will 
operate frequently in muddy waters ; therefore, special 
Thornycroft-Vokes filters are fitted to the intakes for 
the engine cooling-water system. Two fuel tanks, each 
to hold 100 gallons, are fitted at the after end of the 
engine compartment, the filling pipes being extended 
to the side decks. The wheelhouse is abaft the engine 
room, a door in the forward bulkhead of the wheel- 
house connecting the two compartments. The engine 
controls and instrument panel are fitted at the side 
of the helm, while a bench at the after end of the 
wheelhouse acts as a chart table and a support for 
the wireless equipment. A hinged panel let into the 
after bulkhead of the wheelhouse communicates with 
the officer’s cabin, which is furnished with a cushioned 
settee berth at each side and a mahogany drop-leaf 
table. At the forward end on the port side is an 
enclosed toilet fitted with a folding wash-basin and, 
in a similar position on the starboard side, is a galley. 
A door at the after end of the cabin leads to the cockpit, 


cushioned seat. 
uel tank, holding 
The accommodation 


| which is fitted with an athwartshi 

|The after peak contains another Fo 
| 150 gallons, and the rudder gear. 
i for the crew comprises a large cabin situated forward 
|of the engine room, access to which is gained through 
's hinged hatch in the forward decking and a vertical 


}ladder. The cabin is fitted with locker seats at each 
side and hinged cots over the seats. The lavatory is 
at the after end on the port side. 





CATALOGUES. 


Railway Signalling Apparatus.—The Westinghouse 
Brake and Signal Company, Limited, 82, York-way, 
King’s Cross, London, N.1, have produced a new catalogue 
of their railway signalling and d apparatus. 
The first sections of this catalogue, with a substantial 
loose-leaf binder designed to take these and future 
sections, has recently been issued. The catalogue is 
intended to cover only current and new designs of 
apparatus. 

Horizontal Broaching Machines.—The Lapointe Ma- 
chine Tool Company, Limited, Edgware, Middlesex, 
have recently issued two leaflets describing their latest 
range of HP horizontal broaching machines, now being 
built in this country. One deals with the HP5, a 
machine having a normal pull of 5,500 Ib. and maximum 
stroke of 30 in., while the other describes the HP15-150 
range, covering machines with pulls of 15,000 to 150,000 
Ib. and strokes of 48 in. to 76 in. 


Vernier Gauges and Micrometers.—Messrs. Brooks and 
Walker, Limited, 41, Dockhead, London, S.E.1, have 
issued a comprehensive catalogue illustrating and 
describing the range of vernier gauges and internal 
micrometers marketed by them for the makers, the C. A. 
Gray Company, Bishops Stortford, Herts. The instru- 
ments described include vernier height and depth gauges, 
vernier calipers and internal micrometers, and the cata- 
logue also explains the working of special features such 
as a device which limits the pressure on the measuring 
faces of the instrumertse to ensnre consistent readings. 


Tool Biis.—A leafiet issued by the English Steel 
Corporation, Limited, Openshaw, Manchester, gives 
details of their range of tool bits with round, square, 
flat or bevelled sections. These tool bits have been 
selected from those previously made by Vickers Limited, 
Armstrong Whitworth and Company, Limited, and 
Cammell Laird and Company, Limited, and are a stan- 
dardised range. They are supplied in 18 per cent. tungsten 
high-speed steel (‘‘ Vanadium Premier ”’) for general use, 
or in 12 per cent. cobalt high-speed steel (‘ Super 
Cyclone ”’) for use at particularly high speeds or when 
cutting high-tensile materials. 

Lifting Tackle.—An interesting hand-operated lifting 
tackle, known as the “‘ Rotolift,” forms the subject of an 
illustrated leaflet issued by the Rotolift Sales Company, 
2, Robert-street, Adelphi, London, W.C.2. The tackle 
weighs only 17 Ib. and incorporates a roller chain which 
carries a hook at its lower end and is suitable for lifting 
loads not greater than } ton through a maximum distance 
of 4 ft. 6 in. The chain passes round the lifting 
mechanism which is attached to an upper hook and is 
operated by a hand lever. The tackle is particularly 
suitable for aligning heavy parts or placing them 
accurately in position. 
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SUTTON COLDFIELD 
TELEVISION-TRANSMITTING 
STATION. 


THe Sutton Coldfield television-transmitting 
station of the British Broadcasting Corporation 
was opened by the Postmaster-General (the Rt. 
Hon. W. Paling, M.P.) on Saturday, December 17, 
and commenced a public service on Monday, 
December 19. Its completion marks the first step 
in the extension of television to the whole country, 
and will, it is estimated, add six million viewers to 
the number already served. The vision transmitter 
at Sutton Coldfield operates on a carrier frequency of 
61-75 megacycles per second and has a normal | 
peak output of 35 kW, or double that of the similar 














Fie. 1. 


equipment at Alexandra Palace, London. Asymme- 
tric sideband transmission, in which one sideband is 
partly suppressed, is being used. This will enable 
the number of transmission channels available 
within the limited band of frequencies allocated to 
television to be increased, and thus allows further 
transmitters to be installed. The sound transmitter 
operates on a carrier frequency of 58-25 megacycles 
per second and has a power output of 12 kW, which 
is four times the output of the similar transmitter 
at Alexandra Palace. 

The station occupies a site of 24 acres, which is 
situated some 10 miles to the north of Birmingham 
and 2} miles north of Sutton Coldfield itself. It 
lies at an altitude of 550 ft., which, with the 750-ft. 
mast, brings the transmitting aerial to a height of 
1,300 ft. above sea level. The mast on which the 
aerial is carried, which weighs about 140 tons, was 
designed by British Insulated Callender’s Construc- 
tion Company, Limited, Norfolk House, Norfolk- 
street, London, W.C.2, in accordance with a general 
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specification issued by tne British Broadcasting 
Corporation. The same firm were responsible for 
the erection of the mast and its ancillaries. As 
will be seen from Fig. 1, on this page, the struc- 
ture is in three parts: a triangular lattice-steel 
support mast, a cylindrical tube for a future slot 
aerial, and a square-section tower, which carries the 
aerials now being used for the television service. 
The support mast, which extends from the pivoted 
base at ground level to a height of 600 ft., has 
triangular faces, 9 ft. in width, this design having 
been adopted on the score of economy in material 
and ease and speed in erection. These advantages 
were considered to be worth securing, even if, as a 
result, space for the lift and other services had to be 
restricted. The main columns, or corner posts, of 
the mast are parallel and each is built up of two 





support mast, is 110 ft. high and 6 ft. 6 in. in 
diameter. Its appearance is shown in Fig. 2, 
while the junction between it and the lattice 
steelwork is illustrated in Fig. 6, on page 662. 
The cylinder is constructed of a thin skin of mild- 
steel plate with internal stiffeners and jointing 
flanges. This skin is sectionalised in quadrants 
10 ft. 6 in. high, each of which contains a slot. 
These slots will eventually be used in connection 
with a very high-frequency sound-broadcasting 
system and are provided with Perspex covers, both 
to protect the apparatus and to prevent the forma- 
tion of violent wind eddies inside the structure. 
A small chamber, in which the “ diplexer,” referred 
to below, is housed is incorporated in the upper por- 
tion of the cylindrical structure. This chamber, in 
turn, is surmounted by an octagonal platform, on 
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Fic. Stot-AERIAL STRUCTURE. 


unequal angles of high-tensile steel placed back to 
back with the longer sides at 60 deg. to each other. 
The columns are connected by angle bracing. The 
use of high-tensile steel for this purpose has not 
only reduced the overall cost of the structure, but 
has enabled the total area of steelwork presented to 
the wind to be reduced and consequently lower 
loadings to be used. All the connections are bolted 
and the steelwork, after being assembled on the 
ground in flat panels, was hoisted into position face 
by face by aderrick. The base of the mast is of steel 
ball and socket design, so that movement can take 
place in high winds. This pivot rests on a 
concrete plinth. All the structural steelwork, which 
was manufactured by Messrs. Horseley Bridge and 
Thomas Piggott, Limited, Tipton, was hot-dip 
galvanised after fabrication, giving a zinc coating 
weighing about 2 oz. per square foot ofsurface. Itis 
hoped in this way to avoid painting for many 
ears. 
The cylindrical structure which surmounts the 














. 3. ComMBINED VISION AND Sounp AERIAL 
ARRAY. 


which the top mast carrying the eight dipole aerials is 
erected. This top mast, which is illustrated in Fig. 
3, on this page, was designed by Marconi’s Wireless 
Telegraph Company, Limited, Chelmsford. 

As will be most clearly seen in Fig. 2, the mast is 
stayed by guy ropes, which are spaced 120 deg. 
apart in plan and are attached to the steelwork at 
heights of 200, 400, 600 and 710 ft. These ropes, 
which are from 4% to 6 in. in circumference, were 
manufactured by Messrs. Wright’s Ropes, Limited, 
Birmingham, from 110- to 120-ton steel. They 
consist of concentric layers of circular wire sur- 
rounded by a layer of interlocking wire, the whole 
being designed to give high strength combined with 
the minimum of stretching. The guys were fitted at 
each end in the works with solid-steel conical sockets, 
into which the broomed-out rope was secured with 
white metal. In accordance with the British Broad- 
casting Corporation’s specification, all the ropes have 
a factor of safety of four, this being based on the 
breaking load under the most severe conditions. 
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Fic. 4. Mopvu.atep Ovutrut Stace oF VISION 
TRANSMITTER. 


These conditions include an ice coating with a radial 
thickness of } in. throughout, together with a simul- 
taneous wind pressure of 60 Ib. per square foot at 
the masthead. 

Provision has been made at the anchorages for 
rigging the guys to the pre-calculated still-air ten- 
sions. These rigging tensions were computed for 
each set of guys to ensure that the horizontal 
deflection of the mast at each point of attachment 
due to wind loading is proportional to the height 
above the base pivot ; these points thus remain in 
a straight line. It has been possible, therefore, to 
treat the mast itself as a simple continuous beam 
with linear supports. The maximum deflection at 
any point was limited by specification to 1 per cent. 
of its height above ground, so that the mast head 
will not move more than 7 ft. 6 in. laterally under 
the most severe conditions. 

An electric lift capable of carrying two men has 
been installed in the support mast by Messrs. Ellis- 
ton, Evans and Jackson, Limited, 24, Ray-street, 
London, E.C.1, and is operated at a speed of 100 ft. 
per minute by a motor at the 600-ft. level ; running 
between a platform near the base and a point close 
to the foot of the slot aerial cylinder. To avoid the 
heavy unbalanced loads arising from the weight of 
the hoist ropes when the car and balance weight are 
near the ends of their travel, a compensating rope 
which passes round a loaded jockey wheel at the 
base of the mast and is fixed to the underside of 
both car and weight, has been provided. As normal 
push-button control could not be used, owing to the 
impossibility of installing hanging cables in a struc- 
ture of this kind, the car is controlled from the 
ground. It can, however, be stopped at any plat- 
form by a mechanically-actuated ramp which, when 
extended, opens a switch on the structure. The 
usual safety gear and gate and over-run interlocks 
are, of course, also fitted. Communication between 
the ground and the car can be maintained by a 
‘* Walkie-talkie ” apparatus in the latter. 

The main building at Sutton Coldfield is an 
L-shaped brick structure, one block of which con- 
tains the sound and vision transmitters and the 
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other a quality-checking room, offices and canteen. 
The wood floor of the quality-checking room is 
carpeted to give some sound absorption and for 
the same reason the upper parts of its walls are 
panelled with acoustic tiles: To the north of the 
building is an electrical substation and garage. The 
transmitter block is divided longitudinally into 
three sections by two partition walls. The sound 
and vision transmitters, which are arranged in line, 
as shown in Fig. 9, on page 674, are installed in the 
central section, while one of the. outer sections 
contains the power-conversion equipment for each 
transmitter and the valve-cooling plant. In the 
other outer section are the control room, the line- 
termination room and a film-scanning room. 

The vision transmitter, which was constructed 
by Electric and Musical Industries, Limited, Hayes, 
Middlesex, has a peak power output of 35 kW, which, 





as already mentioned, is more than double that of 
the similar transmitter at Alexandra Palace. It is, 
in fact, claimed to be the most powerful television 
transmitter in the world. The transmitter, which is 
illustrated in Fig. 5, on this page, consists of ten 
cubicles, its overall length being 38 ft. The modu- 
lator stages are arranged in increasing order of power 
from left to right and the radio-frequency stages 
from right to left, so that the modulator output 
stage, of which a photograph is reproduced in Fig. 4, 
is next to the final radio-frequency amplifier. Four 
stages of modulation are provided, the first being a 
pre-amplifier stage, in which a vision signal having 
an overall amplitude of 1 volt and a picture to 
synchronising signal ratio of 70 to 30 in terms of 
amplitude, is accepted. This ratio can be adjusted 
in the pre-amplifier, as can the curvature of the 
input-to-output characteristic. The pre-amplifiers 
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are in duplicate, so that in event of failure a change- 
over from one to the other can be made from the 
control room. 

The second stage of this equipment consists of a 
sub-sub-modulator, which comprises a single-valve 
amplifier and a cathode follower. Next comes the 
sub-modulator, which consists of a two-valve 
amplifier and a two-valve cathode follower. 
Between these two stages is a “* black-level clamp ” 
by means of which the black level radiated by the 
transmitter is maintained constant. Finally, the 
output stage of the modulator consists of four valves 
in parallel and connected as cathode followers. No 
amplification takes place in this stage, which is 
designed to provide an output of sufficiently low 
impedance to supply a peak grid current of about 
7 amperes. This current is drawn from the final 
stage of the radio-frequency amplifier to which it is 
directly connected. To it a large capacitative cur- 
rent is added, the amount of which depends upon 
the picture wave form. Except in the pre-ampli- 
fiers, where small valves are used, ACM3 forced air- 
cooled valves are employed throughout the modu- 
lator. 

The radio-frequency section of the transmitter, 
the equipment for which was supplied by Metro- 
politan-Vickers Electrical Company, Limited, Traf- 
ford Park, Manchester, 17, is made up of a five-stage 
amplifier. In the first stage, a single-ended pentode 
accepts an input of 5 watts at a frequency of 61-75 
megacycles from a crystal-controlled oscillator made 
by Electric and Musical Industries, Limited, and 
transmits a push-pull input to the second stage. 
In turn the second stage transmits in push-pull to 
the third stage and the third similarly transmits 
to the fourth, so that the signal strength is increased 
to a level of about 8 kW. The modulated output 


stage in this section consists of two CAT 21 triode 
valves in an earthed-grid linear wide-band amplifier 


MopvuLaTED Output STAGE. 





663 





ENGINEERING. 








Fig. 8. 


with parallel line-circuit elements. A rear view of 
this stage is given in Fig. 7, which shows the valves 
above the vertical tubes that form the anode tuning 
inductance. In front of the tubes is the output 
coupling coil and below are the output tuning 
capacitors. The resultant signal is amplified in 
the fifth stage by a pair of water-cooled triodes to 
a final level of about 35 kW. With the exception of 
these valves all the valves in the radio-frequency 
amplifiers are air-cooled. 

The vision transmitter is connected to a vestigial 
side-band filter by a concentric feeder which is 
visible at the bottom of Fig. 7. This filter, which is 
illustrated in Fig. 8, is of the constant-resistance 
type with high- and low-pass sections and is 
constructed of lengths of concentric feeder. The 
high-pass section, which can be seen in the fore- 
ground of the illustration, is terminated by a 
water-cooled constant-resistance absorber load, 
visible on the right, while the low-pass section in 
the background is connected to the aerial feeder. 
The object of this filter is to give the transmission 
the asymmetric sideband characteristic that is 
being adopted for all future television stations of the 
British Broadcasting Corporation, which operate 
in the 41 to 68 megacycle band. Thus the lower 
frequency sideband is fully transmitted, while the 
upper sideband is increasingly attenuated for vision 
frequencies above 0-7 megacycle. At 63-25 mega- 
cycles, which will be the carrier frequency of 
the sound transmission at future stations, the 
attenuation introduced by the filter is about 12 
decibels. 

High-voltage power for the vision transmitter is 
obtained from hot-cathode mercury-vapour rectifiers, 
the phases of the 415-volt supply to which are 
stabilised and balanced by three separate moving- 
coil voltage regulators. In addition, the high- 
voltage supply to the anodes (for which constancy is 
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VESTIGIAL SIDE-BAND FILTER. 


important) is provided with valve stabilisers. The 
smoothing circuit associated with the anode supply 
to the modulated radio-frequency output stage is 
designed so that its low resistive impedance is 
constant over the greater part of the modulation 
frequency range. The filaments of all the valves 
are heated by alternating current, except those of 
the CAT 21 type in the modulated output stage, 
which are supplied with direct-current from a motor- 
generator. An electronic regulator maintains the 
output voltage to within 0-1 per cent. of the 
nominal value, and also limits the current when the 
transmitter is being started. 

The sound transmitter, which was supplied by 
Marconi’s Wireless Telegraph Company, Limited, 
Chelmsford, has an average carrier power of 12 kW 
and employs high-level class B modulation. The 
driving unit is similar to that for the vision trans- 
mitter, the first three stages being push-pull ampli- 
fiers and the output stage consisting of a single 
BR 128 valve in an earthed-grid coaxial circuit. 
This stage is anode-modulated and its output is 
coupled to a second concentric feeder, which leads 
to the aerial. Supplies for the anodes and for 
biasing are obtained from rectifiers in the power- 
conversion plant. All the valve filaments are 
heated by alternating current, except that in the 
modulated output stage, which is supplied with 
direct-current from a motor-generator. The genera- 
tor is fitted with an electronic voltage regulator 
similar to that on the vision transmitter. All the 
valves in the sound transmitter are air-cooled. 
Cooling air for this purpose is circulated to both 
transmitters by separate blowers, one of which can 
be seen in the centre of Fig. 10, on page 674. In 
cold weather, circulation is effected on a closed 
system, so that the temperature can be raised 
quickly during the first few minutes of running. 
At other times, air is drawn in from and dis- 
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charged outside the building. The path that the 
air follows is determined by thermostatically-con- 
trolled motor-driven dampers. As already men- 
tioned, the CAT 21 valves in the modulated output 
stage of the vision transmitter are cooled by water. 
This water, which has been previously distilled and 
subjected to nitrogen-gas pressure to exclude air, is 
cooled by a radiator supplied from the blower visible 
on the right of Fig. 10. The air for this purpose is 
drawn in either from outside or from the transmitter 
hall ; and can be discharged either into the latter, to 
provide a measure of warming, or into the open air. 
This system is also controlled by thermostatically- 
operated dampers. 

Both transmitters are controlled from a single 
desk in the control room, an illustration of which 
is given in Fig. 11, on page 674; from it a clear 
view of the transmitter hall can be obtained 
through windows. The vision transmitter is con- 
trolled from the left section of the desk through 
two pairs of push buttons, one for the modulator 
and one for the radio-frequency stages. One push 
button in each pair controls the high-tension and 
bias supplies and the other the valve-cooling equip- 
ment and the supplies to the valve filaments. When 
the push buttons are operated, power is delivered 
to each stage of the transmitter in the correct 
sequence, pre-determined pauses being made between 
each step. Facing the desk is a mimic diagram, 
not visible in the illustration. This carries some 
200 lamps, which are illuminated in turn as the 
circuits to each stage are closed. In the centre 
of the desk is a wave-form monitor, which can be 
switched into the output of each stage in the 
modulator. It can also be connected to a pick-up 
probe in the output circuit of the modulated radio- 
frequency amplifier. Further, there is a high-grade 
monitor, on which the picture can be displayed at 
the modulator input and output stages ; display as 
radiated is also possible. A view of the radio- 
frequency wave-form monitor is given in Fig. 12, 
on page 674. The control system for the sound 
transmitter is conventional. The supplies for the 
various stages are sequence-interlocked and are 
switched on and off from the control-room desk. 

Concentric feeders, with an external diameter of 
5 in. and a characteristic impedance of 51 ohms, 
have been installed to transmit the radio-frequency 
outputs of both the vision and sound transmitters 
to the top of the cylindrical section of the mast. 
These feeders, which were supplied by Marconi’s 
Wireless Telegraph Company, Limited, are built up 
from 12-ft. sections, an expansion joint being 
inserted every 150,ft. to allow for changes in length 
due to temperature variations. Dry air is blown 
continuously through the feeders to prevent conden- 
sation. These feeders terminate in a device known 
as a “diplexer,” which combines the sound and 
vision radio-frequency signals. These combined 
signals are then taken through a concentric feeder 
to two unbalanced-to-balance transformers at the 
foot of the top mast and thence by two pairs of 
concentric feeders to the aerial itself. 

The aerial consists of a single array which radiates 
both the sound and vision signals, and was developed 
jointly by the Engineering Research Department 
of the British Broadcasting Corporation and 
Marconi’s Wireless Telegraph Company. As can 
be seen in Figs. 2 and 3, on page 661, the aerial 
comprises eight vertical folded dipoles which 
are constructed of galvanised-steel strip 10 in. wide 
and incorporate 7}-kW electric heaters to prevent 
the formation of ice. The dipoles are arranged 
in two vertical groups one above the other, and are 
separated by a distance of about one wavelength. 
As will also be seen, each of the four dipoles in the 
two groups is mounted on one face of the top mast, 
those on the opposite faces being about two-fifths 
of a wavelength apart. One of the pairs of concentric 
feeders mentioned above is connected to the north- 
south dipoles in each tier and the other to the east- 
west dipoles. 

The vision-signal currents in the north, east, 
south and west dipoles in both tiers are phased at 
0, 90, 180 and 270 deg., while the sound-signal 
currents are phased at 0, 270, 180, and 90 deg. Thus, 
the four dipoles in each tier are fed in progressive 
phase quadrature, the phase of the sound and vision 
signals, respectively, rotating in opposite directions, 








Compared with the straightforward method . of 
feeding all the dipoles in phase, this arrangement 
not only increases the power gain of the aerial, but 
results in a more constant input impedance over the 
frequency band. It also allows a single aerial to be 
used for sound and vision with the minimum of 
interaction. 

The power supply for the Sutton Coldfield tele- 
vision station is derived from the mains of the 
British Electricity Authority on the three-phase 
system at 11 kV. Duplicate feeders have been in- 
stalled for this purpose, terminating in the sub- 
station, where the voltage is stepped down in two 
500-kVA English Electric transformers to 415 volts 
for distribution to the transmitters and auxiliary 
services. The switchgear on the high-tension side 
of the transformers was constructed by the Brush 
Electrical Engineering Company, Limited, Lough- 
borough, and consists of two horizontal draw-out oil 
circuit-breakers. The low-tension switchgear was 
supplied by the same firm and includes circuit 
breakers with a rupturing capacity of 30 MVA at 
440 volts. Anemergency lighting system is supplied 
from a 240-volt battery. The obstruction lights on 
the mast are supplied through Pyrotenax cable. 

As regards operation, the vision signa] is trans- 
mitted from Alexandra Palace to the Museum 
telephone exchange, London, over a coaxial cable and 
thence to Telephone House, Birmingham, over an 
ultra high-frequency radio link, details of which were 
given on page 511, ante. As mentioned in that article, 
a coaxial cable is also being installed between these 
points. Signals from Telephone House to Sutton 
Coldfield, too, are carrier-borne over a coaxial cable, 
and are demodulated by Post Office equipment in the 
line termination room at Sutton Coldfield before 
being passed through the control room and on to the 
modulator. The lines for the accompanying sound 
programme, and for communication purposes, also 
terminate in this room. 

Special testing equipment has been developed by 
the Engineering Department of the British Broad- 
casting Corporation for making quantitative mea- 
surements on the cable and radio links, in order to 
ensure that a high standard of transmission shall 
be maintained. This equipment includes a wave- 
form generator, which transmits the standard 
television signal with test signals, such as bars and 
wedges, and also precision equipment for measuring 
group delays. 

In the event of a breakdown in the radio or cable 
link, cinematograph films can be televised by a 
scanner in the film-scanner room at Sutton Coldfield. 





LITERATURE. 


Piling for Foundations. By R. R. Mtnrkinx. [Price 15s. 
net.] Structural Foundations. By R. R. MINIKIN. 
[Price 25s. net.] Crosby Lockwood and Son, Limited, 
39, Thurloe-street, London, S.W.7. 

THESE books are complementary, and the author’s 

approach in both cases is that of the practical 

engineer, convinced that the only way to achieve 
success in this difficult engineering field is to base 
design on experience. Piling for Foundations 
consists of three Jengthy chapters. The first, on 
bearing piles, opens with a discussion on the various 
impact formule and reviews the Building Research 

Station experiments on stresses in piles. The need 

for care in slinging is stressed ; without such care, 

considerable bending stresses might be introduced. 

Descriptions are given of plant and methods used 

in pile driving, and of various special forms of piles, 

including some extensible piles manufactured under 
proprietary rights. The second chapter, on sheet 
piles, after briefly discussing their application, deals 
with methods of estimating stresses in sheet-pile 
wails (including the Danish method) and with the 
stability of such walls, and explains both mathe- 
matical and graphical solutions; these, as the 
author says, “form a guide on, or by, which pro- 
fessional experience is founded, and common sense 
in application is essential.” This is followed by a 
description of the methods and materials used in 
constructing cofferdams. The importance, when 
grade is reached, of preserving the original nature 
of the exposed ground in free-air excavations is 
stressed ; much better initial settlement readings 








are obtained in this way. Methods of anchoring 
steel or reinforced-concrete sheet-pile walls are 
described, and a number of examples are quoted 
from practice of special forms of cofferdams used 
to meet particular conditions. A brief note then 
appears on the strength of pile sections and is 
succeeded by a description of a novel method of 
cofferdam construction. The final chapter, with 
the title of “‘ When and where to use piles”, is 
mainly composed of brief descriptions of actual 
works in such widely diverse fields as industrial 
buildings, bridge piers, river-bank protection, under- 
water work, sewerage and drainage. The title of 
the chapter is, however, oddly chosen, since it also 
considers other matters such as methods of designing 
piles as long columns, the casting of reinforced- 
concrete piles, H-section steel piles, and cofferdam 
bracings. 

The author’s aim in Structural Foundations is 
concisely described as being “‘ to set forth in simple 
terms fundamental rules of good engineering practice 
to ensure stable foundations.” He starts by 
discussing methods of carrying out preliminary 
surveys for foundations to find out the nature and 
disposition of the strata and to obtain samples 
of soil*for testing ; the characteristics and properties 
of the principal rocks are briefly given. This leads 
to consideration of the bearing capacity of ground 
in which, inter alia, Vierendeel’s lateral flux theory 
and Krey’s earth-cone theory are mentioned. 
Various ground-testing machines for direct use 
on the site in testing soft ground are described ; 
the determination of the bearing capacity of rocks 
requires, of course, the collection of samples which 
are later tested in a laboratory. The relationship 
between load and settlement is then discussed. 
After this, a chapter deals in more detail with the 
properties of clay and introduces the fundamentals 
of soil mechanics. Earth embankments and 
cuttings then receive attention, and construction 
methods used in Holland are described. The 
evlindrical shear method of investigating the 
stability of an embankment is explained and figures 
quoted for suitable slopes for cuttings and banks. 
Most recorded failures of retaining walls have been 
due to a lateral movement, either by sliding on the 
base or by shear failure of the earth under the 
base, and relatively few to overturning. ‘Phe design 
of retaining walls, therefore, calls for consideration 
of earth-pressure theories; Rankine’s theory and 
the wedge theory are given, and graphical methods 
of construction explained. Then come chapters on 
bridge abutments and general considerations on 
foundations, illustrated by reference to practical 
cases. The design of footings of various kinds is 
presented in some detail. Foundations for reser- 
voirs, viaducts and tall chimneys are dealt with 
in short separate chapters. The book concludes 
with a chapter on the artificial consolidation of 
sub-foundations, including grouting, chemical con- 
solidation, and electro-osmosis. 

Both books are based largely on articles already 
published by the author in the technical Press. 
This probably accounts for their somewhat discur- 
sive character, which, however, is not without 
merit in books intended for general reading, although 
it may lead to certain illogicalities in presentation. 
Both books will probably be of greater interest to 
field engineers than to designers or students. 





Oil Hydraulic Power and Its Industrial Applications. 
By WALTER ERNST. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 6 dols.]; and McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 51s. net.] 

THe present trend in the development of many 

machine tools is to utilise the advantages which 

fluids offer for achieving an elastic transmission of 
power, steplessly regulated speeds and feeds, and 
automatic cycles. The book under review has been 
written by an expert in this field, and a careful 

study of it should certainly contribute towards a 

better understanding of the principle and function 

of hydraulic components ; though the promise on 
the dust jacket, that it will enable the reader “to 
actually produce workable practical designs,” is 
hard to keep by this or any other text-book. 

A book on hydraulic power naturally must start 
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with some theory, but it is perhaps unnecessary to go 
as far back as to the explanation of mass and weight, 
units of length, specific weight, etc., as the first 
chapter actually does. The next five chapters are a 
recapitulation of the fundamentals of fluid mecha- 
nics ; hydrostatics and hydrodynamics, and viscous 
and turbulent flow are discussed in a form which is 
concise in comparison with text-books on hydraulics, 
out which nevertheless contains much that is not 
absolutely necessary for the understanding of the 
actual scope of the book. The chapter on the 
generation of oil hydraulic power is devoted to 
external and internal gear pumps, vane pumps, 
radial and axial plunger pumps. The types which 
provide a variable or reversible delivery, and their 
control, are treated in detail. f 

In the chapter on the utilisation of oil hydraulic 
power, both rotary and reciprocating motors are 
described. Rotary hydraulic motors are relatively 
little used, owing to the cheapness of electric motors; 
however, in cases where, for instance, an extreme 
range of speed adjustment is required, rotary hydrau- 
lic motors play an important role, and units com- 
prising pumps and motors in a common housing are 
described. Hydraulic cylinders being the main 
method of applying hydraulic power, an appropriate 
space is devoted to cylinders, pistons, and packings. 
A short chapter also deals with pipes and tubes, 
and their connections. The chapter concerned with 
the control of oil hydraulic power deals with relief 
valves, reducing valves, and other valves used to 
control pressure; axially working piston-type 
valves and rotary valves for directing the oil to the 
point of its application ; and valves for the control 
of oil quantity. Combinations of several controls 
in one unit are described, and so are modern storage 
accumulators and intensifiers. 

A chapter on the application of oil hydraulic 
power deals with the co-ordination of the com- 
ponents described in the previous chapters, and 
various hydraulic circuits are illustrated. Text- 
books on electricity inevitably use hydraulic 
analogies ; it is interesting to find here several clever 
electrica] analogies to the phenomena of hydraulics. 
The concluding chapter contains a description of 
hydraulically actuated and controlled machines, 
such as milling, drilling, boring, honing, planing, 
shaping, broaching, and similar machine tools, 
as well as presses, die-casting, and injection moulding 
machines. Throughout the book, the procedure 
in designing is explained by many worked examples, 
and the text is accompanied by numerous line draw- 
ings and reproductions of photographs, many of the 
latter illustrating cut-away models. The book is 
clearly written and is attractively readable, though 
some passages, in which the products of various 
American manufacturers are described, read rather 
like catalogues. 


Radio Engineering. By Dr. E. K. SANDEMAN. Two 
vols. Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. ([Price: Vol. I, 45s. net; Vol. II, 
40s. net.) 

THERE have been many books published in recent 
years on radio engineering, but few are more worth 
reading than these two comprehensive volumes by 
Dr. E. K. Sandeman. The preface states that the 
book originated in a series of instructions written 
primarily for maintenance engineers at B.B.C. 
transmitting stations. ‘It was designed,” the 
author continues, “‘so that newcomers with no 
knowledge of radio could acquire familiarity in the 
shortest possible time. Subsequently it was ex- 
tended so as to constitute a book of reference for 
experienced radio engineers.” From this it might 
be supposed that the subject matter is concerned 
mainly with transmitters, but this is not so; the 
treatment is fundamental and the scope wide, most 
aspects of the art being covered. While no know- 
ledge of mathematics beyond elementary algebra is 
required, the author has not hesitated to develop 
advanced mathematical techniques where they 
would prove useful. Thus, complex, vector and 
matrix algebras are developed from first principles, 
the approach in all cases being physical rather than 
abstract. 

Volume I, comprising 16 chapters, deals with 
basic conceptions, the subject matter ranging from 
the ideas of potential, current, and resistance, 
through alternating-current theory, thermionic 


valves, amplifiers, oscillators, and modulators to a 
discussion of various types of transmitters, feeders, 
and aerials. The fundamental laws of electrical 
circuit theory (Ohm’s Law, Kirchhoft’s Laws, 
Thevenin’s Theorem, the Principle of Superposition, 
and the Reciprocity Theorem) are clearly explained 
and illustrated, there is an adequate section on 
complex algebra, and selective circuits are dealt 
with at some length, though, considering the impor- 
tance of such circuits, it is a pity that Dr. Sandeman 
did not discuss them in more detail; for example, 
the variation of phase angle with frequency is 
omitted. The section on amplifiers is excellent, 
though the receiver engineer may be startled by 
the examples from transmitter technique: grid 
bias of — 500 volts and high-tension potentials of 
12 kV are not often encountered in domestic 
receivers. Oscillators are dealt with in a rather 
summary fashion, and some explanation of the 
working of the Colpitts or the Hartley oscillators 
would have been welcome. High-accuracy oscil- 
lators are dealt with fully, even to a detailed 
description of a crystal] oven. The section on 
modulators and transmitting equipment is particu- 
larly well done, and the practical nature of the 
treatment will be generally commended. Some 
fascinating glimpses into B.B.C. procedure are 
given in the chapter headed “ Operation of Trans- 
mitters.” Circle diagrams are given the full 
treatment that their importance deserves in the 
chapter on ‘‘ Feeders, Aerial-Coupling Circuits and 
Aerials,” and aerial circuitry is illustrated by a 
discussion of the long-wave aerial circuits of the 
B.B.C. transmitter at Droitwich. 

Volume II is shorter than volume I, comprising 
550 pages, as against 750. In it, Dr. Sandeman 
deals with balanced and unbalanced circuits, 
interference and noise, radio receivers, measuring 
equipment, feedback, network theory, filters and a 
variety of unrelated subjects. The treatment of 
radio receivers is somewhat less than satisfactory, 
though at the beginning of the chapter the 
reader is referred for further information to Dr. 
K. Sturley’s well-known book on Radio Receiver 
Design; this was reviewed on page 459 of 
our 16lst volume (1946). Nevertheless, mixing 
is of fundamental importance and justifies rather 
more space than is given to it, while padding 
is most inadequately dismissed, no mention being 
made of padding errors or padding curves. The 
chapters on “‘ Feedback,” ‘‘ Network Theory ” and 
‘* Filters,” together, probably constitute the best 
unified treatment in English to-day. They are clear, 
comprehensive and practical; Dr. Sandeman never 
forgets his intended readers, even while he is 
deriving enough matrix algebra to deal with com- 
plex networks. These chapters, which constitute 
almost a third of the book, are probably the most 
difficult in the whole work, but the effort required 
to follow them is well worth spending. 

Some mathematical points are dealt with at the 
end of this volume: Fourier analysis is, of course, 
included, as is a further discussion on the representa- 
tion of complex quantities. An excellent chapter on 
coupled circuits completes the text. There is an ex- 
tensive bibliography and each volume is well 
indexed. 





THE BRITISH AIRWAYS CORPORATIONS.—The Ministry 
of Civil Aviation have published recently the operating 
and traffic statistics for the year ended March 31, 1949, 
of the three airways corporations—British European 
Airways Corporation, British Overseas Airways Corpora- 
tion, and British South American Airways Corporation. 
The figures are published for each month from April, 
1948, till March, 1949, and for the whole year. All three 
corporations show low annual “ utilisations” per 
aircraft, i.e. the average number of revenue-earning 
hours flown per annum per aircraft, the figures for the 
year being respectively, 1,224, 1,320 and 1,383 hours per 
aircraft for the three corporations in the order 
given above. It would appear likely that the utilisation 
of aircraft of the British European Airways Corporation 
is more adversely affected by unfavourable weather 
conditions than those of the other two corporations. 
Another factor which affects the cost of operating 
the national corporations is the ‘‘ overall revenue load- 
factor,” that is, the ratio of the total revenue ton-miles 
actually flown to the usable-capacity ton-miles which 
could have been flown, if the aircraft were filled to 
capacity; the annual figures for this factor are, 
respectively, 62-7, 61:9, and 53-1 per cent. 








IDEAL EFFICIENCIES OF 
OTTO-CYCLE ENGINES. 


By A. Smgeron Lean, Ph.D., A.M.I.Mech.E. 


In the design and development of internal-com- 
bustion engines a knowledge of the upper limit of 
thermodynamic performance, as represented by the 
ideal-cycle efficiency, is most desirable since the 
margin of possible improvement is thereby revealed. 
The calculation of ideal efficiencies presents no 
major difficulty now that reliable thermal data, 
deduced from spectroscopic frequency measurements 
by quantum statistical methods, is readily avail- 
able.* The results of such calculations have been 
published by the late Professor W. T. David and 
the author for the case of petrol engines running 
on any one of the three fuels, octane, benzene and 
ethyl-alcohol, over a range of mixture strengths and 
various compression ratios. Unfortunately, the 
calculations are long and tedious if full allowance is 
to be made for specific-heat variation and dissocia- 
tion. Thermodynamic charts, analogous to the 
Mollier chart for steam, if available for the particular 
fuel: and mixture strength under consideration, 
greatly facilitate the work. An example of these 
charts may be found in the work of Hershey, 
Eberhardt and Hottelt who give charts for a limited 
range of mixture strengths with octane as fuel. In 
general, however, since pure fuels are seldom used 
in petrol engines and since the gaseous fuels used in 
gas engines vary widely in composition, charts will 
not be available. In the absence of charts applic- 
able to these multitudinous varieties of fuels an 
approximate method of deriving the ideal efficiencies 
has been devised which yields values in close agree- 
ment with the true values. 

Briefly, the method depends upon the fact that 
the products resulting from the combustion of almost 
any fuel could be obtained by burning a mixture of 
hydrogen and carbon-monoxide together with 
oxygen and nitrogen in suitable proportions. If 
these two fuel mixtures are supplied to an Otto- 
cycle engine the effects of dissociation and specific 
heat variation will be the same in each case providing 
that the calorific values of the two mixtures bear a 
definite relationship to one another. The actual 
calorific value of the equivalent H,-CO mixture 
will not, in general, satisfy this requirement but a 
correction can be applied for the deviation. The 
ideal efficiency using the original fuel can be obtained 
from the ideal efficiency using the equivalent mixture 
by the use of a simple expression. The ideal 
efficiency using the equivalent mixture may be 
deduced with reasonable accuracy from the values 
for the two fuels, H, and CO, separately. The basic 
data and relationships required will now be con- 
sidered in detail. 

At the outset it may be explained that the present 
work was initiated with the object of finding a 
method of deducing gas-engine ideal efficiencies, and 
for this reason attention will be confined to the case 
of weak fuel-air mixtures containing no excess fuel. 
As in the earlier work of David and Leah on petrol- 
engine performance, the quantum specific heat, 
entropy and dissociation data have been used 
throughout the calculations. All the relevant dis- 
sociations have been taken into account, namely :— 
CO +40,200,, H, +40, H,0, OH +}$H, = H,0, 
2H27H,, 2070,, 2INTN,, and $N, + $0,= NO. 
The method of calculation will not be described here, 
but it may be stated that it is based upon the use 
of the internal-energy entropy diagram.§ 

The values of the heats of combustion used in the 
work are those given by Rossini.||/ Reduced to 
heats of combustion at constant volume and 





* Lewis, B.,and von Elbe, G., “‘ Combustion, Flame and 
Explosions of Gases,” Cambridge, 1938 ; Geyer, E. W., 
and Bruges, E. A., “ Tables of Properties of Gases,” 
Longmans, 1948. 

+ David, W. T., and Leah, A.S., Proc. Inst. Mech. Eng., 
vol. 143, page 289 (1940). 

t Hershey, R. L., Eberhardt, J. E., and Hottel, H.C., 
S.A.E. Jl., vol. 39, page 409 (1936). 

§ Leah, A. S., Inst. Mech. Eng., W.E.P. No. 49 (1949). 
l| Rossini, F. D., U.S. Bureau of Standards, Jl. of Res., 





vol. 6, page 1 (1931); vol. 7, page 329 (1931). 
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273 deg. K. (0 deg. C.) they are as follows, 
Carbon-monoxide, 


Q¥* = 67,290 C.H.U. per Ib.-mol. 
=187-5 C.H.U. per cub. ft. at N.T.P. 


and hydrogen (lower value), 


QF? = 57,500 C.H.U. per Ib.-mol. 
= 160-2 C.H.U. per cub. ft. at N.T.P. 


In calculating the efficiencies the suction tem- 
perature at the beginning of the compression stroke 
must be known. This may be found theoretically 
from the inlet temperature by a preliminary calcula- 
tion, but the value so obtained will bear little 
relation to the suction temperatures experienced in 
actual engines. For this reason it has been felt 
desirable to standardise the suction temperature at 
a value of 100 deg. C. in the calculations, Any 
variation from this value can be allowed for by the 
use of a correction factor to be given later. The 
suction pressure has been taken to be 1 atmosphere, 
or 14-7 lb. per square inch abs., in all cases. 

The effect of the dilution of the incoming charge 
by the clearance gases must also be taken into 
account. The proportion of these residual gases 
mixing with the fresh charge may be found by a 
preliminary calculation. It is sufficiently accurate, 
however, to take the proportion. by volume to vary 
between 6 per cent. at 5: 1 compression ratio and 
2 per cent. at 15: 1 compression ratio. The ideal 
efficiencies have been calculated for mixture 
strengths ranging from 50 to 90 per cent. of the 
“correct” or combining proportion mixture and 
for compression ratios of between 5:1 and 15: 1. 
The “ percentage of correct ” is defined as follows :— 

If the combining proportion mixture is 


z Ib.-mol.* fuel + (1 — 2) Ib.-mol. air 
and the actual mixture 
@ Ib.-mol. fuel + (1 — a) Ib.-mol. air, 


e 


the “ percentage of correct” is * x 100 per cent. 
z 


The ideal efficiencies with hydrogen as fuel are 
given in Table I and those for carbon-monoxide in 


TABLE I.—Jdeal Efficiencies with we as Fuel. 

















Com- Mixture Strength, Per cent. of “ Correct.”’ 

%, | 

Ratio, 50 | 60. | 70. | 80. | 90. 

| | 

5:1 0-392 0-380 | 0-367 0-353 | 0-336 
6:1 0-419 0-407 | 0-304 0-380 0-363 
7:1 0-442 0-431 | 0-418 0-404 0-388 
8:1 0-462 0-450 0-437 0-424 | 0-410 
9:1 0-430 0-467 0-454 0-441 | 0-428 
10:1 0-496 0-4825 | 0-469 0-455 0-441 
11:1 0-509 0-496 0-482 0-469 0-454 
12:1 0-5205 | 0-5075 | 0-494 | 0-480 0-465 
13:1 0-531 0-517 0-504 0-489 0-474 
14:1 0-540 0-527 4-5 | 9-498 | 0-482 
15:1 0-549 0-535 0-5 206 | 0-506 | 0-490 








TABLE II.—Ideal Efficiencies with Carbon-Monozide as 





Fuel. 
Com- Mixture ainsi Per cent. of “ Correct.’ 
pression | ——— a ax 
— 50. | 60. 70. | 9, 90. 
a | 
5:1 0-367 0-351 0-335 0-320 0-306 
6:1 0-400 0-381 0-364 0-348 0-334 
733 0-427 0-407 0-388 0-371 0-357 
8:1 0-447 0-425 0-406 0-389 0-375 
9:1 0-4635 | 0-441 0-4215 | 0-4035 | 0-389 
10:1 0-477 0-455 0-4345 | 0-416 0-401 
mca 0-488 0-467 0-447 0-428 0-413 
12:1 0-4975 | 0-478 0-458 0-439 0-422 
13:1 0-506 0-4865 | 0-466 0-447 0-430 
14:1 0-514 0-495 0-474 0-455 0-438 
15:1 0-521 0-5015 | 0-480 0-461 0-444 




















Table II. The values are shown plotted against 
mixture strength for the various compression ratios 
in Fig. 1. The full lines refer to hydrogen and the 
broken lines to carbon-monoxide. It will be 
evident that hydrogen yields the higher efficiencies. 
This is chiefly because hydrogen has a lower heat 
of combustion than carbon-monoxide and because 
carbon-dioxide has a higher specific heat than 
water-vapour. 

At any given compression ratio the ideal efficiency 





* In these and subcequent expressions Ib.-mol. units 
have been used, but they may be replaced by standard 
cubic feet in all cases if such units are preferred. 
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of an engine running on a mixture of H, and CO with | of total 
7 ee : ‘+ : ne 
air will lie somewhere between the two extreme siti, oneyensee® FY mol. 
values for the two fuels separately. The combining 2 


proportion mixtures for both H, and CO contain the 
same proportic +: of fuel and air, namely, 
0-296-lb. mol. fuel + 0-704 Ib.-mol. air, 
and, therefore, whatever the ratioof H, to CO in the 
composite fuel, the combining proportion mixture 
will be the same. 
If the mixture consists of :— 
cCO + dH, + (1 — (ec + d)) air, 
the mixture strength will be , sae x 
of “correct.” The efficiency ‘of an engine running 
on this mixture at a given compression ratio may be 
assumed to be 


c d 
e+a) mo + c +a) "Hr 


where 7,, and 7, are the efficiencies using pure 
carbon-monoxide and hydrogen, respectively, at 
the same compression ratio and mixture strength. 

Consider an engine running on any fuel mixture 
consisting of 

a Ib.-mol. fuel + (1 — a) lb.-mol. air. 
The products of complete combustion, if the mixture 
is weak (as wiil always be taken to be the case) may 
be written as :— 
zCO, +yH,O +p0,+4Nz, 

where x, y, p and q depend upon the constitution of 
the fuel and the value of a. The total Ib.-mols. of 
products is z+y+p+q=™m,, lb.-mol. Pre- 
cisely the same products of combustion as these 
would result from the complete combustion of a 
mixture consisting of 


100 per cent. 


(1) 


= Mp, + a 4.4 -mol. 


This mixture will hereafter be referred to as the 
** equivalent mixture.’ 
The proportions of the constituents in 1 Ib.-mol. 
of this equivalent mixture will be :— 

1 z+y qa 
mg? +1, + (2+ 2 Jos + Nz. 
The ratio of the proportion of oxygen in the mixture 
to that of nitrogen will generally differ slightly from 
that obtaining in atmospheric air. No appreciable 
error will result from assuming this to be atmo- 
spheric air since the heat capacities of oxygen and 

nitrogen are not greatly different. 
The mixture strength of the equivalent mixture 
expressed as a “‘ percentage of correct ”’ will be :— 
zt+y 
(sae Mig 
The products of complete combustion of 1 Ib.-mol. of 
the equivalent mixture will be 





(2) 





) x 100 per cent. . 


1 - 
—(xCO, + yH,O + pO, + aN) 
Mie 


giving a total of m,,= —” lb.-mol. If 99 and 


Nu, are the ideal efficiencies of the two fuels CO 
and H,, respectively, at the given compression ratio 
and with the mixture strength determined’ by 
expression (2), the ideal efficiency of the equivalent 
mixture will be, from (1), 

(3) 


y 
Mc ty™ to+y™ 





z+ 
2CO +yH, +(p + *")o, +aNz, 


| The ideal efficiency of the engine working with the 
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equivalent mixture will differ from the ideal effici- | 
ency using the actual fuel but it will now be shown | 
that a simple relationship holds between them. 

Consider the ideal indicator diagrams obtained 
by supplying 1 Ib.-mol. of each of the two mixtures 
to identical engines. The two diagrams when super- 
imposed will appear somewhat as shown in Fig. 2 
(not to scale). Let P’ and P” be the pressures at 
any instant during the expansion stroke for the 
actual and the equivalent mixtures, respectively. 
Assuming the same suction conditions of pressure 
and temperature, the negative work of compression 
will be almost identical in the two cases since the 
mean specific heats of the unburnt mixtures will 
be very nearly the same. Let this work be 

Vi 
W,= | After 

v 
combustion at constant-volume and throughout the 
expansion stroke in both cases the combustion will 
not be complete because of dissociation. The actual 
number of Ib.-mols. of products will, in fact, vary 
during the expansion and will be rather greater than 
if combustion had been complete. The ratio of the 
Ib.-mols. of products in the two cases will not, how- 
ever, differ appreciably from the ratio when com- 
bustion is completed and this latter ratio will be 
used in what follows. 

Let P,, V, and T, refer to conditions at the 
beginning of the compression stroke in both cases. 
Let it be assumed for the moment, also, that at 
any instant during expansion when the volume is V 
in both cases, the temperature is also the same and 
equal to T deg. K. With the actual mixture the 
pressure at this instant will be 


P dV for the compression stroke. 


and with the equivalent mixture the pressure wil] be 


? F, 
> <a Cah 
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(96776) Suction Temperature ...Deg.C. 
Thus 
Pp’ Mp, ' 
p” Mia: 


2 
The work done during expansion with the actual 
mixture is 


Wr = 
JVs 


Vs Vs 
P’ dV = mis | P” av, 
~Va 
and for the equivalent mixture 
Vs 
Were = | 
/Ve 


ay. 


Thus 
Wei : 
Was ™ Mig. 
It has been assumed in deducing (4) that the tem- 
perature at the beginning of expansion and at all 
subsequent stages is the same for both mixtures. 
This will be true only if certain conditions are 
fulfilled. 

Let ET! — the internal energy of the unburnt 
mixture at the end of compression (which will be 
very nearly the same with both fuels). 

Let H, and H, represent the heats released during 
combustion at constant volume for the actual 
mixture and the equivalent mixture, respectively. 

In order that the temperature at the beginning 
of expansion shall be the same in both cases, the 
internal-energy of the products (which are of the 
same constitution) per lb.-mol. must be the same, 
i.e., 


(4) 


EB, +H, _ E+: 





Mp1 Mos 
Now 
=» SBR 
“ee Mis 
Therefore, 


or 
M1 

_) = mig + Bm (mis e~'S), 

2 Hy 

Very long and laborious calculations are required 

to determine the true values of H, and H,. For- 

tunately, it will be sufficiently accurate to take the 

ratio 


Hy, a Q 
H, Q 
where Q,= the heat of combustion of 1 Ib.-mol. 
of actual mixture and Q, that of the equivalent 
mixture. 
This expression must be satisfied in order that the 
temperatures at all corresponding instants during 
expansion shall be the same with the two fuel 
mixtures. The ideal efficiency in each case is given 
by the expression 
Work during expansion — Work during compression 
Heat supplied in fuel ; 


With the original mixture the ideal efficiency is 
We — We 
ae 


With the equivalent mixture fulfilling condition 
(5), the ideal efficiency is 


El 
= Mig + _™ (mig — 1) (5) 
Hy 





m1 








Wea bus We 
Ne a : 
Thus 
. ae [= — We | Qe 
Ne Wee — Wel Q; 
Wee | Wai 
ee gg: ee oe 
We Wee Q: 
Wes _ 1 Qi 
We 
Substituting from (4) and (5), 
[Wes 1 
. We Mie 1 om (6) 
Ne Wes Ey 
—  -1 1+ (mig — 1) 
We mizH, ” 


The ratio of wae is the ratio of the work done in 
c 

expansion to the work of compression for the 

equivalent mixture. It varies considerably with 

mixture strength but only a little with compression 

ratio. Curves will be given later from which this 

ratio may be determined. 

The value of E??, the internal energy of 1 Ib.-mol. 
of mixture after compression, naturally varies with 
the compression ratio but will be very little different 
with different equivalent mixtures. Values of E7 
are given in Table III for various compression 
ratios. 


TABLE III. 





Compression 
Ratio. 





5 
7 
9 
1l 
13 
15 





The value of H,, as previously stated, is difficult 
to determine, and here again no great error will 
result by substituting Q, for H, since m;, is not 
far removed from unity. 

Thus expression (6) may be written :— 





ae 
“We oMmizg 1 
m1) ——* = 1) 
Was _, - En Amis — 1) 
We Mig Qs ¥ 


The equivalent mixture was previously found, from 
expression (3) to have an ideal efficiency ,. This 
value will differ from the value, 72, in expression 
(7) because the relation (5), namely 


Q ER 
z= = Mig + raha -1) 





ET +H, = mig (ES + Hy) 


(where Q, has been substituted for H,), will generally 
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be unfulfilled. Allowance can be made for this 
discrepancy in a manner now to be described. 

The actual heat of combustion of the equivalent 
mixture is 


1 
Q,. = on (67290 x + 57500 y) O.H.U. per Ib.-mol. 
ia 


It should be, from (5), 
Q1 — Et (mig — 1) 
Mia sen 





Q = 

Let the ratio of 
Qe — Qe Mig : 
Qs Q, — Es! (mig — 1) 

Imagine that a certain CO-air mixture could 
have a variable heat of combustion. The ideal 
efficiency of an engine using this mixture can be 
calculated for any arbitrary value of the imagined 
heat of combustion. The result of increasing the 
heat of combustion is to decrease the ideal efficiency 
because at the higher cycle temperatures dissociation 
has a greater effect. The curve of Fig. 3, page 667, 
has been obtained in this manner for an 80 per cent. 
of “correct ” CO-air mixture at 5: 1 compression 
ratio. The ideal efficiencies are here shown plotted 
against the ratio, R, of the true heat of combustion 
of the mixture to the assumed value. If 7, is the 
efficiency when R= 1 (i.e., for the true heat of 
combustion) then at any other value of R, where 
the efficiency is 7, we can determine the change of 
efficiency An =7—7,- Plotting Ay against R 
gives the necessary correction-factor curve for 
correcting the value of the efficiency, 7,, to the 
value at any value of R, for the case of this mixture 
at 5:1 compression ratio. The same procedure 
being adopted for an 80 per cent. of ‘correct ” 
H,-air mixture at 5: 1 compression ratio it will be 
found that the two Ay —R curves are almost 
identical. Proceeding in this manner for a whole 
range of mixture strengths and compression ratios 
it is possible to construct the correction curves shown 
in Fig. 4, page 667. The effect of compression-ratio 
variation is not large and mean curves to cover 
the whole range from 5:1 to 15: 1 are given. 

To correct the efficiency of the equivalent mixture, 
ne, to the value of 7, required for use in expression 
(7), it is only necessary to read off from Fig. 4 the 
value of An corresponding to the value of R deter- 
mined by expression (9), at the mixture strength 
of the equivalent mixture, whence 

m2 = + An. 
Substituting this value in expression (7) and com- 
bining with expression (8) gives 
wes 2 
t= (me + Aq) Weis | Me Go) 
sit. me Qa ‘ 
We 
This is the final expression for determining the ideal 
efficiency of the chosen fuel mixture. 


(8) 





(9) 


1 


Returning now to a consideration of the ratio we 


c 
it will be evident that its value will vary with 
mixture strength, very slightly with compression 
ratio, and also with the ratio R given in expression 
(9). The effect of compression ratio is so small as 
to enable average curves to be drawn which cover 
the whole range from 5:1 to 15:1 compression 


ratio. Values of Was are shown in Fig. 5, page 667, 


€ 
plotted against R for various mixture strengths. A 
detailed example will probably best illustrate the 
method of computing the efficiency. 

Consider a gas engine working with an 80 per cent. 
of “correct” coal-gas and air mixture at a com- 
pression ratio of 5:1. The suction temperature 
will be taken as 100 deg. C. and the suction pressure, 
as one atmosphere. Assume the volumetric analysis 
of the coal-gas to be 

3-4 per cent. CO, 
1-0 per cent. C,H, 
2-1 per cent. C,H, (assumed) 
0-8 per cent. O, 
18-9 per cent. CO 
20-0 per cent. CH, 
48-1 per cent. H, 
5-7 per cent. N, 





Total 100-0 per cent. 








This is the analysis of Cambridge town gas as given 
by Burstall* in 1925. The lower heat of combustion 
of this gas is 92,900 C.H.U. per Ib.-mol. 

The combining proportion or “‘ correct” mixture is 

0-19535 gas + 0-16898 O, + 0-63567 N, 
Total = 1 Ib.-mol. 
The 80 per cent. “correct ” mixture is, therefore 
0-15628 gas + 0-84372 air, 

which, written out in full, is :— 

0-07517 H, + 0-03125 CH, + 0-02954 CO 


+ 0-00328 C,H, + 0-00156 OH, + 0-00531 00, 
+ 0-017843 O, + 0-67545 N, 


Total = 1 Ib.-mol. 
The products of complete combustion are 
0 -08205 CO, + 0-14892 H,O + 0-04200 O, 


+ 0-67545 Ny 
Total = mp, = 0-94842 Ib.-mol. 





\ | | | | 
| | 

| | Equi- 

| ee } 

|Strength,| Com- | — 
| Percent.) pression | Percent | ™i2- Qi. | 
| “ Cor- to. | “6 Gor. | 

| ae | | 


TABLE Iv. 


C.H.U. per Ib.-mol. Therefore, from (8) 
pe 14,520 — 2,150 (0 -06391) 

1-06391 : 
= 13,500 C.H.U. 





and from (9), 

= Qe = 13240 
Q, 13500 

From Figs. 4 and 5, when R = 0-982 and the mix- 

ture strength is 73-4 per cent. 


An = —0-001 


R = 0-982. 


and 
Wes 
— 88 3-6, 
We 


From expression (10), therefore, 


1-06391 x 13,500 


et ee ae 
= (0-351 — 0-001 1-06391 «lll an 
m= , ee 14,520 


2-6 





= 0-356 
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The equivalent CO and H, mixture which would 
yield the same products of combustion is 


0-08205 CO + 0-14892 H, + 0-15749 O, 
+ 0-67545 Ny 
Total = mj, = 1-06391 1b.-mol. 


The percentage of “‘ correct ” mixture strength for 
the equivalent mixture is 


(0 -08205 + 0-14892) 
0-296 x 1-06391 


From Tables I and II, or from Fig. 1, page 666, the 
ideal efficiency of a 73-4 per cent. of “correct” 
CO-air mixture at 5:1 compression ratio is 0-3295, 
and for a corresponding H,-air mixture it is 0-3625. 
The ideal efficiency of the equivalent mixture is, 
therefore 


x 100 = 73-4 per cent. 


0-08205 x 0-3295 + 0-14892 x 0-3625 
0-08205 + 0-14892 
The heat of combustion of the 80 per cent. of 
“correct” coal-gas mixture is Q, = 0-15628 x 
92,900 = 14,520 C.H.U. per lb.-mol. The heat 
of combustion of the equivalent CO-H, mixture is : 
0-08205 x 67290 + 0-14892 x 57500 
1-06391 
= 13,240 C.H.U. per Ib.-mol. 





= 0-351. 





Ne 





e 


The value of E* at a compression ratio of 5:1 
is seen from Table III, page 667, to be ET! = 2,150 





* Burstall, A. F., Proc. I.A.E., vol. 21, page 620 
(1925). 


The value of the ideal efficiency calculated by the 
accurate method is 0-356. 

It will be found that, whatever fuel is chosen, the 
agreement between the ideal efficiency computed 
by the present method and the true value is so 
close as to be quite good enough for all practical 
purposes. This will be more readily seen from the 
figures given in Table IV. They relate to a range 
of mixture strengths and compression ratios using 
different fuels. The ideal efficiencies found by the 
use of expression (10) are given, together with the 
true values. The percentage deviation is shown 
for all cases in the final column of the table. The 
maximum error appears to be of the order of + 4 per 
cent. 

In the preceding work, the suction temperature 
has been assumed to be 100 deg. C. in ali cases. 
The suction temperature, of course, affects the ideal 
efficiency, the lower the temperature, the higher the 
efficiency. A correction chart to allow for variation 
of suction temperature can be constructed, as was 
shown previously by David and Leah, (loc. cit.). 
Mean values of the correction factor are shown 
plotted against suction temperature in Fig. 6, page 
667. These values of the correction factor are suffic- 
iently accurate for use in most cases. The ideal 
efficiency at 100 deg. C. suction temperature must 
be multiplied by the appropriate correction factor to 
give the efficiency at any other suction temperature. 





ExporT MARKETING.—In a brochure issued by the 
Overseas Division of the Osborne-Peacock Company, 
Limited, 47, Cannon-street, London. E.C.4, some interest- 
ing suggestions are given on improving export marketing 
techniques to meet growing competition. 
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VESSEL ON TRIALS. 
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THE ‘**ASPATRON’’ ATOMIC PILE. 


Tre name “ Aspatron” has been given to a small 
transportable atomic pile, which has been developed 
by Mr. Robert Barker and a team of physicists in the 
research laboratories of the A.S.P. Chemical Company, 
Limited, Bulstrode, Gerrards Cross, Buckinghamshire. 
As it is claimed that it enables small quantities of 
short-life radioactive isotopes to be prepared relatively 
inexpensively, it should be useful as a source of neutrons 
in localities where orthodox piles or cyclotrons are not 
available. 

The “ Aspatron,” which weighs about 1 cwt., 
consists essentially of a cylindrical container about 
2 ft. high and 2 ft. in diameter. A second cylinder, the 
diameter of which is some 4 in. less, is placed concentric- 
ally inside this container and the space between the 
two is filled with water. Both cylinders are of 
burnished copper. Ten circular travs, each of which is 
pierced with a central hole about 2 in. in diameter, are 
placed on top of one another in the inner container and 
are filled alternately with uranium oxide, as the active 
material, anc paraffin wax, as the moderator. The 
central hole is occupied by a capsule containing the 
material to be irradiated, when the pile is working, or 
by an arrester rod of boron steel. A double-walled lid 
with a central hole completes the equipment. 

The prototype model has been undergoing tests for 
some weeks, during which it has been used to induce 
measurable radioactivity in a small quantity of man- 
ganese dioxide. It is next to be subjected to quantita- 
tive tests with a view to discovering how its design and 
performance can be improved. 


Although a good deal more theoretical work remains 
| to be done, it appears that the action of the Aspatron 
depends on what is known as photo-disintegration. In 
this process, atomic nuclei are bombarded by high 
| energy y-ray protons, with the result that neutrons 
are emitted in an excited state, as are further y-rays. 
The neutrons thus emitted can be used to cause further 
fission. The y-radiation also releases neutrons when 
| it impinges on the copper walls of the vessel, and a 
| considerable proportion of these return inwards. The 
| Same process takes place at the outer wall on those 
| neutrons and y-rays which have passed through the 
| water jacket. It is estimated that about 20 per cent. 
of the y-radiation available is thus converted into 
neutrons and is returned to the uranium oxide, where 
it effects further fission. The minimum amount of 
energy required to bring about this disintegration 
varies with different substances and, in the case of 
copper, which is the principal material used in the 
| construction of the Aspatron, is lower than might 
be expected from purely theoretical considerations. 
The practical result is that effective use can be made 
of the energy exchange which takes place between 
the y-rays and the neutrons, and that the y-radiation 
can be usefully employed instead of contributing 
nothing to the efficiency of the chain reaction, as is 
the case in an orthodox pile. 

As far as the work has gone, the Aspatron offers 
considerable possibilities. It would seem that success 
will depend on the concentrations of neutron flux that 
.can be produced, and that further work is necessary 
to establish the best proportions of radioactive material 
and moderator, and the best dimensions of the container. 








TWIN-SCREW MOTOR FERRY 
‘* BALMORAL.’’ 


Tue Southampton, Isle of Wight and South of 
England Royal Mail Steam Packet Company recently 
placed in service the twin-screw motor ferry Bal- 
moral on the Cowes-Southampton route. The Bal- 
moral has been built by Messrs. John I. Thornycroft 
and Company, Limited, Thornycroft House, Smith- 
square, London, 8.W.1, and replaces the 50-year-old 
vessel of the same name which was rendered unservice- 
able as a result of war duties; her design is based on 
that of the “ Vecta,” which was built in 1938 by the 
same company and is plying on the same route. A 
photograph of the new vessel is reproduced in Fig. 1. 
The service speed is 15 knots, and during trials a 
speed of 16-55 knots was attained over a measured 
mile. There is accommodation for 600 to 800 passen- 
gers, and space for about 30 cars on the aft main 
deck. The length overall is 203 ft. 6 in., the’ moulded 
breadth is 30 ft., and the depth, moulded to the main 
deck 11 ft. The mean draught is 6 ft. 7 in.; the 
tonnage is 688, and the register tonnage 298. 

The Balmoral has three decks—promenade, main and 
lower—and the interior arrangement is similar to that 
of the Vecta with the exception of the car space, public 
rooms and officers’ accommodation on the main deck, 
the disposition of these being reversed. In the bulwarks 
at the aft end of the main deck there are wide double 
doors which permit cars to be loaded or discharged 
rapidly, while at the forward end are a dining saloon 
with seating for 64 persons, a cocktail bar, galley and 
pantry, as well as the crew’s mess, toilet accommodation 
and galley. On the lower deck, and aft of the engine 
space, is a large observation saloon with seating ar- 
ranged in bays, while forward of the engines are the 
crew’s quarters. All public rooms, with the exception 
of the saloon on the lower deck, are fitted with 
windows and have public-address loudspeakers fed from 
the wireless telephone room behind the wheelhouse. 
The wheelhouse is situated on the forward deckhouse, 
the top of which forms the bridge deck and is accessible 
to passengers. Sound-reproduction units for the public- 
address system and a radio-telephony unit are situated 
in the wireless-telephone room. : 

Hydro-electric steering gear, supplied by the Math- 
way Marine Company, Hamble, is situated in the after- 
most compartment of the lower deck and operates two 
rudders, the power unit being controlled from the 
bridge by tubular steel shafting universally jointed and 
running in ball bearings. The gear may also be oper- 
ated manually by a wheel situated on the poop deck 
and driving through tubular-steel shafting. Other 
deck machinery includes a Reid electric caprtan giving 
a 2-ton pull at 50 ft. per minute, and a Reid anchor 
windlass which has a pull of 2} tons at 30 ft. per minute. 

The propulsion machinery comprises two six-evlinder 
direct-reversing Sirron Diesel engines built by Messrs. 
John I. Thornycroft and Company, by arrangement 
with the Newbury Diesel Company, Limited; the 
port engine is iJlustrated in Fig. 2. Each of the engines 
develops 600 brake horse-power at 300 r.p.m., and drives 
one of the 5 ft. 6 in. diameter handed screws through 
54-in. diameter inter-shafts; the engines are of the 
airless-injection type. Direct current for the engine- 
room auxiliaries, lighting and general services is pro- 
vided by two Laurence Scott marine-type generators, 
each supplying 35 kW at 220 to 230 volts, and driven 
at 1,000 r.p.m. by a six-cylinder four-stroke Lister 
Diesel engine developing 53 brake horse-power. The 
two generators are arranged on each side of the engine 
room at the aft end, and the switchboard is situated 
centrally across the end. Each generator unit is pro- 
vided with a 2-cub. ft. air receiver for starting pur- 
poses, and three larger receivers, one of 13 cub. ft. and 
two of 39 cub. ft. capacity, are provided for starting 
the main engines. The main air compressor is of the 
vertical two-stage type, coupled to a 10-h.p. electric 
motor working at 720 r.p.m., and having a capacity of 
20 cub. ft. of free air per minute. A smaller com- 
pressor is coupled directly to the port Diesel-driven 
generating set and delivers 13-5 cub. ft. of air per 
minute. A stand-by lubricating-oil pump is situated 
just forward of the port main engine and comprises a 
5-h.p. electric motor mounted above an evacuating 
pump and driving it at 653 to 817 r.p.m. The pump, 
made by Stothert and Pitt, Limited, will deliver 12-3 to 
15 tons per hour at a working pressure of 20 Ib. per 
square inch, or 8-25 to 10 tons per hour at 30 Ib. per 
square inch. A centrifugal-type Inbricating-oil purifier 
is provided, and an 8-kW electric oil heater is fitted in 
the inlet side of the purifier piping. Two Serck oil 
coolers are used for cooling the main-engine piston and 
lubricating oil, each being capable of handling 15 tons 
of oil per hour and requiring 23 tons of sea-water as 
cooling fluid. Other auxiliary equipment includes sani- 
tary, bilge and general-service pumps, two rotary fuel- 
oil transfer pumps, and two centrifugal fresh-water and 
heating-system pumps. An “ Ideal ” Britannia boiler, 





rated at 165,000 B.Th.U. per hour, delivers hot water. 
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CONTINUOUS MINING MACHINE. 


JOY MANUFACTURING COMPANY, 


THE ‘‘ JOY’? CONTINUOUS 
MINING MACHINE. 


Tue National Coal Board have recently received 
from the United States a continuous mining machine 
for trials in British coal mines. It is a Joy 3-JCM 
continuous miner, made by the Joy Manufacturing 
Company, Henry W. Oliver Building, Pittsburgh 22, 
Pa., U.S.A., and has been imported under 
ments made by Messrs. Joy-Sullivan, Limited, 6, 
Carlos-place, iaahen. W.1. Under ideal conditions it 
will cut and load 2 tons of coal a minute. The machine, 
a photograph of which is reproduced on this page, 
is driven by several electric motors, and some of the 
motions are hydraulically operated. It is self-propelled, 
being mounted on two tracks. The forward part of the 
machine, on the right of the illustration, consists of a 
cutting head, a short intermediate conveyor behind 
the head, and, on each side of the conveyor, a main 
electric motor which drives the head through reduction 
gearing. The whole forward assembly is pivoted = 
the main chassis so that it can be s 45 deg. to 
the right or left, and the front end of the cutting head 
itself can be elevated or depressed. The main chassis 
of the machine, mounted on the tracks, provides a 
pivot base for the forward part; it also incorporates 
the main conveyor (the rear part of which can be 
swung to the right or left, and depressed and elevated), 
and it carries the hydraulic pump and motor, the 
traction motors, the controls, etc. 

In operation, the machine is driven up to the coal 
face, and the cutting head lowered and swung to the 
extreme right. The cutter is then started ; it is driven 
18 in. into the coal by hydraulic power, the whole front 
part of the machine moving forward while the main 
chassis remains stationary. The forward movement 
having been completed, the cutter head is elevated 
hydraulically, while the coal is carried over and 
dropped on to the intermediate conveyor. When the 
top of the seam has been reached, the head is retracted, 
swung to the left, and the cycle repeated. This pro- 
cedure is continued until the coal face has been cut 
to the required width and height, when the whole 
machine is advanced 18 in. on its tracks and cutting 
resumed. Two models of the machine, of different 
heights, are made, one being suitable for seams 
40 in. to 60 in. thick, and the other for seams 
54 in. to 96 in. thick. The overall height of the 
former is 34 in., and of the latter 48 in.; in both 
cases the total length (retracted) is 25 ft. 6 in., and 
the width is 7 ft. 44 in. In one position of the 
chassis the machine is capable of cutting over a width 
of between 10 ft. and 17 ft. 

The cutter head, or “ ripping bar,” is 30 in. wide, 
and comprises six chains, each carrying 20 tungsten- 
carbide replaceable bits. The chains are driven by 
sprockets mounted on a shaft which is coupled to 
two 65-h.p. water-cooled motors through the reduction 
gears, a motor and reduction being mounted on 
each side of the intermediate conveyor. The drives 








incorporate clutches, also telescopic splined shafts 
which allow the forward movement of the head to 
take place. The cutter head is advanced by two 
hydraulic cylinders; the forward movement of the 
intermediate conveyor and the swinging of the com- 
plete head are also effected by hydraulic drive. After 
the head has been driven into the coal face, the action 
of the cutting bits is to break up the coal into fairly 
large lumps, which are carried back to the inter- 
mediate conveyor; this, in turn, delivers the coal to 
a hopper between it and the main conveyor. The 
intermediate conveyor is driven at its delivery end by 
one of the main motors. 

The main conveyor, which is driven by two 5-h.p. 
motors, incorporates a single central chain, so that its 
direction can be changed when the rear unit is swung, 
up to a maximum of 45 deg., to right or left. The 
unit is by two hydraulic cylinders, and is 
elevated or depressed by one cylinder. Each travel- 
ling track is driven by a 7}-h.p. motor, giving a 
speed of 35 ft. per minute for manceuvring. Hydraulic 
power for the various movements is provided by a 
pump with a capacity of 15 gallons per minute, driven 
by a 7}-h.p. motor. The maximum hydraulic pressure 
is 1,500 lb. per square inch. Spray nozzles are fitted 
to the head of the machine to keep down coal dust, 
and a double-acting roof jack is mounted on each 
side of the machine. The operator’s controls are placed 
on the right-hand side, towards the rear of the machine, 


| so that he is approximately 14 ft. from the coal face. 





THE NICKEL INDUSTRY IN 1949. 


Tue total world consumption of Canadian nickel in 
all its forms, during 1949, is expected to be about 
15 per cent. lower than was the case in 1948, when a 
new high record of output for a peace-time year was 
established. In a recently-published review of the 
nickel industry, Mr. R. C. Stanley, chairman of the 
board of the International Nickel Company of Canada, 
Limited, Copper Cliff, Ontario, said that the decline 
in the demand for nickel occurred during the period 
from May to August, 1949, and that consumption was 
adversely affected, in the autumn months, by the steel 
and coal strikes in the United States. He states that 
French production of nickel, mostly from mines in 
New Caledonia, showed an increase over that for 1948, 
but was still relatively small when compared with the 
Canadian output. Russia also continues to produce 
nickel but, as has been the case in previous years, no 
information has been made available regarding the 
quantities produced. As in previous years, the 
United States and the United Kingdom are the largest 
consumers of Canadian nickel, the former importing 
65 per cent. and the latter 20 per cent. of the total 
output. The International Nickel Company is actively 
pursuing its programme of improving production 
methods and reducing costs and is also perfecting 
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processes to utilise its great reserves of low-grade ore, 
hitherto considered unprofitable. 

A considerable portion of the nickel consumed 
annually in the world is used in the production of alloy 
steels.. Low-carbon 9 per cent. nickel steel, one of the 
few new steels to appear in recent years, has been 
developed primarily to meet the need for a material of 
medium cost suitable for use in the construction of 
oxygen plants and containers for liquefied gases. 
Another use for the steel, however, has been found 
in the petroleum industry, where it is employed to 
meet the corrosive conditions encountered in gas 
distillate wells. Substantial quantities of _oil-well 
tubing of 9 per cent. nickel steel have been produced 
of late and it is also being used for the solder rolls 
employed in the manufacture of tinned containers. 
A development which has accounted for the consump- 
tion of considerable quantities of stainless steels has 
been the wider application of these materials for 
lining pulp digesters used in the manufacture of paper. 
New processes for the treatment of fats and oils for the 
soap and detergent industries are requiring appreciable 
quantities of stainless steels for processing equipment 
operating at high temperatures and pressures. More- 
over, the oil and chemical industries are being expanded 
in the United Kingdom and in France and this has led 
to substantial orders for stainless steels. 

During the year 1949, Mr. Stanley continues in his 
review, the Boiler Construction Code Committee of the 
American Society of Mechanical Engineers approved 
the use of fusion welding for the construction of unfired 
pressure vessels of Monel, nickel and Inconel. This 
has led to an increase in the use of these materials in 
the chemical, as well as in the power and ancillary 
industries. In the architectural field, the new Monel 
roofing sheet introduced in 1948, it appears, has found 
an extensive market for industrial plants, hospitals 
and various public buildings, the long life and low 
maintenance costs of the Monel sheeting outweighing 
the higher initial cost of the material as compared with 
other types of sheeting. Nickel-containing cast irons 
continue to gain in importance. Large quantities of 
Ni-Hard, an alloy containing from 2-5 to 4-75 per cent. 
of nickel, are employed for the production of abrasion- 
resistant castings, such as grinding balls, crushing-mill 
linings, chutes and pumps for the mining industry. 
It is also being used to an increasing extent for similar 
applications in the cement industry. In the United 
Kingdom, Mr. Stanley adds, interest has been parti- 
cularly pronounced in connection with the adoption 
of Ni-Hard cast iron for various component parts of 
brick-making and clay-working machinery. e 3 to 
5 per cent. nickel brasses and bronzes, which possess 
greater strength, have an improved structure, and are 
more resistant to wear and corrosion than the normal 
brasses and bronzes, are being used to an increasing 
extent for castings for constructional work and bearings, 
and for parts operating under pressure. Aluminium 
bronzes containing an addition of 5 per cent. of nickel 
are also steadily gaining in favour. 











DEC. 23, 1949. 


ENGINEERING. 


671 








IMPROVED LONDON TRANSPORT ROLLING 


STOCK. 








Fig. 1. 





RETRACTABLE SHOE GEAR ON BOGIE. 





Fie. 2. Hiau-Winpow Car FoR BAKERLOO LINE. 


IMPROVED ROLLING STOCK FOR 
LONDON TRANSPORT. 


BrErorE the war the London Passenger Transport 
Board designed four six-car experimental trains for 
use on the District Line. These provided increased 
accommodation without any increase in length over 
that of the standard vehicle and incorporated a number 
of improvements which were intended to assist oper- 
ating performance. As a result of experience with 
this stock and further experimental work, these and 
other improvements are now being incorporated in 
143 non-driving (i.e., without driving cabs) motor cars, 
which are being constructed by the Gloucester Railway 
Carriage and Wagon Company, Limited, Gloucester, 
and the Birmingham Railway Carriage and Wagon 
Company, Limited, Smethwick, as well as in 82 existing 
trailer cars, which are being converted to driving 
motor cars by the former firm. All the cars are known 
as class R rolling stock. 

While the design of the bodies of these cars closely 
follows that adopted for the London Transport surface 
stock of 1938, a number of improvements have been 
introduced. These include anti-telescoping pillars on 
the exterior of the car ends, and flush-fitting anti- 
jamming connecting doors with “ lift-off” hinges and 
ample overhead clearance, so as to minimise the effects 
of possible collisions. As a safeguard against over- 
riding the bogies are tied to the body by king-pins. 
The bogies are mainly of welded construction, but the 
side frames, headstocks and trunnions are fabricated 
as units and riveted together to form a complete 
assembly. The side of the bogie opposite to that on 





which the motor is carried is cross-braced and in place 
of the conventional spring plank arrangement the body 
load is transmitted through bolster hangers to two 
main beams. These beams are supported from the 
bogie frame on widely-spaced bolster springs, the load 
being transmitted through suspensions of the knife-edge 
type. As shown in Fig. 1, the bogies are fitted with 
spring-borne collecting-shoe gear. This is mounted on 
insulated brackets connected to the bogie frame, an 
arrangement which enables the usual shoe beam to be 
eliminated. To ensure that the height of the shoe above 
the running rail is independent of the height of the 
bogie frame, a compensating mechanism connected to 
the axleboxes is fitted ; balata strips are used to limit 
the drop of the shoes and enable the shoes to be lifted 
from and maintained clear of the current rail by 
operating the capstan-type handle. 

The cars carry a_ self-ventilated nose-suspended 
motor on each bogie. These motors, which have an 
output of 110 h.p. on the one-hour rating, were manu- 
factured by Messrs. Crompton Parkinson, Limited, 
Crompton House, Aldwych, London, W.C.2.; the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2; and the Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17. They are fitted with roller bearings 
throughout and, as it has been found that the armature 
core ducts may become blocked with dirt between over- 
hauls, these have been omitted. The speed character- 
istics of the motors have been arranged to comply with 
present-day schedules as well as to permit of some 
increase of the speed in future. 

The control equipment was supplied by the British 


Thomson-Houston Company, Limited, Rugby. Al- 
though generally similar to that used in the 1938 
stock, it includes a number of minor modifications, 
which have been introduced to improve the accessi- 
bility and reliability. The master controller is pro- 
vided with two forward positions, so that either high or 
low acceleration can be obtained, the latter being used 
when the conditions are such that wheel slip may 
occur. Field shunting resistances are provided with 
tappings giving 80, 65, 60, 55 or 50 per cent. of 
full field. By means of a switch the driver is able 
to bring weak field into operation through two relay- 
actuated steps. 

The auxiliary equipment includes a motor generator, 
which is mounted on one of each pair of cars and a 
motor-driven compressor, which is mounted on the 
other car. The motor-generator has a direct-current 
output of 4 kW at 50 volts, and is used for charging a 
46-volt 56-ampere-hour battery, which floats across it, 
as well as supplying current for the traction control 
circuits, electro-pneumatic door and brake equipment 
and emergency lighting. It also supplies alternating 
current at 110 volts and 850 cycles per second for the 
fluorescent lighting from a winding inserted in the 
main pole shoes. The motor-driven compressor is of 
the two-stage reciprocating type with an inter-cooler, 
and is capable of delivering about 34 cub. ft. of free air 
per minute against a pressure of 120 Ib. per square inch. 

Improvements in the electro-pneumatic and hand 
brake mechanisms have also been made, as well as in 
the equipment for the pneumatically-operated doors 
and in the compressed-air system generally. The auto- 
matic couplers are of a new shankless type with 
channel side frames and are provided with 46 contact 
studs. Control is either by a trigger switch in the 
driver’s cab or by a self-locking key-operated switch 
on the outside end panel of the car. The interiors of 
the cars and the destination-blind and train-number 
plate boxes are all lighted by fluorescent lamps. 

The interior of another new car, which has been 
designed by London Transport for experimental use 
on the tube lines, is illustrated in Fig. 2. This is 
intended to provide a better outlook and improved 
natural illumination by carrying the windows into the 
roof up to the level of the top of the deors. As will be 
seen, the windows in the doors themselves have also 
been extended upwards. Standing passengers should 
therefore be able to see out without stooping, in a way 
that is impossible with the existing tube cars. 

To understand what was involved in making this 
change it may be mentioned that a tube car is built 
as a stressed structure, which can either be regarded 
as a tubular girder or as a combined lattice and plate 
girder from the solebar to the waist rail. The pillars 
projecting from the waist rail can also be regarded as 
cantilevers, the resisting moments of which are added 
to those of the rest of the structure. In either case 
the shear loads at the doors, which come at the point 
of contra-flexure, have to be taken into account ; shear 
loads at these points are resisted by using the strength 
of the door-pocket pillars, coupled to a doorway header 
of substantial section. As, however, the doors curve 
inwards at the top, there is a tendency for the pocket 
structure to twist in a hor’ :ntal plane. 

To give more stiffness t, the door-pocket structure, 
the rectangular outer light was therefore replaced by a 
circular window in a steel panel, as shown in Fig. 2, so 
that a gusset effect was provided in the corners. A 
new intermediate window pillar of tubular section was 
also substituted for the old rectangular pillar and part 
of the associated roof “‘ stick,” and was attached to the 
waist rail and to the existing monitor rails, which run 
through the car at the level of the doorway header. 

As will also be seen from Fig. 2, the new windows are 
glazed in three pieces, the uppermost of which is curved 
to the roof contour, while the lowest is straight. The 
space between the two is filled by a tilting ventilation 
glass. Since, to give full vision, all the horizontal edges 
in the ventilator portion are frameless, the glass is 
curved in the vertical direction to provide enough 
stiffness to withstand rough handling. The lights in 
the sliding doors have also been extended in two 
pieces to the tops of the doors. These two pieces butt 
together at the springing point between the curved 
and straight portions, the joint being made with light- 
weight metal channels. The curved glass for the 
windows was supplied by Messrs. Pilkington Brothers, 
Limited, St. Helens, Lancashire, and the new doors by 
Lightalloys Limited, Willesden, London, N.W.10. 

A further innovation is that the fixed lights are 
clipped to the outside of the car body at their corners 
and butt on to Sorbo rubber strips. It is hoped in 
this way to overcome the difficulty of water lodging 
on the upper edge of the panel, against which the glass 
is usually secured, and leaking down between the steel 
and glass, thus causing corrosion. The construction of 
the new and the conversion of the existing cars des- 
cribed in this article was carried out under the direction 
of Mr. W. S. Graff-Baker, Chief Mechanical Engineer 





(Railways), London Transport Executive. 
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BRITISH STANDARD 
SPECIFICATIONS. 

The following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales ee of 
the Institution, 24, Victoria-street, London, 8.W.1, 
at the price quoted at the end of each paragraph. 


Definitions and Symbols for Welding—A second 
draft revision of B.S. No. 499, a glossary of terms and 
symbols relating to the welding and cutting of metals 
has now been issued. It has been prepared by technical 
committee WEE/1 and covers general terms common 
to welding and cutting, terms relating to welding with 
pressure, terms relating to fusion welding (welding 
without pressure), terms relating to brazing and bronze 
welding, terms relating to testing, terms relating to 
welding imperfections, and terms relating to cutting. 
Each definition is numbered, and, where appropriate, 
an explanatory drawing is included. Comments on 
this draft specification are invited, and should be sent, 
by January 10, 1950, to the Institution at the above 
address. [Price 2s., postage included.] 

_ Unified Screw Threads.—A new provisional specifica- 
tion, B.S. No. 1580, covering screw threads, has been 
prepared by authority of the Mechanical Engineering 
Industry Standards Committee of the Institution, as 
a result of deliberations which originated under the 
sponsorship of the Governments of the United King- 
dom, Canada and the United States.. An agreement 
between these three countries, signed in Washington 
in December, 1948, represented the culmination of dis- 
cussions extending back ovér 30 years, and resolved 
differences in screw-thread design which have existed 
for close upon a century. The thread.system adopted 
is to be known in all three countries as the “ Unified 
Screw-thread System,” and common designations for 
the various threads have been agreed to. The system, 
at present, relates to threads } in. in diameter and 
larger, for bolts, nuts, screws and engineering details. 
No common agreement has yet been reached regarding 
threads smaller than } in. in diameter, or pipe threads. 
The system embraces a defined thread form and two 
regular diameter/pitch series, namely, a coarse series 
(designated UNC) and a fine series (UNF). B.S. 
No. 1580 furnishes all the technical data ry to 
ensure the interchangeability of threaded products 
made to this specification and to the corresponding 
American and Canadian specifications. [Price 7s. 6d., 
postage included.] 

Miniature Lubricating Nipples.—Constituting the 
third in the series of British Standard Specifications 
drawn up to standardise the overall dimensions and 
thread sizes of lubricating nipples, B.S. No. 1486: 
Part 3 has now made its appearance. It deals with 
aluminium-alloy lubricating nipples, suitable for use 
where small, light-weight nipples are required. The 
dimensions are identical with those of the nipple used 
on aircraft (A.G.S. 554) but the specification does not 
deal with the internal construction of the nipple. The 
publication provides for workmanship and finish, and 
permissible variations in dimensions and materials, as 
well as overall dimensions and thread sizes. It also 
stipulates the minimum distances at which the nipples 
can be mounted to permit the application of the appro- 
priate lubricating connector. Parts one and two of 
the. specification are published separately. The first 
deals with lubricating nipples and adapters for use on 
machinery and vehicles, and Part 2 with heavy-duty 
lubricating nipples. [Price of the newly-issued Part 3, 
2s., postage included.] 

Asbestos-Cement Rain-Water Pipes.—A revision of 
B.S. No. 569, which covers asbestos-cement rain- water 
pipes, gutters and fittings, has now been published. It 
concerns pipes from 2 in. to 6 in. in diameter and also 
the necessary fittings to enable this material to be 
used throughout a building. The standard gutters 
comprise the half-round and ogee types, as well as a 
range of larger gutters, including the valley, northlight- 
valley, boundary-wall and box types, together with 
their appropriate fittings. No standardisation of rain- 
water heads, however, has been included; the speci- 
fication merely stipulates those dimensions which are 
essential to ensure that the heads will be suitable for 
use with the standard pipes. The specification includes 
clauses relating to test requirements for soundness, 
bursting strength, water absorption and resistance to 
acids, and tolerances on the thickness of the material. 
[Price 68., postage included.] 








EXHIBITION OF ELECTRONIC APPARATUS, HAMILTON. 
—tThe Principal of the School of Engineering, Crawford- 
street, Burnbank, Hamilton, Lanarkshire, informs us 
that an exhibition of electronic apparatus is being held 
at the School on December 28, 29 and 30. There will be 
a varied display by leading manufacturers of electronic 
and television equipment and admission is open to all 
industrialists and others interested. 
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IzaRD. Twenty-seventh edition. Dunod, 92, Rue 
Bonaparte, Paris (6e), France. [Price 350 francs each.] 

Bulletin du Centre d’Etudes, de Recherches et d’Essais 
Scientifiques des Constructions du Génie Civil et 
@Hydraulique Fluviale. Volume IV. 1949. Le 
Centre d’Etudes des Constructions du Génie Civil, 139, 
Quai de Rome, Liége, Belgium. [Price 330 francs 
post free.]} 

Wege zur Rationalisierung. Schriftenreihe des Rationali- 
sierungs- Ausshusses der Deutschen Wirtschaft. (RAW .) 
No. 1. Die Preise von Morgen. Carl Hanser-Verlag, 
Leonhard-Eck-Strasse 7, Munich 27, Germany. [Price 
2-80 D.M.) 

Motor Tune-up Manual. By Ratpn Jay EVEREST. 
The Macmillan Company, 60, Fifth-avenue, New 
York 11, U.S.A. [Price 5-50 dols.] Macmillan and 
Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 41s.] 

The International Mercantile Diary and Year Book. 1950. 
The Syren and Shipping, Limited, 26-28, Billiter-street, 
London, E.C.3. [Price 308. net.] 
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PERSONAL. 


Sir ARTHUR M. SUTHERLAND, Br., D.L., J.P., has been 
re-elected President of the Shipping Federation for the 
ensuing year. 

GENERAL SIR EDWIN L. Morris, K.C.B., M.C., has been 
appointed Representative Colonel Commandant of the 
Royal Engineers for the period January 1 to December 31, 
1950. Masor-GENERAL SiR E. BERTRAM ROWCROFT, 
K.B.E., C.B., M.I.Mech.E., M.I.E.E., has been appointed 
to a similar position with the Royal Electrical and 
Mechanical Engineers. 

CapTaINn (E) J. E. Cooke, R.N., has been appointed 
by the Lords Commissioners of the Admiralty to be their 
representative as an honorary member of Council of the 
Institute of Metals in succession to CapraIN (E) F. A. 
LIsTEer, R.N. 

Mr. ATHOLL BLAIR, M.B.E., M.I.Mech.E., and Sm 
HENRY Guy, C.B.E., D.Sc., F.R.S., have been elected 
to honorary membership of the Belfast Association 
of Engineers. 

Mr. W. J. Ruston has been appointed deputy chairman 
of the board of Messrs. Ruston and Hornsby, Limited, 
Lincoln, of which he has been a director since 1939. 
The chairman of the company is Mr. J. H. W. PAWLYN. 

Mr. E. KENNETH HuGHES has been appointed to 
succeed Mr. WILLIAM BROWN as manager, in London, 
of the Whitehead Iron and Steel Company, Limited. 
Mr. T. G. RopGER has been appointed commercial 
manager, while Mr. ROBERT MILIS has taken charge 
of the Birmingham office of the company, Mr. L. H. 
Perry, having retired owing to ill-health, Mr. D. R. 
GREENHOUGH has been made assistant to Mr. Mills. 

Among the newly-elected members of the Council of 
the British Institute of Management, 17, Hill-street. 
London, W.1, are Mr. B. D. BAKER, MR. F. R. M. DE 
PauLa, O.B.E., Mr. J. J. GRACIE, MR. R. LLOYD ROBERTS, 
C.B.E., Sir GEOFFREY MANDER, J.P., and Mr. T. H. 
WINDIBANKE, M.I.E.E. 

Mr. B. SHALLIS, M.B.E., A.M.I.E.E., a principal 
Assistant (Technical), Electrical Division, Chief Engineer’s 
Department, London County Council, retired under the 
age limit on December 19. 

Mr. C. S. GILL, managing director of Davy and United 
Roll Foundry Limited, Empire Works, Haverton Hill. 
Billingham, County Durham, has been re-elected chair- 
man of the Roll Makers’ Association of Great Britain 
for the fourth successive year. 

Dr. J. B. CHALLIEs, vice-president and executive 
engineer, Shawinigan Water and Power Company, 
Limited, Montreal ; Dr. LILLIAN M. GILBRETH, consulting 
management engineer, Montclair, New Jersey, U.S.A. ; 
Sm FRANK WHITTLE, K.B.E., C.B., F.R.S., the inventor 
of the jet engine ; and Dr. C. R. YouneG, former Dean 
of the Faculty of Applied Science and Engineering, 
University of Toronto, have been elected honorary 
members of the Engineering Institute of Canada. Mr. 
G. A. GAHERTY and Mr. J. A. MoCrory, both of Mon- 
treal, have been awarded Julian C. Smith Medals of the In - 
stitute “ for achievement in the development of Canada.”’ 

Mr. R. EwaRT STAVERT, President of the Consolidated 
Mining and Smelting Company of Canada, Limited, has 

been elected a director of the International Nickel 
Company of Canada, Limited. 

Mr. C. Tuson, A.M.I.E.E., retires, owing to ill health, 
from the board of Keith Blackman Limited, Mill Mead- 
road, Tottenham, London, N.17, on December 31. The 
two vacancies on the directorate caused by Mr. Tuson’s 
retirement and the death of Mr. C. J. A. GALLoway. 
have been filled by the election of Mr. G. S. TEGGIN. 
M.Sc.Tech., and Mr. W. G. CALDER. 

Miss E. M. R. Drrmas, M.A., is retiring from her post 
as director of Aslib, 52, Bloomsbury-street, London, 
W.C.1, on February 28, 1950. 

Mr. J. D. Dopp has been appointed advertising mana- 
ger to the Associated British Oil Engines Group, 32, Duke- 
street, London, S.W.1. Mr. LEwis Hart, however, con- 
tinues as publicity manager to the Brush Electrical 
Engineering Company, Limited, Loughborough. Mr. 
Hues Barty-KineG has succeeded Mr. MERVYN TALBOT 
as Press and public relations officer for the Brush Com- 
pany and the Associated British Oil Engines Group, 
Mr. Talbot having joined Messrs. W. S. Crawford, Limited. 

Messrs. DAVID BROWN AND Sons (HUDDERSFIELD) 
LimITED, Huddersfield, have entered into a technical-aid 
agreement with UsINES ET ACIERIES DE SAMBRE ET 
MEvsE, under which the latter firm will utilise Messrs. 
Brown’s techniques and processes for producing steel 
castings for aircraft equipment and heat-resisting alloys 
for aircraft gas turbines. A new foundry is being set 
up at Feignies (Nord), France, for this purpose. 


The INDIAN GOVERNMENT COMMERCE DEPARTMENT, 
including the section dealing with imports of machinery 
into India, formerly at 55, Jermyn-street, London, 
S.W.1, has moved to the Office of the High Commis- 
sioner for India, the new address being, Commerce 
Department, India House, Aldwych, London, W.C.2. 

i 
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NOTES FRUM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—The production of steel ingots and 
castings during November was at a rate of 2,546,200 tons 
per annum as compared with 2,416,700 tons in the pre- 
ceding month. During the first nine months of the year 
the output averaged 44,980 tons a week—equivalent to 
2,338,900 tons per annum—while a high rate has been 
maintained to date this month so that, with two weeks 
to go, Scotland is practically assured of exceeding last 
year’s record output of 2,253,900 tons. The annual rate 
of output in November, 1948, was 2,480,200 tons; in 
October it was 2,423,600 tons, and in the first nine months 
of that year, 2,194,700 tons. Pig-ron production, last 
month, was equivalent to 787,200 tons per annum, in 
contrast with 804,900 tons in October, and 763,900 tons 
in the first three quarters of the present year. The 
overall performance for the year to date is slightly better 
than last year when, in November, the output was at a 
rate of 802,400 tons per annum, in October 775,400 tons, 
and from January to September, 759,300 tons. The 
maximum activity continues at the various works in an 
attempt to clear off as much as possible of the year’s 
final commitments, but there will be a heavy carry 
over into 1950. The major part of the industry’s effort 
is necessarily taken up with meeting home demands, 
nevertheless there is a considerable volume of work in 
connection with export business. Larger allocations 
than usual were granted for export in the current period, 
but it is not certain that these will be executed. Makers 
still have, on their books, orders representing large ton- 
nages of steel for overseas which are held up awaiting 
import licences. Canada is displaying more interest 
than hitherto, and encouraging contracts for rails and 
sheets have been booked. 

Scottish Coal.—With the approach of the holiday 
period, pits are making arrangements to work an extra 
Saturday shift now, in lieu of that scheduled for December 
31. Ayrshire recently completed such a shift, and the 
additional output obtained raised the weekly average 
over an 11-day period to 496,600 tons, the best perform- 
ance to date. Consumer demand is at a seasonally high 
level, with industrial production at a correspondingly 
high rate, while periodic spells of cold weather maintain 
the domestic consumption on the full permitted scale. 
Industrial space-heating consumes an increased tonnage. 
Distribution runs fairly smoothly, and a satisfactory 
supply is maintained so far as quantity is concerned, but 
criticism occasionally arises in respect of quality. Indus- 
trial fuel is reasonably comfortable. A moderate trade 
is passing in the export section. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The recent big outputs of iron 
and steel have enabled producers to handle delivery 
obligations more satisfactorily than for some time, and 
nearly all urgent demands for home purposes are receiving 
adequate attention. For export also, an expansion of 
quotas is reported and further increase in overseas trade 
is foreshadowed. At the same time, however, the outlook 
is still obscure and buyers continue to adopt a cautious 
attitude. The fear of an advance in prices, consequent 
upon the rise in rail freights, is holding up orders. The 
various descriptions of raw material are plentiful and the 
large supplies of iron and steel scrap are maintained at a 
high level to meet an unabated demand. Scrap values 
have been stationary during the period of general price 
inflation and its comparative cheapness has encouraged 
ite very extensive use in place of pig iron. Blast-furnace 
products are no longer scarce, nevertheless they continue 
to be steadily taken up. Makers of most semi-finished 
and finished commodities have a good deal of work in 
hand and some are heavily sold. 


Foundry and Basic Iron.—The better supplies of ordi- 
nary foundry pig iron reaching North-East Coast users 
are almost wholly from producers in the Midlands. 
All the make of the Middlesbrough basic blast-furnaces 
is still required for direct consumption at producers’ own 
steel plants. 


Hematite, Low Phosphorus and Refined Iron.—Sub- 
stantial parcels of East-Coast hematite are obtainable 
and low and medium phosphorus grades of iron are in 
satisfactory supply. Refined-iron manufacturers have 
quite good order books and are able to keep abreast of 
delivery obligations to home customers and to provide a 
little tonnage for export. 

Manufactured Iron and Steel.—Producers of semi- 
finished and finished iron are not without fairly good 
orders, but would welcome the purchase of certain 
commodities for reasonably early delivery. Users of 
semi-finished steel have no difficulty in securing ample 
parcels for their needs, but small billets and sheet bars 
are not too plentiful. Some departments of the finished- 
steel industry are still unable to cope fully with their 
delivery obligations. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—It is computed that, at leading works, 
the output of steel ingots and castings will reach record 
high proportions this year. A cheerful view of prospects 
in export business with Canada is expressed by Mr. F. 
Pickworth, managing director of the English Steel 
Corporation, Limited. He says that, as a result of deve- 
lopments taking place in Canada, there is a prospect that 
the Corporation and its subsidiaries will be able to double 
the trading target of a million dollars achieved there this 
year. Mr. Pickworth recently undertook a 15,000-mile 
tour of Canadian and American plants. Arrangements 
have been made for the establishment of depots in 
Canada for the disposal of the Corporation’s products. 
Organisations have been set up for the machining of 
railway rolling-stock wheels, in collaboration with a 
Canadian locomotive manufacturer, and plant from this 
country has been installed. Large stocks of railway 
products are now available from which the railway com- 
panies there can draw upon. A factory has been erected 
at Edmonton, in partnership with an oil-well equipment 
company, for the development of a business to manufac- 
ture equipment for oil-well drilling. Arrangements also 
have been put in hand for an extension of sales in British 
Columbia. Mr. Pickworth adds that the Canadians are 
anxious to buy from Great Britain, but it is necessary for 
our prices to be no higher than those of the United 
States, which means, very often, that they should be 
lower. 

South Yorkshire Coal.—Exceptionally high production 
of coal has been achieved recently, and despatches to 
the railways, industrial undertakings and gas and elec- 
tricity concerns have been very satisfactory. Sufficient 
coking coal has been provided to meet all the require- 
ments of the coking plants which will operate throughout 
the holiday period. Gas coal has been eagerly sought 
and has been plentifully available. Rather more open- 
cast coal has been produced as a result of a subsidence 
of the floods at the sites. Supplies of coke-oven gas have 
been satisfactory, and the make of hard coke has covered 
requirements. Gas coke is in good supply and is being 
used extensively to supplement house-coal deliveries. 
Patent fuel is very active. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Records in coal production 
and in shipments abroad bave been broken in South 
Wales during the past few weeks. In the week ended 
December 10, provisional figures (usually erring on the 
low side) placed output in South Wales and Monmouth- 
shire at 502,609 tons of saleable coal raised, which was 
the highest for the year. For the second time in succes- 
sion, and only the third since nationalisation, it topped 
the 500,000 tons mark. As a result, there were numerous 
reports of records being broken at the collieries. Out- 
standing were the results at Pare Colliery, Cwmparc, 
where the men achieved the best week’s output since the 
pit was opened 73 years ago by producing 11,400 tons. 
Men at the Lady Windsor Colliery, Ynysybwl, also 
achieved the highest output since the colliery was 
opened 54 years ago, namely, 10,015 tons. Shipments 
abroad have been stepped up in the last quarter of the 
year and, as a result, the Docks and Inland Waterways 
Executive have reported that, in the four weeks ended 
December 4, their six Welsh docks handled a post-war 
record amount of coal, namely, 741,695 tons. This 
brought shipments of all coal and coke, for the year to 
date, up to 7,327,208 tons, against 6,122,078 tons last 
year, while patent fuel rose by nearly 180,000 tons to 
512,707 tons. Supplies of all the better qualities were 
extremely scarce on the Welsh steam-coal market 
throughout the past week, with the result that salesmen 
could handle only a small portion of the total volume of 
business that was available. Already business in hand 
was usually sufficient to the maint of present 
conditions and the tone was consequently strong. Large 
quantities continued to be needed to meet the require- 
ments of inland consumers, but export programmes were 
kept up to date. Shipments for France and Italy were 
on good lines but, in the case of the Argentine, some 
difficulties experienced by shippers in securing payments 
from the public-utility undertakings, brought ship- 
ments to these users almost to a standstill. Deliveries 
to the railways, however, have gone ahead on good lines. 
Spanish and Portuguese consumers have maintained a 
steady interest. Bunkers were in sustained request, 
while cokes and patent fuel were kept very well engaged, 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plates was active and 
consumers placed a large proportion of their requirements 
for Period 1 of 1950. The export market improved 
and the sales showed an appreciable increase, mainly, in 
this case also, for delivery during the first quarter of 
1950. The demand for steel sheets continues to be 
exceptional, while that for iron and steel scrap is steady. 








NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF MECHANICAL ENGINEERS.—AUTO- 
MOBILE DIVISION, Western Centre: Thursday, December 
29, 6.45 p.m., Royal Hotel, Bristol. ‘“‘ Automobile 
Electrical Equipment for Passenger Cars,” by Mr. M. W. 
Kendall. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Decem- 
ber 30, 6.30 p.m., 39, Victoria-street, S.W.1. Question 
and Discussion Evening. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, January 2, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. ‘‘ Applica- 
tion of Frequency Modulation to Very High Frequency 
Multi-Channel Radio-Telephony,” by Mr. J. H. H. Merri- 
man and Mr. R. W. White. South Midland Centre: 
Monday, January 2, 6 p.m., James Watt Memorial 
Institute, Birmingham. ‘The Performance of the 
British Grid System in Thunderstorms,” by Dr. J. 8. 
Forrest. Mersey and North Wales Centre: Monday, 
January 2, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. “‘ Hot-Cathode Thyratrons : Practical Studies 
of Characteristics,” by Mr. H. de B. Knight. North- 
Western Centre: Tuesday, January 3, 6.15 p.m., Engin- 
eers’ Club, Manchester. ‘‘ Radar Echoes from Precipita- 
tion,” by Mr. J. E. N. Hooper and Mr. A. A. Kippax. 
Southern Centre: Wednesday, January 4, 6.30 p.m., 
University College, Southampton. “ An Oscillograph 
for Automatic Recording of Disturbances on Electric- 
Supply Systems,” by Mr. W. T. J. Atkins. Utilization 
Section: Thursday, January 5, 5.30 p.m., Victoria- 
embankment, W.C.2. “ Aircraft Magneto Development,” 
by Mr. R. T. Coe and Mr. D. F. Welch. North-Eastern 
Centre: Monday, January 9, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. “ Agricultural and Horticultural 
Electrification in North America,” by Mr. F. E. Rowland. 
Education Discussion Circle: Tuesday, January 10, 
6 p.m., Victoria-embankment, W.C.2. Discussion on 
“ Organisation of Laboratory Work,” opened by Mr. 
J. G. Fleming. 

INSTITUTION OF PRODUCTION ENGINEERS.—FYorkshire 
Section: Monday, January 2, 7 p.m., Hotel Metropole, 
Leeds. ‘“‘ Modern Measuring and Inspection Equipment,” 
by Mr. E. Clarke. Nottingham Section: Wednesday, 
January 4, 7 p.m., Victoria Station Hotel, Nottingham. 
“Noise and Vibration in Machinery,” by Dr. W. A. 
Tuplin. Wolverhampton Section : Wednesday, January 4, 
7 p.m., West Midland Gas Board Office, Clarence-street, 
Wolverhampton. ‘“ Mechanical Mishaps,” by Mr. G. E. 
Windeler. Glasgow Section: Thursday, January 5, 
8 p.m., 39, Elmbank-crescent, Glasgow. Discussion on 
“ Metal Cutting,” opened by Mr. G. V. Stabler. Sheffield 
Section: Monday, January 9, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Education of a Production 
Engineer,’”’ by Dr. H. Schofield. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield Branch: 
Monday, January 2, 7.30 p.m., Royal Victoria Station 
Hotel, Sheffield. Film Evening. 

INSTITUTION OF ENGINEERING INSPECTION.—London 
Centre: Thursday, January 5, 6 p.m., Royal Society of 
Arts, John Adam-street, W.C.2. ‘“‘ Methods of Time- 
and-Motion Study in Inspection,” by Mr. S. M. Kaye. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—scottish 
Section: Thursday, January 5, 6.45 p.m., Heriot-Watt 
College, Edinburgh. “ Ultrasonics,” by Dr. B. E. Nol- 
tingk. 

INSTITUTE OF METALS.—London Local Section : Thurs- 
day, January 5, 7 p.m., 4, Grosvenor-gardens, 8.W.1. 
* Zine Casting Alloys: Their Development and Use,” 
by Mr. L. A. J. Lodder. 

INCORPORATED PLANT ENGINEERS.—Peterborough 
Branch: Thursday, January 5, 7.30 p.m., Offices of 
Eastern Gas Board, Church-street, Peterborough. 
“ Machine-Tool Development,” by Mr. G. W. S. Burdett. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, January 
10, 5.30 p.m., Great George-street, S.W.1. Discussion 
on “ Trend of Road Construction,” opened by Mr. Arthur 
Floyd. Midlands Association: Thursday, January 12, 
6 p.m., James Watt Memorial Institute, Birmingham. 
“* Pre-Stressed Concrete : Some Practical Applications,” 
by Mr. H. Kaylor. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAND.—Tuesday, January 10, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ Tank Tests with Towboats 
and Barges in Deep and Shallow Water,” by Mr. W. P. 
Walker. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, January 11, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “ Domestic Hot Water,” by Dr. J. C. Weston. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
January 12, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
** Steel Economy,” by Mr. L. R. Creasy. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.te Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
‘Cheques should “ crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


‘* ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
GI onic ddccicececcestesevers 
For Canada 


£410 0 
fA 5 0 
Subscribers receiving incomplete copies through 
mts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

i of “Appointments Open,” “Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
a ing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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METHODS OF INCREASING 
OUTPUT. 


Ir has more than once been stated by commissions 
of inquiry which have visited the United States 
that American operatives do not work harder than 
their British counterparts. The main reasons why, 
in spite of this, their average individual output is 
much higher appear to be that the horse-power avail- 
able per head—or per pair of hands—is much greater 
than in this country and that, as the size of the market 
calls for large outputs, particularly of mass-pro- 
duced articles, heavy capital expenditure on special 
machines and factory lay-outs is justified. Neither 
of these conditions is likely to be reached in Great 
Britain for many years. So far are manufacturers 
from being able to increase the horse-power per 
employee that, in the winters of the present era, they 
are not even furnished with an uninterrupted elec- 
tricity service at the existing level. On the second 
point, there would be no justification for asserting 
that British firms are not fully aware of the value of 
modern machining and processing methods, and 
many factories exist which have nothing to learn 
from any country. As is only too well known, 
however, a taxation policy which does not provide 
adequate depreciation allowance makes plant 
modernisation difficult and, in the cases of many 
small firms, financially impossible. 

In fairness to American industrial methods, it 
must be said that full advantage has been taken of 
the favourable conditions existing, that what 
may broadly be termed ‘“ production control ” 
has been the subject of more intensive study than 
elsewhere, and that the conclusions established have 
been applied more extensively than in any other 
country. The importance of the subject which is 
indicated by the term “ production control” is 
now generally recognised in Great Britain ; but it is 
so wide that its application has become almost a 
special profession. Even large and progressive 
firms find it desirable to engage outside industrial 
consultants when it has been decided that the 
operations of a particular department, or of a whole 


factory, are not being conducted in the most efficient 


way possible. Clear advantages possessed by an 
outside specialist are that he will have established a 
technique for handling the complicated problem 
presented and that he will have no prejudices 
favouring one or other aspect of the existing works’ 
regime. 

Ah investigation of the production problems of 
any organisation by a firm of industrial consultants 
is, however, necessarily a rather expensive operation 
and many small firms, while feeling that their 
methods might be improved, may be doubtful about 
their ability to afford to employ outside aid. As the 
major proportion of the industry of the country 
is carried on by small firms, this matter is of import- 
ance. No doubt, there are many cases in which 
hesitation to call in expert assistance is not justified, 
in view of the improvement in output to which 
reorganisation based on independent survey might 
lead, but there are still very many firms who are 
not likely to take that action and may prefer to 
handle their problems for themselves. There 
is no lack of books dealing with almost every 
aspect of works organisation and control; the 
number is so great, indeed, that anyone first setting 
out to investigate the manufacturing operations of 
a particular works may well be confused, rather 
than aided, by the mass of publications available 
for his guidance. Such an individual may be 
recommended to study a recent report* which 
comes from an authoritative source, and which is 
addressed particularly to ‘“‘the medium sized and 
small firm who feel doubtful about their ability 
to afford to employ consultants.” 


It is not the purpose of this publication to explain 
the methods and procedure of firms of industrial 
consultants, but the variety of matters dealt with, 
and the way in which they interlock, give an indica- 
tion of the complexity of the problem which the 
reorganisation of a works may present and will do 
something towards explaining why it is best handled 
by an organisation which has specialised in that 
particular type of activity. The report deals with 
shop layout, material handling, methods of payment 
and working conditions. It is suggested in the 
introduction that there is ‘“‘some lack of balance 
in the amount of detail in the treatment of the 
various subjects touched on.” The reason for this 
is that some aspects of the broad subject are fully 
dealt with in current literature, but on others less 
detailed information is generally available. This 
distribution of emphasis is illustrated by the fact 
that only about one-third of the report is concerned 
with what may be called the physical aspects of 
works equipment, layout and procedure, the 
remainder dealing with personnel problems. 

It is stated at the outset that “the report has 
been written for the manager or supervisor who 
wants to make a quick, but none the less compre- 
hensive, check on the effectiveness of the organisa- 
tion under his charge.”” Such a check may suggest 
remedial action in connection both with machine 
layout and equipment, and in connection with the 
handling of workpeople. The former mechanical 
operations may be difficult, or impossible under 
present conditions, but relations with personnel, 
which in effect form the subject of two-thirds of 
the report, are largely unaffected by the difficulties 
associated with new or re-arranged plant. In the 
last analysis, improvement in output depends on 
the workpeople who are actually performing the 
manual or machine operations. They may be 
helped or hindered, encouraged or disheartened, by 
managerial policy or method, so that the attention 
paid to them in this report is justified. 

Almost the last words in the document are “in 
any industrial organisation each member from top 
to bottom must be quite clear precisely what his 
duties are and, just as important, to whom he is 
responsible for their satisfactory performance . . . 
a common reason for the absence of such a definition 
of responsibility is that the top management fear 
that somebody’s feelings will be hurt if the line of 
responsibility is defined in detail. However, the 
frustrations and jealousies caused by ill-defined 





* Methods of Increasing Output. O. W. Roskill & Co. 
(Reports) Ltd. 14, Great College-street, London, S.W.1. 
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responsibilities and the resulting difficulty in obtain- 
ing decisions is too big a price to pay for the avoid- 
ance of some slight upset to one or two members of 
the staff.” This quotation appears to refer more 
particularly to managerial functions, but the ruling 
which it lays down may usefully be kept in mind 
in the organisation of every aspect of works acti- 
vities. For example, in connection with the 
operation of payment-by-results schemes, it is 
stated that “‘supervisors should make it clearly 
understood that those in their charge are entitled 
to challenge instructions with the supervisor’s 
superior, and that the superior’s ruling, whatever it 
may be, will be accepted by the supervisor without 
ill will.” This is clearly an aspect of properly- 
defined responsibility. 

A point bearing on the same aspect of affairs 
rises in connection with joint consultation between 
employees and management. It is stated that “ the 
necessity for joint consultation arises from the fact 
that the edicts of management can no longer be put 
into force, regardless of whether the workers will 
give their co-operation in carrying them out.” It 
is pointed out, however, that many schemes of joint 
consultation embrace only management and the 
shop workers, ignoring the foremen and office 
staff. This results in foremen, in particular, feeling 
that they are being short-circuited. This, again, 
is a question of clear definition of responsibility. 
It is laid down that ‘departmental superinten- 
dents, foremen, charge hands and workers, and 
their opposite numbers on the office side, should 
all send their representatives to the works council ” 
and that the scheme should give opportunity for 
groups with common interests to express their 
points of view. 

The fact that those matters in the report which 
have been so far referred to are of a somewhat 
general nature is not to be taken as indicating that 
it is lacking in specific and detailed suggestions, 
having direct bearing on the question of increased 
output. The contrary is the case. Questions of 
shop layout and the flow of material are dealt with 
comparatively briefly, but references to available 
literature are given. In the type of works to which 
reference is being made, re-arrangement of plant 
with a view to increasing output will frequently not 
be practicable, although it is suggested that it is 
often possible to make beneficial adjustments with- 
out structural alterations. In connection with the 
movement of material by means of conveyors, the 
point is made that it is encouraging for a man to 
see a pile of finished articles stacked on his bench. 
Their removal by a conveyor may save valuable 
space, and it is suggested that a similar satisfaction 
may be engendered by a diminishing pile of un- 
finished articles. The point is that, if the best 
result is to be obtained from mechanical arrange- 
ments, they should be planned with reference to the 
mentality of the workers. 

It is likely that many operations could be facili- 
tated and cheapened by re-arrangement, but that 
the works managers concerned with them accept 
the existing procedure without question. Some 
of them may be induced to reconsider possibilities 
by the hypothetical example which is given in the 
report. It relates to a process requiring three 
operations, each involving a different period of time, 
and it is shown how, by analysis, the best arrange- 
ment of operatives in groups may be ascertained so 
as to obtain the best output per operative. This 
matter has nothing to do with rate of payment ; it 
is an example of the application of time study. A 
description is given of the various systems of pay- 
ment, and the dissatisfaction which may be aroused 
by inequalities between one person and another is 
discussed. In view of the fact that ‘‘ women tend 
to be more sensitive even than men to inequalities 
in rates of pay,” it is suggested that a group bonus 
scheme is the most suitable payment-by-results 
arrangement where women are concerned. In con- 
nection with the matter of incentives, the interesting 
point is made that ‘“‘ some people will work for some 
quite modest reward in kind when they would not 
dream of lifting a hand to earn the equivalent in 
cash.” Free seats at the local cinema or a football 
match are suggested as awards and it is stated that 
one firm obtained satisfactory results by intro- 
ducing free teas as a reward for increased production. 





COAL-MINING ACCIDENTS. 


THE total number of persons killed or seriously 
injured in coal-mine accidents in 1947 was 3,064. 
In 1927, the figure was 5,821. This great improve- 
ment in 20 years was roughly continuous over the 
period ; some years showed a set-back, but as in 
the cases of railway accidents and shipping disasters, 
one event may materially increase the figure for 
some particular year. Any satisfaction felt as a 
result of this improvement must take regard of the 
facts that 259-0 million tons of mineral were raised 
in 1927 as compared with 191-9 million tons in 
1947 ; in the earlier year, 2,532 million man-shifts 
were worked and in the latter 1,797 million. These 
figures indicate that the mineral raised per man- 
shift did not increase to the extent which might 
have been expected in view of the great increase in 
mechanical equipment in the 20 years. As a con- 
trary influence, however, probably many difficult 
and deep seams are now being worked which were 
untouched in 1927. 

These figures for accidents and outputs are taken 
from the latest report* of the Chief Inspector of 
Mines. This publication is concerned with acci- 
dents, not with output questions, and no comments 
are made on the question of productivity per man- 
hour. Increased mechanisation, however, is directly 
related to accidents and their types. Throughout 
the whole period, falls of ground have been the 
most fertile source of accidents and it is gratifying 
that the rate per 1,000 persons employed under- 
ground has shown a steady decline since as long 
ago as 1873. This improvement is due to improved 
methods of roof support and the increasing use of 
steel arches in roadways which may, without too 
exaggerated a use of the term, be described as 
aspects of mechanisation. The Coal Mines Act of 
1911 made systematic roof support at the working 
face compulsory, and some 80 per cent. of fall-of- 
ground accidents occur at the working face. From 
1911 to 1942, the new regulation appeared to have 
little effect on the accident rate, but the report 
attributes this to the fact that the application of 
roof-support methods was only just able to keep 
pace with the additional roof dangers introduced 
by the extension of machine mining. Experience 
and the use of improved props and packing methods 
have resulted in a marked decline in working-face 
accidents since 1942. In roadways the use of 
steel arches and arch girders has also resulted in 
the fatal and serious non-fatal accidents from falls 
of ground being reduced to less than a quarter of 
what they were in 1927. 

Explosions and fires constitute the type of colliery 
accident which attracts most public attention. This 
is undoubtedly due to the fact that one accident 
may be the cause of many deaths. This is only 
too well illustrated by the record for 1947, which 
was by far the worst year since 1934, when 265 men 
were killed at Gresford Colliery in North Wales. 
There was no accident of this magnitude in 1947, 
but a total of 179 persons were killed as a result of 
explosions and fires. The worst accident of the 
year was the explosion at the William Colliery, 
Whitehaven, as a result of which 104 men were 
killed. A graph given in the report shows that 
since 1880 the number of deaths due to fires and 
explosions has shown a general decrease, in spite 
of set-backs caused by serious disasters. Improve- 
ment since 1920 has been marked, that being the 
year of the general introduction of stone dusting. 

There are two main factors concerned in mine 
explosions and fires. These are the accumulations 
of firedamp, which may be the primary cause of 
an explosion, and the layer of coal dust in work- 
ings and roadways which may result in the effect 
being propagated over great distances. The main 
preventive of gas accumulations must be ade- 
quate ventilation, and the opinion is expressed 
in the report that ‘it is doubtful if mine ventilation 
in this country has kept pace with our knowledge 
of the subject.” Clearly the adequate ventilation 
in any particular mine is a local problem and no 
general rules can be laid down. It is suggested, 





* Report of H.M. Chief Inspector of Mines for the Year 
1947. H.M. Stationery Office, [Price 1s. 3d. net.] 


however, that gas may accumulate in abandoned 
portions of the workings and in wastes, and that 
steps should be taken to keep these clear, and that 
the possibility of draining inflammable gas from the 
coal or strata in the vicinity or ahead of working 
faces should be the subject of more intensive 
research. 

The remarks about stone dusting accentuate 
recommendations which have many times been 
made in reports of the Safety in Mines Research 
Board. It is said that “from the point of view of 
propagating an explosion, the problem of rendering 
harmless the coal dust deposited in mine roadways 
has not yet been solved in practice.” This last word 
is the important one. There seems to be little doubt 
but that properly “‘ layered ”’ stone dust is effective, 
and the Research Board has pointed out that “little 
and often ”’ should be the rule in the application of 
stone dust. The practical difficulty of ensuring that 
such a rule shall be rigidly and regularly followed 
throughout mine roadways is obvious. One of the 
points made in the report is that much coal dust is 
raised by roadway conveyors and that dust does not 
settle only on the floor. The proper stone dusting 
of every part of a road which is accessible to coal 
dust demands both regular attention and inspection. 
In the Whitehaven explosion the roads had been 
treated with stone dust in compliance with the 
regulation for the percentage of incombustible 
matter present, but the coal dust in the explosive 
cloud was mainly derived from under the roadway 
conveyor structures and from the recently deposited 
thin top layer along the whole length of the inbye 
conveyor roads. 

Underground haulage and transport constitute 
the third most serious cause of accidents. Shaft 
accidents are comparatively rare. The trend over 
recent years is a decline in accidents arising from 
tub haulage and a rise in accidents due to conveyor 
transport. This, however, is not to be taken to 
indicate that conveyor methods are more dangerous 
than earlier ones. It is due to the fact that con- 
veyors are becoming more common; in the last 
20 years, the tonnage of coal handled by conveyors 
has increased five-fold and over the same period 
there has been a steady decline in haulage accidents. 
The transport-accident figure is still large, however, 
although underground haulage is not complicated 
by unknown factors as are some other branches of 
mining practice. The total deaths due to tub 
haulage in 1947 was 103, but the corresponding 
figure for conveyors was only eight, of which seven 
were due to conveyor machinery. For “ reportably 
injured” the conveyor accidents were relatively 
much higher. Many of the tub accidents are of a 
mechanical type, but it would appear from the 
comments made that insufficient attention is paid 
to the necessity for keeping men away from moving 
tubs. It is stated that while there is little excuse 
for many of the accidents on tub-haulage roads, 
there is still less for those on conveyor roads. 
Many conveyor accidents appear to be due to inade- 
quate fencing. 

In view of the extensive use of electricity both 
over-ground and underground at collieries its acci- 
dent record is good. A total of 13 persons were 
killed and 73 injured by accidents arising from its 
use, in 1947, and nine of the cases of death were 
due to one incident, an explosion at Barnsley Main 
Colliery. Electrical accidents form less than 2 per 
cent. of all accidents and their total number has 
remained almost constant over many years in spite 
of the continuous rise in the use of electrically-driven 
machinery. Since 1920, the horse-power of the 
electric motors in use has risen from just over one 
million to two and three-quarter millions. In an 
appendix to the report contributed by the Electrical 
Inspector of Mines it is pointed out that “‘ year after 
year with monotonous regularity ” certain ordinary 
types of accident occur simply owing to momentary 
forgetfulness or distraction from the job in hand. 
This kind of lapse does not apply only to juniors ; 
in many cases experienced men are involved. These 
causes of accident, which are not confined to elec- 
trical machinery, will probably never be entirely 
eliminated. The only ways of attempting to deal 
with them is by the multiplication of safety devices 
and the education of employees in the common 





causes of electrical accidents. 
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NOTES. 


INSTITUTION OF MECHANICAL ENGINEERS. 


AGENERAL meeting of the Institution of Mechanical 
Engineers was held in London on Friday, Decem- 
ber 16, with Dr. S. F. Dorey, F.R.S., in the chair. 
The paper presented was entitled ‘‘ Furnace Design 
and Practice,” and was by Professor R. J. Sarjant, 
0.B.E., D.Sc., who occupies the chair of fuel tech- 
nology at Sheffield University. Professor Sarjant 
said that, while mechanisation and heat recovery 
enabled marked improvement to be obtained 
when using gaseous and liquid fuels, solid fuel 
firing, for some considerable time to come, would 
provide the cheapest method of supplying heat 
for furnaces. Solid-fuel furnaces, however, he 
continued, whether hand or mechanically fired or 
fitted with a built-on producer, were limited in 
their efficiency because firing, of necessity, must be 
from one end of the furnace chamber. Oil or some 
other form of distributed fuel was preferable for the 
application of the modern methods of mechanisation 
and instrumentation which had contributed largely 
to improvement in furnace practice. Advances in 
mechanisation and in the application of automatic 
control had been applied not only to the transport 
of materials, but also to the control of the heating 
media, and this had been an important factor in 
the improvement of operation as distinct from 
design. Methods of continuous and rapid move- 
ment reduced the fuel consumption and operating 
charges and also led to economies in shop-floor space. 
Charges mechanically conveyed through a furnace 
varied from ingots up to 6 tons in weight down to 
the smallest type of machined part. The heaviest 
masses were conveyed in a bogie-type reheating 
furnace and, in cases in which the heating was 
confined to preheating ingots to 1,706 deg. F., 
thermal efficiencies of over 50 per cent. had been 
obtained. @ther mechanised furnaces which pos- 
sessed advantages special applications included 
rotary-hearth and roller-hearth furnaces, walking- 
beam and conveyor furnaces, controlled-atmosphere 
furnaces and forced-circulation furnaces. Further 
developments in the field of mechanisation and con- 
trol had potentialities in regard to increased duty 
and reductions in fuel consumption. This branch 
of engineering, however, could not be practised in 
an atmosphere of empiricism or backwardness. 


D1iaAMOND JUBILEE OF DorMAN, LONG AND COMPANY. 

Speaking at the 60th ordinary general meeting 
of Messrs. Dorman, Long and Company, Limited, 
held in London on December 15, Sir Ellis Hunter, 
the chairman, said that the firm had recently 
attained their diamond jubilee, having been incor- 
porated as a public limited company on November 2, 
1889. The beginnings of the company, however, 
continued Sir Ellis, dated from 1876, when the late 
Sir Arthur Dorman and Mr. Albert de Lande Long 
had formed a private company and had taken over 
the West Marsh Ironworks at Middlesbrough. 
The firm of Dorman, Long was now a homogeneous 
and geographically-compact undertaking ; the Ack- 
lam, Britannia, Cleveland and Redcar iron and steel 
works were close together and conveniently situated 
for their operations. A notable event during the 
year had been the bringing into commission of the 
central ore-unloading and ore-preparation and 
sintering plant at the Cleveland Works. The time 
required for the discharge of ore cargoes had been 
reduced and the unloaders, on occasion, had handled 
364 tons per working hour. Up till the end of 
September, 415,000 tons of ore had been discharged 
by the new unloaders. Another development, the 
provision of an open-hearth steel plant on the 
Lackenby site, was proceeding well. The scheme 
included an installation to produce 10,000 tons of 
steel ingots a week, new blast-furnace equipment and 
the extension of the new Cleveland-Works ore- 
grading plant. The site of the Lackenby open- 
hearth plant had been substantially levelled and con- 
struction had begun. It might be completed by 
September, 1952. Sir Ellis Hunter also gave some 
statistics of output. He said that, during the 
present year, a record steel production, namely, 
1,642,595 tons of ingots had been achieved, repre- 
senting an increase of almost 100,000 tons over the 
figure for the previous year. Further figures are 





given in an illustrated pamphlet, entitled ‘ 1949 
Illustrated,” issued by the firm. This shows that, 
to produce the 1949 outputs of iron and steel, 
15,611,187 tons of material had to be handled during 
the year at the four works. The firm’s Bridge 
Department recently completed the erection of the 
Kafr el Zayat bridge over the Nile, Egypt, and that 
steelwork for bridges in Portuguese West Africa, 
Tanganyika and Iceland was supplied during 1949. 


THE FurTure or British TELEVISION. 


Lord Simon of Wythenshawe, chairman of the 
British Broadcasting Corporation, took the oppor- 
tunity provided by the formal opening of the new 
television transmitting station at Sutton Coldfield 
(of which a detailed description appears on page 661) 
to disclose some information about proposed deve- 
lopments in this country during the next five 
years. To secure the maximum national coverage 
and the best studio accommodation during that 
period, the plan for a single national network 
and for the concentration of studio building in 
London was, he said, not only the most economical, 
but the most practicable. The first stage of develop- 
ment would be the completion of five major sta- 
tions to cover the five main centres of population. 
In addition to London and Birmingham, these 
stations would be built in northern England, central 
Scotland and in Wales, and should bring tele- 
vision within reach of 70 per cent. of the population. 
On the completion of this stage within three years, 
five smaller stations would be erected at Newcastle- 
on-Tyne, Southampton, Aberdeen, Plymouth and 
Belfast during the following two years to bring the 
national coverage up to 80 per cent. or more of the 
population. It was also hoped that the studio at 
Shepherd’s Bush, London, would be fully developed 
within ten years. In declaring the Sutton Coldfield 
station open, the Postmaster-General (the Rt. Hon. 
W. Paling) stated that he hoped that the station 
at Holme Moss in Yorkshire would be in service 
by the middle of 1951, and that preliminary work 
had started at Kirk o’ Shotts, in Lanarkshire. It is 
reported that the reception from the new station is 
satisfactory ; indeed, the British Broadcasting Cor- 
poration are being somewhat embarrassed by a 
number of freak results. 


Tue Junior INsTITUTION OF ENGINEERS. 


The inaugural meeting of the 1949-50 session of 
the Junior Institution of Engineers was held at 
the Royal Society of Arts, London, W.C.2, on 
Friday, December 16, the chair being taken at the 
outset by the retiring President, Sir Noel Ashbridge, 
who presented the awards for papers delivered 
during the previous session. Particulars of these 
were published in ENGINEERING, on page 387, ante. 
Following the presentation of these Institution 
awards, a new item was introduced into the pro- 
gramme, this being the presentation to Mr. Jack 
Hope, a student of the Leeds College of Technology, 
of the first Maudslay Scholarship, by Colonel C. F. 
Hitchins, D.S.O., M.I.Mech.E., President of the 
Maudslay Society. This scholarship, of 100/. in 
money, has been established by the Maudslay Society 
to commemorate Henry Maudslay, inventor of the 
screw-cutting lathe and founder of the engineering 
firm of Maudslay, Sons and Field, in whose works 
at Lambeth the Junior Institution of Engineers 
began in 1884 as an association of the firm’s appren- 
tices. It is intended to award a single annual 
scholarship at first, but it is hoped that, in due 
course, sufficient funds will become available to 
increase the number. Colonel Hitchins was sup- 
ported at the function by Mr. Cyril C. Maudslay 
and Mr. Joseph Maudslay (great-grandsons of Henry 
Maudslay) and by other members of the committee 
of the Maudslay Society. A vote of thanks to 
Sir Noel Ashbridge for his presidency was proposed 
by Mr. G. W. Tookey, K.C., who had been chairman 
of the Institution during Sir Noel’s year of office, 
and was seconded by Mr. P. B. Hebbert, vice- 
chairman, and carried by acclamation. Sir Noel, 
having acknowledged the vote of thanks, then 
inducted his successor, Mr. Alfred Roebuck, 
M.I.Mech.E., who proceeded to deliver his address, 
«* Mainly about Steel”; a subject on which he was 
especially well qualified to speak, from a lifetime of 
experience in the industry. It will be recalled that 





Mr. Roebuck was the leader of the Steelmakers’ 
Productivity Team which recently visited the 
United States under the auspices of the Anglo- 
American Council on Productivity. On the conclu- 
sion of the address, which was illustrated with 
instructional film-strips and “loop” films, showing 
various cyclical operations, a vote of thanks to 
Mr. Roebuck was proposed by Mr. 8. J. Crispin, 
chairman of the Institution, and seconded by 
Mr. N. E. Pillinger, vice-chairman. 


Tue Avcustin NorMAND SHIPYARD. 

Founded at Honfleur in 1728 by Frangois Nor- 
mand, the Chantiers et Ateliers Augustin Normand 
constitute the oldest shipbuilding concern in France. 
In 1816, the shipyard and works of the firm were 
transferred, by Augustin Normand, the great-grand- 
son of the founder, to their present site at Perrey, 
Le Havre. From the Eighteenth Century down 
to the present time, numerous naval and merchant 
ships have been completed by the firm and for 
many years they have specialised in building 
torpedo boats, destroyers and submarines, and also 
trawlers, tugs, yachts and cargo vessels. During 
the recent war, and particularly between September, 
1940, and September, 1944, the shipyard and 
machine shops were subjected to intense aerial 
bombardment, as a result of which the shipbuilding 
berths were severely damaged and the general store 
was completely destroyed, as were also several 
of the machine and engine shops. Others of these 
were partly demolished and the main offices were 
razed to the ground. The manner in which the 
shipyard and works were rebuilt after 1945 is 
described briefly in a brochure issued by the firm. 
This also contains a succinct history and particulars 
of the principal achievements of the shipyard from 
the launching, at Honfleur, of the 300-ton vessel 
Junon in 1739, to the completion, this year, of the 
trawler Grabe. It is of interest to note that a 
trawler launched by the firm on April 19, 1945, 
was the first vessel to take the water in France 
after the liberation of the country. As soon as 
possible after the war, the clearing of the debris 
and reconstruction of the yard and shops was put 
in hand. The opportunity was taken to modernise 
the works, full use being made of prefabricated rein- 
forced-concrete structural members. Two of the 
berths are now equipped with 40-ton gantries and 
complete welding installations have been provided. 
In 1918, the firm began to provide living accommo- 
dation for their employees and, in 1939, they 
possessed 363 flats. Every one of the houses 
owned by the company, however, was destroyed 
during the war. 


Tue British WELDING RESEARCH ASSOCIATION. 
An important part of the 1948-49 annual report 
of the British Welding Research Association is an 
appeal from the Council to the welding industry, and 
to users of welding, to support the work of *he 
Association on a wider basis than hitherto. At 
present, as the report points out, the greater part of 
the Association’s income from industry—which, as 
with other industrial research associations, governs 
the amount of the Government grant received 
through the Department of Scientific and Industrial 
Research—has been contributed by only a small 
number of members. While, it is stated, the general 
financial position has improved during the year, 
this has resulted mainly from Government contracts 
and represents, possibly, only a transitory relief ; 
what is needed is a general expansion of the income 
from industry. Sir Stanley Goodall, K.C.B., chair- 
man of the Council, reinforces this appeal, in a 
foreword, by drawing attention to the terms on which 
the grant from the D.S.I.R. has been renewed. 
Translated, as he says, from official language into 
plain speaking, the D.S.I.R. requirement is that the 
Association should ‘‘ Prove to us in two years’ time 
that the industries that should benefit from your 
research work are, by their contributions, demon- 
strating that they really want a Welding Research 
Association.”” The Council, Sir Stanley adds, “‘ have 
accepted that challenge and pass it on with confid- 
ence to all the metal construction industries, who 
alone can enable us to meet it.”” Meanwhile, the 
report records the accession of 14new member firms 
bringing the total to 183, in addition to a number of 
associate members and special contributors. 
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THE INTERNATIONAL 
ASSOCIATION FOR 
HYDRAULIC STRUCTURES 
RESEARCH. 

(Concluded from page 623.) 


Tue following summaries of papers complete our 
report, which began on page 454, ante, of the third 
“‘ Reunion” of the Association Internationale de 
Recherches pour Travaux Hydrauliques—commonly 
known on the Continent as A.I.R.T.H.—which was 
held at Grenoble on September 5, 6 and 7. The 
programme of papers was divided into four sections, 
the third of which, dealing with ‘“‘ Losses of Head,” 
is reviewed below. The remaining papers, also 
summarised in this instalment, dealt with various 
aspects of river flow, as will be seen from the several 
titles. On September 8 and following days, as 
previously stated, an excursion was arranged to the 
hydraulic laboratory at Toulouse, with intermediate 
halts at several places of technical and other interest. 


Heap LossEs. 


Mr. L. Jorissen, in a paper on ‘‘ Pressure Losses in 
New Commercial Steel Pipes,” gave an account of 
experiments carried out to determine the friction 
losses in circular steel pipes, with the object of 
correlating the effects of roughness of industrial 
pipes with those of the artificially-roughened pipes 
used by Nikuradse in establishing his classical laws 
of flow. The tests were conducted in the General 
Hydraulic Laboratory of the University of Liége, 
on steel tubes of 60, 80, 100, and 150 mm. diameter. 
The average height of the irregularities was measured 
with a pneumatic feeler; the differential pressures 
over a given length of pipe were measured by 
U-tube manometers or, for very small values, by a 
micromanometer, and discharge measurements were 
carried out by the volumetric method. For each 
pipe, it was found that the head-loss coefficient 
under fully turbulent flow attained a constant 
value after a critical value of Reynolds number was 
reached ; this value agreed remarkably well with 
that given by the Nikuradse law, which was based on 
homogeneous artificially-roughened pipes. In the 
transition zone between the smooth-pipe law and 
fully turbulent flow, the relationship between 
head loss, Reynolds number, average-roughness 
height, and pipe diameter in industrial pipes was 
found to lie between the values determined by 
Nikuradse’s law for homogeneous roughness and 
those of Colebrook and White’s law for heterogeneous 
roughness. The mean value of roughness-heights 
varied appreciably between similar pipes ; important 
errors could, therefore, result from the use of 
classical pressure-loss formulz. 

Mr. G. Remenieras presented a paper on “ Pré- 
determination de la Perte de Charge dans une 
Canalisation d’Eau sous Pression & partir de celle 
mesurée sur la méme Canalisation parcourue par 
de Air.” On account of the difficulties in calcu- 
lating the head loss in an unlined inlet tunnel to a 
hydro-electric plant, there was a widespread 
tendency to use tunnels lined with concrete in 
conditions where an unlined tunnel would be more 
economical. Mr. G. Remenieras described a method 
for estimating the loss of head in a proposed tunnel, 
by means of air-flow tests in a trial section of tunnel, 
which would be representative of average conditions 
in the projected tunnel in respect of dimensions, 
roughness, alignment, etc. The loss of head suffered 
by a known air-flow over the working section 
would be the same as that for water flowing in the 
same tunnel, whether the water-flow was laminar, 
“smooth-turbulent,” or ‘ rough-turbulent,” pro- 
vided that both air-fiow and water-flow corresponded 
to the same Reynolds number. This would demand 
air-flow velocities 10 or 15 times greater than 
that envisaged for the water-flow, which would 
make heavy demands on the fan. However, in 


general, the water-flow in an industrial installation 
took piace in the régime of rough turbulence, 
particularly in the case of unlined tunnels; under 
these conditions, equal head-loss coefficients in 
water and in air would be attained, provided that 
the air-flow corresponded to Reynolds numbers 
higher than the critical value which marked the 


beginning of the ‘‘ rough-turbulent ” régime. For 
unlined or partly-lined tunnels, this critical value 
of Reynolds number was sufficiently low to render 
the fan installation reasonably economical. The 
working section of the tunnel should be as long as 
was consistent with freedom from disturbances and 
uniform conditions in the section; the longer the 
working section, the lower the necessary air-flow 
velocity and the power required. The validity of 
this method had been checked experimentally on 
one of the inlet tunnels of the Pont-Escoffier hydro- 
electric plant, over Reynolds numbers ranging from 
200,000 to 450,000 in air and from 75,000 to 200,000 
in water. For both fluids the head-loss coefficient 
was found to be practically constant over the entire 
range of Reynolds numbers. 

Mr. S. Irmay, in his contribution, “‘On Steady 
Flow Formulz in Pipes and Channels,” presented 
a generalised form of von Karman’s method of 
treatment of steady turbulent flow in pipes and 
channels, by relating von Karman’s weight function 
to a non-dimensional flow coefficient. This simpli- 
fied the formule. The method of treatment 
involved a roughness coefficient based upon the 
maximum roughness of the pipe, rather than the 
mean roughness hitherto used. The same method 
could be applied to flow in channels. Mr. Irmay 
demonstrated that Manning’s formula agreed well 
with that of Nikuradse, and that Bazin’s formula 
was in fair agreement with them both. 

Professor J. Th. Thijsse dealing with “ Formule 
for the Friction Head Loss Along Conduit Walls 
Under Turbulent Flow,” proposed that the use 
of the old empirical formule, which were only valid 
under certain special conditions, should be aban- 
doned. A logarithmic formula had been taught 
at the Delft Institute of Technology over the past 
few years ; this formula was based upon the work 
of White and others, and gave good accuracy over a 
wide range of conditions. Professor Thijsse discussed 
the use of the formula in some detail, and presented 
data on the magnitude of surface irregularities, of 
earth, stone, wood, concrete, steel, and glass. 

The paper presented by Mr. P. Almeras, “‘ De la 
Notion de Perte de Charge Singuliére,” was concerned 
with the need for precise definition of head losses 
caused by discontinuities such as orifices, valves, 
contractions followed by enlargements, etc. Under 
certain conditions, it was difficult to define rigorously 
such a head loss; for example, in the case of a 
conduit with a sudden enlargement of section, it was 
impossible to separate the head loss due to the actual 
change of section from that due to the roughness of 
the channel] walls. It was important, therefore, 
that, when writers of technical papers referred to 
discontinuous head losses, they should define 
exactly what they meant. 


Mr. J. Duport gave a paper on “ Influence des 
Pertes de Charge dans les Conduites ou Galeries en 
Charge sur les Caractéristiques de leurs Organes 
d’Obturation (Vannes et Robinets).” To calculate 
the dimensions of valves and operating mechanisms, 
he said it was necessary to know the discharge 
coefficient, or the head loss, at each opening 
operation, the loads during operation, and the limits 
to their use due to cavitation. The head loss in 
the conduit had an important effect on the design 
of valves and their operation; not only was the 
maximum discharge under a given fall affected, but 
also the opening-discharge characteristics and the 
hydrodynamic loads and couples acting on the 
mechanism. Mr. Duport presented a systematic 
general study of the overall characteristics of 
valves and conduits, which had been developed at 
the Neyrpic Laboratories, and in which these 
various factors were considered. 

Mr. A. Renauldon and Mr. Y. Laure discussed 
“Le Probléme Général des Pertes de Charge et sa 
Transposition dans le Domaine de I’Ecoulement des 
Gaz.” The old empirical formule for head losses 
in gas pipelines were each only applicable over a 
limited range of Reynolds numbers. Mr. Renauldon 
and Mr. Laure described new methods which had 
been developed, to conform more closely with experi- 
mental values of head loss at various Reynolds 
numbers. Particular reference was made to the 
work of Mr. P. Renouard. Unless the technique 
of ducting gas altered radically in the direction 





of very high pressures and smal] pipe diameters, 





the new formule wouid give satisfactory results in 
practical gas-engineering problems. 

Mr. B. Gentilini’s paper, ‘‘ Sur I’Ecoulement par 
Ajutages Cylindriques Extérieurs et sur les Pertes 
de Charge & l’Entrée d’une Conduite,” described 
the results of experiments carried out at the Milan 
laboratory on flow through cylindrical nozzles ; 
the nozzles were of 4, 6, and 8 cm. diameter and of 
length three times the diameter, and formed th: 
outlet of a pipe 46 cm. in diameter. The head was 
varied between 0-4 m. and 5-60 m. In each case. 
it was found that the coefficient of discharge of th: 
nozzle was independent of the head. The actual 
values of the coefficients were found to be 0-816 
for the 4-cm. nozzle, 0-814 for the 6-cm. nozzle. 
and 0-806 for the 8-cm. nozzle. These values, 
and those of other investigators, were plotted, 
and it was found possible to draw a single curv: 
through the experimental results ; from this graph 
it was deduced that the coefficient of discharge for 
a cylindrical nozzle attained a more or less constant 
value between 0-807 and 0-808 when the diameter 
of the nozzle was larger than 10 cm. From these 
discharge coefficients, the corresponding head-loss 
coefficients were deduced. The value of 0-5 for 
the head-loss coefficient, which was often assumed 
in making calculations, was correct for diameters of 
about 4 cm.; at higher diameters, however, the 
figure of 0-5 was rather low ; Mr. Gentilini’s figure 
for an 8-cm. nozzle was 0-524. 

This paper concluded the section on Head Losses. 

In the final section of the programme of technica! 
discussions, Mr. P. Novak presented a paper entitled 
** Backwater Curve for Non-Uniform Flow in Open 
Channels: Two New Formule.” Existing equa- 
tions for determining the backwater curve for non- 
uniform flow in an open channel were all calculated 
on the basis of Chézy’s formula, which involved a 
coefficient dependent both on the hyd?aulic radius 
and the roughness of the channel. Mr. Novak 
showed how to derive equations for computing the 
backwater curve of a channel of rectangular cross- 
section, using as a basis Manning’s formula, in which 
the coefficient depended only upon the roughness. 
Two formule were thus derived, one of which 
neglected the effect of the change of kinetic energy 
of the fluid between the points considered, and the 
other taking it into account. The formule were 
compared with those of Riihlmann and Bresse. The 
new formula, neglecting the kinetic-energy term, was 
shown to give results in close agreement with those 
of Bresse, and, said Mr. Novak, appeared to be the 
most suitable means for calculating a few points on 
the backwater curve. For calculating the whole 
backwater curve however, it was easier to use the 
step-by-step method based on Manning’s equation. 

Mr. M. Bayer’s paper, on “ Débouché d’un 
Ruisseau dans un Canal de Fuite Navigable,” 
described model tests on the lateral discharge of 
water from a high-level river into a navigable canal 
at a lower level. Different forms of chutes for 
connecting the two canals and various types of basin 
for dissipating the energy of the stream were studied. 
To avoid the lateral contraction of the current where 
the river water entered the canal, it was found 
desirable to make a progressive passage for the 
change of the normal water profile of the river to 
the rectangular profile of the weir. A parabolic 
form of weir was found to produce less disturbance 
than a weir of cylindrical section. The speed of 
entry of the water into the canal was reduced by 
raising the sill of the damping basin. This de- 
creased considerably the lateral forces on vessels 
using the canal. It was found that, by placing 
the entry to the canal a further 20 m. upstream, the 
current entered the canal at a better angle and the 
scouring action on the canal bed was considerably 
reduced. 

Professor A. Grzywienski dealt with ‘‘ Model Tests 
on the most preferable Construction Type of River- 
Controlled Power Plants.” A river-controlled power 
plant, or river station, said Mr. Grzywienski, was a 
barrage station in which the head was obtained by 
damming up the water by means of a weir, or by 
lowering the river bed, without any diversion canal. 
Model tests were carried out on four types of layout : 
the classical single river station ; the “‘ bipartite ” 
river station in which the power plant was con- 





structed in two halves, one at each side of the river, 
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with a central spillway; the ‘“‘ multipartite ” 
river station in which a series of small pier power 
stations were located between the spillway sections ; 
and the overflow station, in which the discharge 
was over the top of the power station. From 
the results of the model tests, it was concluded that 
the differential head of the flood discharge was 
lowest with the bipartite arrangement, which was 
slightly better than the single river station ; both 
these arrangements were superior to the multi- 
partite and overflow layouts; the latter was 
greatly inferior to any of the other three in respect 
of hydraulic capacity. However, the overflow and 
multipartite stations gave a more uniform streamline 
distribution. Scour depths were somewhat smaller 
in the bipartite plant than in the single station. 
Wherever two different flowing paths were adjacent 
to one another, large stones and deposits were to 
be expected ; the dividing piers, therefore, required 
particular study. In curved river areas, the most 
favourable hydraulic conditions occurred when the 
centre of the flood-discharge areas deviated as little as 
possible from the natural path of the main current. 
When a lock adjoined the plant, conditions became 
more complicated, but there again the natural 
main-current direction should be preserved and 
the axis of the structure should be at right angles 
to the flow direction. At river curves, it was prefer- 
able to locate the lock on the outside of the curve, 
then the weir and power station; the bipartite layout 
would form an obstruction to the discharge of floods. 

The design of energy dissipators below flat weirs 
and falls was considered in two papers by Dr. 
Nazir Ahmad. His first paper, which was entitled 
‘* A Comparative Study of Various Types of Energy 
Dissipator,” dealt with a comparison of baffle 
walls, the Rehbock dentated sill, concrete ‘‘ arrows ” 
in the bed, and blocks of various shapes, particu- 
larly rectangular blocks. The depth of scour below 
floor level was taken as the criterion, and on this 
basis it was concluded that rectangular staggered 
blocks with vertical faces provided the most suitable 
form of energy dissipator for weirs and falls as 
constructed in the Punjab irrigation system. In 
his second paper, “‘ Optimum Dimensions of Energy 
Dissipators Below Flat Weirs and Falls,” Dr. 
Ahmad proposed a method for determining the 
dimensions of rectangular-block dissipators, based 
on an analysis of the results of experiments on 
representative types of weirs, such as short, long 
and curved glacis, canal falls with stepped, vertical, 
short and curved glacis, and rapids. Two sets of 
two staggered rows of rectangular blocks were used. 
The first two rows of blocks, in the standing-wave 
region, took the impact of the high-velocity jet 
and shifted it upwards, while the last two rows of 
blocks, at the end of the paved floor, stabilised 
the flow and produced au accumulating back roller 
on the sand bed. The height of the blocks was 
generally adjusted for the peak discharge, and in 
deciding the height, the retrogression of the down- 
stream water-level was taken into account. The 
distance between the first two rows of blocks was 
equal to double the width of a block, while the 
distance between the last two rows was that of a 
single block-width. 

This concludes the summaries of the papers 
presented at Grenoble. As we remarked in the 
opening instalment, on page 455, ante, the conference 
was favoured with exceptionally good weather, 
though the continued heat must have added con- 
siderably to the burden of organisation. The 
arrangements worked well, however, and reflect 
credit on those responsible and on the many volun- 
teer helpers from the staffs of the Ecole Nationale 
Supérieure d’Electricité et d’Hydraulique, the Neyr- 
pic Laboratory and the various local firms, whose 
task in facilitating the work of delegates from so 
many countries cannot have been easy. 





CopE OF PRACTICE FOR STRUCTURAL STEELWORK.— 
A special course of six weekly lecture-discussions on the 
“Code of Practice for Structural Steelwork and 1948 
edition of British Standard Publication No. 449” will 
be held at the London County Council School of Building, 
Ferndale-road, Brixton, S.W.4, on Thursdays, com- 
mencing at 6.30 p.m., on January 19, 1950. The lecturer 
is Mr. John Mason, B.A., A.M.I.C.E., M.1.Struct.E., and 
the fee for the course, which is intended for practising 


MEASUREMENT OF PROGRESSIVE 
ERRORS IN MACHINE TOOLS, USING 
HIGH-SPEED PHOTOGRAPHY .* 


By C. Trwms, M.Eng., M.I.Mech.E., M.LP.E. 


THE possible use of high-speed photography in the 
measurement of errors in gear-hobbing machines was 
initially suggested to the author by Mr. A. G. Jones, of 
the Metropolitan-Vickers Electrical Company, Limited, 
in 1945, and a brief reference to a particular application 
is given in a recent paper by Mr. J. M. Newton.f 
This suggestion was also also made independently in 
1946 by Mr. F. H. Rolt, Superintendent, Metrology 
Division, N.P.L., and the results of some preliminary 
work carried out by Messrs. A. M. P. Brookes and L. B. 
Wainwright, under his guidance, indicated that the 
method had possibilities. 

In the present investigation, the application of 
high-speed photography to the measurement of errors 
in machine tools opefating under normal running 
conditions arose from the need for an accurate method 
of measuring the errors in the linear movement of the 
hob-saddle traverse of gear-hobbing machines, as any 
variation in this movement will affect directly the 
lead of the gear being cut. Since the mating gears 
in marine-turbine reduction drives are normally cut 
on different machines, a very high standard of accuracy 
for each machine traverse is essential. For example, 
the maximum permissible error specified in the appro- 
priate British Standard Specification for a Grade A 
machine is 0-0008 in. per foot of traverse. Methods 
of measurement which have hitherto been used have 
not proved satisfactory, and one of the main reasons 
for their failure is the difficulty in directly measuring 
distances of up to 2 or 3 ft. under normal workshop 
conditions. Slight changes in the air temperature, 
which frequently occur during the process of examina- 
tion, have an appreciable effect on the accuracy of the 
results obtained. This uncertainty in measurement 
can be considerably reduced by recording only the 
errors in movement relative to a standard of length 
of known accuracy which is located on the machine. 

In this investigation the standard of length is an 
accurately-divided glass scale, and a direct comparison 
is made between the spacing of the scale graduations 
and the saddle movement using a simple design of 
camera. In operation, the scale is mounted on the 
machine bed, and the camera, with its flash lamp, is 
attached to the saddle of the machine. For each 
successive revolution of the machine feed screw the 
lamp is flashed instantaneously by a micro-switch, and 
the ultra-high speed of the lamp makes it possible to 
photograph the precise position of each scale graduation 
line. Thus, any variations in the linear movements of 
the saddle for each revolution of the feed screw are 
indicated by inequalities in the spacing of a series of 
photographic impressions recorded by the moving 
camera. 

Two photographs of the arrangement and set-up of 
the equipment on a master lathe are reproduced in 
Figs. 1 and 2, on page 680. The principal parts are : 
(1) the glass ole mounted in a metal case and 
arranged parallel to the lathe traverse; (2) the 
camera and flash lamp attached to the tool saddle ; 
(3) a portable power unit in which the energy to pro- 
duce the flash of light is generated and stored; and 
(4) a contact-breaker connected in series with the 
power unit and arranged to operate for each revolution 
of the feed screw. The contact breaker is shown, for 
convenience, on the lathe bed in Fig. 1. 

The general dimensions of the scale are shown in 
Fig. 3, 680. The glass is aluminised on one side to 
render it opaque, and is ruled with a series of fine el 
lines, about 0-0005 in. thick, spaced at intervals of 
0-4960 in. The lengths of the terminal lines are in the 
proportion of nearly 2:1, and they serve to identify 
the beginning and end of the scale. For convenience 
in measurement and simplification of the camera 
design, the spacing of the graduation lines is slightly 
less than the nominal pitch of the machine feed screw, 
which is usually 0-5000 in. for large gear-hobbing 
machines. Thus the nominal separation of each line 
per revolution of the feed screw when recorded on the 
photographic — during the process of measurement 
is 0-0040 in. Two additional lines spaced at 0-1500 in., 
ruled near the centre of the scale and arranged slightly 
above the main graduations, provide a direct method 
of calibrating the scale of the photographic plate. The 
scale is mounted in a metal frame with shock-absorbing 
material placed between the glass and the metal. The 





* Communication from the National Physical Labora- 
tory. The work described in the article was carried out 
as part of the research programme of the N.P.L., in 
association with the Engineer-in-Chief’s Department, 
Admiralty, Bath. Published by permission of the 
Director of the N.P.L. and with the approval of the 
Engineer-in-Chief. Abridged. 
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complete unit, shown in Fig. 4, page 680, is housed in 
an aluminium case provided with three-directional 
adjustments to facilitate focusing in relation to the 
camera. Provision is made for a sensitive me 
thermometer which can be read through a special slit 
window in the case. As shown in Fig. 4, the case 
stands on two adjustable feet for clamping to the 
machine bed. The scale was manufact by Messrs. 
Hilger and Watts, Limited, 48, Addington-square, 
London, 8.E.5, and the lines are spaced to an accuracy 
of within 0-0001 in. at 20 deg. C. 

By arranging the spacing of the scale divisions as 
described in the previous paragraph, the need for a 
conventional type of cine-camera was avoided. The 
camera, as shown in Fig. 2, consists simply of a standard 
microscope-camera metal “ bellows” and slide. A 
metal tube attached to the bellows carries at its free 
end a 2-in. Ross lens. The nominal magnification 
of the camera is 5 diameters, but the actual value in 
practice is determined from the known tion of the 
two calibration lines which are reproduced on each 
photographic plate. No shutter is provided, extrane- 
ous light being excluded by a long lens hood almost 
touching the scale case. In addition, the lens is stopped 
down to about f/32, thus the aperture is very small and 
any light finding its way inside the lens hood does not 
cause any appreciable fogging of the plate. The com- 
plete units is mounted in a steel bracket which is 
attached to the machine saddle. 

The electronic flash tube and power unit are standard 
commercial equipments supplied by Messrs. Dawe 
Instruments, Limited, Brentford, Middlesex, and 
consist of a mains-operated 230-volt alternating- 
current Portaflash power unit used in conjunction with 
a Mullard flash tube of flash energy 100 joules. The 
effective duration of the flash is about 0-0001 second, 
and after each flash the power unit requires about 10 
seconds to recharge. It is thus necessary, in operation, 
to adjust the rate of rotation of the feed screw to less 
than one revolution in 10 seconds, since the triggering 
of the flash is actuated by this rotation. The flash 
tube has been built into a special tubular housing which 
has provision at its forward end for fitting a condenser 
lens or optical filters. 

The contact-breaker* consists of a sensitive micro- 
switch which is operated by a single-tooth index plate 
attached to the end of the feed screw. As the disc 
rotates, the face of the tooth engages with the tip of a 
flexible steel blade and so deflects it from its free 
position. This deflection actuates the plunger of the 
wicro-switch for each revolution of the feed screw. 

When setting the scale unit on the machine bed it 
is essential for the face of the scale to be truly parallel 
to the saddle traverse in order to ensure critical focus 
over its whole length. For this pana it was found 
convenient to use a microscope of magnification 50 dia- 
meters in place of the camera, the scale being illumin- 
ated by means of a small electric lamp which is situated 
at the position subsequently occupied by the flash tube. 
To obtain the record, the camera is focused on the 
central line of the scale, using a ground-glass screen, 
so that the image is centrally placed on the plate. 
At the same time, the micro-switch is synchronised to- 
flash the lamp at this position of the camera. 

A reproduction of a typical record is shown in 
Fig. 5, on page 680. This record, which magnifies the 
increments 15 diameters, shows, in addition to the 
graduation lines, the two calibration lines which, as 
previously mentioned, are automatically photographed 
on the plate to enable the exact scale of the record to 
be established. Since the magnification of the plate is 
only about 5 (Fig. 5 is an enlargment to about 3 dia- 
meters), measurement of the record is carried out 
on a precision travelling microscope. The differences 
between the measured scale intervals and the corres- 
ponding nominal values of 0-004 in., 0-008 in., etc., 
give the progressive error in the saddle movement. 

To determine the degree of repeatability of the 
equipment, the initial tests were carried out on the 
master screw-cutting lathe shown in Figs. 1 and 2. 
Since the known accuracy of this lathe over a length 
of 18 in. is of the order of +0-0001 in., the results 
obtained also serve to test the accuracy of this method. 
The measurements obtained from two different photo- 
graphic plates are shown in graphical form by curves 
a and 3, in Fig. 6, on page 680. A comparison of the 
curves indicates that, in general, the repeatability is of 
the order of +0-00005 in. The slope of each curve 
suggests that there is a small gressive error of 
about 0-0002 in. over a traverse length of 17} in. 

In order to investigate the response of the equip- 
ment to a known change in the progressive error, an 
artificial pitch error was introduced into the feed screw 
by tilting the corrector bar of the machine. The tilt 
applied was equivalent to a progressive error of about 
0-002 in. over 18 in. Curves c and d in Fig. 6, which 
represent results obtained from two series of photo- 





* C. Timms, A. A. King and L. E. Jeans, “‘ The Mea- 
surement of Periodic Errors in Gear-Hobbing Machines,’” 
ENGINEERING, vol. 166, page 337 (1948). 
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Fie. 4. Mountep Giass SCALE. 


graphic tests, indicate that the progressive error 
amounts to 0-002 in. for 17} in. This value was also 
confirmed by a different method of test in which the 
movement of the lathe saddle was compared with the 
pitch of a screw of known accuracy ; these results are 
shown by curve e. 

The suitability of this measuring technique for use 
on large gear-hobbing machines was examined by 
taking a series of measurements on a machine used for 
cutting marine-turbine reduction pinions. For these 
tests, the scale was located near the normal cutting 
position of the hob, and the arrangement of the camera 
and flash tube was similar to that on the lathe. The 
results given by curves f and g, Fig. 6, which were 
taken over the same traverse length, indicate that the 
pitch over the initial 14 in. is closely nominal, but 
over the remaining 4 in. the progressive error amounts 
to 0-0006 in. No great difficulty was experienced in 
applying the technique to this type of machine tool. 
The necessary facilities for these tests were provided 
by Messrs. W. H. Allen, Sons and Company, Limited, 
Bedford. 

Due to the different expansion coefficients of steel 
and glass, it is necessary to apply small corrections to 
the measured errors if the temperature varies from the 
standard value of 20 deg. C. For this purpose, the 
sensitive mercury thermometer located in the glass- 
scale case is graduated to 0-1 deg. C. To determine 
the machine temperature it was found convenient to 
use copper-Constantan thermocouples which were 
placed in close contact with various portions of the 
feed screw immediately before and after each test. 
The differential coefficient of glass and steel is about 
2-, x 10-* per inch per deg. C. 

The actinic light provided by the flash tube is very 
intense, and since the flash is directed at the camera 
from a range of only a few inches, means must be 
provided for reducing the amount of light affecting 





Fie. 5. Typican Recorp. 


the photographic plate. The conditions which led to 
well-defined lines cn the plate, i.e., free of any halation 
or “spread,” involved the use of a neutral density 
filter and an Ilford No. 405 green filter placed in front 
of the flash tube. A fine-grain contrasting backed 
plate was used, a suitable type being the Ilford 
chromatic plate with a speed of 18 deg. Scheiner. A 
contrasting MQ type of developer was found to be 
most efficient, giving good black lines on a clear back- 
ground. A chrome-alum fixing bath ensured that the 
plate emulsion, after subsequent drying, was suffi- 
ciently hardened to withstand handling during measure- 
ment on a travelling microscope. 

In conclusion, the high-speed photographic method 
of measuring progressive errors in machine tools has 
proved to be accurate and reliable. The application 
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of this technique to large gear-hobbing machines, 
which was the primary object of this investigation, 
has proved successful. The effect of local machine 
vibrations was not evident in the records. For routine 
tests, a larger length of scale would be desirable, and it 
is now understood that scales up to 40 in. in length 
can be aluminised. Other possible applications of this 
technique include the measurement of circular-division 
errors, such as the table drive of small gear-hobbing 
machines. For this purpose it is proposed to deter- 
mine the errors in table movement in relation to a 
precision polygon,* the errors being recorded photo- 
graphically. High-speed cinematography is also suit- 
able for analysing the movements of mechanisms. 





TURBO-CHARGED DIESEL ENGINE: CORRIGENDUM.— 
In our description, on page 503, ante, of the prototype 
turbo-charged Diesel engine manufactured by Messrs. 
Mirrlees, Bickerton and Day, Limited, Stockport, it was 
stated that the camshaft was fitted with ‘‘ Howichrome ” 
cam sleeves. We have now been advised, however, that 
this engine is fitted with Monikrom cam sleeves manu- 
factured by the Midland Motor Cylinder Company, 
Limited, Smethwick. 





* See also C. O. Taylerson, “ Testing Circular Division 
with Precision Polygons,” ENGINEERING, vol. 166, 
page 73 (1948). 








DEC. 23, 1949. 


ENGINEERING. 


681 








REMINISCENCES OF EARLY 
AVIATION.* 
By Dr. A. P. THurston, M.B.E., M.I.Mech.E. 


Ir was on top of a ’bus in Birmingham in 1919 that 
the Newcomen Society was born. The ’bus was taking 
some of us to the railway station after an inspection 
of a Watt engine—which in those days still worked. 
There were Mr. Arthur Titley and Mr. C. E. Greener 
(Birmingham manufacturers, and organisers of the 
Watt Centenary in which we had all been taking part), 
Dr. H. W. Dickinson, Mr. Rhys Jenkins, and other 
engineers from the south. They decided then and 
there to form a society to bring together people inter- 
ested in the history of engineering. I went abroad 
and did not join the Society at once, so that I was a 
comparative stranger when I attended my first Summer 
Meeting. Mr. Titley, the President, and his friend, 
Mr. Greener, met me at the station and took me to 
my hotel. This kindness surprised me, but I soon 
found out that it was natural to the founders of the 
Newcomen Society. 

It is customary for a President to confine his address 
to a subject relating to his life interest. I therefore 
propose to speak briefly of my early experiences in 
aviation. My father was a born engineer. He made 
models of steamboats, yachts, locomotives, helicopters, 
flying machines, kites, the first telephones, induction 
coils and various electrical apparatus. He taught 
me to mike cameras and to sensitise paper and plates. 
He even made a telescope to study the planets and the 
stars. He believed in flying, was versed in its history 
and kept me informed of its progress. During the 
period 1890-94, I flew kites, became conversant with 
the secret of balance and the virtue of tails, made many 
experiments to make a helicopter fly in a straight line, 
made and sailed model yachts and steamboats pro- 
pelled by screws, paddlewheels or jets, became experi- 
enced in the use of rubber as a prime mover and the 
use of bamboo, birch and umbrella ribs for light 
structures, mide steam engines, a gas engine, steam 
windmills and steam reaction motors, and was well- 
informed of the progress of Sir Hiram Maxim’s aero- 
nautical experiments. 

Sir Hiram Maxim’s steam-driven flying machine, 
weighing 10,000 lb., driven by two steam engines, each 
of 180 h.p., and having a wing span of 104 ft., tore 
itself from the rails during a trial with Sir Hiram and 
two of his workmen (Thomas Jackson, a coppersmith, 
and Arthur Coad) on board, giving them, in Sir Hiram’s 
words, ‘‘ the sensation of being in a boat.” My notes 
say this was on August 1, 1894. According to a note in 
Lady Maxim’s writing in Sir Hiram’s own copy of his 
book on Artificial and Natural Flight: “ First free 
flight ever made with a machine heavier than air was 
made by Sir Hiram Maxim with his large machine on 
July 31, 1894. This large machine left the ground 
and engaged the underside of the guide rails and did 
actually fly a distance of more than 400 ft. This was 
the first free flight ever made with a machine heavier 
than air.” Baldwin’s Park, Bexleyheath, where the 
trials of Maxim’s machines were carried out, was sold 
before the experiments were completed. An engine, the 
boiler, one propeller and a model of this machine are in 
the Science Museum. Maxim’s comments on public 
and official reactions to his experiments are well known. 
Of the Government, he said: “I constructed a flying 
machine weighing 10,000 lb. and proved it was possible 
to lift this weight in the air. The British Government 
were so pleased that they acquired the site and erected 
thereon the largest, finest and best-equipped lunatic 
asylum in the world!” 

In 1903, Maxim made me his chief assistant and 
designer. At that time, he had conceived the idea of 
making the British public airminded and, at the same 
time, making them pay for their aeronautical education. 
He proposed to do this by means of captive flying 
machines. The flying machines were provided with 
bodies having wings and propellers, and means for 
controlling the wings. They were suspended by braced 
ropes from the ends of great radial arms mounted 
upon a driven rotary shaft, on the principle of the 
“ giant stride.” I designed several of these machines, 
of different sizes. The first was erected in the grounds 
of Thurlow Park, Norwood, and was afterwards moved 
to Earl’s Court. After it had been tested for strength 
by means of sand bags, the engineer-in-charge thought 
to give the young designer a thoroughly enjoyable run. 
Speed was increased until the centrifugal force was 6-47 
times gravity. After a mighty mental struggle I fell 
unconscious to the bottom of the car. Fortunately, I 
had with me a tough workman, who was in a more 
advantageous position, and he was able to give the 
signal to stop. I recovered consciousness at about three 
times gravity and was able to walk when we stopped. 
Sir Hiram put me in the car again after lunch and ran 





* Presidential address to the Newcomen Society for 
the Study of the History of Engineering and Techno'ogy, 
delivered in London on October 12, 1949, Abridged. 





meupto3g. I took this all right. This experience was 
of more value to the country and to aviation than I 
then knew. 

These captive flying machines, which were erected 
at Earl’s Court, Crystal Palace, Southport, Liége, and 
other places, became popular with the public and led 
to many valuable experiments. For instance, I was 
able to drive a model through the air at 100 m.p.h. 
at the Crystal Palace in 1904 and measure the lift of the 
*plane, which worked out at 7 lb. per square foot. 

his was an important discovery at that time because, 
according to mathematical theory, it was impossible to 
obtain such a high lift. In the early days of aero- 
nautics, pure mathematics was as great a barrier to 
progress as the sonic barrier has been recently. 

During this period, 1903-04, Samuel Franklin Cody 
was experimenting with man-lifting kites at the Crystal 
Palace. It was delightful to see the action and re- 
action of Cody on Maxim and Maxim on Cody. Cody’s 
gadgets were extremely simple and ingenious, but the 
workmanship was poor. Maxim, however, was the 
finest craftsman I have ever met. I remember, one 
day at the Crystal Palace, Cody showing Maxim a 
gadget for deflecting the running rope of a kite. 
Maxim approved the design, but pooh-poohed the 
workmanship and told Cody that he would make 
one for him. Maxim tock Cody’s model straight to 
Norwood, worked nearly all night, and next morning 
took the finished article to the Crystal Palace. ‘‘ There 
you are,” he said to Cody, “ that’s the way to make it.” 
Maxim was a great worker and always very approach- 
able. One day one of the shop stewards (then an 
innovation) said to him: “ Sir Hiram, you believe in 
the eight-hour day, don’t you?” ‘ Yes,” replied Sir 
Hiram, “ Eight hours in the forenoon and eight hours 
in the afternoon.” 

Maxim showed me how to find out the centre of 
pressure of an aeroplane at different angles of incidence, 
how to make fabrics proof against actinic rays, how to 
get automatic stability, how to construct aeroplanes of 
light construction with longerons or spars and ribs, 
and how to cover them with cotton fabric and make 
them waterproof. He was always teeming with ideas 
and inventions and described himself as a ‘ chronic 
inventor.” The spirit which animated him and drove 
him to restless activity in the cause of aviation was 
revealed one afternoon—it must have been in the 
autumn of 1903. Maxim was on one side of a wing and 
I was on the cther, and there were one or two young 
workmen present. Suddenly the wind brought in the 
sound of Chopin’s Funeral March from the Norwood 
High-street. Maxim bent his head in the direction of 
the cemetery and said: “ Ah, boys, one of these days, 
when I’m over there, you will think of me working like 
hell fire and damnation ”’—a pet phrase of his—“ for an 
impossible ideal which will revolutionise the world.” 

While we were building the captive flying machine 
in Thurlow Park, word was brought that two American 
brothers had flown successfully. I remember the pro- 
found joy the news brought to Maxim and his co- 
workers, and the scepticism with which it was received 
generally in the country. This amazing news was 
brought to this country by Mr. Patrick Young Alexan- 
der, who travelled the world to keep in touch with all 
men interested in aviation and who spent his fortune in 
the cause. 


During this period, of course, I heard much of Maxim’s| 


early inventions of dynamos, arc lights, carbon-filament 
lamps, the Maxim gun and smokeless powder. Maxim, 
in the eighties, found that a considerable amount of 
carbon could be displaced in black powder by paraffin 
wax, and that the compound could be pressed into shape 
and absorption of moisture prevented. Later he used 
various kinds of oils—vaseline, cylinder oil, sweet oil 
and castor oil. He also experimented with nitro- 
glycerine and soluble gun cotton, squirted through dies 
into threads in various proportions, and it occurred to 
him that paraffin and oils might be of value in prevent- 
ing detonation of these compounds. Thus he invented 
smokeless powder. His patent specifications did not 
claim petroleum, as it was thought to be covered by 
the term “ oil.” In the Maxim cordite law case, it was 
held that petroleum was not an oil but a hydrocarbon. 

I joined the examining staff of the Patent Office in 
February, 1905, and spent my spare time experimenting 
and lecturing in aeronautics, nage very friendly 
with Mr. Alexander, who, in his enthusiasm, induced me 
to lecture in many places. Mr. Alexander founded a 
number of clubs and gave away numerous small experi- 
mental wind tunnels. He discovered the principle of 
auto-rotation. He gave prizes for engines and ma- 
chines, assisted the Aeronautical Society with funds, 
and presented them with the models and engines of 
Henson and Stringfellow, which he had purchased. 
These models are now in the Science Museum. About 
1907, I started lecturing in aeronautics at East London 
College, and in 1909, with the assistance of a donation 
and some apparatus from Mr. Alexander, I founded 
there the aerodynamical laboratory—the first univer- 
sity aerodynamical laboratory in this country—and 
started an aero club. 





During the period 1905-09, Maxim was busy designing 
and building his second flying machine and a petrol 
engine for it. He visited the Patent Office and per- 
suaded the Chief Examiner to allow me to assist 
him. This machine teemed with ideas, many of 
great merit. Maxim was original and never troubled 
to find out what other people had done or had invented. 
The second machine had fore and aft control, like the 
first. The wings were of thin section, strengthened by 
longitudinal spars and ribs, and were double-surfaced. 
A new type of petrol engine was designed with a novel 
carburettor, novel lubricating system and skew- 
geared overhead-operated valves, vanadium-steel 
cylinders, spun German-silver water jackets, and auto- 
matic control operated by gyrosco This engine 
is in the Science Museum. A circular track was con- 
structed in the grounds, with a central mast having 
a swivel head for attachment of the machine. The 
engine drove a small central propeller, and two large 
side propellers by means of cable belts. This drive 
gave much trouble. During the final trials, one of the 
aluminium driving wheels on one of the large propellers 
broke, and the cable wound up on the engine and 
collapsed the machine. 

While the trials of this machine were being carried 
out, the first International Air Display was held at 
Rheims in August, 1909. I went with Maxim to this 
Air Display and I shall never forget the thrill of seeing 
men fly for the first time. The race was won by the 
American, Glenn Curtiss, in a small fast biplane having 
fore and aft control like Maxim’s. The height contest 
was won by Hubert Latham in his Antoinette mono- 
plane (which is in the Science Museum); he climbed 
in circles to the then amazing height of 500 ft. I saw 
him, day after day, practising climbing turns, each day 
going higher. When racing, he flew in a straight line 
parallel to the earth, in marked contrast to the young 
French pilot, Lefebvre, in his French-built Wright 
machine, which flew in an exaggerated “ linnet ” path. 

In 1912, I gave a paper before the British Association 
in Dundee, showing the distribution of pressure over 
aerofoils at various inclinations; and I started a 
research on the variation of pressure on a main plane, 
caused by parallel rider planes at various distances in 
front of or behind the said plane. It was found that, 
as the gap was decreased, the influence of the rider plane 
increased; and it was discovered that the maximum 
lift on the main plane was obtained when the rider 
plane was just in front of and at minus 15 deg. with the 
main plane, and that rider planes would thus prevent 
“ stalling” and enable the “lift” to be increased. 
These discoveries were published in a series of lectures at 
Queen Mary College in 1914. I communicated the 
results fully to the Military Aeronautics Directorate, 
but they were not taken up and I shelved the subject. 
After the war, I took the matter up again and tried 
to get official support. I used wing-tip rider planes, 
and found they would open and close automatically at 
certain angles. 

In 1913 I took my doctorate, the first D.Sc. for 
Aeronautics in Great Britain, and in this year I was 
taken by Mr. Alexander on an expedition up the 
Amazon and Rio Negro. Other members were Dr. 
Weidert, a director of Goerz Limited, and designer 
of the German periscope, and Dr. Berson, the Deputy 
Chief of the German Meteorological Office. We let up 
balloon sondes all the way over the Atlantic and up 
the Amazon, in order to chart the currents in the upper 
air. When war was declared in 1914, I was in the West 
Indies, where I had gone to observe the flight of birds 
in connection with my experiments with rider planes. 
I also investigated the pressure distribution around the 
funnels and other parts of a ship at sea, using a static 
tube, and I used the hot-wire anemometer, which we 
had developed at East London College, for investigating 
the velocity distribution of the wind about a ship at sea. 

I transferred from the London Electrical Engineers 
(R.E.) to the Royal Flying Corps in 1915 and was made 
an Inspector of Aeronautics. The Royal Aircraft Fac- 
tory was building aeroplanes in competition with the 
trade, and many machines were purchased abroad. 
The R.F.C. had much trouble with certain American 
and Continental machines, and I went through the 
calculations and strengthened the machines where 
necessary. In December, 1915, I was sent over to 
France for the same purpose and eventually was put in’ 
charge of the safety of design of British military 
aircraft. 

A period of great activity followed, spent in evolving 
methods of design and testing aircraft. I was able to 
fix load factors in flight as a result of my experience 
with Maxim. I fixed the load factors for landing by 
measuring the load required to distort the undercar- 
riage to the same amount as in the worst “safe” bad 
landings, and I got sanction to test to destruction every 
machine which was to go into production. At least one 
of the machines which I calculated and followed 
through its teething troubles is in the Science Museum 
—the Vickers Vimy, the first machine to fly the Atlantic 
non-stop. 

I also studied for a year the reports of the com- 
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mittees of inquiry in every case of mechanical failure. 
I found that evidence was collected with the most 
scrupulous care, but often the findings were not satis- 
factory, owing to technical misapprehension; thus, 
I found at least half a dozen cases of failure in the air 
with machines having overhangs of the top wing 
strutted by inclined struts, braced by wires. The 
evidence proved that the wings had collapsed when 
the aeroplanes were diving in to land. The findings 
were that the overhanging wing had collapsed upwards, 
and recommendations were made that lift wires should 
be placed alongside the struts to resist tension. I 
doubted these findings and took steps to obtain por- 
tions of one of the fractured struts. I found that this 
strut had collapsed in compression, indicating that the 
overhanging wings had collapsed downwards, due to 
downward pressure on the tops of the wings. Many 
other instances of the down pressure on the front por- 
tion of the wing, when diving or flying at a small angle, 
confirmed the evidence of the distribution of pressure 
found in my experiments and enabled me to obtain 

ction to calculate all aircraft for download on the 
front of the wing. 

One of the most successful machines of the war was 
the S.E. 5. This was conceived, and the design started, 
by the chief test pilot of the Royal Aircraft Factory, 
Capt. Frank m. Two machines were built and 
flown. The first collapsed in the air after 20 or 30 hours’ 
flight and Frank Gooden was killed. The committee 
of inquiry found that the accident was caused by the 
— breaking and fracturing the wing structure. 

did not believe this, and therefore ordered a guard to 
be placed upon the wreck, and that the hole in the 
ground should be searched and the pieces of the pro- 
peller found and placed together. The whole of the 
periphery of the propeller was found and assembled, 
and photographed. It was obvious that the fracture 
was not due to the propeller. I found, however, that 
one bottom front spar had failed by downward torsion. 

This could not have happened unless something 
else had failed previously in the interior of the wing. 
I therefore visited the second machine, which had been 
flown for nine hours, and gave the lower wing a 
bang with my hand. There was a nasty jarring sound 
from the interior bracing, which was evidently slack. 
I therefore stripped the fabric with my penknife, and 
could see incipient lines of failure in the varnish of the 
strengthening ribs of the wing, between the wing 
struts. There was no provision to resist torsion due to 
download on the front of the wing, so I suggested that a 
piece of three-ply wood should be placed between the 
upper and lower ribs, and the front and back spars, 
to take the torsion. This was done, and great quan- 
tities of this very fine machine were made and flown 
without further trouble. By taking advantage of 
every piece of evidence available, a system of design 
and testing was evolved which, with slight modifica- 
tions, has remained in force to the present day. 

Nearly 50 years ago, we were well aware of the 
resistance of air at all = up to nearly 2,500 ft. 
per second. We knew of the resistance barrier in the 
neighbourhood of the speed of sound, and, by means 
of shells, had penetrated far beyond the sonic barrier 
into the comparatively low-resistant range of the higher 
air speeds. Our flying machines can now fly above the 
speed of sound, but aircraft have not yet found the 
low-resistance range beyond the sonic barrier, which 
we believe to exist. I wonder if this is because of 
unsuitable shape or because aircraft and models distort 
or deflect so much at high speeds, whereas the shell 
remains solid and undistorted, and spins. Great as 
the advance has been in the past 50 years, there is 
every possibility of much greater advance in the next | 
half century. We know that gravity is merely an 
acceleration. It is clear that, with increased knowledge 
of the internal construction of the atom, ways will be 
found to counteract this acceleration by means other 
than the momentum of air. All this advance has 
been achieved by the hard and constant thinking 
of the human brain. Can one doubt that, in the 
future, all things are — to the mind, which, like 
Greek fire, is immortal and not to be quenched ? 








UuTrRasonic RaIL- INSPECTION SERVICE.—In the 
December 3, 1949, issue of the American journal, Railway 
Age, a brief description is given of two new ultrasonic 
flaw-detector rail-wagons, which have been developed 
by Sperry Products, Incorporated, Danbury, Connecticut, 
U.S.A., for the detection of defects in rail track joints. 
One of the cars, designed for use where the traffic density 
is high, is manually operated and light in weight, so that 
the unit may be easily removed from the track by the 
operator. The other wagon is semi-automatic. The 
testing equipment is mounted on a pivoted carriage at 
the rear of a motor-driven wagon, which moves under 
its own power from one joint to the next, and stops auto- 
matically in the correct position for testing each joint. 
Both wagons employ identical ultrasonic flaw-detection 
apparatus, including a portable alternating-current 
generator. 


LABOUR NOTES. 


Dir¥IcuLtTIEs attending the suspension of cost-of-living 
sliding-scale arrangements were discussed at a two-day 
conference between the special economic committee of 
the Trades Union Congress and officials of unions which 
possess such agreements. On December 13, the com- 
mittee met officials of the building and iron and steel 
unions and, on the day following, representatives of 
13 other unions, which cater for a wide range of indus- 
tries, mainly outside engineering and shipbuilding. 
The committee were assured of the loyalty of all these 
unions and of their desire to act in support of the 
official policy of the T.U.C., but no formal conclusions 
were reached and no resolutions necessitating a vote 
being taken were submitted. It was considered that a 
final decision on the complicated problems involved in 
this question must await the attention of the full con- 
ference of trade-union executives, which is to be held 
on January 12, 1950. 


In the meantime, the officials present at the joint 
meetings will discuss the difficulties of implementing 
the T.U.C. recommendations, for the suspension of 
cost-of-living arrangements during 1950, with the full 
executive committees of their individual unions. At 
the conclusion of the joint meetings, the T.U.C. special 
economic committee met separately and, it is under- 
stood, they then decided that no matters had emerged 
from the joint talks to justify any modification of the 
policy recently announced by the T.U.C. general 
council. 


Before proceeding with their proposed new wage 
claims on behalf of the lowest-paid railway employees, 
the National Union of Railwaymen some weeks ago 
invited the other leading railway unions to join with 
them in their demands. The decision of the Associated 
Society of Locomotive Engineers and Firemen, declining 
to take part in the new claim, was made known shortly 
after the invitation had been sent, and a similar refusal 
by the Railway Clerks’ Association was announced in 
London on December 14. A statement made on 
behalf of the R.C.A., who have a membership of 90,000 
persons drawn mainly from the clerical and adminis- 
trative ranks, declared that their executive committee 
had considered the whole matter very carefully, but 
had decided not to join in the fresh demands of the 
N.U.R., in view of their own decision to support the 
wage-restraining policy of the Trades Union Congress 
and because of the seriousness of the present economic 
situation. The R.C.A. had been influenced also, the 
statement continued, by their acceptance of the 
findings of the railway Board of Conciliation, which 
were against any increase in railway wages at the 
present time. 


At a meeting held in London on December 14, the 
executive committee of the N.U.R. decided unanimously 
to pursue their claims for a minimum weekly wage 
for the lowest-paid grades of railway employees. This 
decision was taken after consideration had been given 
to the views of the R.C.A., and the new claims of the 
N.U.R. will, therefore, be proceeded with entirely on 
their own account. The executive committee hope to 
arrange meetings at an early date with the Railway 
Executive, Docks and Inland Waterways Executive, 
and London Transport Executive, at which their 
latest wage demands will be presented. 


Labour conditions in the ship-repairing industry on 
Merseyside are to be investigated by a fact-finding 
/committee, which will be set up at an early date by the 
President of the Board of Trade, Mr. Harold Wilson. 
This was d at a meeting between representa- 
tives of the shipping industry, officials of e unions 
connected with the industry, Members of Parliament 
for Merseyside, and Mr. Wilson, held in Liverpool on 
December 16. In consequence of orders for the recon- 
version of troopships, employment in the ship-repairing 
industry increased rapidly after the end of the war, but 
has slumped heavily since. At the present time, only 
11,700 workpeople are employed in the industry, barely 
300 above the figure for 1939, and it is estimated that 
2,700 persons recently at work in the industry are 
unemployed. Suggestions to remedy the situation put 
forward by the Confederation of Shipbuilding and 
Engineering Unions were that the Government should 
sponsor the development of Merseyside as an essential 

for shipbuilding and ship repairing, and that 
British shipowners should not be allowed to have their 


ships repaired abroad. 





British shipowners, in future, will be able to have 
major repairs to their ships undertaken in soft-currency 
countries, without seeking the prior approval of the 
Minister of Transport. The Minister, Mr. Alfred 
Barnes, stated on December 16, in a written answer to 
a Parliamentary question that this decision has been 











taken in view of the increasing world-wide competition 
in the shipping industry and of the important contribu- 
tion which British shipping makes to this country’s 
balance of payments. Owing, however, to the con- 
tinued short supply of some currencies, major repairs 
in hard-currency areas, including at present Belgium 
and Western Germany, must continue to be subject to 
the prior a ty of the Minister, as hitherto. Such 
approval will be given only in the most exceptional 
circumstances. 


A last-minute hitch followed the decision of the 
1,200 unofficial strikers at the three London power 
stations to return to work on Thursday night, Decem- 
ber 15, as announced in our last issue. The men ob- 
jected to notices posted by the British Electricity 
Authority at the three stations, Brimsdown, Enfield ; 
Littlebrook, Dartford; and Taylor’s Lane, Willesden. 
These notices stated that men returning to work did so 
entirely unconditionally and, in some cases, returning 
strikers were asked to sign a book containing a state- 
ment to the same effect. In these «circumstances, a 
meeting of representatives from 30 London stations 
decided late on December 15, that the men employed 
at the three power stations concerned should not return 
to work until the “‘ unconditional ”’ notices were with- 
drawn. The B.E.A. issued a number of statements, 
in one of which they declared that there was no founda- 
tion for any suggestion that the notices in question 
implied that it was open to them to set aside normal 
working conditions. Another statement declared that 
a representative of the men at Brimsdown station had 
stated that the men were returning on condition that 
the troops were withdrawn and that there was to be 
no victimisation. The notice was posted, therefore, 
the statement continued, to avoid any misunderstand- 
ing that might otherwise have arisen, that the strike 
terminated on conditions imposed by the strikers. 


Discussions on the situation took place at the House 
of Commons on the night of December 15 between 
Mr. Frank Foulkes, President of the Electrical Trades 
Union, Lord Citrine, chairman of the British Electricity 
Authority, and the Cabinet emergency committee. 
The Minister of Labour, Mr. George Isaacs, stated in 
the House of Commons on Deccmber 16, that the B.E.A. 
had made it clear that no question regarding the 
existing terms and conditions of employment arose. 
Mr. Isaacs added that he was satisfied that ‘‘ in the dis- 
cussions between the B.E.A. and the trade unions no 
conditions for a resumption were imposed or promises 
made.” After further discussions between-the B.E.A. 
and officials of the unions concerned, a new notice, 
which incorporated and superseded the B.E.A. state- 
ments on the previous day, was posted at the three 
power stations on the afternoon of December 16. This 
was signed by Lord Citrine and Mr. Foulkes and said 
that the statement by Mr. Isaacs was accepted. 
Further, it was agreed that “‘ work was resumed on no 
other conditions than those which obtained before the 
cessation, that is, those determined by the National 
Joint Industrial Council or within the national agree- 
ment.”’ The night shifts returned the same evening 
and the five-day strike was at anend. That no greater 
inconvenience and loss was sustained by industry and 
the public was due to the promptitude with which the 
servicemen were called in and to their zeal and effici- 
ency. 

Delegates of the National Union of Mineworkers, 
meeting at Bolton, Lancashire, on December 17, gave 
their approval to the creation of a special accident 
fund in the coal-mining industry for the benefit of 
relatives and dependants of miners killed in pit acci- 
dents. Payments, which would be additional. to any 
sums received under the common law or the Industrial 
Injuries Act, would include 1501. for a widow ; 25l. for 
each child under 16, up to a maximum of 2501.; and 
sums not exceeding 1501. in all to dependants, where 
the fatally-injured miner left neither widow nor 
children. 


Although public funds are raised for the benefit of 
dependants of those injured as a result of major colliery 
accidents, no such assistance, it is pointed out, is pro- 
vided for those left behind by the victims of lesser 
fatal accidents and these arise much more frequently. 
All fatalities, whether occurring as the result of a large- 
scale disaster or otherwise, would come within the 
scope of the pro fund. The National Union of 
Mineworkers and the National Coal Board have each 
agreed to contribute 25,0001. to start the fund, and the 
miners would be called upon to contribute a a 
week each. Subject to the approval of local branches 
of the N.U.M., the fund will commence on February 1! 
next. The proponed fund would not apply to deaths 
arising from industrial diseases. It is intended to work 
out a parallel scheme for such cases. 
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SEGREGATION AND LIQUATION IN 
ALLOYS.* 


By Proressor ALBERT PorTEvIN and Marc 
DANNENMULLER. 

In the study of segregation, as in that of all other 
casting phenomena and characteristics such as casta- 
bility, piping, shrinkage, blowholes, and cracks, the 
solidification process of metals and alloys can be divided 
into three stages. These are: Stage 1, in which 
crystals of the solid phase are not yet sufficiently 
developed to touch one another, and swim in the liquid. 
The solid phase is discontinuous and the liquid phase 
continuous ; the two are capable of relative movement. 
In Stage 2, crystals of the solid phase are sufficient] 
developed to touch each other or the mould walls and, 
when mobilised, form a mesh through which liquid 
can circulate like water in a sponge. Both solid and 
liquid phases are continuous, but only the liquid is 
capable of relative movement. In Stage 3, the solid- 
phase crystals are so*far developed as to form barriers 
restricting movement of the liquid. The solid phase is 
continuous and the liquid phase discontinuous ; relative 
movement of the two phases is impossible. 

It is understood, of course, that on account of tem- 
perature gradients during freezing these various stages 
do not take place simultaneously throughout the cast- 
ing, but succeed one another; this asynchronism is 
responsible for major segregation and shrinkage, as 
well as for the distribution of blowholes and minor or 
dendritic shrinkage. Accordingly, major shrin 
(piping) occurs only after the onset of Stage 2, the first 
stage having only an indirect effect on subsequent 
shrinkage. Major shrinkage ends with the second 
stage; after that, only interdendritic or micro- 
shrinkage can occur. Similarly, primary gas cavities 
(blowholes) do not form until Stage 2 begins, and in 
Stage 3 only interdendritic gas cavities or ‘“ micro- 
blowholes ” can form. Cracks do not develop until 
the beginning of the second and third stages. 

The factor which governs the stages of freezing or 
melting is neither the proportion by weight of solid 
phase nor its proportion by volume, but what may be 
termed the spatial development (i.e., space taken up), 
which depends on both the proportion by volume and 
the external crystal form. The latter can be extremely 
variable and difficult to characterise geometrically. 
It may be observed that this obstruction increases with 
the ratio of surface area to volume, greater obstruction 
being presented by slender, filiform, and branching 
structures. Taking a very simple example, for a cube 
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Segregation is a phenomenon which accompanies 
the solidification of alloys and which causes differences 
in chemical composition between various points or 
regions of the mass after solidification. Conversely, 
composition differences through the mass alter the 
melting temperature (different points on the solidus). 
On heating a segregated sample, the action of physical 
forces such as gravity centrifuging, or compression 
will bring about progressive separation in decreasing 
order of fusibility, or ‘‘liquation.”” Two words are 
used for the same phenomenon according to the context, 
namely, segregation (detrimental aspect), and liquation 
(useful aspect). Littré’s dictionary defines segregation 
as being an action by which one sets apart, separates 
from the whole, or from a mass. Liquation is defined as 
separation, one from the other, of heterogenous liquefied 
substances. According to its extent throughout the 
sample and the scale of size of the phenomenon, two 
forms (macro- and micro-) are differentiated, as in the 
study of all other casting phenomena. 

Major segregation (also general or macro-segregation) 
occurs throughout the whole casting and can be detected 
qualitatively by macro-etching, and quantitatively by 
the chemical analysis of areas selected by macroscopic 
examination, which includes radiography. It can be 
comrletely defined numerically by isochemical surfaces, 
i.e., surfaces of constant composition. Minor or den- 








* Paper, entitled “Segregation and Liquation in 
Alloys and Their Application to Non-Ferrous Metal- 
lurgy ” and translated from the French by Mr. W. K. J. 
Pearson, presented before the Institute of Metals in 
Paris on Wednesday, October 5, 1949. Abridged. 


dritic segregation occurs in the core of primary den- 
drites, is not detectable by normal analysis, but is 
revealed indirectly by development of the macro- 
structure or of the microstructure. Micro-segregation 
causes the appearance of dendrites in etched metallo- 
graphic sections. This generally implies a variation in 
composition of the solid phase with temperature, but 
small inclusions (as in the case of steels) can also produce 
dendritic segregation. 

Micro-segregation is revealed qualitatively by the 
attack of reagents and, in certain coarse dendritic 
structures, micro-analysis on micro-samples has been 
possible. Recourse may also be had to spark spectro- 
graphy. J. Convey and J. H. Oldfield* used a con- 
densed spark giving a crater of 0-4 mm. by 0-02 mm. 
deep. In this way the variation in content of carbon, 
silicon, manganese, nickel, chromium, molybdenum, and 
vanadium in steels could be determined. In favourable 
cases the degree of minor segregation can also be esti- 
mated from thermomagnetic analysis. The solidifica- 
tion rate influences minor segregation. Slow cooling 
allows more diffusion and favours homogenisation ; on 
the other hand, it promotes growth of large dendrites 
and therefore increases the distance between points of 
different composition. Here we have two opposing 
effects, the second of which often predominates. 

Minor segregation after solidification has also two 
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other forms. The first is minor segregation during 
transformation, as in the separation of ferrite or 
cementite in ‘“‘ ghosts ” and banding, due to precipita- 
tion of carbide in austenite containing chromium. The 
second form, namely, dynamic segregation, occurs in 
forgings, owing to differences in viscosity of consti- 
tuents (an example being the formation of gneiss). 
Only major segregation will be considered in what 
follows. 

The cause of major segregation may now be con- 
sidered. Suppose that, by melting and agitation, the 
liquid in a mould is rendered uniform in temperature 
and composition. Differences in composition can 
arise only in two ways: by migration of atoms 
diffusing through the liquid until -_* begins (solid 
diffusion is relatively too slow to appreciable) ; 
and by relative movement of phases. What deter- 
mines the operation of these two mechanisms? To 
take a concrete example, consider an alloy of metals, 
A and B, in which B reduces the melting point of 
A according to the classical behaviour of solid solutions. 

Diffusion between two points in a liquid solution 
may be caused by temperature gradients and com- 
position gradients. Cooling requires a temperature 
gradient between the inside and the outside of the 
melt. In a homogenous liquid, the Ludwig-Soret effect 
has been invoked to account for concentration differ- 
ances, but experiments on alloys (notably by Benedicks 








* Jl. I. and S. Inst., vol. 152, page 473 (1945). 





and by Ballay) show that the effect is much too feeble 
to explain the observed deviations of composition in 
major segregation. On the other hand, in a liquid 
freezing with a temperature gradient, the temperature 
differences produce concentration gradients on account 
of the law of solidification of solid solutions; and 
before the third stage, while the liquid phase is still 
continuous, diffusion of element B may proceed from 
regions of high concentration and low temperature to 
those of lower concentration and higher ee eee 
In this wa: a a later and nearer to the 
middle - enriched in element B. This is direct 
segregation, which may be called “‘ centripetal.” ; 

If the crystals are considered as growing in a solid 
shell from the walls, the front advancing into the 
liquid may be visualised as accompanied by a concen- 
tration wave extending increasingly ahead of it as 
the temperature falls and the solidification rate is 
reduced ; such segregation is favoured by increase in 
size of the mass. The best known and most important 
example of direct segregation is provided by carbon in 
steel. It is found also in copper billets, where the top 
end, which is the last to freeze, is enriched in oxide. 
This must be attributed to the rejection of reacting 
gas during solidification. 

In a direct casting, the surface is stronger than the 
interior, which is desirable industrially, for the proba- 
bility of the occurrence of casting defects is normally 
greater at the centre than near the surface. If the 
alloy comprises a mechanical mixture, a slight enrich- 
ment of one or other component is of little practical 
consequence. For this reason, this type of direct 
segregation is of relatively small interest, and it is 
also less common than inverse segregation, of which 
more will be said. The necessary conditions are a 
freezing range, and a temperature gradient. Besides 
these two factors, the rate of c isation governs the 
relative importance of the solidification stages, and the 
duration of diffusion or freezing depends largely on the 
size of the casting. i 
Segregation by decantation or sedimentation can 
occur either with immiscible liquids, where one is 
dispersed in droplets in the other ; or, more generally, 
in the first stage of solidification, where the solid 
phase is dispersed in the liquid. In both cases, if 
there is a difference in density resulting from a difference 
in composition between the two phases, a force field, 
such as that due to gravity or centrifugal force, will 
separate them. This applies also to solid or liquid 
particles present in the melt before freezing, i.e., inclu- 
sions of undissolved impurities such as oxides, sul- 
phides, or silicates (which are, in fact, primary crystals 
of the metal-impurity system). The suspended particles 
settle with a limiting velocity given by Stokes’s Law: 

y apts 
where d, and d, are densities of the two phases, r the 
particle radius (assumed spherical and very small 
relative to the transverse dimensions of the vessel), 
7 the coefficient of viscosity of the liquid at a given 
temperature, and k a coefficient which is a function of 
the acceleration due to the force (g for gravity, y for 
centrifugal force). Thus, for glass balls in water, the 
times to fall 1 cm. will be : 


Diameter, mm. ... 10 10-2 10-* 10-* 10-5 
Duration of fall... 0-05 5 14 58 16 
sec. sec. hr. days years 


Industrial centrifuges can produce accelerations of 
y = w* RB of 1,000 g, and in laboratory ultra-centrifuges 
more than 50,000 g is obtainable, compared with 
which gravitational acceleration is negligible. It 
should be noted that y increases with the separation 
of dense particles, while g remains constant; hence 
the marked radial segregation in centrifugally-cast 
iron and steel pipes and bearing metal. Thus the 
degree of segregation by settling depends on the 
following six factors, namely, the difference in density 
of the phases; the size and shape of particles (liquid 
drops may coalesce under surface-tension forces, 
which does not happen with solids); the viscosity 
of the liquid phase; the strength of force field (y or 
g); the time of settling, i-e., freezing, which increases 
with the size of the casting and ends before the second 
stage of freezing; the importance of the first stage 
of freezing, which depends mainly on the freezing 

and the crystal forms. : ie 
tes liquid phases of different density may exhibit 
a double vertical segregation which increases in degree 
with the size of the globules, the disparity of the 
densities, and the amount of the separated phase. 
The details of these phenomena are very important 
in leaded bronzes, which are essentially copper-lead 
alloys used largely for bearings, especially those for 
aero-engines. Major segregation, as well as marked 
minor segregation, must be avoided and a fine and 
uniform distribution of lead globules or dendrites 
obtained among the copper dendrites. Segregation 
must be stopped by a lattice of copper dendrites in 





the second stage of solidification. This requires a 
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Copper content high enough to give the necessary 
proportion by volume of dendrites. 

_ Dendrite growth is favoured by rapid cooling, which 
is an essential factor. The structure may be modified 
either by reducing the zone of liquid immiscibility, so 
reducing major segregation, or by altering the velocity 
of directional crystallisation of copper-rich primary 
dendrites. Numerous additions have been recom- 
mended, particularly nickel, chromium, lithium, beryl- 
lium, and zirconium, but published evidence is often 
contradictory ; cooling conditions can alter the struc- 
ture so much that stringent control of experimental 
conditions is necessary to obtain reproducible results. 
In fact, despite claims in the literature and patents, 
no addition appears to have an appreciable effect in 
promoting fine and well-dispersed structures in leaded 
bronzes ; this can only be achieved by a well-estab- 
lished freezing procedure. Cooling must be vigorous, 
uniform, and well distributed for the best results, and 
casting may be static in a mould, centrifugal, or on 
steel strips, which are side-trimmed, bent, and machined 
for bearings. 

According to Northcott, all added elements except 
lead reduce the rate of growth of the copper dendrites. 
The layer of bronze cast on the chill steel mould must 
be as thin and uniform as possible, a variation of } mm. 
being sufficient to alter the structure. Even oxidation 
of the mould surfaces, by reducing the cooling rate, 
is unfavourable. To avoid such oxidation, steel (chill) 
moulds are heated in salt baths or controlled atmo- 
spheres. In any case, the multiple additions advocated 
im numerous patents for the reduction or suppression 
of segregation in leaded bronzes are apparently ineffec- 
tive. Only systematic study based on scientific 
principles and metallography has solved the problem 
in aircraft bearings. 

Turning now to the segregation of primary crystals 
in the first stage of freezing, and considering first 
hyper-eutectic grey iron (or ferro-silicon, carburised in 
a cupola). The graphite is primary and of very low 
density (~ 2 as against approximately 7 for the iron). 
Consequently, being in large plates, it rises at such a 
velocity, according to Stokes’s Law, that it not only 
reaches the surface, but projects above it. This 
reduces the carbon content of the iron to the eutectic 
value. Considering, secondly, mild steels: in large 
mild-steel ingots, cooling slowly, primary crystals, 
which are low in carbon and therefore more dense, 
sink to the bottom, where they accumulate in a zone 
of low carbon content. 

Taking as a third example anti-friction alloys of the 
tin-lead-antimony-copper type: with lead contents 
exceeding 20 per cent., the compound SbSn segregates 
upwards in the form of compact polyhedral crystals. 
This can be counteracted either by rapid cooling in 
thin sections (as for lead-antimony alloys, chill-cast 
into type) or by additions, when slow cooling is 
unavoidable. According to Dannenmuller, 2-5 per 
cent. of copper is sufficient to give needles of CuSn 
(enclosing Cu,Sn) which prevent upward segregation 
of SbSn in lead-base and tin-base bearing alloys. Alloys 
of lower lead and tin content, such as those containing 
less than 5 per cent., require only 1 per cent. copper 
addition to form a mesh of slender Cu,Sb needles, 
which prevent segregation of antimony crystals. 
According to Fournier, in an alloy of tin 86, lead 3, 
antimony 8, copper 3 per cent., the presence of alu- 
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minium in amounts as small as | per cent. results in 


upward segregation of the aluminium as CuAl, and | 


AlSb, taking with it a high proportion of copper 
(10 at the top, 2 at the bottom) and some antimony. 

Considering now the question of the segregation of 
inclusions before or during solidification: sulphide 
inclusions in steels having a density of 4 to 5 tend to 
rise, forming high-sulphur zones in steel ingots. This 
is counteracted by the agitation from released gas in 
rimming or unkilled steel ingots. Consideration of this 
behaviour indicates the following two conditions for 
refining an alloy. In the first place, impurities must 
be insoluble in the liquid. For this reason, Cu,O and 
FeO cannot be removed from liquid copper and steel, 
respectively, as they are soluble. hey must be 
replaced by insoluble oxides, which are obtained by 
the addition of reducing agents, called deoxidisers : 
manganese, silicon, and aluminium for iron and steel or 

hosphorus, aluminium, silicon, and cobalt for copper. 

he oxygen merely changes its partner, but produces 
a precipitate in the liquid in consequence. In the 
second place, the rate of separation of insoluble impuri- 
ties must not be too low; accordingly, the particles 
must not be too small. In this respect, solid particles 
such as SiO, and Al,O, in steel, and alloys of copper 
and aluminium, have the disadvantage of being unable 
to coalesce like liquid particles. The latter, being 
droplets which fuse on contact, tend to grow, and 
the rate of separation increases correspondingly. It 
is therefore desirable to combine impurities, such as 
oxygen and sulphur, in a form which is both insoluble 
and liquid in the melt at normal casting temperatures. 
This is achieved with manganese and iron silicates in 
steel, and manganese sulphide in cast iron and steel. 

Aluminium, as drawn off from the electrolytic cell, 
contains insoluble impurities such as sodium (density 
0-9) and inclusions from the electrolyte. It is custo- 
mary to attempt to remove them by settling in a 
holding furnace. Raising the temperature, in so far 
as it reduces the metal viscosity, assists refinement, 
especially as the density of the inclusions (2-1 to 
2-25) differs little from the density of aluminium 
(2-4 at 950 deg. C.), and they are only liquid above 
935 deg. to 950 deg. C. Both tensile strength and 
elongation of the aluminium are improved by an 
increase in the holding-furnace temperature from 
between 700 deg. and 800 deg. C. to between 900 deg. 
and 950 deg. C. Higher temperatures similarly favour 
the removal of alumina from molten aluminium. Such 
settling or flotation also tends to occur in steelworks 
mixers, in tundishes during the casting of brass, and 
in the feeder heads of castings: 

If, during the second stage of solidification, the resi- 
dual liquid (richer in elements which reduce the melting 
point) is expelled, the composition of peripheral zones 
approaches that of the lower-melting constituents. 
This is in the opposite sense to normal segregation, 
whence it is described as inverse segregation. It is 
very common in copper-lead, copper-tin (bronzes), 
copper-manganese, aluminium-zinc, aluminium-copper 
(Duralumin) and silver-copper alloys. Various causes 
have been invoked to account for this behaviour, but 
the factors promoting inverse segregation are the 
freezing range ; the relative extents of the solidification 
stages, and therefore the form of crystallisation ; the 
temperature gradient ; and the release of gas during 
freezing. 





WELL-DEVELOPED CRYSTALS IN ANTI-FRICTION ALLOY. 


Segregation by diffusion may be affected by under- 
cooling. Segregation by decantation (flotation) may 
be complicated and restricted by temperature gradients. 
The crystal form also plays an important part, as it 
affects the rate of decantation. Branched or acicular 
forms separate less quickly than the compact and 
convex forms and are immobilised by interlocking in 
the second stage of solidification ; consequently, other 
factors being equal, segregation is reduced by strongly 
columnar crystal growth from the mould walls. The 
addition of another element which produces an inter- 
locked acicular growth of primary crystals can reduce 
considerably the segregation arising from differences in 
density of the other constituents. For this reason, 
arsenic is added to antimony-tin-lead anti-friction 
alloys. 

As with all other phenomena, segregation can be 
either useful or undesirable. So far, only the latter 
aspect, which leads to heterogeneity of an alloy when 
it is desirable that it should be as homogeneous as 
possible, has been considered; but this phenomenon 
can be turned to good account in refining metals by 
removal of impurities, and in separating useful metals 
from scrap. For alloys which are eutectic at the end of 
freezing, the primary or pre-eutectic solidification com- 
prises one, two or three stages, depending on whether 
the composition is near or far from the eutectic. When 
an alloy is at a temperature within the freezing range, 
whether or not the composition is in the region of the 
eutectic, the primary crystals can be removed from the 
liquid in the first stage of solidification by settling 
(decanting), centrifuging, or skimming, a falling tem- 
perature and crystals with concave faces being 
preferable. ; 

For alloys somewhat removed from the eutectic 
composition, it is better to work in the second stage 
and to separate the eutectic liquid by drawing off, 
centrifuging, expression under a press, or by application 
of gaseous or liquid pressure. A rising temperature 
and enmeshed crystals (sponge structure) favour this 
operation. Thus, the methods used may be mechanical 
or thermal, depending on the various factors enumer- 
ated. The separation is never complete, as the crystals 
retain some liquid by capillary attraction, the = 
tion wetting them depending on their ratio of surface 
to volume and on the viscosity of the liquid. The 
operations may be repeated to improve the enrichment, 
separation or refinement. +. cin 

For some refining operations, the impurity is com- 
bined with added metals, forming components (notably 
compounds of definite composition) which are insoluble 
in the liquid and have physical characteristics, such as 
density and form, which favour their separation from 
the liquid ; for example, forming a dross which can be 
skimmed off the surface. In this process, the additions 
are preferably alkali metals (sodium), alkaline earths 
(calcium), or zinc and aluminium. Excess additions 
(generally metals of limited solubility in the alloy to 
be refined) can be removed subsequently by oxidation. 
All these operations require precisely and easily con- 
trolled temperatures, for which electric furnaces are 
suitable. A few examples will help towards an under- 
standing of the process. 

Unrefined lead from most sources contains 0-1 per 
cent. to 0-5 per cent. silver. This is removed either by 
Pattinson’s process (the oldest), or Parkes’s process, 
which is favoured in the United States. In Pattinson’s 
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process (or Hall, Luce-Rozan and other variations of it) 
the molten lead is allowed to crystallise slowly. The 
lead-silver system shows a eutectic at 2-5 per cent. 
silver, while the solid solubility of silver in lead is 
very small. The first lead crystals to appear are, 
therefore, nearly pure, and two-thirds to seven-eighths 
of the melt can be crystallised in this way ; the residual 
(silver-rich) liquid is separated. The operation is 
repeated up to ten times, giving finally a silver-rich 
liquid (1-5 per cent. silver), which, however, does not 
attain the eutectic composition, and lead containing 
less than 0-002 per cent. silver. Parkes’s process uses 
a zinc addition to remove the silver as a compound. 

Tin concentrates containing iron give, after reduction, 
an iron-tin alloy containing about 30 per cent. iron. 
As the iron-tin system contains a miscibility gap in 
the liquid state, the cast metal separates into two 
layers—the lower one being deficient in iron, while 
the upper one, hard tin, is re-treated. This liquation 
is assisted by suitable cooling conditions. The hard 
tin obtained in the preceding operation is melted with 
silicon or ferro-silicon, which forms FeSi in the course 
of freezing, and this compound rises to the upper 
part of the mould, leaving a tin-base phase at the 
bottom. With careful cooling, the segregated FeSi, 
crystals retain very little tin. 

After separation of the hard tin as described above, 
the bottom tin-rich layer is purified by slow crystalli- 
sation of FeSn,, which removes the remainder of the 
iron. Because the FeSn,/Sn eutectic is very close to 
100 per cent. tin, a tin with only 0-05 per cent. iron is 
obtainable ; the FeSn, crystals, being denser than the 
melt, fall to the bottom. The complete process for 
removing iron from tin is a fairly good example of the 
various possibilities of liquation, namely, interaction 
of two liquid phases, long freezing range, relative 
densities of the phases giving an upward separation 
(flotation) with FeSi and a downward separation (sedi- 
mentation) with FeSn,, and a very limited solubility 
of iron in the liquid eutectic. All this lends itself to 
multiple combinations. These features are accentuated 
when the direction of segregation is reversed, as in the 
treatment of lead-tin alloys containing iron. 

Crystal form and rate of crystallisation play only a 
secondary part in the examples of liquation so far 
given, but they predominate in the removal of copper 
from the tin-lead-antimony-copper alloys used to make 
solders. In these alloys, a remarkable entanglement of 
large individual crystals with continuous channels 
between them permits a satisfactory separation from 
the copper-deficient liquid. A slight temperature 
gradient even orientates the crystals so that the inter- 
crystalline channels will be open to the surface, making 
it possible for the liquid to be drained off. Fig. 1, on 
page 683, shows a typical structure in tin-lead- 
antimony-copper bearing alloy. The scale on the right 
is in centimetres. This is a typical example of segre- 
gation by diffusion. : 

By contrast, the removal of antimony from the now 
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copper-free liquid is based on the segregation by 
decantation of AlSb, a definite compound of high 
melting point formed by the addition of aluminium to 
the molten alloy. The operating conditions greatly 
influence the form of the AlSb crystals. This has an 
important effect, as small crystals, seen in Fig. 2, on 
page 684, entrain a great deal of residual liquid, but 
well developed crystals, shown in Fig. 3, opposite, 
permit the efficient separation of antimony. Here 
segregation by decantation is combined with a marked 
influence of the crystal form. The elimination of 
antimony from white metal can also be effected by 
adding zinc, which produces the compound ZnSb, 
having convex faces and compact form. as shown in 
Fig. 4, but, as this compound will not decant, segre- 
gation occurs only by diffusion. Individual crystals 
growing from the mould walls can attain large dimen- 
sions if the cooling is suitably controlled. The crystal 
form, however, does not lead to a rigid entanglement, 
and when the remaining liquid is removed, some of 
the crystals are carried with it, causing collapse of the 
ZnSb skeleton structure. The separation is com- 
mercially unattractive. 

The eutectic of the 13 per cent.-silicon-aluminium 
alloy known as Alpax can be made by a thermal 
process, namely, the reduction of bauxite in an electric 
furnace by means of silicon, which results in an alloy 
containing 30 to 35 per cent. silicon, the balance being 
aluminium ; on cooling, crystals of silicon separate 
from the hyper-eutectic alloy. Careful cooling can 
produce large plates of silicon, as shown in Fig. 5, on 
this page, owing to marked diffusion segregation, and 
the residual liquid (Alpax) is drawn off. The process 
is analogous to the removal of copper from white metal. 
The form of the silicon crystals plays a predominant 
part. 
In the removal of bismuth from lead, calcium is 
added to form, with the bismuth, a definite compound 
Bi,Ca, of high melting point (928 deg. C.) which 
separates as a scum; the underlying lead, now free 
from bismuth, is then either oxidised or chlorinated to 
remove the calcium. The scum itself is also liquated 
to recover the lead. This procedure, however, is not 
very satisfactory, because CaPb, is formed along with 
Bi,Ca, and carries away a great deal of the lead. The 
process has been improved in Germany by adding 
magnesium with the calcium, and in the United States 
by adding antimony and magnesium together with the 
calcium. Betterton and Lebedeff of the American 
Smelting and Refining Company have described the 
operation, which is similar to the desilvering of lead 
by zinc. The detailed mechanism of the segregation 
does not appear to have been examined yet, and 
probably a scientific study of liquation in these alloys 
would lead to a reduction of the skimmings requiring 
re-treatment and application of the process to alloys 
containing more bismuth (of the order of 1 per cent.), 
which are at present refined electrolytically. 

The production of porous metals is of interest. By 





cemeelinain or by the application of gas or liquid under 
pressure, the liquid phase can expelled from an 
alloy in the second stage of freezing, leaving a skeleton 
or sponge of the solid phase. is process was invented 
by Professor Hannover, who recommended it for the 
production of porous lead in accumulators, using alloys 
such as lead-tin as a starting point. 

Two examples of systems of metals which are practic- 
ally immiscible in the liquid state may now be con- 
sidered. They comprise the zinc-lead-iron system and 
the refining of iron-bearing zinc scrap. Lead is prac- 
tically immiscible with iron in the liquid state; with 
zinc, the immiscibility gap extends from 2 per cent. to 
99-5 per cent. of zinc, but closes fairly rapidly with 
increasing temperature. By heating to a sufficiently 
high temperature, galvanising baths containing accu- 
mulated impurities of lead (from the zinc) and iron 
(resulting from attack by the molten zinc of dipped 
articles) becomes homogeneous and then separate into 
two layers on cooling. The upper layer consists of 
liquid zine containing iron and a little lead ; the lower 
layer is mainly lead, containing some zinc. On freezing, 
the upper layer grows crystals of iron-zinc compounds 
which settle to the bottom, subdividing the layer into 
solid zinc (with some lead) at the top, and beneath it, 
crystals of iron-zinc compounds, forming a magma 
impregnated with residual zinc. Finally, when freezing 
is complete, the constituents will be separated into three 
layers, namely, zinc, on the top; a magma containing 
iron, in the middle; and lead, at the bottom. Two 
types of segregation proceed simultaneously in this 
refining process, namely, immiscibility in the liquid 
state, and sedimentation of the iron-zinc compounds in 
the upper layers. 





ALUMINIUM ALLOYS IN SuHIps.—The proceedings 
of a symposium on “* Aluminium Alloys in Ships,” held 
at the Dorchester Hotel, London, W.1, on April 5, 1949, 
under the auspices of the Aluminium Development 
Association, 33, Grosvenor-street, London, W.1, have 
now been published by the Association in the form of a 
neat and handy cloth-bound book of 102 pages. We 
dealt with the symposium in our columns at the time 
and it may be recalled that the authors of papers com- 
prised Mr. W. H. Dann, Mr. W. Muckle, Mr. W. Stanley 
Hinde, Mr. G. L. R. Watkins, Mr. R. Kendall, Mr. R. B. 
Shepheard, and Mr. J. Lenaghan, and that the subjects 
covered included light-alloy small craft, aluminium- 
alloy ships’ superstructures and hulls, and the preparation 
and prefabrication of light alloys for marine use. The 
reading of the papers was followed by an interesting 
discussion in which Dr. E. G. West, the technical director 
of the Association, joined the authors in replying to 
comments and questions. 


NoN-RIGID AIRSHIP FOR THE UNITED STAGES Navy.— 
The Goodyear Aircraft Corporation, Akron, Ohio, U.S.A., 
have started the construction of a large non-rigid airship 
for the United States Navy, designed for combatting 
submarines. It is reported, in the September 15, 1949, 
issue of Technical Data Digest, to be the largest. non-rigid 
airship ever built, with an overall length of 324 ft. The 
Wright 27-cylinder engines will be installed within the 
control car, driving two controllable-pitch propellers 
mounted on outriggers on each side of the car. Engine 
repairs during flight will be possible. The gas bag has 
a capacity of 875,000 cub. ft. Non-inflammable helium 
gas will be used. The airship will have a speed of 
75 knots, a maximum gross weight of 55,000 lb., and a 
useful load of 44 tons. A retractable tricycle under- 
carriage will be fitted. The airship will be fitted for 
refuelling, and for re-ballasting, by scooping water from 
the ocean, during flight, and will be equipped for air-sea 
rescue work. The latest electronic detecting and track- 
ing equipment will be fitted. 





TECHNICAL INFORMATION AND DOCUMENTS UNIT.— 
In addition to the reports of the British Intelligence 
Objectives Sub-Committee on pre-war and war-time 
German industry, which are published by H.M. Stationery 
Office, Kingsway, London, W.C.2, there are available for 
inspection many original documents, machine drawings, 
research data, etc. These documents are held by the 
Technical Information and Documents Unit of the 
Board of Trade, and can be seen in their offices at 40, 
Cadogan-square, London, S.W.1. There is no list of 
these documents available to the public, but any firm 
may apply to the Technical Information Documents 
Unit, who will inform them what published or unpub- 
lished material is available on the particular subject in 
which they are interested. In the case of unpublished 
information, a brief summary will be provided. There is 
no charge for this service. Microfilm or Photostat copies 
of original documents can be supplied at a reasonable 
cost. The work of summarising the documents is still in 
progress, and new summaries can be obtained, as they 
appear, at a cost of 1d, per sheet, 
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Fie. 1. 


IMPROVED DETECTOR FOR ROAD- 
TRAFFIC SIGNALS. 


Tue Autoflex road signalling system of the Siemens 
and General Electric Railway Signal Company, Limited, 
East-lane, North Wembley, Middlesex, includes a 
rubber mat, which is laid in the roadway in advance 
of the signal and projects slightly above the surface, 
so that it is depressed when vehicles pass over it. 
Two longitudinal air channels pass through this 
mat and are connected by pi to a contact box 
under the pavement. When the channels are depressed 
by the passage of a vehicle over the mat, a pair of 
miniature bellows, which are associated with each and 
are installed in the contact box, become inflated. 
These pairs of bellows are mounted at right angles to 
each other, and the pair which lies under the side of 
the mat that is depressed first by a vehicle moving in 
the normal direction is provided with an electrical 
contact. The time during which these “ contacting ” 
bellows are inflated by vehicles approaching the inter- 
section is proportional to the time the wheels are in 
contact with the mat, and an indication of their speed 
is thus transmitted to the controller. Vehicles passing 
over the mat in the wrong direction, however, inflate 
the second or “interlocking” pair of bellows first. 
The “contacting” bellows are thus prevented from 
operating and no information is transmitted to the 
controller. 

This system, which has been in successful operation 
for many years, has recently been improved by substi- 
tuting electrical for mechanical interlocking to prevent 
the signals being operated by vehicles passing over the 
mat in the wrong direction. The mat now consists of 
two rubber tubes with an external diameter of 2 in. 
and an internal diameter of 14 in. These tubes are 
held in a mild-steel frame, which is made up of sections 
each about 1 ft. long, as shown in Fig. 3. This sectional 
construction enables the frame to adapt itself readily 
to any curvature in the road surface. As will be 
seen from the same illustration, the greater part of 
this framework consists of two channels of sufficient 
width to accommodate the tubes and of two side plates, 
which are pierced with holes. When laid in the road- 
way, the frame is embedded in concrete, which pene- 
trates through these holes and locks the assembly, as 
will be clear from Fig. 1. At each end of the frame- 
work there is a box-shaped forging, which carries 
mounting blocks and houses the connections to the 
detector box under the pavement. These mounting 
blocks, which are illustrated in Fig. 2, are attached to 
the tubes by clips. 

As the overall width of the mat is small, the full 
weight of the vehicle passing over it is not borne by 
the rubber alone, but is carried partly by the outside 
flanges of the framework and the “ nose ” between the 
channels. The amount by which the tops of the tubes 
are depressed is therefore limited and internal abrasion 
and the formation of rubber dust are thus prevented. 
Any tendency for rolling or, what is more serious, 
skidding, wheels to force the tubes out of the channels 
is also restricted. 

In contradistinction to the earlier designs, the tubes 
are now held in the channels by curved spring bars. 
These bars are, however, forcibly straightened when laid 
in the tubes, so that they exert a downward pressure 
along the whole length of the tubes. Owing to the 
shape of the bar, the circular section of the tube is 
maintained and its walls are pressed against the side 
of the channel so that grit and dust cannot enter. A 
metal strip pierced with holes at irregular intervals is 
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laid in the semi-circular channel formed by the bar, so 
that an “ oscillation chamber ” is formed in the lower 
half of the tube. 

Each of the mounting blocks, to which reference has 
already been made, fits over four vertical studs in the 
end boxes, as will be clear from Fig. 2, and is held 
down by nuts against the upward pressure of the 
spring bars. Each block is connected to the contact 
box under the pavement through tubing, the con- 
nection being arranged so that it is both air- and 
water-tight. There is also a tapped hole, which is 
normally closed by a plug, on the top of each block. 
When it is necessary to remove a tube this plug is with- 
drawn and a special lifting tool is screwed in its place. 
The securing nuts are then removed, so that the block 
and tube can be lifted off the studs with the tool. This 
arrangement enables a tube to be examined and re- 
placed in about half an hour. A sump is provided at 
one end of the boxes into which dust and grit can be 
swept for subsequent removal. 

The contact box consists of an outer and inner 
chamber, the diaphragms and contacts being housed 
in the latter, as shown diagrammatically in Fig. 4. 
In this illustration, a is the diaphragm which is actuated 
by traffic passing in the normal direction. The contact 
associated with it is normally closed, but is opened 
when air pressure is applied. As the current flowing is 
only a few milliamperes, the gap can be made very 
small and the arrangement is therefore very sensitive. 
Wear is reduced by the elimination of any mechanical 
stop other than the contact itself, and for the same 
reason the movement of the diaphragm is always 
sufficient to interrupt the circuit. As will be seen from 
Fig. 4, the diaphragm 6 carries a “ make” contact, 
and after being moved by an air pulse is prevented for 
about 1/40 second from returning to its original posi- 
tion by a triangular rubber non-return valve c. An 
interlocking relay, which is indicated at d in Fig. 5, is 
associated with each contact box and is installed in the 
control pillar. 

As indicated in Fig. 5, which is a diagram of the 
electric interlocking circuit, a vehicle proceeding in the 
normal direction first actuates diaphragm a, thus de- 
energising relay d, causing contact e to reverse and a 
pulse to be transmitted to the controller. Diaphragm b 
and contact close immediately afterwards, but have no 
effect on the operation, since a circuit has already been 
re-established through relay d by the return of dia- 

a to its normal position. If diaphragm > is 
actuated first, however, a second circuit is made 
through the relay d, so that it remains energised when 
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the circuit is opened by the diaphragm a, since dia- 
phragm 6 is delayed from returning to its ‘“‘ break ” 
position owing to air being retained in the chamber by 
the non-return valve c. By the time diaphragm 6 
has returned to its normal position by its spring, 
diaphragm a has also returned in the same way, so 
that the relay d remains energised. Owing to the non- 
return valve c, contact b is slightly less sensitive than 
contact a. This, however, is not considered to be a 
disadvantage, since only motor vehicles are likely to 
pull so far over to the off-side as to traverse the mat in 
the wrong direction. It has been found, nevertheless, 
that the normal bicycle and rider are sufficiently heavy 
to make diaphragm 6 respond and thus to prevent a 
false “‘ demand ” being made. In the normal direction, 
the sensitivity is such that even the lightest cyclist will 
register a demand. 





Mond NICKEL FELLOWSHIPS.—Two awards of Mond 
Nickel Fellowships have been made for 1949. The 
recipients are Mr. J. Monaghan, of Messrs. Stewarts and 
Lloyds Limited, and Mr. R. Stewartson, of the United 
Steel Companies, Limited. The former will study the 
method of control and administration of basic open- 
hearth furnace operation and practice in the steel industry 
in the United States. Mr. Stewartson will study the 
design and operation of modern hot-rolling-mill plant in 
the United States. The Fellowships Committee, at a 
later date, will invite applications for awards for 1950, 
and further particulars may be obtained from the secre- 
tary of the Committee, 4, Grosvenor-gardens, London, 
S.W.1. (Telephone: SLOane 0061.) 





ELECTRICAL STANDARD SPECIFICATIONS IN AUSTRALIA. 
—tThe British Standards Institution have requested us 
to draw the attention of persons intending to export 
electrical equipment fo Australia, to the Standards 
Association of Australia Wiring Rules. These SAA Wiring 
Rules, as they are usually called, are accorded statutory 
recognition in the States of New South Wales, Queensland 
and Western Australia. The rules printed by the 
Hydro-Electric Commission of Tasmania are a copy of 
the SAA Wiring Rules, and the Electricity Trust in 
South Australia also works to these rules. In Victoria, 
the State Electricity Commission has regulations based 
on an old draft of the SAA Wiring Rules, but it is under- 
stood that these regulations will soon be brought into 
line with the SAA Wiring Rules. Copies of the SAA 
Wiring Rules and other Australian specifications may be 
obtained in the United Kingdom from the British Stan- 
dards Institution, Sales Department, 24, Victoria Street, 
London, 8,W.1. 
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WORLD ENERGY RESOURCES AND 
THEIR UTILISATION.* 
By Dr. A. Parker, C.B.E. 
(Concluded from page 659.) 

AS a rough average, it is generally agreed that the 
thermal value of the food required by the population 
is about 3,000 kilo-calories, or 12,000 B.Th.U., per 
person per day. It is realised that, to maintain human 
health and energy, many other factors in relation to 
food, in addition to thermal value, must be taken into 
account. Large numbers of the population, especially 
in some parts of the world, are under-nourished and 
receive less food than the equivalent of 12,000 B.Th.U. 
a day. It is useful, however, to take this figure of 
12,000 B.Th.U. as the daily ration for each person in 
considering the resources. With a population of about 
2,200 millions, the total world requirement of human 
food is in the region of 95,000 million therms a year, 
equivalent to the heat of combustion of 320 million 
tons of coal a year. With improvements in agriculture, 
it should be practicable, if required, to double the 
amount of food now being produced and thus to 
attain a production equivalent in thermal value to 
approximately 600 million tons of coal a year. There 
is also the energy resource of food for horses and other 
animals used by man for various forms of work. 
Though this cannot easily be estimated, there is little 
doubt that it is much less than the food or raw material 
for man-power. 

In the light of the information already considered, 
though much of it is incomplete and uncertain, it is 
useful briefly to review the available energy resources 
and the rates of production. Figures for reserves and 
production of the irreplaceable fuels for the world are 
given in Table XIII, herewith. The estimated reserves 


TABLE XIII.—“ Irreplaceable ’’ Energy Resources of the 
World and Rates of Production. 


| 
| Bitumin- 


Reserves, | ous Coal, Annual (| Figures in 
Thousands, Equivalent} Produc- | Column (2) 
Resource. of Million | Thousands} tion, | Divided by 
Tons. | of Million | Million | Those in 
Tons. tons. {Column (4), 
| | 
(1) oe: eee (4) (5) 
Coals and lignites} 6,167 5,850 1,400 | 4,400 
Peat (25 per cent. | 
moisture) 122 61 17 | 7,200 
Petroleum . 13 19 450 | 29 
Natural gas (ex- 
pressed as 
petroleum 
equivalent) .. 5 | 8 100 | 45 
Oil in oil shale 22 | 33 0-4 55,000 








Note.—The reserves of coals and lignites are probably greater 
than the estimates given; and the reserves of peat, petroleum, 
natural gas, and oil shale are probably much greater than the 
estimates. Itis certain that it will be possible economically to 
win and utilise only a portion of the true reserves. 


of all the fuels together are equivalent to about 6 
million million tons of bituminous coal, and the 
annual production is equivalent to about 2,200 
million tons of coal. If the fuels were interchangeable, 
and costs had not to be taken into account, the esti- 
mated reserves at present rates of production would be 
sufficient for 2,700 years, or longer if allowance is made 
for the discovery of additional reserves. But costs are 
of great importance as a measure of the labour, ma- 
terials, and power required for exploitation; and the 
fuels are not readily interchangeable in utilisation. 
The general conclusion is that, taking the world as a 
whole, the reserves of solid fuels (mainly coals) are 
sufficient for 1,000 or 2,000 years or possibly longer, 
but that the reserves of oil and natural gas, even 
allowing for the discovery of additional resources, 
may not last for more than 50 or 100 years. 

The position of Great Britain with regard to fuel 
reserves is less favourable than of the world as a whole 
or of some other countries, particularly the United 
States and the U.S.S.R. At present rates of production, 
the reserves of coal in Great Britain, which can be 
economically won, cannot be relied upon for more than 
200 or possibly 300 years. The reserves of peat are 
equivalent to only about 25 times the annual produc- 
tion of coal, and peat in suitable form has so far been 
relatively costly. Reserves of petroleum and natural 
gas are negligible, and the reserves of oil in oil shale 
are no more than five times Britain’s annual consump- 
tion of oil. In general, the position in Great Britain 
is more favourable than in most of the other western 
European countries. 

It is not possible to give any useful estimate of the 
reserves of materials that might be used as sources of 
atomic energy for general utilisation. The technical 
difficulties and probable costs are such, however, that 
it is unlikely that atomic energy will be used, on a 

* The 36th Thomas Hawksley Lecture, delivered to 
the Institution of Mechanical Engineers at a meeting 
held in London on November 18, 1949. Abridged. 





considerable scale, within the next 50 years to meet 
ordinary requirements. Of the replaceable sources of 
energy, it has been estimated that the forests of the 
world might provide, in addition to timber, fuel wood 
equivalent to between 380 and 670 million tons of coal 
a year. Wood used as fuel during the last 20 years 
has been equivalent to about 200 million tons of coal 
a year. It is not possible to give estimates of the 
quantities of vegetable and animal wastes and by- 
products, including alcohol and methane, that might 
be obtained for use as fuel, but the total would probably 
be small in comparison with world energy requirements. 

Estimates of potential annual production of electricity 
from non-tidal water power are equivalent to the ther- 
mal energy of 750 million tons of coal a year, or 3,750 
million tons of coal used with an efficiency of 20 per 
cent. to generate electricity. The installed capacity is 
equivalent to 165 million tons of coal a year at 20 per 
cent. efficiency, or about 4 per cent. of potential 
capacity. Tidal-power schemes have been considered 
with an estimated annual production of 10,000 million 
kWh, a quantity of electricity that would require 
5 or 6 million tons of coal a year if generated at coal- 
fired stations. 

There are enormous sources of energy in the direct 
radiation from the sun to the earth’s surface, in the 
winds, and in the internal heat of the earth. None of 
these sources has been used to any great extent owing 
to various difficulties, and, in most circumstances, 
relatively high cost. In general, the costs of collecting, 
harnessing, and distributing energy from the replace- 
able sources are so high that great extensions in 
developing their utilisation are unlikely in those areas 
where supplies of coal and oil are readily available at 
reasonable prices. 

Owing to the small area of the country, Great Britain 
is not so well endowed with the replaceable forms of 
energy, in relation to the size of the population, as are 
many other countries, but these resources are not being 
neglected. For example, the quantity of electricity 
generated from water power in Great Britain is equal 
to that from coal-fired stations burning 750,000 tons 
of coal a year; and the thermal value of the methane 
obtained from the fermentation of sewage sludge is 
about equal to that of 24,000 tons of coal a year. 

It has already been stated that the world’s annual 
consumption of the irreplaceable fuels is equivalent to 
2,200 million tons of coal. Adding to this figure the 
coal equivalents of wood fuel, vegetable and animal 
wastes and by-products, and non-tidal water power, 
gives a total consumption of fuel and energy, excluding 
food for men and animals doing physical work, roughly 
equivalent to the thermal value of 2,600 or 2,700 million 
tons of bituminous coal a year. The thermal value of 
food for the population of the world is equivalent to 
about 300 million tons, making a grand total of 3,000 
million tons of coal a year, or the equivalent of an 
average of nearly 1-4 tons for each member of the 
population. Of the world’s consumption of fuel and 
energy, 10 per cent. is as food for the people, 47 per 
cent. as coals and lignites, 23 per cent. as petroleum, 
5 or 6 per cent. as natural gas, 7 per cent. as wood, 
5 or 6 per cent. as water power, and | or 2 per cent. 
from miscellaneous sources. 

In general, those countries with the greater fuel and 
energy consumptions in relation to size of population 
have the higher average incomes. This observation 
indicates the importance of supplies of energy to 
supplement man-power if reasonably high standards 
of living are to be maintained. It is interesting to 
note, therefore, that, in comparison with the world 
average of the equivalent of 1-4 tons of coal per 
person annually, the figure for the United States is 
about 7 tons and that for Great Britain is roughly 
4 tons. On the assumption that the great resources of 
fuel and energy in the United States are used at least as 
efficiently as elsewhere, and the evidence indicates that 
they are, it is not surprising that the United States is 
relatively so prosperous. 

From the information so far considered in this 
lecture, it might be concluded that the total resources 
of the irreplaceable forms of energy—coals and lignites, 
peat, petroleum, oil shale, natural gas, and possibly 
atomic energy—are sufficient at present rates of 
production and utilisation to meet the needs of the 
world as a whole for many centuries ; and that, even 
when these resources are exhausted, there is sufficient 
energy available in the replaceable forms—woods, 
crops, vegetable and animal wastes, water power, 
winds, terrestrial heat, and direct solar radiation—to 
satisfy requirements with a reasonably high standard 
of living so long as the world is habitable. A broad 
conclusion of this kind, however, would be misleading 
and give a false measure of the situation. Before these 
resources can be utilised, they have to be garnered, 
harnessed, distributed and changed in form by methods 
and processes requiring labour, materials, and the 
dissipation of energy. Further, the resources are not 
evenly distributed over the world in relation to require- 





ments, which vary greatly. It must be emphasised, 
therefore, that, in spite of the vast resources for the 


world as a whole, there may be, and, in fact, are many 
large areas in which the energy desired cannot yet be 
provided economically, and where there are acute 
shortages of fuel. The position is also affected by 
national and political considerations. 

Every scientific and technical advance towards im- 
proving the overall efficiency of collecting, harnessing, 
and distributing fuels and forms of energy increases 
the availability locally and over a larger area. Within 
the last few decades, as the result of research, there 
have been many improvements in the efficiency of 
production and utilisation of fuels and energy. Even 
so, the overall efficiencies are still very low and leave 
room for great advances. Some of these improvements 
have been offset to a greater or less extent by the 
fact that the more easily accessible resources of coals 
and oils and other fuels have been exploited and 
depleted first, so that the difficulties to be overcome 
tend to increase. A few of the directions in which 
improvements in efficiency have been effected have 
been discussed in detail in several earlier Hawksley 
Lectures. A year ago, for example, Mr. K. Baumann 
gave an authoritative review of progress during the 
past 30 years in the development of heat engines. 
Observations on a few examples may be useful in 
indicating the general position. As a kind of base line, 
consider first the work output that can be obtained by 
manual labour. A labourer turning a winch for a 
total period of eight hours can do useful work equal to 
0-6 h.p.-hour, which is equivalent to between 1,500 
and 1,600 B.Th.U. If his daily ration of food has a 
thermal value of 12,000 B.Th.U., then, by analogy 
with a machine, his efficiency of converting the fuel 
food into useful work is about 13 per cent. With other 
forms of manual work the corresponding efficiency 
may be a little higher, or it may be much lower; for 
example, in lifting earth with a spade to a mean height 
of about 5 ft. for eight hours, the useful work is only 
about 0-1 h.p.-hour, equivalent to only 250 B.Th.U. or 
an efficiency of 2 per cent. 

Large quantities of the irreplaceable fuels—coal and 
peat, and some of the petroleum and natural gas—are 
used directly or indirectly for providing warmth, hot 
water, and cooking in homes, factories, and other 
buildings. In Great Britain, with mainly open fires 
burning coal, the average thermal efficiency of the 
domestic heating appliances, calculated on the thermal 
value of the fuel as supplied to the appliances is no 
more than 20 per cent. The corresponding efficiency 
in the houses of some other countries, including the 
United States, Germany, and Scandinavia, where 
closed stoves are common, is in the region of 40 to 
50 per cent. 

Within the last 50 years, the efficiency of carboni- 
sation of coal at gas works and coke ovens has been 
raised steadily until it is now 75 to 80 per cent. ; but 
carbonisation alone does not provide heat or energy. 
It converts the coal into gas and coke which can be 
burned to provide heat and energy for certain purposes 
at efficiencies greater than are practicable direct from 
the coal. At the same time, useful chemical by-products 
are obtained. The final efficiency of generation of heat 
and power from the original coal through the products 
gas and coke is well below 75 or 80 per cent. ; and the 
average is probably less than half this percentage, 
depending on the stages included in the calculation. 
Since 1920, with improvements in boilers for raising 
steam, in steam turbines, and in other equipment, there 
has been a great increase in the efficiency of generation 
of electricity from coal. In 1938, the average quantity 
of coal to produce one kWh of electricity in Great 
Britain was 1-4 lb., in comparison with 3-4 Ib. in 1921. 
But even with this enormous improvement the heat 
equivalent of the electricity generated in 1938 was 
only 21 per cent. of the thermal value of the coal 
burned under the boilers, Owing to difficulties caused 
by the 1939-45 war, the average efficiency is no greater 
now than it was in 1938, but it is expected that there 
will be further improvement within the next few years. 

With steam locomotives on railways, for several 
reasons, the efficiency of using the coal, as measured by 
the useful power, is only 5 or 6 per cent. In many 
furnaces at metallurgical works, not more than 4 to 5 
per cent. of the heat of the coal burned is usefully 
employed. As Mr. Baumann pointed out, there have 
been appreciable improvements in the last 30 years in 
the efficiencies of various types of heat engine using 
gas, oil and steam raised from coal, and many of the 
engines are capable of an efficiency of more than 
30 per cent., measured on the thermal value of the 
fuel supplied. Other examples could be given; but, 
in spite of the advances, the average efficiency of 
utilisation of fuel and power resources must be well 
below 20 percent. as ordinarily measured. Unless 
there are improvements in face of the slowly increasing 
difficulties, it will not be easy to raise the standard of 
living or even to maintain the standards. 

Measurements of efficiency as ordinarily understood 
among engineers are of great value in comparing pro- 





cesses and equipment of different types and design to 
serve the same main purpose. Tests providing suffi- 
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cient data for the construction of thermal or energy 
balance sheets show where the main losses and defects 
are, and thus point the way to improvements. Unless, 
however, the limitations of the measurements and of 
the figures for efficiency so obtained are fully under- 
stood, misleading conclusions can be drawn, 
and, in fact, have been drawn by those who have 
taken a narrow view. Figures for thermal or energy 
efficiency usually refer only to one or two parts of a 
whole complex sequence of events from the original 
source to the last stage of utilising the heat or energy. 

Consider, for example, the production and utilisa- 
tion of gas and coke. This involves coal mining, coal 
preparation, handling, transport from the colliery to 
the site of the gas works or coke oven, transfer to the 
carbonisation or gasification plant, collection and 
storage of the coke and gas, transport and distribution 
to the consumers, and use of the product fuels in 
equipment for the generation of heat and power. Of 
all these stages, only the carbonisation and gasification 
processes, and the processes of utilisation, can readily 
be tested to give figures for thermal efficiency as ordi- 
narily understood. Yet all stages require labour, 
power and equipment of various kinds, in the con- 
struction and maintenance of which labour, fuel, and 
power have to be employed. Another example is the 
supply of electricity from coal-fired stations, which 
involves a similar sequence of operations or processes, 
with only the processes of raising steam, conversion of 
the energy of the steam into electricity, and the pro- 
cesses of utilisation of the electricity amenable to 
expression in ordinary terms of thermal efficiency. 
The heat pump can give a thermal efficiency, as 
ordinarily calculated, of more than 100 per cent. ! 

Processes with the highest thermal efficiency in the 
narrow technical sense are not always those with the 
highest overall efficiency, because the additional 
thermal efficiency may be obtained at an extra cost 
disproportionately high in other directions in labour, 
power, and materials. How can the whole of the 
operations be expressed to give a true overall figure 
for comparative efficiency or usefulness? The best 
guide—and it has limitations—is the cost of the 
service to the user. True overall cost is not always 
easily obtained with the complexities of subsidies, 
tariffs, and other devices, which may for various 
reasons be necessary or desirable. Cost may be appre- 
ciably affected also by the efficiency or inefficiency of 
organisation and supervision. Nevertheless, cost seems 
to be the only method of ensuring that all factors are 
included. 

It has been estimated that the fuel and energy used 
annually in the world is equivalent to the thermal 
value of 1-4 tons of coal, or about 400 therms, for each 
of the population of 2,200 millions. This figure of 
400 therms includes roughly 40 therms as food. World 
distribution of production and utilisation of the fuels, 
in relation to the distribution of population, is very 
uneven. In the United States, where fuel and energy 
utilisation is higher than in any other country, the 
quantity per person per year is equivalent to 7 tons of 
coal, of which rather more than one-third is used for 
providing warmth, hot water, and cooking in homes 
and other buildings, leaving the equivalent of 4 to 44 
tons, or 1,200 therms, for transport and industrial 
processes generally. Assuming that the 1,200 therms 
as fuel is used with the same overall average efficiency 
as that possible with food as a fuel in providing manual 
labour, the 1,200 therms can be considered as providing 
each individual with 27 servants to assist him in 
meeting his needs. Great Britain comes next with 
the equivalent of 4 tons of coal a year, of which about 
one-half is for warmth, hot water, and cooking, leaving 
2 tons or 600 therms for transport and industrial 
processes. This is equivalent to providing each indi- 
vidual with 13 or 14 servants. Take these servants 
away, or employ them less efficiently, and the standard 
of living must fall. 

There is no doubt that the higher standards of living 
in the United States and Great Britain, in comparison 
with the standards in most other countries, have been 
built up largely on the availability of fuels and on the 
ingenuity, skill, and enterprise of scientists and tech- 
nicians in making use of them. Until recent years, the 
fuels have been cheap, and there has in consequence 
been much waste. It is unlikely that they will ever 
again be relatively so cheap. Not only for this reason, 
but in the interests of conservation, particularly with 
the growing demands for energy to maintain and raise 
the average standards of living, waste must be drastic- 
ally cut down and there must be continuous striving 
towards greater overall efficiency. Here is an enormous 
and important field for research and development work, 
which the world cannot afford to neglect. 

What is the lesson for Great Britain? This country 
was the first to realise the value of fuel and power and 
to use her native ingenuity and skill in exploiting her 
coal resources in the development of industry. For 
some time, competition from abroad was not great. 
Other countries with good coal resources then followed, 





reserves of coal, but was also the first to emplel her 
petroleum reserves. In consequence, competition has 
steadily increased. It can be expected that, in course 
of time, countries that are still backward but have good 
reserves of coal or oil, either known or still to be 
discovered, will begin to develop and competition will 
be intensified. Their people, however, will, no doubt, 
demand higher standards of living, which should lead 
to greater international trade if political considerations 
do not operate prejudicially. National ability, skill, 
and hard work will then begin to play an even greater 
part in achieving success. 

For many years the prosperity of Great Britain will 
undoubtedly be dependent largely on the utilisation 
of our main asset, coal, with the greatest overall 
efficiency, combined with high efficiency in all our 
activities, in industry, trade, and agriculture. On the 
basis of existing scientific and technical knowledge, 
properly applied, it is certain that, within a few years, 
we could save several millions of tons of coal a year 
without any reduction in the useful heat and power 
obtained. Better still, we could increase industrial 
productivity, with some reduction in costs, by obtaining 
larger quantities of useful heat and energy from the 
same amount of coal. With our dearth of indigenous 
petroleum, there must be determined efforts to devise 
economic methods of making oil from coal, or of using 
coal directly or indirectly to take the place of oil. 
Even if full economic success in making oil from coal 
were not achieved under conditions in Great Britain, 
the information and experience would be a good 
insurance and would probably lead to trade in providing 
equipment for those territories overseas where condi- 
tions are relatively favourable for such processes. 
With our native talent, success can be achieved pro- 
vided that it is based on the foundations of adequate 
scientific and technical knowledge, research and 
development work, and good organisation and team 
work. The price of success is hard work, vigilance, 
and sound judgment, with avoidance of all unnecessary 
waste whether of manpower or material. 





AERODYNAMIC EFFICIENCY IN 
AIRCRAFT. 


AT a meeting of the Bristol branch of the Royal 
Aeronautical Society, held on Thursday, November 24, 
at the Royal Fort Physics Laboratory, Bristol, a paper 
was presented by Mr. E. J. Richards, who chose for his 
subject ‘“‘ A Review of Aerodynamic Cleanness.” Mre 
Richards confined his survey to large transport aircraft 
flying below their critical Mach numbers. 

In the past, said Mr. Richards, aerodynamic refine- 
ment had been achieved in two distinct ways: by a 
fundamental change in design, such as the introduction 
of the retractable undercarriage or the adoption of jet 
propulsion, and by improvements in detail design. 
Attention to good detail design was important if full 
advantage were to be taken of new design conceptions. 
Turning to present-day designs of air liners, the 
effect of a certain percentage saving in drag in a high- 
performance jet-propelled aeroplane was two or three 
times as valuable, in terms of payload, as the same 
drag reduction would be on the type of air liner in 
service today, such as, the Lockheed Constellation. 

Laminar flow was the greatest potential means of 
improving aircraft drag. If, however, a laminar-flow 
type of wing section was chosen to give a very far-aft 
point of transition from laminar to turbulent boundary- 
layer flow, and if, for some reason, such as the impact 
of rain or flies, ete., on the surface, in practice the 
transition took place ‘earlier, then the drag of the wing 
would actually be higher than that of a conventional 
wing section. It was unwise, therefore, to be too 
optimistic in selecting a laminar-flow wing section. 

It was necessary, when assessing the value of sweep- 
back in increasing the speed of an air liner, to take 
account of the drag effects caused by the leading-edge 
slats or boundary-layer fences which were required on 
this type of wing to prevent tip-stalling. A high 
degree of sweepback in itself could give rise to a severe 
increase in induced-drag factor; for each angle of 
sweepback there was, however, an optimum taper ratio 
for which the theoretical load distribution on the 
wing was nearly elliptic ; and wings conforming to this 
plan form should not give appreciably higher induced- 
drag factors than those for an unswept wing. Poor 
nacelle design was another source of high induced 
- . Leakage and discontinuities in profile on control 
aces could give rise to considerable drag. The 
penalty 4 in payload caused by the drag due to set-back 

hinges on control surfaces might well justify the adop- 
tion of power-operated controls which did not require 
to be aerodynamically balanced. A_ well-designed 
*‘bubble”’ canopy for the cockpit could be designed 
to be little, if at all, inferior, to the flush-nose control 
cabin. In connection with the engine installation, good 
internal air-flow was as important as external design. 





and the United States not only began to use her vast 


With well-designed air intakes it was possible to obtain 
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anintake efficiency of of over 95 per cent. ; side intakes in the 
wing root or on the fuselage did not give good efficiencies. 
Air for the pressure-cabin system, engine-cooling air anci 
other smaller items could give rise to appreciable losses ; 
if the air supply to the passengers provided twice the 
ventilation that they sadly senubele the loss of engin: 
thrust incurred might cause a loss in payload equivalent 
to five passengers. 

On a conventional long-range aircraft of the 
Brabazon type, the attainment of extensive lamina: 
flow, to 50 per cent. of the wing chord, would allow the 
payload over the design range to be practically doubled. 
With the flying-wing layout, this gain in payload 
could be increased by a further 50 per cent. ; this 
advantage was, however, closely associated with far- 
back transition, and disappeared if transition took 
place at the leading edge; the tailless aircraft relied 
upon extensive laminar flow for its superiority. The 
suction wing invented by Dr. A. A. Griffiths (see page 541 
of our 161st volume, 1946) showed to advantage only 
when unusually thick wing sections were employed, 
and then only on the flying-wing layout. However, 
on a flying-wing aeroplane with a thick suction wing 
giving transition at the slot, the available payload 
was four times that possible on an orthodox type of 
aircraft designed for similar duties, and, in the case 
considered by Mr. Richards, the range at the design 
payload was increased to over 10,500 miles as compared 
with 4,000 miles cn the conventional aeroplane. 
These figures depended for their realisation upon 
the transition occurring at the slot, and if, for in- 
stance, the transition point moved forward as a result 
of rain, mud, flies, etc., on the wing surface, the 


| suction wing showed practically no gain over the ordi- 


nary flying wing. A practical suction wing should 
have auxiliary slots or a porous nose to eliminate the 
adverse effects of early transition caused by emergen- 
cies. Nevertheless, there was a case for the suction 
wing designed on the assumption that transition would 
always occur near the leading edge, on account of the 
good structural and space properties of the thick wing, 
which allowed a better load-carrying aircraft to be 
designed. 

In America, porous wings had been found to ensure 
extensive laminar flow, although no greater than that 
which could be achieved by a smooth wing ; but porous 
wings had the advantage of allowing a much greater 
waviness on the wing surface. The problem of elimin- 
ating waviness and steps at the skin joints had not been 
overcome. It was best, therefore, to aim at placing the 
transition point on the wing at a distance of a single 
sheet of covering behind the leading edge. This implied 
a transition point limited to 0-2 to 0-3 chard on large 
tailless aircraft. 





CATALOGUES. 


Diesel Engine.—A brochure describing the Sentinel- 
Ganz Diesel engine type VI JaT has come to hand 
from Messrs. Sentinel (Shrewsbury), Limited, Shrewsbury. 
Dimensioned drawings show the external arrangement 
of the engine which has six cylinders and is of the four- 
stroke single-acting type with direct injection. It de- 
velops 240 brake horse-power. 

Aluminium Glazing Bars.—The Northern Alumin- 
ium Company, Limited, Banbury, Oxfordshire, have 
issued a 14-page brochure describing the advantages, and 
illustrating some typical examples, of the use of alu- 
minium extrusions for glazing bars for putty-less glazing 
systems, which are particularly suitable for roof lights, 
ete. 

Winches, Hoists, Jacks, etc.—An illustrated catalogue 
received from Messrs. Thomas W. Ward, Limited, Albion 
Works, Sheffield, contains information on a’ variety of 
winches, blocks, hoists, jacks and other mechanical 
handling equipment. The items described are by various 
makers. 

Oil Purifier for Diesel-Engine Fuel.—The Alfa-Laval 
Company, Limited, Great West-road, Brentford, Middle- 
sex, have sent us a leaflet which describes the use of 
their oil-purifier and oil-clarifier equipments in removing 
water, ash and other deleterious matter from boiler oils, 
so making them more suitable for use as fuel in Diesel 
engines. 

Air-Heating Equipment.—Details of the electric air- 
heating equipment manufactured by them are given in a 
well-illustrated booklet issued by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. The equipment described includes air-duct, 
tubularand convector heaters, as well as immersion-heater 
circulators and electrode boilers. 

Diesel and Petrol Engines.—We have received from 
Messrs. John I. Thornycroft and Company, Limited, 
Thornycroft Houze, London, S.W.1, a brochure containing 
illustrations, abridged specifications and diagrams with 
approximate dimensions of three types of Diesel engine 
and one petrol unit, as supplied for industrial and agri- 
cultural purposes. Some examples of their applications 
are also given. 
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SMALL VARIABLE- 
COMPRESSION RESEARCH 
ENGINE. 


By D. Downs and V. H. Rosrnson. 


ALTHOUGH certain of the factors involved in the 
design of an internal-combustion engine, particularly 
the geometry of the cylinder and the relative disposi- 
tions of the valves, sparking plugs, etc., are peculiar 
to that design and can be assessed properly only by 
tests on that type of engine, other problems are 
more fundamental and are, in general, common to 
all internal-combustion engines. Such factors are 
the effect of engine operating variables on power 
output and efficiency, studies of the ignition, flame 
propagation, detonation, pre-ignition and com- 
bustion characteristics generally. For investiga- 
tions of this nature the engine is used, in effect, 
as a measuring instrument and should therefore be 
designed specifically for the purposes of research 





reproduced in Fig. 1, and Fig. 2, on page 690, is an 
illustration of the engine and dynamometer only. 
Fig. 3, also on page 690, shows a longitudinal 
section. The engine is a single-cylinder poppet- 
valve four-stroke unit having valves set vertically 
in the head and operated by an overhead camshaft. 
The bore and stroke are 3 in. and 44 in., respectively, 
and this rather small size, besides conforming to 
current vehicle-engine practice, enables a rigid 
and compact structure to be obtained. The 
engine is, therefore, well able to withstand the 
high maximum cylinder pressures and rapid rates 
of pressure rise associated with operation at high 
compression ratios and intake pressures. 

The engine may be operated either as a Diesel 
unit, as shown in Fig. 3, or as a petrol unit by 
interchanging the cylinder heads and replacing the 
fuel pump and injector with a magneto, sparking 
plug and carburettor ; the cylinder head for convert- 
ing the engine to a petrol unit is illustrated in Figs. 
4 and 5, on page 691. The compression ratio of the 
petrol version can be varied between 4-5 to 1 and 
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and have the characteristics expected of any 
scientific instrument. The essential properties are 
an absolutely consistent performance and a wide 
range of application. Simplicity of construction 
also is desirable, provided that the first two require- 
ments are satisfied. The unit also should be reason- 
ably representative of good modern practice so far 
as operating speed and combustion-chamber dimen- 
sions are concerned. The cylinder size should be 
sufficiently small to enable tests to be carried out 
with limited samples of fuel, but not so small as to 
make the combustion chamber crowded and difficult 
of access for fitting instruments. Good control 
of the lubricating-oil consumption and temperature 
also is important. 

Possibly the first variable-compression engine 
designed specifically for use as a measuring instru- 
ment was the Ricardo E35 engine.* Every effort 
was made in the design of this engine to obtain the 
highest possible power output and thermal efficiency, 
coupled with the greatest mechanical reliability, 
so as to enable the machine to run for long periods 
at exceptionally high piston speeds. The engine 
described here, the Ricardo E6, is a smaller, higher- 
speed unit capable of operating at much higher 
compression ratios than the E35 and designed with 
the aid of experience gained on the earlier engine. 
A photograph of the engine arranged for testing is 





* Ricardo, H.R. ENGINEERING, vol. 110, pages 325 and 
361 (1920). 





ENGINE ARRANGED FOR TESTING. 


20 to 1, and although the compression ratio of the 
Diesel version also can be varied, in practice it is 
usually fixed at about 22 to 1. It should be 
emphasised, however, that the E6 engine has been 
designed primarily as a highly-efficient spark-ignition 
engine and, to this end, its efficiency as a com- 
pression-ignition engine has had to be sacrificed 
to some extent. The normal speed range is from 
1,000 r.p.m. to 3,000 r.p.m., the latter figure corre- 
sponding to a piston speed of 2,200 ft. per minute. 
In the petrol version, the combustion chamber is 
cylindrical in shape, the ends being formed by the 
flat surfaces of the cylinder head and piston. This 
gives a compact chamber of good anti-knock proper- 
ties and ensures that the general form remains 
unaltered by changes in the compression ratio. 
The sparking plug is situated at the side of the 
combustion chamber, between the valves. Asimilar 
hole on the other side of the combustion chamber 
enables the position of the sparking plug to be 
changed, placing it near either the inlet or the 
exhaust valve. In addition, a pressure-recording 
instrument may be fitted. The Diesel head has a 
Ricardo Comet Mk. IT compression-swirl combustion 
chamber. This type of chamber, although not 
giving the high thermal efficiency of the later Comet 
Mk. III, has the advantage of enabling the same 
piston to be used in both petrol and Diesel versions. 
This head, also, has provision for the fitting of a 
pressure indicator. 

The cylinder, which is of cast iron, is fitted with a 





hardened high-phosphorus cast-iron dry liner. The 
outside surface of the cylinder water jacket slides 
in a cast-iron guide and the lower portion is threaded 
to accommodate a nut, rotation of which, by a worm 
wheel, raises and lowers the cylinder relative to the 
crankshaft ; it is possible, therefore, to vary the 
compression ratio while the engine is running at full 
load. The cylinder can be locked by a clamp bolt 
which closes the guide, gripping the cylinder round 
the whole circumference of the jacket. The position 
of the cylinder is measured by a micrometer and the 
compression ratio corresponding to a given micro- 
meter reading can be obtained directly from a cali- 
bration curve. The total cylinder movement 
necessary to raise the compression ratio from 
4-5 to 1 to 20 to 1 is 1 in. The valves, one inlet 
and one exhaust, are operated through rocker 
arms by an overhead camshaft which also provides 
a drive for the magneto on the petrol version and the 
injection pump on the Diesel version, the timing 
of which may be varied while the engine is running. 
The vertical telescopic shaft, which transfers the 
drive from the crankshaft to the camshaft through 
two ‘pairs of bevel gears, is in two parts keyed 
together ; the complete cylinder head assembly is 
free to move, therefore, with the cylinder in a 
vertical plane when changing the compression ratio. 

It will be seen from Fig. 3 that the crankshaft and 
crankcase are of solid construction, a point of vital 
importance for an engine of this type. The crank- 
shaft is of “‘ Meehanite ” cast iron, and a plain white- 


\ metal big-end bearing is used. The I-section alloy- 


steel connecting rod is fitted with a phosphor-bronze 
small-end bush working on a case-hardened gudgeon 
pin. The aluminium-alloy piston is fitted with 
three pressure rings and one oil-control ring. Every 
effort has been made to obtain an unvarying stan- 
dard of mechanical efficiency, although the absolute 
value is unavoidably low under normal running 
conditions due to the very high pressures which 
have to be allowed for under extreme conditions. 
However, in an engine of this type, low mechanical 
efficiency is no handicap in itself, as performance 
comparisons are best made on an indicated basis. 

The lubricating-oil system is of the wet-sump 
type incorporating a full-flow filter, the oil being 
delivered by an electrically-driven pump to the main 
and big-end bearings. The camshaft is supplied 
from the same pump through a separate oil feed, 
the rate of flow being regulated by two holes in the 
camshaft journal. Each cam is fed through a hole 
drilled in its face and receives a supply of oil twice 
per revolution of the camshaft. The oil can be kept 
at any desired temperature by an externally 
mounted cooler and an electric heater fitted in the 
crankcase, use of the latter avoiding long warming- 
up periods. Liberal cooling areas are provided 
in the cylinder barrel and in both petrol and Diesel 
cylinder heads. Rapid circulation of the cooling 
water is maintained by a large-capacity centrifugal 
pump, thus ensuring a uniform temperature distri- 
bution in the head. The water and oil coolers 
together with the two pumps, which are driven by 
a single motor, are conveniently mounted on a 
separate bedplate. 

For most ordinary testing, a Solex 35 F.A.I. 
carburettor fitted with a 27 mm. diameter choke is 
used, a variable main jet, consisting of a taper- 
needle valve, permitting the mixture to be varied 
between wide limits as required during tests. The 
fuel flow is measured by noting the time*taken for a 
given volume of fuel to be consumed by the engine. 
For measurements of air consumption an Alcock 
viscous-flow air meter is employed. In this instru- 
ment, the metering element consists of a ——— 
of small passages, each having a cross-sectiona: 
area of 7 x 10+ sq. em. The flow through 
the element is viscous, and the velocity of flow 
is directly proportional to the pressure drop. The 
meter, therefore, has no square-law correction 
for pulsating flows such as are obtained on a 
single-cylinder engine. Consequently, the large 
smoothing capacity which is required with an 
orifice meter is not needed and a very compact 
installation can be arranged. The direct-proportion 
law of air flow has the added advantage of enabling 
a wider range of air flows to be measured accurately 
than is possible with an orifice where the pressure 
varies as the square of the rate of flow. 
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A typical mixture-range loop for the petrol 
version at the normal operating speed of the unit, 
namely, 2,500 r.p.m., and with 550 watts heat to 
the air intake, is shown in Fig. 9, opposite, plotted 
on both brake and indicated bases. A maximum 
indicated thermal efficiency of 37-5 per cent. is 
attained with a compression ratio of 7-0 to 1. 
This agrees well with the efficiency of the larger 
E35 engine at the same compression ratio. Power 
and torque curves for the petrol version with a 
compression ratio of 7-0 to 1, and with the same 
quantity of heat added, are shown in Fig. 10, 
opposite, and similar curves for the Diesel ver- 
sion with a compression ratio of 22 to 1 in Fig. 11, 
on the same page. The adaptability of the E6 
engine for research purposes can, perhaps, be illus- 
trated best by describing briefly a few of the investi- 
gations, such as the knock-rating of fuels which 
have been carried out on the unit in the Ricardo 
laboratory, both during and immediately after the 
Second World War. 

Detonation is so sensitive to compression ratio 
which, in turr, has such a profound effect on the 
power output and efficiency of the engine that the 
knock-limited compression ratio forms a very 
suitable criterion for the knock rating of fuels. 
This limiting compression ratio is determined 
usually by audibility only. Alternatively, the 
compression ratio at which the power curve peaks 
or at which a certain reading of a mechanical or 
electrical knockmeter is observed may be used. 
During the war a method of knock rating was 
developed in the Ricardo laboratory using a heat- 
transfer plug as a knockmeter. The principle of 
operation of the plug is based on the well-known 
observation that the incidence of detonation leads 
to an increase in the rate of heat transfer from the 
burning gases to the combustion-chamber wall. 
According to one theory, this is due to the high- 
pressure wave generated by the knock explosion 
scouring away the boundary layer of unburnt gas 
which normally protects the walls, thereby exposing 
them. to the full intensity of the combustion flame. 
The heat-transfer plug utilises this phenomenon to 
detect the onset of knock and to give a measure of 
its intensity. 

The construction of the plug is shown diagram- 
matically in Figs. 6, 7 and 8, opposite. The 
difference in temperature between the face of the 
plug in contact with the combustion gases and the 
opposite face, which is kept at a constant tempera- 
ture by a high-velocity stream of water, is measured 
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by a differential thermo- 
couple. As this central 
element is thermally iso- 
lated, as far as possible, 
from the surrounding 
cooled surfaces of the 
head, the main path of the 
heat flow from the com- 
bustion chamber must be 
along its principal axis. 
Assuming a constant ther- 
mal conductivity of the 
metal, the temperature 
difference will be propor- 
tional to the heat transfer. 
This temperature differ- 
ence is measured in arbi- 
trary units on a millivoltmeter. The thermal 
isolation of the indicating element has the great 
advantage that it makes the plug exceptionally 
responsive to rapid changes in heat flow conse- 
quent on changing any engine variable such as 
mixture strength or compression ratio. The heat 
transfer plug is located in the side of the combustion 
chamber opposite the sparking plug. This position, 
being in the detonation zone, obviously is the most 
favourable for detecting knock. 

When carrying out a rating test, the engine condi- 
tions are maintained constant and the compression 
ratio lowered until the engine is clear of detonation 
and a reading of the millivoltmeter is taken. The 
compression ratio is then raised in small increments, 
heat-transfer readings being taken at each step, as 
shown in Fig. 12, on page 692. The heat flow 
increases linearly with the rise of the compression 
ratio until detonation occurs, when a rapid rise in 
heat flow is recorded. The test is continued until 
the heat transfer has reached a point 10 per cent. 
above the normal non-detonating curve, the corre- 
sponding compression ratio being used as the 
rating criterion. This, to a certain extent, is 
arbitrary and is a compromise between two con- 
flicting considerations: firstly, the increase should 
be sufficiently large for the heat transfer to rise 
rapidly with compression ratio at the rating point, 
thereby enabling the limiting compression ratio to 
be fixed accurately ; secondly, the increase should 
not be so large that the engine is knocking too 
heavily, which, of course, is always an undesirable 
condition. 

The tests are carried out at the mixture strength 
giving maximum heat-transfer reading. If this is 
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determined with the compression ratio lowered so 
that detonation is avoided, then the mixture is 
equivalent to the maximum heat-flow and maximum 
power conditions. On the other hand, if this is 
determined under knocking conditions, the increase 
in heat transfer due to detonation overrides the 
purely mixture effect and maximum heat transfer 
is observed at maximum knock mixture. This 
effect is shown clearly in Fig. 13, on page 692, 
which shows typical curves of heat transfer plotted 
against mixture strength for both detonating and 
non-detonating conditions. The instrument, there- 
fore, can be used to set the mixture either to that 
giving maximum knock or to that giving maximum 
power. This choice of operating mixture strength 
is a useful feature of the method. 

The heat-transfer plug has been used recently for 
a series of knock-rating tests on post-war motor 
fuels carried out for the Shell Petroleum Company. 
The same fuels also were rated in the C.F.R. engine 
and in a number of typical modern British cars on 
the road. The effect of engine test conditions on 
correlation between laboratory and road ratings 
was examined, and in this connection the flexibility 
of the E6 engine as regards operating conditions 
was found to be particularly useful. Throughout 
these tests the heat-transfer plug was consistent 
in operation and the ratings obtained showed a 
high degree of repeatability. This instrument is so 
simple and robust in construction that it would 
seem to have many advantages in cases where a 
method more objective than audibility is required, 
but where it is desired to avoid the complication 
associated with the more elaborate electronic 
knockmeters. 
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The ability of the E6 engine to operate at excep- 
tionally high compression ratios was put to good 
use during an investigation into the possibility of 
using methane as an alternative fuel for spark- 
ignition engines. The general object of these 
preliminary tests was to find out whether advantage 
could be taken of the high anti-knock value of 
methane to compensate for the lower heat value 
of methane-air mixtures as compared with petrol-air 
mixtures. Comparative tests were carried out at 
atmospheric induction pressure to compare the 
engine performance when operating on a typical 
sample of methane gas from a modern sewage dis- 
posal plant, and containing 89 per cent. by volume 
CH,, with the performance on 92-octane and 100- 
octane petrols. As had been expected, methane 
was found to have a considerably higher knock 
resistance than 100-octane petrol, the knock-limited 
compression ratio for methane being 16-5 to 1, 
compared with 10-85 to 1 for 100-octane petrol 
when operating at 1,500 r.p.m. with an inlet-air 
temperature of 30 deg. C. This is shown in Fig. 14, 
on page 692, which shows the knock-limited com- 
pression ratio and the brake mean effective pressure 
plotted against the air-to-fuel ratio. Mixture- 
range curves on methane and petrol over an engine- 
speed range of 1,000 r.p.m. to 2,500 r.p.m. and a 
compression-ratio range of 5-5 to 1 and 9-5 to 1 
showed that, under comparable conditions, the 
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maximum indicated power obtained on methane 
was 86-3 per cent. of that obtained on petrol. If 
the compression ratio is raised on each fuel to take 
maximum advantage of their respective anti-knock 
qualities, the power obtainable on methane is 
92-5 per cent. of that on 100-octane petrol and 
98 per cent. of that on 92-octane petrol. Under 
comparable conditions, although the thermal effi- 
ciency is substantially the same on both methane 
and petrol, the minimum indicated specific fuel 
consumption is 12 per cent. higher on methane, 
due to the lower calorific value of the gas used. 
At a compression ratio raised in each case to the 
limit permitted by the fuel, however, the consump- 
tion on methane is only 7 per cent. higher than on 
100-octane petrol, and is the same as that on 
92-octane petrol. 

These tests showed that, by raising the com- 
pression ratio, an engine performance could be 
obtained on methane comparable with that of 
92-octane petrol, a better quality fuel than is 
available for road-vehicle use at present. Methane 
seems equally suitable for aircraft engine use as 
tests carried out in the E6 engine under super- 
charged conditions showed that an indicated mean 
effective pressure of 253 Ib. per square inch could 
be obtained at an induction pressure of two atmo- 
spheres absolute. The principal obstacle to the 
wider use of methane for road-vehicle or aircraft 
engines is the difficulty of storing the gaseous or 
liquid methane. 

In the early part of the Second World War, 
some British aircraft were fitted with liquid-oxygen 
injection apparatus for power boosting at high 
altitudes. This system was quite successful, on 
the whole, but there were problems connected with 
the supply and storage of the oxygen and its pro- 
knock tendency. In 1943, Sir Thomas Merton 
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proposed the use of nitrous oxide, which, owing to 
its higher critical pressure, is much easier to handle 
and store. The power increase which it is possible 
to obtain with nitrous oxide is due to: the greater 
oxygen content of nitrous oxide as compared with 
air; the high latent heat, which gives a low charge 
temperature and consequently greater volumetric 
efficiency; and the exothermal dissociation of 
nitrous oxide into oxygen and nitrogen giving 
20,030 C.H.U. per Ib. mol. At the time very 
little was known in this country about the behaviour 
of nitrous oxide in engines and Messrs. Ricardo and 
Company were requested by the Air Ministry to 
carry out some exploratory engine tests on the 
gas to see whether the additional power output 
could be obtained without substantial increase in 
the tendency to detonate. A preliminary test, 
using 87-octane petrol at maximum-knock mixture 
strength and at an engine speed of 1,500 r.p.m., 
was carried out on the E6 engine and the sur- 
prising result was obtained that, despite the great 
increase in power output, the knock-limited com- 
pression ratio, so far from being reduced, was 
actually increased; this is shown by the curves 
reproduced in Fig. 15, on page 692. This occurred 
irrespective of whether liquid or gaseous nitrous 
oxide was used; hence, it cannot be explained 
by the latent heat of evaporation of the nitrous 
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oxide. So far, no satisfactory explanation has been 
put forward to explain the anti-knock action of 
nitrous oxide, which is, of course, in such striking 
contrast to the effect of liquid oxygen. 

In these preliminary tests it was found that 
5-6 Ib. per minute of nitrous oxide was required 
to give a power increase of 100 h.p. and the per- 
missible power increase, at least on the E6 engine, 
was limited to 80 per cent. by the onset of pre- 
ignition. When the injection method was refined 
and tests carried out on full-scale aero engines, it 
was found that the quantity could be reduced to 
4-75 Ib. per minute per 100 h.p., using liquid 
nitrous oxide at high pressure.* As a result of 
these tests, nitrous-oxide injection was used subse- 
quently by the Royal Air Force on Mosquito night- 
fighters operating around 25,000 ft. during the 
sharp raids of the autumn of 1943. At this altitude, 
a speed increase of some 40 m.p.h. was obtained 
for a limited period from the use of nitrous oxide, 
and many successful interceptions of enemy night 
raiders resulted. ; 

A fundamental study of knock in the internal- 
combustion engine has been in progress for the past 
six years on behalf of the Shell Petroleum Company. 
The problem is being approached from two main 
aspects. Firstly, an attempt is being made to follow 
the sequence of chemical reactions taking place in 
the “‘end gas” of the engine, by means of a sampling 
valve which can abstract portions of this gas at 
various stages in the combustion cycle.t These 
samples are then analysed for intermediate and 
final products of combustion. Secondly, substances 
which the sampling experiments have shown to be 
intermediate or final products of the reactions in 
the engine, are added to the cylinder charge and 
their effect on the knock-limited compression ratio 
determined.t Obviously, there is not space in an 
article of this nature to discuss the results in detail. 
It is interesting to note, however, that in the course 
of this investigation the engine has operated for 
many hundreds of hours at compression ratios 
ranging from 12-0:1 to 20-0:1, and at mean 
pressures from 200 Ib. to 250 Ib. per square inch, 
without giving any thermal] or mechanical trouble. 
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The Fundamentals of Gas Turbine Technology. By W.R. 
THOMSON, B.Sc.Tech., A.M.I.C.E. Power Jets 
(Research and Development), Limited, 25, Green- 
street, London, W.1. [Price 25s. net.] 

In spite of the fact that, for the great majority of 

engineers, the gas turbine became of interest only 

ten years ago, the available knowledge on this 
subject has grown to such an extent that the author 
ofa book on it is now faced with the necessity of care- 
fully limiting his treatment. Mr. Thomson is wise, 
therefore, to limit himself, as he says in his foreword, 
to “the basis of the theoretical instruction leading 
up to the testing of gas turbines and to the more 
specialised information regarding the design and 
operation of the various components.” The use of 
the word “technology” in the title is open to 
“objection, however, when the contents of the work 
are considered: ‘‘ thermodynamics’ would have 
been a more accurate term. The wide subject of 
strength of materials, in relation to gas turbines, 
and the laws governing the design of heat exchangers, 
for example, are completely omitted. The author 
has done well to set out clearly the basic thermo- 
dynamics, the cycles, the properties of the working 
substances, and the laws of flow through nozzles, 
pipes and blading. He concludes with a generalised 
treatment of flow in axial compressors and turbines, 
and discusses the forces in the turbine structure, 
which depend on the conditions of gas motions. 

While much of this materia] will be found in 

standard works on thermodynamics, it is an advan- 

tage to have, in one volume, the parts of this 
subject of particular value in a study of the gas 
turbine. ; 

It is not completely clear, however, for whom 


* E. P. Hawthorne. 
1946, page 330. 

t R. W. Wheeler, D. Downs and A. D. Walsh. Nature, 
vol. 162, page, 893 (1948). 

t D. Downs and A. D. Walsh. 
370 (1949). 
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this treatment is intended. For designers and 
research workers concerned, respectively, with the 
details of design and the prosecution of relevant 
researches, much more will be necessary than is 
included here ; but students who have had a general 
fundamental training, and who intend to occupy 
themselves in either of these branches, will find a 
study of this book a valuable intermediate stage 
between acquiring a general basis of engineering 
science and their specialised work in the particular 
branches with which they have to deal. Those 
who wish for a general basis of knowledge of gas 
turbines will find the book interesting and valuable, 
but too limited for their purposes, since, in addition 
to the omissions noted above, there is no single 
description of a gas-turbine installation. Neverthe- 
less, the work would provide for them a valuable 
supplementary treatment to books and articles of a 
purely descriptive character. Certainly, that large 
class of engineers who are, or who will be, active 
in the gas-turbine field, without needing to delve 
very deeply into the sciences of fluid mechanics and 
thermodynamics, will have at their disposal a sound 
fundamental treatment which will prevent them from 
drawing wrong conclusions from superficial and 
misleading measurements ; for example, the author 
explains very satisfactorily the importance of 
understanding the difference between static and 
dynamic readings of pressure and, in particular, 
does well to point out that accurate measurement 
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of the temperature of gases in motion is practically 
impossible. The co-operation of the author and his 
publisher has been most happy. The text is clear 
and pleasant to read, while the diagrams, of which 
there are over a hundred, are a model of distinctness. 
Some space is given to the properties of working 
substances and useful separate charts of these, 
but on a somewhat small scale, are included with the 
book. With the limitations indicated above, there- 
fore, the author has produced a work that can be 
well recommended to the particular classes of 
reader mentioned. 





Engineering Metals and Their Alloys. By Dr. Cart H. 
Samans. The Macmillan Company, 60-62, Fifth- 
avenue, New York 11, U.S.A. [Price 7-50 dols.]; 
and Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2. [Price 56&] 

In his preface, Dr. Samans expresses the hope that 

this book will provide a background of metallurgy 

sufficient to fill the needs of any user of metallic 
materials ; though he recognises that such a hope 
can only be realised, in a single volume, by employ- 
ing a broad general treatment rather than a treat- 
ment involving specialised detail. Thus, in his 885 
pages of text, most of the generally accepted metal- 
lurgical topics are mentioned at some point or 
another, though at times the treatment has to be 
very brief. There is, for example, little information 
about the essential differences between ductile and 
brittle behaviour in metallic materials, and how such 
behaviour is influenced by changes in temperature 
or in the nature of the applied stress system. This 
may be a little disappointing to some readers, in 
view of the importance of such factors in engineering 
practice, when selecting metallic materials for certain 
applications. It is easy, however, to appreciate 
the author’s difficulty in endeavouring to cater for 
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so wide a range of interests at one and the same 
time. An immense amouft of ground is covered 
and, since the book is written primarily for the user 
of metals, facts are more important than theories. 
This means that the theoretical underlying prin- 
ciples of many processes are not developed in full, 
though generally, in such cases, reference is supplied 
to some source from which further information could 
be obtained. The bookshould, however, meet many 
of the requirements of those who are primarily inter- 
ested in the uses and applications of metals. 

The first two chapters deal with the general charac- 
teristics of metallic engineering materials and 
with the characteristics of pure metals. The next 
five chapters are concerned with the general 
metallurgical methods used for extracting metals, 
and with the production of magnesium, aluminium, 
zinc, copper, nickel, tin, lead, pig iron, and steel. 
Then follow chapters on the theory of alloys, prin- 
ciples of heat treatment, the shaping and forming 
of metallic materials and the effects and control of 
corrosion. The final eight chapters deal in detail 
with industrially used alloys. Here Dr. Samans 
departs from the usual procedure of dealing with 
such alloys under the headings of the basis metals. 
Instead, he classifies them from an application 
viewpoint, so that there are separate chapters 
dealing with, for example, alloys used largely 
because of their ease of fabrication, alloys used for 
applications requiring high strength and toughness, 
alloys for tool materials, etc. In these chapters, 
which occupy well over a third of the book, there is 
a wealth of detail which will prove valuable for 
reference purposes ; these chapters, in particular, 
should repay careful study. In dealing with the 
industrially used alloys, the trade name is usually 
supplied, together with the appropriate Standards 
reference. Throughout the body of the book, and 
at the end of each chapter, there are references to 
further sources of information upon topics dealt 
with in the text. The book is well illustrated, both 
with general photographs and with photomicro- 
graphs of alloy structures. Some of these latter 
are especially good, and are reproduced with great 
clarity. In addition to the photographs, there is a 
large number of helpful diagrams and graphs. 





Theory and Practice of Heat Engines. By PROFESSOR 
Vine. MorInG Farres. The Macmillan Company, 
60-62, Fifth-avenue, New York 11, U.S.A. [Price 
5 dols.) and Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 25s. net.] 

THE amount of theory which justifies the title of this 

book is no more than is required to give an elemen- 

tary student a reasonable understanding of the prin- 
ciples of heat engines. The author, who is Professor 
of Mechanical Engineering at the Agricultural and 

Mechanical College of Texas, follows the usual course 

of the theory from the behaviour of a perfect gas 

to the simpler calculations relating to the perform- 
ance and design of compressors, reciprocating 
engines and turbines. In dealing with the com- 
pression of gases, he gives a correct method of 
calculating the work done and avoids the error, 
which we have so often had to criticise in other 
text-books, of equating the work of compression to 
the area under the compression curve of indicator 
diagrams. He also illustrates very strikingly, by 
means of temperature-entropy diagrams, the losses 
due to cylinder condensation in reciprocating steam 
engines. The invention of the uniflow principle 
by which these losses are mitigated should not 
have been attributed to Professor Stumpf, who 
merely revived in 1908 a method patented by Jacob 

Perkins in 1827 and again by L. J. Todd in 1885. 

The theoretical parts of the book are mingled as 

far as possible with illustrations of the apparatus 

to which they pertain, thus enhancing the interest 
to the student. Moreover, in practically every case, 
the names of parts, indicated by arrows, form 

part of the picture, and beneath each sub-title is a 

ph in small print calling attention concisely 

to the points to be observed. The illustrations of 
machinery refer exclusively to products of American 
manufacturers, but this is no serious disadvantage. 
After compressors, the kinds of plant considered 

in turn are internal-combustion engines, with a 

few pages on the gas turbine, steam turbines, recip- 

rocating steam engines, boilers, condensers and 
other power-house equipment, and lastly, refrigerat- 





ing machinery. There is also a chapter on fuels 
and’combustion. The book is well written, fully 
illustrated and provided with both an excellent 
index and a list of all symbols and abbreviations 
employed. In conformity with the practical 
outlook of the author, the ordinary units used by 
British apd American engineers, namely, feet, 
pounds and degrees Fabrenheit, are employed in all 
numerical calculations, and each of the 15 chapters 
is followed by a set of problems—473 in all—mostly 
with the answers appended. Although the text- 
books covering much the same ground as the 
present one are very numerous, few of them are 
more generally instructive. 





History of the Tools Division, War Production Board. By 
DR. BRADLEY STOUGHTON, Ph.B., B.S. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 4 dols.]; and McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 34s. net.] 

As a contribution towards the factual record of the 

United States war effort in the recent conflict with 

Hitler’s Germany, this book invites comparison 

with The History of Basic Metals Price Control in 

World War II, by Professor Robert F. Campbell, 

which was reviewed on page 364 of our 167th 

volume (1949); but it differs from that work in 
being much more of a record of personalities. The 
chapter on “ Personnel,” indeed, is a sort of Who’s 

Who of the Tools Division, consisting of biographical 

notes, in alphabetical order, on several hundreds of 

the staff, supplemented by a two-page list of the 
names of between 250 and 300 “‘ Women of the 

Tools Division ’” who were employed in secretarial 

and clerical duties. When to these lists are added the 

personal notes in the chapter on ‘‘ Administration 
and Organisation,” and nearly 30 pages of photo- 
graphs of individuals, groups and social functions, 
it will be realised that the comparison with Professor 

Campbell’s work is general rather than particular. 

In fact, it fully realises the purpose indicated in the 

introduction by Mr. John §. Chafee (vice-president 

of the Brown and Sharpe Corporation, who was 

Director of the Division from May, 1943, to October, 

1945), “‘to supply a more intimate record of the 

activities of the Tools Division than the 

formal history by Lucius Wickham,” which was 
written in 1945 at the request of the War Production 

Board and now forms part of their official archives. 
It must not be assumed, from the above comments, 

that Dr. Stoughton’s book is likely to be of interest 

only to those who were employed in the Tools 

Division ; it contains many observations, based on 

intimate knowledge, of material assistance in recap- 

turing the atmosphere in which the great American 
production effort was generated and maintained, 
and some extracts from correspondence and other 
records which are of considerable value in assessing 
personalities as well as in recording facts. For 
example, some of the extracts from letters by Mr. 

Mason Britton, vice-president of the McGraw-Hill 

Company, whose war-time task was to persuade the 

400 or more United States firms of machine-tool 

builders to accept a voluntary system of priorities, 

to induce them to expand their manufacturing 
resources without waiting for actual orders (this 
was before Pearl Harbour) and to educate ‘‘ Govern- 
ment officials and those in authority in Washington 
to the fundamental importance of machine tools 
and the need for greatly expanded machine-tool 
production ” as an essential preliminary to the war 
production that was seen by the far-sighted few 
to be necessary. Later, he was concerned with 
various other activities; for instance, it was he 
who, when the United States yards were turning 
out more ships than could be given engines, arranged 
with Sir Percy Mills, of the Machine Tool Control 
in London, to send out heavy planers, boring mills 
and gear-hobbing machines from Britain, to increase 
the output of marine machinery. There are many 
such sidelights on war history to be found in the 
pages of this eminently readable book, which should 
be of interest to many of the Machine Tool Control 
personne] on this side of the Atlantic. Even readers 
who have no such inducement may find some enter- 
tainment in the story of Mr. Morton Smudgegunk 
and the Type B Nolting Machine; but they should 
be warned that the portrait of Mr. William E. Hayes 
is in Fig. 27, and not Fig. 37, as stated on page 18. 





MOMENT-ANGLE CURVES 
FOR COMBINED WEB 
AND FLANGE CLEAT 

CONNECTIONS. 


By L. A. Beavuroy, Ph.D., A.M.LC.E., 
M.J.Struct.E. anp A. Monarram, Ph.D., 
A.M.I.Struct.E. 


Mucu experimental work has been carried out* 
on a series of typical beam-to-stanchion connections 
to investigate their behaviour in bending. The 
Specimens used consisted of two beams attached to 
the opposite flanges of a third member which repre- 
sented thestanchion. Figs. 2 to 7, on page 694, show 
the form of the specimens, and Fig. 1 shows the load- 
ing arrangement which was selected to subject the 
connection toa pure bending moment and to obviate 
shearing forces. Most of the experiments were 
carried out on flange-cleat connections, but a limited 
number were carried out on web-cleat and on com- 
bined web- and flange-cleat connections. Curves 
of the relationship between applied moment and 
change of angle between the beam and the stanchion 
for the test connections were plotted. From these 
curves, standard moment-angle curves suitable as 
a basis for design were prepared for flange-cleat 
connections only. No similar curves were drawn 
for web-cleat or combined web- and flange-cleat 
connections ; a very considerable number of experi- 
ments would have been needed to furnish data to 
establish, for such connections, standard moment- 
angle curves similar to those for the flange-cleat 
connections, and a considerable experimental 
programme would have been involved. In the 
absence of such a programme, two methods were 
suggested elsewheret for deriving moment-angle 
curves for web-cleat connections from experimental 
curves for connections having only upper and lower 
flange cleats. The first was based on the behaviour 
of the connection in the initial stages of applying a 
gradually-increasing moment, when the connection 
rotates about an axis very nearly at the axis of the 
beam. The second considered the behaviour of the 
connection at high moments near failure when the 
connection rotates about an axis very nearly at the 
level of the farthest rivet in the web cleat on the 
compression side. It was shown that the two 
curves derived by these methods were located with 
respect to the actual experimental curve as indicated 
in Fig. 8. The moment-angle curve derived on 
the first assumption was everywhere lower than the 
experimental curve, but the two curves diverged 
from coincidence near the origin as the applied 
moment increased. On the other hand, the moment- 
angle curve derived on the assumption of high- 
moment conditions lay above the experimental 
moment-angle curve for the same connection ; 
near the origin the two curves diverged, but at higher 
moments they tended to approach one another. 
It is the purpose of the present article to derive 
moment-angle curves for combined web- and 
flange-cleat connections from experimental curves 
for connections having flange cleats only. 

In the Second Report of the Steel Structures 
Research Committee a theoretical analysis of flange- 
cleat connections was given based on the following 
assumptions: (1) That the cleats are completely 
fixed to the stanchion at A and E (Fig. 9) and to the 
beam at C and G. (2) That the effective length of 
the vertical leg be taken as the distance from A to 
the axis of the horizontal leg BC, and that of the 
horizontal leg as the distance from C to the axis on 
the vertical leg AB. (3) That the tension and 
compression cleats are of the same dimensions, 
i.e., the cleats are of equal effective length,/. As a 
result, it was shown that, in the case of an un- 
restrained flange connection in which the legs 
of both the tension and compression cleats were 
considered to bend as beams, or, in other words, 


* ©. Batho, “ Investigations on Beam and Stanchion 
Connections,” Second and Final Reports of the Steel 
Structures Research Committee of the Department of 
Scientific and Industrial Research 1934 and 1936. 

+ Beaufoy and Moharram, “ Derived Moment-Angle 
Curves for Web-Cleat Connections,” Preliminary Publi- 
cation, International Association for Bridge and Struc- 
tural Engineering, Third Oongress, September, 1948, 








pages 105 to 118. 
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during the initial stages of applying a gradually- 
increasing moment, the horizontal distance H of the 
centre of rotation O from the line C G joining the 
points of fixing of the top and bottom cleats was 
ee dh = 4 where D = overall depth of the 
beam. It was also shown that the centre of rotation 
coincides with the axis of the beam. In the case 
in which the vertical leg of the compression cleat 
is completely restrained by the stanchion and is 
rigidly attached to it (a condition which occurs 
after the closing-in of the compression cleat towards 
the face of the stanchion is stopped with increase 
of the applied moment, the two surfaces not being 
initially in perfect contact due to imperfections of 
manufacture), or in other words during the applica- 
tion of relatively high moments, the horizontal 
(3D — 72) 

” ee 
the centre of rotation coincides with the lower sur- 
face of the beam. Thus the centre of rotation O 
moves downwards as the load increases; it also 
moves towards the stanchion, since H is less for 
the restrained than for the unrestrained connection. 
With the dimensions obtaining in practice, the 
centre of rotation lies farther from the stanchion 
than the line joining the points of fixing of the top 
and bottom cleats, so that the end of the beam 
rises slightly. The amount of this rise is restricted 
in practice by the effect of the shearing force. Now 
if web cleats are added to a flange-cleat connection 
this vertical movement of the end of the beam is 
prevented and a very rigid connection is obtained, 
the total rigidity of which is greater than the sum 
of the two component rigidities of a similar web-cleat 
connection and a similar flange-cleat connection, 
as has been shown experimentally (cf. curves C and 
D, Figs. 10 and 11). In Figs. 10 and 11 the curves A 
are for web cleats only ; A’ is the derived curve for 
the web-cleat part of a combined connection ; 
curves B are for flange cleats only ; curves C are 
the sum of curves A and B; D are experimental 
curves for connections with both web and flange 
cleats ; and E are derived curves for the combined 
connection. 

The derivation of moment-angle curves for com- 
bined web- and flange-cleat connections will be 
illustrated by reference to Fig. 12, and it will be 
assumed: (1) that, when subject to an external 
moment M, the connection rotates about an axis 
in the plane of the lower surface of the beam, i.e., 


distance H = It was also shown that 
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Specimen DF * 

Flange Cleats 1:6x 6x Y2x 5 Long 

ii: 6* 6x %x 5 Long 

Web Cleats 6x 3% x ¥%x 9 Long 

Rwwets: % 
fibres being assumed to undergo zero horizontal 
displacement ; (2) that the cross sections of the 
beam through the connecting rivets to the web 
cleats A A and through the connecting rivets to the 
flange cleats BB remain plane after deformation 
so that the horizontal displacements of these rivets 
follow a linear relationship as shown in Fig. 12 (6) ; 
(3) that if the web cleats in the combined connection 
are considered to be divided into separate strips of 
TaBLE I.—Transformed F-A Curve for the Web-Cleat 
Connection. 





F-A Curve, Fig. 17. 


Curves A, Figs. 10 and 11. 


M C) F= * A=@0x6 
(Ib. in. x 7) (rad. x 10-3), (Ib. x 103) =| (in. x 1073) 





so | 


0-6 8-33 3-6 
72 1 12 6 
100 1-8 16-67 10-8 
103 2 17-18 12 
125 3 20-84 18 
144 4 24 24 

160 5 26-7 

175 6 29-2 36 
185 7 30-84 42 
195 8 32-5 48 
203 9 33-9 54 
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a = Low Moment Assumption 
b = Experimental Curve. 
c = High Moment Asswuption 
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from transformed F-A curves. These forces are not 
related to one another by a linear relationship as 
are the displacements, but have relative values 
corresponding more nearly to those shown in Fig. 12c. 
The F-A curves, which have the form shown in 
Fig. 16, are curves deduced from m6ment-angle 
curves for flange-cleat connections ; they show the 
pull F on the connection plotted against the relative 
linear movement A of the connection. 

It follows that for any given angular rotation 6, 
there correspond certain displacements A,, A, . . . 
A,, and consequently certain forces F,, F,... Fy. 
The bending moment M to which these displace- 
ments and forces correspond may be arrived at by 
taking moments about the assumed neutral axis, 
ie., M=Z(F x D). Thus, a moment-angle curve 
may be plotted for different values of @ assuming 
the above conditions to exist throughout the whole 
range of the curve. 

Among the published experimental results avail- 
able, there are, so far as the authors know, only two 





experiments for which the method of derivation 
FOR WEB-CLEAT PART OF COMBINED CONNECTION. 





TABLE II.—CaLcuLaTIONS FOR DERIVED CURVE 











Rivet 1. Rivet 2 

a etiasin IAT | | M = FD) + FD 

| Ai 1 | 2 F2 
(rad. x 1073) (in. x 1073) (Ib. x 103) i (in. x 10-3) | (Ib. x 103) (Ib. in. x 103) 

| . 6 12 95-4 

2 $ 3 | 12 | 17-2 139-2 

3 9 14-8 18 21 170-4 

+ 12 17-2 | 24 | 24 195-6 

5 15 19-3 30 26-8 218-7 

6 18 21 36 29-2 238-2 

7 21 22-7 2 | 30-84 | 253-1 

8 } 24 24 } 48 | 32-5 267 _ 

9 | 27 25-5 54 33-9 277-7 

10 30 26-8 60 | 35 290-1 








width p as shown in Fig. 13, the resistance to 
moment of any one such strip (Fig. 14) is the same 
as that of a flange-cleat connection (Fig. 15) in which 
each flange cleat has a length 2 p of an angle of the 
same class as the web cleats, and in which the 
depth D is equal to the distance D’ between the 
centre of the strip considered and the centre of 
rotation O.* Then, with these assumptions, the 
forces in the connecting rivets may be estimated 








in the plane of its extreme compression fibres, these 





* Beaufoy and Moharram, Ibid., page 110. 





given above may be examined to test to what extent 
it is justified. The two specimens concerned are 
those having the combined web- and flange-cleat 
connections shown in Figs. 6 and 7. Curve A 
(Fig. 10) shows the experimental moment-angle 
curve for the connection with web cleats only, 
curve B, that for the connection with flange cleats i 
only, curve C; the algebraic sum of the ordinates of 
the two previous curves for the same @, and curve D; 
the experimental moment-angle curve for the con- 
nection having both web and flange cleats. 
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Similarly, Fig. 11 relates to the connection with 
flange cleats ii (Figs. 6 and 7). 

The web cleats and the flange cleats used in the 
combined connections under consideration are not 
of the same class and thus have different F-A 
curves. To allow for this fact, the part of the 
moment-angle curve due to the web cleats alone 
will be calculated separately, as follows. Fig. 17 
gives the transformed F-A curve for the web-cleat 
connection (Specimen A, Figs. 2 and 3) as deduced 
from the curves A of Figs. 10 and 11. The pull F 
is arrived at by dividing the ordinates M of curve A 





by the distance « = 6 in. (Fig. 2) between the upper 
and lower rivets connecting the beam web to the 
web cleat, and the corresponding linear movement 
A is obtained by multiplying the abscisse @ of 
curves A (Figs. 10 and 11) by the same depth z. 
Table I, opposite, gives calculations for the whole 
curve. For any given angular rotation @ in the com- 
bined connection (Specimen D, Figs. 6 and 7), there 
correspond certain horizontal displacements A, and 
A, in the web-cleat rivets (1) and (2) and these are 
equal to @D, and 6 D, respectively (D, and D, being 
measured from the assumed centre of rotation). 
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The values of the forces F, and F, corresponding to 
A, and A, are estimated from the F-A curve for 
the §-in. web-cleat connection (Fig. 17). The bend- 
ing moment to which these forces correspond is 
arrived at by taking moments about the neutral 
axis, i.e., M = F, D, a F, D;. Table II shows 
these calculations for different values of 9. The 
resulting M-@ curve is plotted as curve A’ in 
Fig. 10. It will be noticed that the resistance to 
bending moment offered by the web cleats in the 
combined connection (curve A’, Fig. 10) is greater 
than that offered by the same web cleats in the web- 
cleat connection (curve A, Fig. 10). This is due to 
the fact that in the web-cleat connection, as the 
external moment is gradually applied and increased, 
the centre of rotation of the connection is located 
somewhere between the axis of the beam and the 
farthest rivet on the compression side connecting 
the web cleats to the beam web ; whereas in the com- 
bined connection, the centre of rotation is located 
at the extreme beam fibres on the compression side, 
or in other words lies far away from the connecting 
Tivets so that these rivets act at greater distances 
from the centre of rotation and therefore exert 
more resistance to moment than in the other case. 

If a moment-angle curve is derived for the flange- 
cleat part of the combined connection, it must be 
the same curve as B, since the moment arm D (Fig. 
15), which is taken as the depth of the beam, is 
practically the same for the connection whether in 
the separate or in the combined form. Finally, if 
for the same 6 the ordinates of curves A’ and B 
are added together, the resulting curve E is the 
derived moment-angle curve for the combined 
connection. A comparison between the two 
moment-angle curves E; and E;; (Figs. 10 and 11): 
derived in this manner and the two corresponding 
actual experimental curves D; and D,; for the two- 
combined connections under consideration, demon- 
strates that the proposed method of derivation gives- 
good results. 

If in a given case the web cleats and the flange 
cleats are of the same class, the above process of 
derivation of the moment-angle curve in separate 
parts which are subsequently added together is not 
required ; the moment-angle curve of the combined 
connection may be derived in one step from the F-A 
curve for that class of cleat. 

In the Final Report of the Steel Structures 
Research Committee, flange-cleat connections were 
divided into three classes; the mass of experi- 
mental data made it possible to establish a standard’ 
moment-angle curve for each class of flange connec- 
tion, each standard moment-angle curve being 
chosen to follow the lower limit of the relevant 
experimental curves in order to provide safe values- 
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for design purposes. The three different standard 
moment-angle curves so obtained were with 12-in. 
beam depth, the equations of these curves being of 


the form M=C (1,000 x where C is a 
constant depending on the class of the connection. 

In their earlier paper* the authors showed that 
equations of a form similar to those for flange-cleat 
connections could be derived for use as standard 
moment-angle curves for web-cleat connections. 
These standard curves were also chosen so as to 
offer a certain margin of safety in design and it was 
found that the constant C in this case varied accord- 
ing to the class and the depth of the web-cleat used. 

In the case of combined web- and flange-cleat 
connections, there may be variation in the classes 
as between the web cleats and the flange cleats used 
in the same combined connection, besides variation 
in the depth of the web cleat. As there are no 
recognised standard types of such connections, no 
attempt will be made to determine standard 
moment-angle curves. 


0)°-428, 





ELECTRICAL CONTROL GEAR FOR 
MACHINE TOOLS. 


In a paper on “The Development and Design of 
Electrical Control Gear for Machine Tools,” read before 
the Utilisation Section of the Institution of Electrical 
Engineers on Thursday, December 8, Mr. A. R. H. 
Thorne said thet this equipment could be housed either 
in panels built on to the rear or in compartments in the 
bases or supporting structures of the machines, or in 
separate self. contained control pillars, depending upon 
the cost, size and the nature of the control required. 
No serious problems arose if the machine motor had 
to run at constant speed from either alternating 
or direct current, but complications arose when 
variable-speed control was specified, especially with 
alternating current, when smooth stepless variation 
with constant-torque or constant horse-power might 
be needed, or a change-pole motor with gears to provide 
a range of fixed speeds. When designed for the same 
horse-power and fixed speeds, a direct-current motor 
was usually rather more than twice the cost of the 
equivalent alternating-current machine, but at some 
ree at ag a a et ae 

by shunt regulation. Wider ranges could be obtained by 
the Ward-Leonard system of control, which, however, 
was even more costly because of the three machines 
that were n 

Squirrel-cage induction motors up to 7} h.p. were 
generally started by being switched directly across the 
alternating-current supply, but alternating-current 
machines of higher ratings were usually switched in 
by means of primary resistors, or preferably by star- 
delta starters, which provided larger starting torques ; 
auto-transformer starting was seldom used on account 
of the greater cost and space required. The less com- 
pact control equipment for direct-current motors had 
lead to the use of separate control pillars ; these housed 
the usual starting devices and resistors, which should be 
cut out automatically to avoid abuse. Magnetic blow- 
out coils reduced contact burning, and though frequent 
operation of either direct- or alternating-current gear, 
as with and tapping machines, increased contact 
wear, this could be partly offset by using large con- 
tacts with very little wiping action between them. 

Experiments had indicated that the slow breaking 
of currents smaller than about 100 amperes on alter- 
nating-current voltages between 200 and 550 produce 
less arcing than quick breaking, though high inductance 
might mask this effect. They also that the 
intensity of the arc, as measured by its projected area 
in the plane of travel, was not directly proportional to 
voltage for low values of either alternating or direct 
currents. With a direct current of 14 amperes, for 
example, arc intensity increased relatively slowly 
between 200 and 250 volts, but was much faster above 
350 volts. Double-break contacts, that is, those having 
a movable bridge piece to span two fixed contacts, 
were more than twice as effective as single breaks, 
sine® cooling was increased by the splitting of the arc 
into two components between four contact points, and 
because a given total gap was made at twice the 
speed, thus enabling the rate of contact separation 
to be reduced by half without ill effect. Contactor or 
switch contacts for motors up to about 12 h.p. should 
be relatively heavy for single breaks and about half 
the weight for double breaks. The weight of moving 
parts affected their general resilience and consequently 
the amount of contact wear and bounce, and in general, 
light moving parts with small travels were more likely 
to ensure clean makes. At certain voltages and 
currents, however, current interrupters become unsatis- 
factory due to the risk of flash-over and welding of the 
contacts. 





* Ibid., page 115. 





It was often difficult to design a simple control 
scheme to govern operations such as “ hand control,” 
“‘auto-control,” ‘fast return,” and “slow return 
without spindle,” as might be required for a boring 
machine, though such schemes were sometimes simpli- 
fied, at the expense, perhaps, of some mechanical 
complication, by substituting hand- or machine- 
operated switches for contactors and relays. When 
complex control sch were y, all con- 
tactors, relays and fuses should be labelled to facilitate 
maintenance. Electrical interlocks might sometimes 
fail to prevent certain types of fault, as when forward 
and reverse contactors were closed by impulse currents 
due to the pressing of two starter buttons simul- 
taneously. Mechanical interlocks avoided this par- 
ticular trouble, though they were not required when 
such positions were controlled by a hand switch 
having at least two settings. Unessential electrical 
interlocking should be eliminated, since the extra con- 
tacts introduced possible sources of additional trouble ; 
changes or additions to the scheme were facilitated, 
however, when spare contacts were incorporated. 

All interlocking and auxiliary contacts should make 
and break cleanly, and, furthermore, should not close 
circuit until the main contacts with which they were 
associated had adequately cleared their maximum 
power arc. The incorporation of means for adjusting 
contact gap settings was a dubious advantage, since it 
led to abuse, though those which were accessible 
to the manufacturer and less so to the user were 
generally satisfactory in practice. Different voltages 
for different parts of the control circuit might be 
obtained by using a transformer ; in general, however, 
contactors and relays for alternating-current voltages 
of 400 to 500 should not be used on voltages less 
than 110 since faults might occur due to the lower 
voltages failing to break down films of foreign matter 
which might collect between surfaces having nominal 
line contacts. Point centacts having a light rub- 
bing action, as in telephone relays, gave satisfactory 
service on voltages as low as 24 to 50, a fact which 
suggested that complex schemes should incorporate 
low-voltage control circuits. 

Variable-speed drives for machine tools using 
alternating-current motors could be obtained by the 
pole-changing methods already mentioned, or, alter- 
natively, commutator motors could be installed with 
induction regulator or brush-rocking gear to give 
smooth variation ; commutator machines were seldom 
used, except for the more expensive plant like precision 
grinders. It was good practice to de-rate the control 
gear of variable-speed alternating-current machines, 
since the associated low power factors and high currents 
might cause flashover on equipment which was, perhaps, 
only just adequate for controlling single-speed motors. 
For inching purposes, the rotor of a squirrel-cage 
motor could be slowly turned clockwise or anti- 
clockwise by using a six-way rotary switch to inject 
direct-current into the three stator phases successively. 
In simple form, the switch had segments con- 
nected to the respective stator phases, and a pair of 
selector brushes which were supplied with direct-current 
from a rectifier or other suitable source. As these 
brushes were rotated, the direct current was fed to 
each phase in turn and set up a etic field which 
located itself between the poles of the machine in 
accordance with the setting of the switch. For a 
two-pole machine, one revolution of the switch selector- 
arm produced one turn of the rotor, smaller angular 
movements being produced as the number of poles 
per phase was increased. Continuous rotation of the 
brushes in a master switch caused the rotor to turn 
slowly round. 

Electrical control gear for direct-current motors 
was more complex and costly, though this, and the 
higher cost of the motor, was partly offset by the 
ease with which a wide and smooth speed control 
could be obtained; at 500 to 600 volts, however, 
arcing troubles become serious unless the control 
equipment was carefully designed. Direct-current 
motor speeds were usually varied by controlling 
armature voltages, though even wider speed ranges 
could be obtained by also incorporating means for 
shunt regulation. Four main methods of speed control 
were available, depending chiefly upon motor size. The 
Ward-Leonard system of control, and the use of 
mercury-arc rectifiers with grid or induction regulators, 
were suitable for motors of any size, while the Ward- 
Leonard control with a metal rectifier instead of a 
direct-current exciter for supplying the generator field, 
was used for direct-current motors up to about five 
horse-power ; rectifiers had the advantage of low main- 
tenance. The electronic method incorporating mercury- 
vapour valve rectifiers was suitable for motors up to 
25 h.p., providing there was no undue overloading of 
the motor, and that the n warming-up period 
for the valves could be allowed for in the scheme of 
control. 

Since the sequence of operations carried out by a 





machine tool should include only the minimum of 


wasted time, the driving motor might have to be stopped 

















as pers as = seule after a given operation. Alter- 
nating-current motors might employ friction brakes, or 
be stopped either by reversing the applied current for 
an appropriate interval, usually through a “ plug- 
ping” switch, or by injecting direct current into 
the stator windings for a few seconds to produce 
stationary magnetic fields after the main contactor had 
opened. The linings of friction brakes needed occa- 
sional renewal, and the operator might sometimes 
have to exert considerable force to bring the machine 
to rest when hand-brakes were installed in preference 
to the more expensive solenoid-controlled types. 
Direct-current motors used either friction brakes, or 
were arranged for dynamic or regenerative braking, 
though the last-mentioned was seldom used. 

The direct-current injection method was particularly 
suitable for stopping an alternating-current motor 
without any of the reversing action which might occur 
with reverse-current braking. A transformer (usually 
of the single- phase type) and a metal rectifier were gener- 
ally needed to supply the direct current, which, when 
gearing was incorporated in the drive, should be about 
one to one and a half times greater than the r.m.s. 
full-load current of the motor. If flywheel effects 
from driving pulleys were to be overcome, direct- 
current of three to four times the full-load values might 
be required for periods up to about three or four 
seconds. The injection periods were controlled either 
by electrical, mechanical or thermal timing devices, 
which could also be arranged to break the alternating- 
current supply to the transformer when the direct 
current was switched off. It was not easy to provide 
reliable timing devices, and in practice there seemed 
little to choose between the various t available ; 
thermal types incorporating a bimetallic strip were 
common, but should not be used for frequent operation 
owing to their inherent thermal time constant. 





OPERATING COSTS OF AIRCRAFT. 


Wut predicted values for the performance of a 
new aircraft usually give a good approximation to 
the performance achieved in practice, the forecasting 
of operating costs is much more difficult, as a number 
of factors enter into such costs which cannot easily be 
formulated. The maintenance and overhaul costs of an 
aeroplane, for example, are affected by the efficiency 
of the operator’s maintenance organisation, as well as 
by the detail design of the aircraft itself. Nevertheless, 
the conditions under which any operating company 
functions will, within limits, affect the operating costs 
of different aircraft in the same way, and since there 
must be some means by which the economic qualities 
of different aircraft can be compared, it is desirable 
that some standard form of comparison should be 
available. Such a standard has recently been intro- 
duced by the Society of British Aircraft Constructors,* 
and in future ev: eer eee | British aircraft constructor offering 
a trans t to the world markets will supply a 
detail aaa of its direct-operating costs, in which 
all the assumptions made in the calculation will be 
stated, and can be compared with those of any other 
aeroplane computed on the same basis. 

The standard method of the Society of British Air- 
craft Constructors has been confined to the considera- 
tion of the direct-operating costs; that is, the costs 
depending directly on the characteristics of the aircraft. 
The indirect operating costs, such as administration, 
advertising, traffic-handling, etc., are mostly inde- 
— of the characteristics of the aircraft, and depend 

gely on the scope of the service offered by the 
operating company. There is, however, one important 
exception to the principle of excluding indirect 
operating costs from the computation ; in the labour 
rate quoted for airframe, power plant, and propeller 
maintenance and overhaul, the workshop overheads 
have been included. Thus, the maintenance and 
overhaul costs computed by the Society’s standard 
method will be appreciably higher than those estimated 
by a method which excludes all overhead costs. 

The direct-operating costs of an aircraft fall into 
three categories: the annual costs, consisting of 
obsolescence and insurance, which are independent of 
flying time ; the fixed hourly running costs: that is, 
maintenance and overhaul costs; and the variable 
hourly running costs, which depend upon the speed 
and the stage-length under consideration. In the 
standard method, these three items are assessed on 
an hourly basis and are added to give a total cost 
per hour. The cost per ton-mile is then found 7. divid- 
ing the total cost per hour by the “stage” 

i.e., the average speed from the start of take-off e the 
completion of mpc 2 and the payload appropriate to 
the stage. e@ payload may be limited by the per- 
missible “isposatle load, by the cubic peti a of the 
aircraft, or by other factors. In the case of passenger- 





* Standard Method for the Estimation of Direct 
Operating Costs of Aircraft. Issue No. 1, September, 
1949. The Society of British Aircraft Constructors, 32, 
Savile-row, London, W.1. 
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carrying aircraft, the costs are usually expressed in 
terms of passenger-miles rather than ton-miles. 

In arriving at the fixed annual costs of the aircraft, 
the depreciation of the —— airframe (minus the 
power units), the power plant, the propellers, and spares, 
and the cost of insurance of the aircraft and the passen- 
gers are calculated. The corresponding cost per flying- 
hour is then obtained by dividing the total annual 
costs by the “utilisation”: that is, the average 
number of revenue-hours flown in a year by any 
aircraft in a fleet. A “utilisation” of 3,000 hours 
has been assumed for the standard case to permit the 
direct comparison of aircraft; some operators, how- 
ever, may not find it possible to achieve 3,000 hours of 
revenue-earning flying in one year ; over the year April, 
1948, to March, 1949, for example, none of the British 
airways corporations was able to achieve an average 
annual utilisation of half this figure, other highly- 
organised companies operating under favourable cir- 
cumstances might possibly be able to exceed it; but 
since, in the standard method, the steps of the cost 
calculation are required to be clearly set out, it is an 
easy matter to adjust constructors’ estimates to suit 
the operating conditions. The depreciation costs 
assume that the life of an air liner, as a “‘ first-line ” 
aircraft, is eight years, at the end of which period it 
has a residual value of 20 per cent. of its first cost. 
Airframe and propeller spares are estimated at 10 per 
cent. of the first cost, while power-plant spares are 
valued at 50 per cent., because of the necessity for 
periodic changing of the power plants for overhaul. The 
annual insurance costs are based on an average pre- 
mium of 6 per cent. of the first cost of the aircraft, 
this premium being assumed to include third-party 
liability, and for passenger liability, 15/. per seat. 

The maintenance and overhaul costs for airframe, 
power plant, and propeller are based on a detailed 
study of operating statistics. It is stated that the 
average cost of airframe maintenance may be fairly 
represented as a linear function of the equipped air- 
frame weight; such an assumption, however, must 
present a somewhat distorted picture, for the detailed 
engineering of two different aircraft of identical weight 
may be such that the man-hours absorbed in their 
maintenance are very different ; this may, moreover, 
affect the possible ‘‘ utilisation ” of the aircraft. How. 
ever, until such aircraft have been in operation for 
sufficient time to accumulate statistical data on their 
maintenance costs, there is no way in which such differ- 
ences can be evaluated, and it is difficult to suggest 
any more suitable basis for estimating yo — 
tenance costs. The standard method 
total hourly cost of 11s. per 1,000 Ib. ef cath eed a: 
frame weight. The maintenance and eal costs of 
the power plant and propeller are considered separately ; 
it has been found possible to express the costs or 
materials and labour for the routine inspections, servic- 
ing and adjustments carried out between the periodical 
major engine overhauls as a function of the maximum 
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weak-mixture cruising brake horse-power of the engine, 
plus a constant. The cost of overhaul is expressed 
as a percentage of the first cost of the power plant, 
without the propeller, divided by the permissible period 
between engine overhauls. This overhaul period de- 
pends on the state of development of the ‘particular 
engine, and an estimate of the average interval between 
overhauls, over the eight-year period assumed for the 
life of the aircraft, must be obtained from the engine 
manufacturers. The propeller-overhaul costs are 
worked out on similar lines ; the maintenance costs for 
the propeller have been found, on an average, to work 
out at 5 per cent. of the first cost of the propeller per 
1,000 hours. 

Considering the running costs which vary with the 
stage distance and speed, the salaries of the operational 
crew vary with the duration of the flight ; the average 
cost per annum for various crews has been compiled 
for the standard method on the basis of the British 
Corporation’s scales of pay. The average flying hours of 
the crew are assumed to be 900 per annum. Stewards 
and stewardesses are not included in the operational 
crew; they are assumed to be part of the passenger 
services, and their salaries are therefore considered to 
be an indirect operating cost. The fuel consumed on 
any given stage is calculated for zero-wind conditions, 
and comprises a standard average allowance for starting, 
warming up and taxying, the fuel required for climb to 
operating altitude, cruising at operating altitude, and 
descent, an allowance of 10 minutes fuel for final 
circuits, and an allowance of 3 per cent. of the total 
fuel under the above headings to cover the fuel con- 
sumed on take-off, landing and various contingencies. 
The fuel for climb, cruise and descent may be calculated 
at any combination of power and speed that the aircraft 
constructor considers suitable; he must, however, 
state the assumptions on which his calculation is made 
—an obvious provision, but one which has frequently 
been omitted in the past in the sales-literature of aircraft 
manufacturers. Oil costs are estimated as 0-04 of the 
fuel cost. The landing costs make an appreciable con- 
tribution to the direct-operating costs, and a scale of 
landing fees, based upon that used in the United 
Kingdom, is given in an appendix. 

In order to determine the payload corresponding to 
the stage distance assumed for the calculation, the 
total fuel and oil carried in the aircraft must be calcu- 
lated. The fuel reserves are specified as the fuel to 
allow for encountering head-on winds on the routes 
under consideration, fuel for a 200-mile diversion to an 
alternative airport under bad weather conditions, fuel 
for a 45-minute period awaiting permission to land, and 
an allowance of 5 per cent. on the total fuel carried to 
all for contingencies. 

The present edition of the standard method has been 
formulated on data for piston-engined aircraft, 
Operating statistics for jet-propelled and turbine- 
driven transport aircraft are not yet available for the 
derivation of appropriate formule. 








THE PASSENGER AND CARGO 
STEAMSHIP ‘‘ AMAKURA.”’ 


TE importance of balanced proportions in contribut- 
ing to the appearance of a ship is well shown in the 
above illustration of the s.s. Amakura, built by Smith’s 
Dock Company, Middlesbrough, to the order of Messrs. 
Booker Brothers, McConnell and Company, Limited, 
for their passenger and cargo service to the West 
Indies. As much of the cargo handled consists of 
hardwoods, in logs up to 70 ft. in length, the hatches 
and derricks have been designed with this traffic in 
mind, the dimensions of the hatches and the scantlings 
of the derricks being considerably in excess of what 
would normally be fitted in a vessel of this size. 

The Amakura, which has been built under the 
survey of Lloyd’s Register and to their highest classifi- 
cation, is a vessel of the open shelter-deck type, with 
cruiser stern and three main cargo holds. Her prin- 
cipal dimensions are: length overall, 349 ft. 11 in, 
and between perpendiculars, 325 ft. ; breadth moulded, 
47 ft.; depth moulded, to upper deck, 28 ft. 10 in., 
and to the second deck, 20 ft. 10 in. ; draught, loaded, 
20 ft. 2in. ; deadweight capacity, 3,800 tons ; 
gross 2,961, net 1,588, and under deck, 2,155. The 
designed service speed is about 11 knots. The double 
bottom can be used to carry either water ballast or oil 
fuel, heating coils being fitted for the latter purpose. 
No. 1 hold has a hatch 22 ft. 6 in. long by 16 ft. wide 
and is served by two 7-ton derricks, mounted on the 
foremast. No. 2 hold has two hatches, the main No. 2 
hatch being 34 ft. 4} in. long and 16 ft. wide, with 
two 7-ton derricks and one of 25 tons capacity, carried 
on the foremast; and the smaller (No. 2a) hatch, 
situated between the bridge house and the boiler casing, 
meas 11 ft. 5} in. in the fore and aft direction, 
and 16 ft. in width. This hatch, which is served by 
two 5-ton derricks carried on posts abreast of pnd 
funnel, is trunked through the ’tween-deck space above 
the hold. No. 3 hold also has two hatches, the larger, 
forward of the mainmast, being 25 ft. 24 in. long and 
the other, abaft the mast, 18 ft. 4 in. long; botir are 
16 ft. wide. The larger hatch is served by a 15-ton 
derrick and two 7-ton derricks, and the smaller by two 
7-ton derricks, all mounted on the mast. All the 
hatches are fitted with roller beams. Ten steam 
winches are provided for working cargo and another is 
carried on the poop, for warping purposes; all were 
supplied by Messrs. John Lynn and Company, Limited, 
Sunderland. Those at Nos. 2 and 3 hatches have 
cylinders 8 in. bore by 12 in. stroke, the others (and the 
warping winch) having cylinders 7 in. bore by 10 in. 
stroke. The quick-warping steam windlass on the 
forecastle was supplied by the Tyne Metal Company, 
Limited, Hexham-on-Tyne, and has cylinders 9} in. bore 
by 13 in. stroke. The tank tops in the holds are 
covered with 2}-in. whitewood ceiling, and the holds 
are lined, at the sides, with 6 in. by 2 in. whitewood 
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sparring. Accommodation is provided for 12 passengers 
in one double-berth and ten single-berth rooms. 
The single-berth cabins are on the port side of the 
bridge house, where also are two bathrooms for the 
| gp ao the bakery, and the engineers’ mess-room. 

e corresponding space on the starboard side com- 

accommodation for the purser and stewards, 
and the ship’s hospital, petty officers’ mess-room, 
stewards’ mess-room and the saloon pantry. The 
dining saloon is on the same deck, at the forward end 
of the bridge house and immediately above it, on the 
bridge deck, is the two-berth stateroom, a small ante- 
room and the passengers’ lounge. The public rooms 
and rs’ alleyways are fitted with fluorescent 
lighting. The captain’s quarters are on the lower 
bridge, and the deck officers and engineers have their 
cabins on the bridge deck, on both sides of, and abaft, 
the engine and boiler casings. The officers’ accommo- 
dation includes what is described as a “‘ social room,” 
at the after end of the bridge deck, on the starboard 
side. A similar room is provided for the crew, who 
are wholly accommodated on the upper and lower poop 
decks ; the forecastle spaces are used only for stores. 
The whole of the accommodation is connected to a 
trunked heating and ventilating system. 

On the second deck, surrounding the engine casing, 
there are refrigerated spaces with a total capacity of 
about 2,750 cub. ft. These are cooled by refrigerating 
machines of the methyl-chloride type, supplied by 
Messrs. J. and E. Hall, Limited, Dartford. The main 
propelling machinery, constructed by Smith’s Dock 
Company, consists of a triple-expansion engine with 
cylinders 21 in., 35 in. and 60 in. diameter by 39 in. 
stroke, taking superheated steam, at 220 Ib. per square 
inch and a temperature of 590 to 600 deg. F., from two 
oil-fired single-ended return-tube boilers, 15 ft. 6 in. 
internal diameter and 12 ft. long. Each boiler has 
three corrugated furnaces, with Smith’s pressure type 
oil-burning s Smoke-tube superheaters are 
fitted, and tubular air-preheaters. The forced-draught 
arrangements are on Howden’s system. Soot blowers 
are fitted on the boiler back-ends. In addition to the 
double-bottom fuel tanks previously mentioned, there 
are two deep oil-fuel bunkers, one at each side of No. 2a 
hatch trunk; and a wing bunker, with a settling tank 
forward of it, on each side of the boiler room. The 
main engine is fitted with Andrews and Cameron 
valves on all three cylinders, the high-pressure cylinder 
having cam-operated quadruple-opening independent 
steam and exhaust valves, and the intermediate and 
low-pressure cylinders, balanced slide valves. All 
the auxiliary machinery is designed to use superheated 
steam. Electric current is provided by two 30-kW 
generators. The steam steering gear was supplied by 
Messrs. Brown Brothers, Limited, Edinburgh. 

Two wood lifeboats are carried under davits on the 
boat deck, one of these boats being fitted with a motor. 
The boat winches can be operated either by hand or by 
a portable electric motor. The navigating equipment 
includes, in addition to the normal wireless installation, 
a radar installation and instruments for echo-sounding, 
direction-finding and draught-indicating. The vessel 
carries two stockless bower anchors, each of 48} ewt. ; 
a spare bower anchor, also stockless, of 414 cwt.; and 
two 13-cwt. stream anchors. She was built under 
the supervisidn of the owners’ consulting engineers 
and naval architects, Messrs. Hay and Smart, of 


Liverpool. 











PACIFIC-TYPE LOCOMOTIVES FOR 
INDIAN METRE-GAUGE RAILWAY. 


Four Pacific-type locomotives, one of which is 


illustrated in Fig. 1, on this , have recently been 
built by Messrs. W. G. Bagnall, Limited, Castle Engine 
Works, Stafford, for the old Morvi Railway, Bombay, 
India, which is now incorpcrated in the Saurashtra 
Railway. The boiler of each engine, working at 
180 lb. per square inch, supplies superheated steam 
to two outside cylinders having a bore and stroke of 
15 in. and 22 in., respectively. The coupled wheels, 
4 ft. in diameter, carry a weight, in working order, of 
26-925 tons, the maximum axle load being 9 tons, 
and the tractive effort, at 85 per cent. of boiler pressure, 
is 15,778 lb. The adhesion factor is thus 3-83. The 
total weight of the locomotive in working order is 
44-975 tons, and of the tender 25-3 tons. Other 
weights and dimensions of the engine are given in 
Figs. 2 and 3, opposite, which show half cross sections 
through the firebox and smokebox, and half end 
elevations from the front and rear ; and in Figs. 4 and 5, 
on Plate XV (which accompanies this issue of ENGIn- 
EERING), showing a longitudinal section and a part- 
sectional plan. Figs. 2 to 5 have been prepared from 
the drawings of the consulting engineers, Sir Bruce 
White, Wolfe Barry and Partners, 1, Lygon-place, 
London, 8.W.1. 

The boiler barrel is 15 ft. long between tubeplates, 
made up of three rings # in. thick, and the firebox is 
of the Belpaire type. There are 90 small steel smoke 
tubes, 2 in. outside diameter by 11 s.w.g., and 18 steel 
flue tubes, 5} in. outside diameter by 8 s.w.g. The fire- 
box is approximately square, being 5 ft. 10} in. long 
outside at the foundation ring and 5 ft. 6 in. wide. The 
inside firebox, of copper, is 5 ft. 2} in. long and 
4 ft. 104, in. wide, and the grate area is 25 sq. ft. The 
rocking parts of the grate are operated by hand from the 
footplate ; the ashpan is of the hopper type, with a 
bottom door and also a door at each end. Three arch 
tubes, 3 in. outside diameter and 7 s.w.g. thick, support 
the brick arch. The superheater, of the Superheater 
Company’s MLS type, has tubes 1# in. in outside dia- 
meter and 9 s.w.g. thick. The heating surfaces are : 
large tubes, 371 sq. ft.; small tubes, 707 sq. ft. ; 
firebox, 127 sq. ft. ; arch tubes, 13 sq. ft. (total evapora- 
tive, 1,218 sq. ft.); superheater, 273 sq. ft. A soot 
blower is fitted on each side of the boiler, and a steam 
stand on the firebox roof carries, in addition to two 
24-in. Ross-pop safety valves, steam valves for various 
fittings ; it incorporates a master shut-off valve. The 
regulator is mounted in the dome, and a snifting valve is 
connected to the superheater header. A Gresham and 
Craven No. 7 injector is fitted on the right-hand side of 
the firebox. The arrangement of the spark arrester 
in the smokebox is shown in Fig. 4, Plate XV. 

The two outside cylinders are inclined at 1 in 14 and 
drive the middle pair of coupled wheels. Walschaerts 
valve gears actuate 9-in. diameter piston valves of the 
inside-admission type. The maximum travel in full 
forward gear (80 per cent. cut off) is 5} in. The steam 
lap is 14 and there is no exhaust lap. The valve lead 
is ~ in. Other valve-gear dimensions not shown in 
Fig. 4 are: distance between centres of the union 
link, 1038 in.; throw of the return crank, 12 in.; 


distance from expansion-link trunnion to eccentric-rod 
pin, 15 in.; and the set-back of the pin in relation to 
the trunnion, } in. 











The leading four-wheeled bogie is of the norma 
Indian design with volute-spring side control; the 
maximum side play is 54 in. The pony truck is of the 
same type as has previously been successfully fitted 
to the 2-8-2 locomotives supplied to the Mysore and 
Jodhpur Railways, and is of a distinctive design which 
provides for the loading on the springs to be carried 
centrally on the axle bearings. The total side play 
is 54 in. The laminated springs for the wheels are 
made up of 3}-in. wide plates as follows: one #-in. 
plate and 15 ¥,-in. plates to each coupled wheel; 14 
ys-in. plates for the pony-truck wheels; and 13 3-in. 
plates for the bogie wheels. The locomotive brakes 
are operated by two 18-in. diameter class F vacuum 
cylinders of 74 in. stroke, and the tender brakes by 
two 12-in. diameter class F cylinders of 6 in. stroke. 
Lambert wet sanding gear is employed. Electric- 
lighting apparatus, supplied by Messrs. J. Stone and 
Company, Limited, Deptford, London, S8.E.14, includes 
a 32-volt 500-watt turbo-generator mounted on the 
firebox. The arrangement of the enclosed Cab is shown 
in Fig. 1. 





REBUILDING THE HOUSE OF 
COMMONS. 


It will be remembered that the old House of Commons 
was destroyed on May 10, 1941. The new House, 
which is being erected on the original concrete raft 
which extends under the whole of the Palace of West- 
minster, is now almost complete. The floor of the 
new House of Commons has the same dimensions, 
68 ft. by 45 ft. 6 in., as the old Chamber, but above 
the gallery, the dimensions have been increased from 
46 ft. 6 in. by 84 ft. to 48 ft. by 103 ft., giving addi- 
tional space for the seating of “strangers” and 
reporters. There are now 915 seats within the Chamber, 
excluding those behind the stone screens, as compared 
with 744 in the old Chamber. The height has been 
increased from 44 ft. to 46 ft. 

The most interesting feature of the new House of 
Commons is, perhaps, the air-conditioning system. 
In the old House, air was led into the chamber through 
gratings in the floor, and was exhausted through 
the roof; any dirt or dust carried in by members’ 
feet, therefore, tended to be carried into circulation 
by the rising air current. In the new Chamber, the 
floor is solid, and the air enters horizontally through 
side inlets from ducts immediately under the side 
galleries. Air for the upper part of the House is led 
in through side openings near roof level. The air is 
exhausted through openings in the roof, supplemented 
by additional extracts near the floor. e air is 
maintained at conditions a riate to those of a 
fine spring day out of doors, with a temperature of 
about 65 deg. F. in the daytime. At night, the tem- 
perature is kept a little higher, at 70 deg. F. Metal 
panels under the carpet are warmed to about 80 deg. F., 
to ensure that the oo ts’ feet are kept warm. 

Humidity control is provided. In summer, moisture 
is removed from the wed wee py it over coils through 
which a refrigerant is circulated; the moisture is thus 
caused to condense, and the air is then warmed to the 
desired temperature. In winter, it may be desirable 
to add moisture to the air before it enters the Chamber ; 
this is done by direct injection. The air is cleaned 
electro-statically. Eight plants, below the floor of 
the Chamber, supply approximately 6,000 cub. ft. of air 
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per minute to the floor of the House and 18,000 cub. ft. 
per minute to the galleries—nearly 1,500 cub. ft. per 
hour per occupant. The system has been specially 
designed, with the controls grouped in a control room, 
so that rapid adjustment of the air temperature can 
be made to suit changed conditions as, for instance, a 
sudden increase in the number of persons present in the 
House. Local controls in individual rooms are also 
provided. Messrs. Oscar Faber and Partners, 1, Worley- 
road, St. Albans, Hertfordshire are the consulting 
engineers for the work. 





BOILER-TUBE WELDING.—According to the American 
journal Mechanical Engineering for November, 1949, a 
new process fer welding joints in boiler tubes has been 
developed by Combustion Engineering-Superheater, 
Incorporated, at their works at Chattanooga, U.S.A. The 
new process employs induction heating and pressure 
welding. A high-frequency generator supplies power 
for the induction coil, the heating from which is used in 
pressure-welding the tubes. The welding operation is 
performed in an enclosed atmosphere to protect the 
welding surfaces against oxidation. It is claimed that 
the new process is quicker and more uniform than hand 
welding, and avoids the complications of internal clean- 
ing. Materials ranging in diameter from 1 in. to 10 in. 
can be handled by this method. 





RE-SALE OF GOVERNMENT SURPLUS STORES IN GER- 
MANY.—Government surplus stores and equipment, 
including vehicles and vehicle parts, engineering equip- 
ment and radio and electrical goods, sold from the 
British Zone of Germany to British buyers, may be 
brought into the United Kingdom for re-sale on the 
home market. It is pointed out that the new arrange- 
ment in no way affects normal import-licensing proce- 
dure, and dealers who intend to import surplus stores 
must still obtain licences from the Board of Trade. 
Further particulars regarding the new arrangement may 
be obtained from the Ministry of Supply, Overseas 
Disposals 3, Great Westminster House, Horseferry-road, 
London, 8.W.1. 





(For Description, see Opposite Page.) 
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‘* ENVELOPE ’’ JIGGING 
IN AIRCRAFT CONSTRUCTION. 


In the conventional method of aircraft construction, 
largely in use at the present time, the structural frame- 
work is assembled first, and the skin is then added. A 
new procedure, known as “‘envelope”’ jigging, has been 
developed by the Fairey Aviation Company, Limited, 
Hayes, Middlesex, in which the aircraft is built up 
from the outside skin, the frames and stringers being 
fitted to the skin. A complete re-organisation of their 
jig- and tool-design department has been a necessary 
part of the process; one of the greatest advantages 
of the new method is that the jig designers are now 
working, step by step, with the aircraft designers, 
whereas hitherto the design of the main assembly 
jigs was not started until the design staff had nearly 
completed their work and an aircraft was about to be 
put into production. Under these conditions, the 
jigs had to be designed in a strictly limited time, 
so as not to delay production ; and modifications to the 
method of assembly were troublesome in the works, 
since many parts had already been manufactured to 
the existing design. 

In designing an aircraft, the aerodynamic shape is 
first decided and is then drawn out. It is at this 
stage, in the new process, that the jig and tool de- 
signers commence their work. When the outside 
envelope of the aircraft is lofted, the jig-former frames 
are lofted to conform to a contour which is a pre- 
determined distance outside the aircraft skin. The 
former frames are machined from loft data, and are 
erected on the jig base, to a common datum. A 
standard form of jig base, in various lengths, is used 
for all types of aircraft and components, and gives a 
firm foundation for the jig structure. A bomb-door jig 
is illustrated in Fig. 1, on page 702, which shows 
clearly the formers and the jig base, and the jig skin 
which is attached to the formers. The inside surface 
of this skin corresponds to the outside shape of the 
aircraft ; it is sprayed with a suitable preparation for 
drawing on, and by means of a special scribing apparatus 





which is set up in front of the jig, the positions of 
frames, rivet holes, inspection panels, etc., in the part 
under construction can be marked out accurately on the 
inside surface of the jig skin. Holes are then drilled 
in the jig skin to sizes suitabie for a the drilling, 
counterskinking, riveting, and milling of rivet heads 
in the assembly to be carried out. Fig. 2 shows a 
bomb door being built on the jig illustrated in Fig. 1 ; 
the outer skin has been placed on the jig, and the trans- 
verse and longitudinal framework has then been 
assembled in position and riveted. Fig. 3 shows the 
next stage, in which the inner cladding is assembled. 
The completed bomb door, removed from the jig, 
is shown in Fig. 4. One of the advantages of this 
method of working is that parts such as frames and 
ribs can be checked for accuracy on the jigs before 
they are assembled ; this ensures great accuracy of the 
final outside shape, a characteristic of particular value 
where light-gauge skins are used. This is an aspect 
which is likely to be of growing importance as speeds 
increase and the utmost aerodynamic refinement 
becomes necessary. 

From the point of view of the assembly shops, 
envelope jigging has several features which recommend 
it. Since the construction of the jigs is now started dur- 
ing the early stages of design, it is possible to erect the 
jigs during the period in which the shops are normally 
waiting for the aircraft parts to be manufactured. 
Parts such as undercarriage fairings, removable leading 
edges, inspection panels, etc., can be made by this 
method with great accuracy of shape, and inter- 
ch bility can be ranteed. The accurate 
establishment of frame and rib positions has increased 
the ease of assembly noticeably. It may he suggested 
here that not only the aircraft constructors, but also 
the ground engineers who have to maintain and repair 
the aircraft, are likely to welcome the introduction of 
truly interchangeable components which can be drawn 
from the stores and fitted without difficulty. 

The jig- and tool-design staff of the Fairey Aviation 
Company has been reorganised as a “ production 
development group,” comprising three sections. The 
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first group work # the aircraft design office, with the 
aircraft-design section leaders. They are responsible 
for the design of the main and sub-assembly jigs, for 
= the building-up of the prototype sub-assem- 
blies and ensuring that they are suitable for assembly, 
and, at the same time, for working out a sequence of 
assembly. They keep in touch with the lofting, and 
act as liaison staff between the design office and 
the assembly shops, so that any trouble encountered 
on the jigs during the totype assembly can be 
corrected for production by modifications to the jigs. 
The second section of the production development 
group is concerned with the manufacture of parts 
made from sheet metal, and the third group with 
machined components ; the more complicated fittings 
are studied in detail, to ensure that the designs are 
suitable for production machining. This third group 
also keep in touch with the man ure of production 
fittings, to see that any minor modifications required 
for easing manufacture are incorporated on the 
drawings. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “Irish PLANE.”—Single-screw cargo vessel, 
built and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. Irish Shipping, 
Limited, Dublin. Fourth vessel of an order for five. 
Main dimensions: 446 ft. 1} in. (overall) by 57 ft. 3} in. 
by 37. ft. to shelter deck; deadweight capacity, 8,870 
tons, on a loaded draught of 25 ft. 14 in. Triple- 
expansion engine coupled to a Bauer-Wach exhaust 
steam turbine, and three oil-fired boilers. Service speed, 
about 12} knots. Trial trip, December 16. 


M.S. “ BRITISH GENERAL.”—Single-screw tanker for 
carrying petroleum, built by the Furness Shipbuilding 
Company, Limited, Haverton Hill, County Durham, 
for the British Tanker Company, Limited, London, 
E.C.2. Another similar tanker on order for the same 
owners. Main dimensions: 490 ft. 10 in. (overall) by 
61 ft. 9 in. by 33 ft. 11 in.; deadweight capacity, 12,200 
tons on a summer draught of 27 ft.64in. Doxford four- 
cylinder opposed-piston reversible oil engine, of 3,100 
b.h.p., constructed by Messrs. Vickers-Armstrongs 
Limited, Barrow-in-Furness, and installed by the 
shipbuilders. Speed, 11} knots. Launch, December 20, 

M.S. “ BRITISH UNION.”—Single-screw oil tanker, 
built and engined by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-upon-Tyne, to the order 
of the British Tanker Company, Limited, for the Anglo- 
Iranian Oil Company, Limited, London, E.C.2. Thirty- 
sixth tanker built for these owners. Main dimensions: 
490 ft. (overall) by 61 ft. 9 in. by 34 ft. 1 in. ; deadweight 
capacity, about 12,150 tons on a summer draught of 
27 ft. 74 in. Swan Hunter-Doxford four-cylinder 
opposed-piston Diesel engine, to develop a service speed 
of 114 knots. Launch, December 20. 

M.S. “ Sanpa.”—Single-screw cargo vessel, fitted 
to carry 170 cattle, built by The Caledon Shipbuilding 
and Engineering Company, Limited, Dundee, for the 
service between British and Irish ports of the Clyde 
Shipping Company, Limited, Glasgow. Main dimensions : 
200 ft. (between perpendiculars) by 38 ft. by 24 ft. to shel- 
ter deck; deadweight capacity, about 900 tons, on a 
draught of 14 ft. British Polar seven-cylinder Diesel 
engine, to develop 1,120 b.h.p. constructed by British 
Polar Engines, Limited, Glasgow. Speed, 12 knots. 
Launch, December 20. 

M.S. “ Martetra.”—Single-screw oil tanker, built 
by Sir James Laing and Sons, Limited, Sunderland, for 
Messrs. Thorvald Berg, Ténsberg, Norway. Main 
dimensions: 475 ft. (between perpendiculars) by 67 ft. 
44 in. by 37 ft. 4 in.; deadweight capacity, about 
15,000 tons on a summer draught of 29 ft. Doxford four- 
cylinder opposed-piston oil engine, constructed by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Newcastle-upon-Tyne, to develop a speed of 
134 knots. Launch, December 20. 

8.S. “ TANGANISTAN.”—Single-screw cargo liner, carry- 
ing twelve passengers, built and engined by Messrs. 
John Readhead and Sons, Limited, South Shields, for 
the Strick Line, Limited, London, E.C.3. Thirtieth 
vessel built for these owners. Main dimensions: 
477 ft. 103 in. (overall) by 58 ft. 6 in. by 32 ft. 2 in.; 
deadweight capacity, about 10,000 tons on a draught of 
25ft.7in. Triple-expansion reciprocating steam engines, 
developing 3,750 i.h.p. in service, working in conjunction 
with a Bauer-Wach low-pressure turbine and three oil- 
fired boilers. Speed, 12 knots. Launch, December 20. 

M.S. “ LANOING.”—Single-screw tanker for carrying 
oil in bulk, built by the Blythswood Shipbuilding Com- 
pany, Limited, Glasgow, for Hvalfangerselskapet 
“‘ Globus ” A/S, Nanset, near Larvik, Norway. Main 
dimensions: 516 ft. (between perpendiculars) by 
70 ft. 6 in. by 37 ft. 9 in.; deadweight capacity, 17,500 
tons. Doxford five-cylinder opposed-piston balanced- 


type reversible oil engines, of approximately 5,600 b.h.p., 
constructed by Messrs. David Rowan and Company, 
Launch, December 21, 


Limited, Glasgow. 





BRITISH STANDARD 
SPECIFICATIONS. 

The following publications of engineering interest 
have been issued & the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, 
at the price quoted at the end of each paragraph. 


Split Cotter Pins.—A new specification in the series 
relating to bolts, nuts, screws and fastenings for general 
engineering purposes has been issued. This, B.S. No. 
1574, concerns split cotter pins, and, in it, are set out 
the dimensions for both ferrous and non-ferrous metal 
cotter pins from y, in. to 1} in. in diameter. The 
tolerances on the diameter, length and the form of the 
eye are prescribed. A table of the mild-steel cotter pins 
normally stocked by manufacturers is included. 
[Price 2s., postage included.] 

Glossary of Aeronautical Terms.—Since the publica- 
tion of the 1940 edition of B.S. No. 185, which is a 
“* Glossary of Aeronautical Terms,” very considerable 
developments have taken place in many branches of 
aeronautics and many terms needing vareful definition 
have come into general use. A thorough revision and 
extension of this publication has therefore been under- 
taken. One of the fields in which there has been 
particularly great advance is that of gas turbines and 
jet propulsion, and the new nomenclature in this sphere 
has called for an entirely new sub-section. The revised 
edition of the glossary is being published in three parts. 
It has been felt desirable to issue the revised section on 
power plant, including the new sub-section on gas 
turbines, in advance of the other portions of the revised 
glossary. This has been done and B.S. No. 185: 
Part 2:1949, has now been published. In this, 
sections on propeller and auxiliary-service terms are 
included, as well as definitions of terms relating to 
piston engines, gas turbines and jet propulsion equip- 
ment. [Price 3s., postage included.] 

Glossary of Terms Used in Refrigeration.—Another 
new publication, B.S. No. 1584, is a “ Glossary of 
Terms Used in Refrigeration,” and its object is to 
provide standard definitions of the technical terms 
used in the industry in all its branches. The coining 
of new terms has been avoided and only existing 
terms, in their best accepted usage, have been included. 
When two or more terms are in use, the term generally 
favoured is given first with the intention that it shall 
gradually displace the others. Alternative terms are 
given below the preferred term, in less prominent 
type. Where the use of a term is definitely considered 
undesirable, it is marked “‘ deprecated.” [Price 2s., 
postage included.]} 





BOOKS RECEIVED. 


Electric and Magnetic Fields. By PROFESSOR STEPHEN S. 
ATrwoop. Third edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5.50 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
44s. net.] 

Hydrology. By Proressors C. O. WISLER and E. F. 
BRATER. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 6 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 48s. net.] 

United States National Bureau of Standards. Circular 


No. 476. Measurements of Radioactivity. By LEON F. 
Curtiss. [Price 35 cents.) No. 484. Spectrophoto- 
metry. (200 to 1,000 millimicrons.) By Kasson S. 


Gipson. [Price 25 cents.] The Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., U.S.A. 

Die selbsttdtige Regelung. By Dr.-InNc. A. LEONHARD. 
Springer-Verlag, Reichpietschufers 20, Berlin W.35, 
Germany. [Price 27 DM.] 

Extraction and Fabrication of Aluminium. Northern 
Aluminium Company, Limited, Banbury, Oxfordshire. 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. G/T 227. Rates 
of Rise of Restriking Voltage at Circuit Breaker Posi- 
tions on 66 kV Systems. (System A.) By L. GOSLAND 
and D. G. Wuire. [Price 4s. 6d.) No. G/XT 129. 
Gas Blast Circuit Breakers : Behaviour of Experimental 
Models at Reduced Pressures. By F. O. Mason, Dr. 
L. H. Orton, and A. M. Cassie. [Price 6s.] No. 
L/T 218. The Zeeman Effect in Astrophysical Spectra, 
II. The Emission Spectra of Novae. By C. E. R. 
Bruce. [Price 6s.) No. Z/T 72. Short Time Pheno- 
mena in the Iron Welding Arc: the Detailed Nature of 
the Arc Voltage and its Significance. By Dr. L. H. 
ORTON and J. C. NEEDHAM. [Price 15s.] Offices of 
the Association, Thorncroft Manor, Dorking-road, 
Leatherhead, Surrey. 

Wolseley. .A Saga of the Motor Industry. By St. JOHN 
Cc. Nrxon. G. T. Foulis and Company, Limited, 7, 
Milford-lane, Strand, London, W.C.2. [Price 8s. 6d. 





net.) 


PERSONAL. 


Sm THoMas MERTON, the treasurer, and Str EDwaRD 
SaLIsBurRY, C.B.E., SiR DAVID BRUNT, and PROFESSOR 
C. E. TILLEY have been appointed vice-presidents of the 
Royal Society, Burlington House, London, W.1, for the 
ensuing year. 

As from January 1, 1950, Mr. GERALD STEEL, at present 
joint managing director of the United Steel Companies, 
Limited, 17, Westbourne-road, Sheffield, 10, will be 
managing director, when SiR WALTER BENTON JONES, 
the chairman, will relinquish the office of joint managing 
director. Mr. A. J. PEECH, at present assistant managing 
director, will become deputy managing director, and 
Mr. K. G. Lampson, at present general sales manager, is 
to be director in charge of sales. Mr. H. M. HENDERSON 
is to be general sales manager of the firm, and Mr. C. E. 
EDWARDS, com jal of the Appleby-Froding- 
ham Steel Company. 

Mr. W. K. G. ALLEN, M.I.Mar.E., A.M.I.N.A., and 
Mr. A. H. Camron, M.I.Mech.E., M.I.E.E., have been 
elected to the Council of the British Eng'neers’ Associa- 
tion, 32, Victoria-street, London, S.W.1, and Mr. C. K. F. 
HaGvueE, M.1.Mech.E., A.M.I.E.E., Smtr GREVILLE 8S. 
MaGInneEss, Mr. E. A. ROBINSON, M.C., M.I.Mech.E., 
M.1I.Mar.E., Sm Bast R. G. TANGYE, Bt., Mr. D. D. 
WALKER, M.A., M.I.E.E., and Mr. J. S. WoopRow, who 
were retiring members of the Council, have been 
re-elected. 

Mr. Cecr. HIPweELL, director and general manager 
of Redpath Brown and Company, Limited, a structural- 
engineering subsidiary company of Messrs. Dorman, 
Long and Company, Limited, has been appointed a 
special director of the parent company. 


The Court of the University of Leeds have awarded 
the honorary degree of D.Sc.,to EMERITUS PROFESSOR 
R. W. WuytTitaw-Gray, O.B.E., F.R.1.C., F.R.S., who 
held the Chair of Chemistry in the University from 1923 
until 1945. The degree will be conferred at a Congrega- 
tion to be held in March, 1950. 

Mr. ALFRED BAER has been appointed a vice-chairman 
of the Consolidated Zinc Corporation, Limited. 


Mr. ANDREW HENDERSON has been made manager of 
the Morfa shops of the Stee] Company of Wales, Limited. 
The shops are now under construction on a site between 
the Margam Works and the new Abbey Works and will 
undertake all the repairs for the integrated works now 
being built at Margam. 

Mr. R. J. Hoesen, hitherto brake sales engineer, 
Westinghouse Brake and Signal Company, Limited, 
82, York-way, King’s Cross, London, N.%#, has been 
made assistant sales manager. Mr. H. F. PHILLIPSON 
has been appointed brake sales engineer. 

Proressor R. G. D. ALLEN, O.B.E., D.Sc., Mr. H. 
CaMPION, C.B.E., PROFESSOR A. BRADFORD HILL. D.Sc.. 
Ph.D., and Sm GEORGE Mappex, K.B.E., have been 
appointed vice-presidents of the Royal Statistical 
Society, 4, Portugal-street, London, W.C.2, for the 
session 1949-50. 

Dr. M. G. KENDALL has been appointed to the newly- 
created Chair of Statistics at the London School of 
Economics, University of London. 


Mr. STEPHEN J. Matrock has resigned a publicity 
post on the staff of Messrs. W. Edwards and Company 
(London), Limited, to become publicity manager to 
Venner Time Switches, Limited, Kingston By-Pass Road, 
New Malden, Surrey. 

E.M.I. InstrruTtes LimIreD, of which PROFESSOR 
H. F. TREWMAN, M.A. (Cantab.), M.I.E.E., M.I.Mech.E., 
is the Principal, are to move from 43, Grove Park-road, 
Chiswick, London, W.4, to 10, Pembridge-square, London, 
W.2, on January 11, 1950. (Telephone: BAYswater 
5131-2.) 


Messrs. THE BRITISH ALUMINIUM COMPANY, LIMITED, 
Salisbury House, London Wall, London, E.C.2, announce 
that on and after January 1, 1950, their telephone 
number will be MONarch 4422. 


MEssrs. DOWDING AND DOLL LIMITED, Greycoat- 
street, Westminster, London, S.W.1, have been appointed 
sole selling agents in the United Kingdom for the strip 
polishing and automatic sanding machines manufactured 
by the CurRTIS MACHINE CORPORATION, Jamestown, New 
York, U.S.A. 


Messrs. W. CROCKATT AND Sons, LIMITED, 64, Darnley 
street, Pollokshields, Glasgow, S.1, have been appointed 
agents, in Scottish shipbuilding and boat-building yards, 
for Messrs. HyYLAND LIMITED, manufacturers of 
hydraulic machinery, Doncaster-road, Wakefield. 


Messrs. B.S.A. Toors, LIMITED, Mackadown-lane, 
Marston Green, Birmingham, have entered into an 
arrangement with Messrs. LEo C. STEINLE, LIMITED, 
under which the former company acquire the goodwill, 
buildings, plant, and other assets of Leo C. Steinle, 
Limited, at 93, Albert-embankment, London, 8.E.11, 
for the purpose of developing it as the southern head- 
quarters of the B.S.A. Tools Group of Companies, 
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NOTES FRUM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—In order to complete as much as 
possible of the large tonnages authorised for home 
delivery in the current quarter as well as the heavy 
commitments entered into in the export branch, the 
final days of the year are witnessing great activity in the 
various sections of the steel industry. With last year’s 
record steel output of 2,253,900 tons already exceeded, a 
high level of production is being maintained right up 
until the close down for the annual New Year holiday, 
and quite a substantial improvement on the 1948 figures 
is confidently expected. Raw materials for both steel 
furnaces and blast furnaces remain satisfactory, despite 
the sustained production in each case. Plates and sheets 
display most activity. During the past few weeks the 
former have been in particularly strong demand for the 
shipbuilding yards, while the rolling mills continue to 
operate at their maximum rating to fulfil commitments 
to other users. The demand for light sheets shows no 
sign of slackening, and the volume of bookings remains 
ahead of output capacity. Numerous inquiries are 
circulating from overseas for black and galvanised sheets, 
while the home demand seems insatiable. The heavy 
mills of the sheetmakers are taxed to keep pace with 
the requirements in medium plates. The re-rolling 
position, on the other hand, remains disappointing, and 
orders for home consumption are meagre. Large sections 
and bars are also in poor request, while export prospects 
for sections are dull.. Semies meet a slack trade. 


Scottish Coal.—With a number of pits working a 
six-day week, coal production during a recent fortnight 
averaged 505,100 tons a week as compared with the 
target of 500,000 tons. The latter, of course, was the 
standard set for each week of 5} days, and actual results 
have fallen far short of this. During the first 50 weeks of 
the year the output totalled 22,897,000 tons—represent- 
ing an average of 477,000 tons for 48 working weeks. 
At the corresponding date a year ago production 
aggregated 22,902,000 tons. There will be one mor> 
working day in December this year than in 1948. 
The main preoccupation of the marketing authorities 
is to secure sufficient fuel for coke ovens to tide 
them over the holiday. Stocks at the plants are 
quite good, but in some cases a considerable standage 
in wagons will require to be arranged. Gasworks 
possess fairly substantial stocks, and will need only 
a little assistance. With the industrial load reduced 
over the New Year, the consumption of fuel at power- 
stations will be relatively low, and stocks should suffice 
to meet the situation comfortably. Scheduled tonnages 
are reguarly maintained to industrial users, and, apart 
from occasional complaints concerning quality, and a 
shortage of graded sorts in some areas, consumers appear 
satisfied. The demand for house coal is at a high level. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—Last week there was a steadily- 
sustained demand from most directions on the Welsh 
steam-coal market but, owing to the demands of standing 
contracts there was exceedingly little coal available to set 
against fresh inquiries. Every effort was made to get 
as far ahead as possible with the execution of existing 
business before the holiday interruption. In the week 
ended December 17, a total of 220,822 tons, including 
bunkers and cargo foreign and coastwise, was handled. 
This was the highest weekly shipment since June 23, 
1940. The previous best was 211,539 tons set up a 
fortnight earlier. Much of this trade included coastwise 
orders but the principal overseas markets shared in the 
increased activity ; France, Portugal, Spain, Italy and 
the Argentine all participated. There is a good trade in 
bunker sorts and about the usual quantities have been 
arranged for the foreign bunkering stations in January. 
Patent fuel is steadily engaged and cokes are well bought. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was active. Sales for 
the past quarter have been heavier than hitherto, and, as 
makers’ order books are in a healthy condition, they 
can look forward to a busy first quarter of 1950. The 
export market continues to improve and a good volume 
of business has been transacted. Steel sheets are still 
much sought after, while the demand for iron and steel 
scrap is steady. 





RoyaL STaTisTicaL Socrery.—The library of the 
Royal Statistical Society, 4, Portugal-street, London, 
W.C.2, will remain open on Mondays, January 2, 9, 
16, 23 and 30, 1950, until 8.30 p.m., instead of the 
normal closing time of 5 p.m. The council of the 
Society hope to ascertain from the use made of the 
library during the evenings of this trial period what 
demand exists for a regular evening opening of the 
library. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The chief disability in local industry 
has been a shortage of wagons which has hampered 
operations at many works and also delayed the move- 
ment of coal. Order books are in a healthy state 
and some remarkable records have been established. 
One of the largest producers of steel ingots in Sheffield, 
Steel Peech and Tozer, have announced that, by the week 
ended December 10, they had passed their ingot target 
for the year with two working weeks remaining. In the 
48 weeks ended December 3 their ingot production 
totalled 737,341 tons, the target being 708,436 tons. The 
general manager of the works, Mr. H. E. Wright, states 
they are completing another successful year with more 
record outputs. Adequate supplies of raw materials 
have been available and there has been an absence of 
serious difficulties. Mr. Wright adds that the accumu- 
lated demands for certain special products, which were 
in short supply owing to war conditions, have now been 
overtaken but, generally speaking, his firm is well 
placed with substantial order books and can look forward 
to maximum employment in the principal departments. 
A similar state of affairs prevails at leading Sheffield 
steel and engineering works. Further expansion of 
production is governed by existing facilities which will 
have to be extended if the potential needs, especially on 
export account, are to be met in the coming year. 
Makers of engineers’ small tools and a wide variety of 
edge tools are very busily employed. Devaluation is a 
helpful factor in spite of some increases in costs due to 
the soaring prices of imported alloys. 

The South Yorkshire Coal Trade.—There are very full 
supplies of coal By producing 1,058,684 tons of coal or 
nearly 50,000 tons more than in the corresponding week 
last year, South Yorkshire miners had their highest pre- 
Christmas weekly output since Dunkirk. Production 
would be still higher, it is officially stated, if houses were 
available for the several thousand more fnineworkers who 
could be found work forthwith in the Doncaster district. 
Plans have been made to introduce more Diesel loco- 
motives for coal haulage. The present haulage systems 
are to be speeded up and new roads to the coal face 
constructed. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The volume of new business 
passing in iron and steel is far from large and the outlook 
is still obscure; the feeling of uncertainty regarding 
conditions in the near future is holding up orders. The 
prospective needs of home and overseas customers are 
by no means covered, but prices are now more important 
than are available supplies of material. A rise in fixed 
market values would seriously hamper the drive for 
expansion in the export trade, as Continental competition, 
overseas, is keen and increasing. Iron and steel scrap 
is readily obtainable in large quantities, both from home 
and foreign sources, and consumers are taking advantage 
of the opportunity to build up substantial stocks for 
extensive use in place of the more costly pig iron. 
Adequate quantities of raw material meet the require- 
ments of consumers. 


Foundry and Basic Iron.—Better supplies of ordinary 
foundry pig iron are obtainable, but the demand has 
eased somewhat. Midland makers are sending satis- 
factory parcels fairly regularly to North-East Coast 
consumers, but the tonnage from other sources of supply 
is negligible. Occasional small quantities of a special 
iron, made on Tees-side for foundry use, are readily 
taken up. All the basic-iron production in the Middles- 
brough district is still being retained for the requirements 
of producers’ own consuming works. 


Hematite, Low Phosphorus and Refined Iron.—Manufac- 
turers of East-Coast hematite are providing the usual 
buyers with quite substantial parcels that meet their 
actual needs, but stocks are low and larger deliveries 
would be acceptable. Outputs of low- and medium- 
phosphorus quality of iron remain on a scale that 
adequately deals with the needs of users and refined-iron 
makers continue to provide regular home customers with 
satisfactory parcels. They can also spare moderate 
quantities for shipment overseas. 


Manufactured Iron and Steel.—Firms turning out 
semi-finished and finished-iron commodities have a good 
deal of work to carry out but could guarantee early atten- 
tion to new orders for certain descriptions of material. 
The commitments of steel producers are still extensive 
and they continue to have difficulty in coping with the 
persistent call for larger deliveries. Makers of railway 
requisites have as much work as they can handle and 
manufacturers of colliery equipment have well-filled order 
books. Firms engaged in providing sheets and plates 
are also assured of activity at their plants for some time. 
Most other types of semi-finished steel are plentiful and in 
moderate request only. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, January 2, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. ‘“ Applica- 
tion of Frequency Modulation to Very High Frequency 
Multi-Channel Radio-Telephony,” by Mr. J. H. H. Merri- 
man and Mr. R. W. White. South Midland Centre: 
Monday, January 2, 6 p.m., James Watt Memorial 
Institute, Birmingham. “The Performance of the 
British Grid System in Thunderstorms,” by Dr. J. 8. 
Forrest. Mersey and North Wales Centre: Monday, 
January 2, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. ‘‘ Hot-Cathode Thyratrons : Practical Studies 
of Characteristics,” by Mr. H. de B. Knight. North- 
Western Centre: Tuesday, January 3, 6.15 p.m., Engi- 
neers’ Club, Manchester. “ Radar Echoes from Precipita- 
tion,” by Mr. J. E. N. Hooper and Mr. A. A. Kippax. 
Southern Centre: Wednesday, January 4, 6.30 p.m., 
University College, Southampton. ‘“ An Oscillograph 
for Automatic Recording of Disturbances on Electrie- 
Supply Systems,” by Mr. W. T. J. Atkins. Utilization 
Section: Thursday, January 5, 5.30 p.m., Victoria- 
embankment, W.C.2. “ Aircraft Magneto Development,” 
by Mr. R. T. Coe and Mr. D. F. Welch. North-Eastern 
Centre: Monday, January 9, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. “ Agricultural and Horticultural 
Electrification in North America,” by Mr. F. E. Rowland. 

INSTITUTION OF PRODUCTION ENGINEERS.—FY orkshire 
Section: Monday, January 2, 7 p.m., Hotel Metropole, 
Leeds. “‘ Modern Measuring and Inspection Equipment,” 
by Mr. E. Clarke. Nottingham Section: Wednesday, 
January 4, 7 p.m., Victoria Station Hotel, Nottingham. 
“Noise and Vibration in Machinery,” by Dr. W. A. 
Tuplin. Wolverhampton Section : Wednesday, January 4, 
7 p.m., West Midland Gas Board Office, Clarence-street, 
Wolverhampton. “‘ Mechanical Mishaps,” by Mr. G. E. 
Windeler. Glasgow Section: Thursday, January 5, 
8 p.m., 39, Elmbank-crescent, Glasgow. Discussion. on 
“ Metal Cutting,” opened by Mr. G. V. Stabler. Sheffield 
Section: Monday, January 9, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Education of a Production 
Engineer,” by Dr. H. Schofield. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield Branch: 
Monday, January 2, 7.30 p.m., Royal Victoria Station 
Hotel, Sheffield. Film Evening. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, January 3, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. Annual Meet- 
ing. Tbomas Hawksley Lecture: “‘ World Energy Re- 
sources and Their Utilisation,” by Dr. A. Parker. Indus- 
trial Administration and Production Engineering Group : 
Friday, January 6, 5.30 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. “The Lost-Wax Process of Precision 
Casting,” by Mr. J. S. Turnbull. 

INSTITUTION OF CIVIL ENGINEERS.—Wednesday, 
January 4, 6 p.m., Great George-street, S.W.1. Dugald 
Clerk Lecture on “‘ Methods and Plant for Concreting,”’ 
by Mr. A. P. Lambert. Tuesday, January 10, 5.30 p.m., 
Great George-street, S.W.1. Discussion on “‘ Trend of 
Road Construction,” opened by Mr. Arthur Floyd. 
Midlands A : Thursday, January 12, 6 p.m., 
James Watt Memorial Institute, Birmingham. “ Pre- 
Stressed Concrete: Some Practical Applications,” by 
Mr. H. Kaylor. 

JUNIOR INSTITUTION OF ENGINEERS.— Midland Section : 
Wednesday, January 4, 7 p.m., James Watt Memorial 
Institute, Birmingham. Film on “ Chainmaking,” intro- 
duced by Mr. T. J. Davies. Institution: Friday, 
January 6, 6.30 p.m., 39, Victoria-street, S.W.1. Film 
Evening. ‘‘ Steam,” introduced by Mr. R. F. Archer ; 
and “‘ Oxygen in Industry,” introduced by Mr. N. L. G. 
Lingwood. 

INSTITUTION OF ENGINEERING INSPECTION.—London 
Centre: Thursday, January 5, 6 p.m., Royal Society of 
Arts, John Adam-street, W.C.2. ‘“‘ Methods of Time- 
and-Motion Study in Inspection ” by Mr. S. M. Kaye. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—<scoltish 
Section: Thursday, January 5, 6.45 p.m., Heriot-Watt 
College, Edinburgh. “ Ultrasonics,” by Dr. B. E. Nol- 
tingk. 

INSTITUTE OF METAIS.—London Local Section : Thurs- 
day, January 5, 7 p.m., 4, Grosvenor-gardens, S.W.1. 
“ Zine Casting Alloys: Their Development and Use,” 
by Mr. L. A. J. Lodder. 


INCORPORATED PLANT ENGINEERS.—Peterborough 
Branch: Thursday, January 5, 7.30 p.m., Offices of 
Eastern Gas Board, Church-street, Peterborough. 
“* Machine-Tool Develop t,” by Mr. G. W. S. Burdett. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, January 10, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ Tank Tests with Towboats 
and Barges in Deep and Shallow Water,” by Mr. W. P. 
Walker. 
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THE DESIGN AND PRO- 
PULSION OF LARGE 
TRANSPORT AIRCRAFT. 


WHILE the pure jet type of aero engine is now the 
accepted means of propulsion for modern fighter 
aircraft and is rapidly approaching an equally general 
acceptance in the bomber category also, the fact has 
always been recognised that it may be subject to 
practical limitations as a means of propulsion for 
commercial types of aircraft, in the design of which 
considerations of fuel consumption and pay-load 
must always remain in the forefront. Questions 
of safety also enter into the design of commercial 
types much more than they do in the case of fighters 
and bombers, for which performance must always 
remain the prime criterion. Apart from these and 
a few similar general principles, however, the detail 
design of fighting aircraft is not commonly discussed 
at public meetings, for reasons that are obvious ; 
but there have been a number of valuable papers 
presented, especially in Britain and the United 
States, on the design of large commercial aircraft, 
and most of the leading designers of both airframes 
and engines have contributed their expert opinions 
on how best to combine optimum performance 
with maximum economy. In this country, some 
of the most penetrating analyses of this kind 
have been contained in the annual Wilbur Wright 
Memorial Lectures of the Royal Aeronautical Society. 
The American counterparts to these lectures are 
the Wright Brothers Memorial Lectures of the 


‘Institute of Aeronautical Sciences, the latest of 


which, on ‘‘ Some Factors Affecting Large Transport 
Aeroplanes with Turbo-Prop Engines,” was delivered 
in Washington on December 17 and in Los Angeles 
on December 19 by Mr. A. E. Russell, B.Sc., 





A.F.R.Ae.S., of the Bristol Aeroplane Company. 
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CONTENTS. paces | While the term ‘‘ turbo-prop”’ may savour of the 
colloquial, it is now accepted widely as a convenient 


9| description of a plant combining a gas turbine and 


propeller. This type is one which Mr. Russell’s 
firm, the Bristol] Aeroplane Company, have done 
much to develop and it is peculiarly suitable for 
use in large transport aircraft; for this species 
of aircraft, as he postulated at the outset of his lec- 
ture, the “cross-over point” between the per- 
formance curves of the turbo-jet and the turbo-prop 
forms of propelling unit occurs at medium ranges, 
the turbo-prop engine giving greater economy at 
long range. Its adoption, however, coincidently 
with a rise in cruising speed and in operating 
altitude and a steady increase in the size of transport 
aircraft, has presented the designer with new prob- 
lems and has brought some of the old ones into 
greater prominence than before. The purpose of 
Mr. Russell’s lecture was to examine the nature 
and the relative importance of some of these 
problems. 

The turbo-prop engine shows to the best advan- 
tage at high altitudes and at maximum power ; 
because the compression ratio of the gas turbine 
increases with reduced temperature and, conse- 
quently, at increased altitudes, and because the 
compression ratio and the peak temperature are 
functions of the speed of revolution, which results 
in a deterioration of efficiency at part load. There is 
also the fact that the increasing ram compression 
ratio not only increases the air mass flow through 
the turbine but enables the working fluid to expand 
over a higher ratio, still further improving the power 
output and the economy of operation. Beyond 
the basic essentials of the design, however, further 
improvements can only be effected, as Mr. Russell 
pointed out, by adding to the weight and the 
complexity—for instance, by fitting a heat exchanger 
to reduce the rate of energy rejection in the exhaust ; 
the problem then becomes one of balancing the 
weight of the power plant against its specific fuel 
consumption, with due regard to the other factors 
affecting aircraft performance. He suggests that 
a convenient method is to consider the combination 
of compressor and turbine as a gas generator pro- 
ducing “‘ gas horse-power.”” 

Premising that the specific output and the thermal 
efficiency of the postulated ‘‘gas generator”’ are 
functions of the compression ratio (or compressor 
temperature rise), the peak temperature, the com- 
pressor efficiency and the turbine efficiency, Mr. 
Russell proceeded to show that it paid to use as 
high a gas temperature as possible for maximum 
power output, but that this might entail a weight 
penalty. Plotting engine weight plus fuel weight 
against compression ratio for various durations of 
flight, all at 30,000 ft. altitude and a cruising speed 
of 350 m.p.h., he demonstrated that, for durations 
of 10 hours or more, the minimum weight of engine 
plus fuel was achieved at a compression ratio of 
about 8:1. For durations of five hours or less, 
however, engine weight was more important than 
compression ratio, and an engine of low compression 
ratio scores on account of its relative simplicity and 
lower first cost. 

It was in discussing the performance of aircraft 
that Mr. Russell brought out the most striking 
contrast between the reciprocating aero-engine 
and the turbo-prop type, in their influence upon 
design. Where reciprocating engines are used, the 
take-off power is subject to severe limitations, so 
that the choice of wing loading and power loading 
depends greatly upon the capabilities of the engine, 
and the ratio between range and payload is likely to 
suffer. The turbo-prop engine can provide all 
the take-off power needed, and the performance 
of the aircraft at low altitudes is not likely to deter- 
mine either the gross weight or the design of the 
wings ; therefore, where this type of engine is fitted 
the designer can concentrate on obtaining the best 
possible efficiency under cruising conditions. It is 
then necessary, however, to run the engine at the 
maximum permitted continuous revolutions and 
power, to keep the fuel consumption down ; and 
the only way to do this is to cruise at the highest 
altitude consistent with the maintenance of an 
adequate reserve of climbing power. Assuming 
constant engine speed, it is ible to compare a 
number of alternative “‘ flight plans’ so as to 
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ascertain the different combinations of speed, range, 
altitude, etc. Mr. Russell did this, taking the 
initial weight of the aircraft as 300,000 Ib. and the 
fuel available as 37-5 per cent. of this weight. 

On these assumptions, four plans were considered, 
the respective mean cruising speeds being 358, 319, 
342 and 348 miles an hour. The range with a given 
quantity of fuel (or, alternatively, the fuel to 
cover a given distance) varies widely. The still-air 
ranges corresponding to the four cruising speeds 
quoted worked out at 4,900, 5,900, 5,700 and 5,100 
miles, respectively ; and the fuel consumption for a 
range of 5,000 miles, expressed as a fraction of the 
initial weight, as 38-6 per cent., 32-8 per cent., 
33-8 per cent., and 37-2 per cent. The maximum 
altitude attainable was 33,000 ft. in the first case, 
39,000 ft. in the second and third, and 30,000 ft. 
in the fourth. Of the four flight plans, the third 
(342 m.p.h., 5,700 miles range and 39,000 ft. altitude) 
offers the best performance, and it was on this basis 
that Mr. Russell then proceeded to examine the 
effect of other variables on long-range operation. 
The principal of these are initial weight, tempera- 
ture, wing design, and power loading. 

It appears that, for a wide variation of the initial 
weight, the fuel consumed over a given distance is a 
constant percentage of the initial weight. The 
effect of ambient temperature, however, is much 
more marked, an increase above the I.C.A.N. 
standard of 10 deg. C. bringing down the cruising 
altitude by about 3,000 ft. and reducing the range 
and speed by about 5 per cent. A fall in ambient 
temperature produces corresponding improvements 
im performance. These variations are more notice- 
able with high-compression turbo-prop engines than 
with reciprocating engines. Mr. Russell suggested, 
as one way out of the difficulty, that, at high 
ambient temperatures, an increase should be per- 
mitted in the cruising r.p.m. of the turbines ; but he 
recognised that engine manufacturers and those 
responsible for certifying approval of the engine 
would then face an awkward problem in formulating 
a representative type test. 

The effect of varying the wing area while main- 
tainmg a constant aspect ratio, when examined, 
produced some rather curious results ; a reduction 
of wing loading, it was found, would raise the alti- 
tude and, therefore, would improve the economy, 
but the advantage was largely illusory, because the 
increased drag had a large detrimental effect. It 
was expected that, from performance considerations 
alone, an increase of aspect ratio would prove more 
favourable, and this was found to be so. Mr. 
Russell appended a table showing the effect of 
varying the aspect ratio, with a constant wing area. 
Three cases were taken, with aspect ratios of 8, 10 
and 12, respectively. The corresponding mean 
speeds were 340, 345 and 350 miles an hour; the 
fuel for 5,000 miles, as a percentage of the initial 
weight, was 38-8, 34-8 and 30-9, respectively ; 
the cruising altitude ranged, in the first case, from 
23,000 to 37,000 ft., in the second, from 26,000 to 
39,000 ft., and in the third, from 30,000 to 41,000 ft. 

Variation of the power loading, Mr. Russell 
continued, was not an easy change to evaluate ; 
in fact, he considered that, “while turbo-prop 
engines are in their present stage of development, 
the power produced and the specific fuel consump- 
tion achieved at the time of initial service may differ 
from the values used in the aeroplane design 
calculation,” which is understandable enough. 
At a fixed initial weight, the primary effect on 
range and payload of an increase or decrease in 
engine power was found to be nil; and, where long 
Tange was the primary consideration, ‘‘ a moderate 
reduction in the specific consumption is of more 
value than a large increase in power.” So many 
other matters were affected, however—including the 
provisional of sufficient structural strength, and 
“a whole series of airworthiness and operational 
requirements ”—that Mr. Russell, having dismissed 
the question of power loading as being difficult even 
to generalise upon, proceeded to add what was 
virtually another lecture, on “ Analysis of Structural 
Characteristics.” In this he showed, inter alia, that 
an effective saving could be gained by fitting 
apparatus to provide a measure of “ gust allevia- 
tion,” the ailerons being operated automatically, by 
a servo system, to counteract the effect of gusts. 
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THE GOVERNMENT Economy CAMPAIGN AND 
ELEctricity SuPPLy. 


As announced by the Prime Minister, the capital 
investment programmes of the fuel and power 
industries in this country are to be cut by a total 
of 25/. million as part of the Government economy 
campaign. It is contemplated that the larger part 
of this saving will have to be borne by the electricity 
supply industry. As, however, there is no intention 
of slowing down the building of new and the exten- 
sion of existing generating stations—work which is 
already being restricted by the limitations imposed 
on the manufacture of plant—this reduction must, 
of necessity, fall on distribution. In other words, 
a curtailment of the Area Boards’ programmes 
for the extension of networks, especially into rural 
districts, will be essential. This is particularly 
unfortunate since, for nearly two years, the central 
Authority and the Area Boards have been consider- 
ing the most practicable and equitable methods of 
developing this type of supply. The problems 
involved are, of course, complex, since not only 
do the areas differ in the relative extent of their 
urban and rural territories, but in the extent to 
which rural development has already been achieved, 
in the types of country and of farming activity, in the 
revenue that can be secured from the sale of elec- 
tricity and in the nature and extent of the distribu- 
tion networks required for full development. 
At an early stage it was, however, agreed that com- 
prehensive transmission and distribution schemes 
should be prepared for each area as soon as possible, 
and, in fact, schemes for the north-eastern, Mersey- 
side and North Wales, south-western and eastern 
areas, involving an aggregate expenditure of nearly 
171. million, have already been announced. The 
connection of farming premises has also been pro- 
ceeding as rapidly as restrictions on labour and 
materials have permitted. Detailed investigations 
are being carried out to ascertain the expendi- 
ture entailed and the revenue that may accrue 
from new consumers. Bound up with this is the 
difficult problem of the extent to which it is equit- 
able, on the one hand, for the costs of the area 
transmission systems (urban and rural) to be borne 
by the general tariffs and, on the other, the extent 
to which excess connection costs should be recovered 
from individual consumers. 


THE DE HavILLAND “ Comet” Arr LINER. 


On page 128, ante, we published a brief description 
of the jet-propelled Comet air liner, built by the 
de Havilland Aircraft Company, Limited, Hatfield, 
Hertfordshire, on the occasion of its first flight. 
Weights and performance figures were not given, 
because the de Havilland Company preferred to 
wait until actual performance figures could be 
quoted, rather than to give estimations. The Comet 
has now completed the main handling and per- 
formance trials, and the constructors have issued a 
statement on its performance. The cruising speed 
is 490 m.p.h. The maximum all-up weight of 
the aircraft is 105,000 Ib., and, equipped to carry 
36 passengers, the Comet has a maximum payload 
of 12,000 Ib. The corresponding still-air range, 
without allowances, is 3,540 statute miles; with 
allowances for ground running, taxying, take-off, 
climb and descent, navigational errors and other 
contingencies, and 30 minutes reserve fuel for 
circuits, approach and landing, the Comet has a 
maximum “ practical” range, in still air, of 2,645 
miles, when carrying the maximum payload. With 
further allowance for a 50-m.p.h. headwind, and a 
200-mile diversion to an alternative airport, a 
stage distance of 2,140 miles can be operated with 
a 12,000-Ib. payload. If the payload is reduced to 
6,000 Ib., a “‘ practical” range of 3,000 miles is 
possible, and, with no payload, the ‘‘ practical” 
range is 3,220 miles. A runway length of 2,175 
yards is required for take-off at the maximum 
weight. For operation over shorter ranges, an 
alternative cabin arrangement is possible, allowing 
the carriage of 48 passengers, the maximum payload 
being increased to 14,000 lb.; with this arrange- 
ment the Comet can operate, for example, from a 
2,000-yard runway, at a reduced take-off weight of 
101,000 Ib., with full 14,000-Ib. payload, over a 








stage distance of 1,750 miles, allowing for a 50-mile 
headwind and a 200-mile diversion. Further 
development work on the Comet includes improve- 
ments in the performance and fuel consumption of 
the Ghost jet engines ; development of the Sprite 
liquid-fuel rocket motors, which were described on 
page 316, ante, and which are intended for assisting 
the take-off in tropical conditions ; and increases 
in the all-up weight of the aircraft and in the 
fuel capacity. These developments should lead to 
appreciable improvements in the range and payload 
capabilities of the Comet. 


A Famous Navat ARCHITECT. 


The recent sale at Sotheby’s, for 260/., of a copy 
of Chapman’s Architectura Navalis Mercatoria, pub- 
lished in 1768, is a reminder of the debt that British 
naval architects of 150 years ago owed to this 
famous Swedish constructor. Chapman wrote other 
works also and some were translated into French 
and English. They proved of immense value to 
the study of the theory of shipbuilding, that at a 
low ebb. Fredrik Henrik af Chapman, who was of 
English descent, was born in Gothenburg on Sep- 
tember 9, 1721, and died at Carlskrona on August 19, 
1808. As a young man he worked in England, 
France and Holland, and in 1757 was charged with 
the designing of vessels for the defence of Finland. 
By 1764, he was Chief Constructor of the Swedish 
Navy and for some years was in charge of the dock- 
yard at Carlskrona. He was ennobled and given the 
rank of Vice-Admiral. Among his writings was a 
paper on Tonnage, contributed to the short-lived 
** Society for the Improvement of Naval Architec- 
ture,” founded in London in 1791. Some of Chap- 
man’s books were used at the first School of Naval 
Architecture at Portsmouth and much was said 
about them in the Papers on Naval Architecture, 
1829-30. ‘‘ Of all the authors on naval architecture,” 
said one writer, ‘‘ Chapman is deservedly the first in 
rank: his genuine love of his profession and sincere 
devotion to its interests have rendered all his works 
on this science of the very highest value. Chapman 
may be considered pre-eminently as the champion 
of the theory of shipbuilding; and it may be 
observed, that he who was perhaps the greatest 
practical constructor of any country was the most 
decidedly convinced of the absolute necessity of 
submitting all his investigations of the subject 
unreservedly to the direction of theoretical prin- 
ciples.” 

Heavy-O1 ENGINE WorKING Costs. 


Following their practice of many years past, the 
Diesel Engine Users Association have issued recently 
their annual “‘ Report on Heavy-Oil Engine Working 
Costs,” prepared by an expert committee who sift, 
analyse, collate and arrange a wide variety of 
returns made by public-spirited members of the 
Association who voluntarily place their operating 
data at the disposal of their fellow members. As 
the preparation of the Report is a long and intricate 
task, there is always a considerable time-lag in its 
appearance, and the present issue relates to the 
year 1947-48. Itis gratifying to note that 15 more 
members have contributed to this Report than to 
the previous one; a gratifying response to the 
appeal made by Mr. C. Green, the chairman of the 
Committee, at the annual general meeting of the 
Association a year ago. On previous occasions, we 
have suggested that more firms and other owners of 
oil engines might contribute data if the question- 
naire were somewhat simplified and the layout of 
the Report itself modified to make reference to 
particular items a little easier—bearing in mind that 
most Diesel-engine users are neither actuaries nor 
statisticians, and may not take naturally to the inter- 
pretation of columns of figures. We understand 
that, during the past year, the Committee have 
given special attention to this matter. Whether 
the questionnaire has been radically altered, the 
Report does not state ; but the arrangement of the 
collected data has been reviewed and modified, with 
definite advantage to the reader,and an alphabetical 
list of the power plants, with identification numbers, 
makes cross-reference in the Tables considerably 
easier than it has been. The Report is to be com- 
mended, as a valuable record, which will increase in 
value as subsequent reports are published and 
can be compared with it. 
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LETTERS TO THE EDITOR. 


REMINISCENCES OF EARLY 
AVIATION. 
To THE EpiToR OF ENGINEERING. 

Sim,—I have been reading Dr. A. P. Thurston’s 
presidential address to the Newcomen Society, on 
page 681, ante, and I note that he says: ‘ Nearly 
50 years ago, we were well aware of the resistance of 
air at all speeds up to nearly 2,500 ft. per second. 
We knew of the resistance barrier in the neighbour- 
hood of the speed of sound, and, by means of shells, 
had penetrated far beyond the sonic barrier into the 
comparatively low-resistance range of the higher 
air speeds.” 

This belief that a range of low resistance exists 
on the other side of the sonic barrier appears to be 
very general, but, unfortunately, a study of ballistic 
data gives it no support. J. W. Hicks, F.R.AS., 
in his book, The Theory of the Rifle and Rifle Shooting 





(1919) gives a table, based apparently on the classic 
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Shoeburyness experiments of 1906, of the resistance 
to flight experienced by a projectile of 1 in. calibre 
at speeds between 100 and 4,000 ft. per second, or, 
say, between 68 and 2,700 miles per hour. The 
resistances given vary from about 2 Ib. at the 
volocity of sound to nearly 50 Ib. at 4,000 ft. per 
second, when the curve is still rising steeply. 

The idea of a penetrable barrier is probably due 
to the fact that the rate of increase of resistance to 
a projectile is known to vary from the 1-6th power 
of the speed at low velocities to more than the 6th 
power in the neighbourhood of the “ barrier ” and 
down again to the 1-67th power at really high 
velocities. This, however, is a very different matter 
from saying that the resistance diminishes beyond 
the barrier; in fact, it increases very rapidly. 
Hicks’s values, quoted above, are in fairly good 
agreement with F. W. Jones’s classic experiments 
on rifle bullets published in The Hodsock Ballistic 
Tables for Rifles, and also with the work of Dr. C. 
Cranz in Germany ; and suggest that, so far from 
being able to break through the sonic barrier, we 
must content ourselves with boring into it, with 
ever-increasing difficulty, and with no visible pros- 
pect of ever coming out on the other side—if, indeed, 
there is any other side. The accompanying graphs, 
Figs. 1 and 2, from the researches of Hicks and 
Jones, respectively, may be of interest, as illus- 
trating the resistance of air to the passage of a 
1-Ib. shot. 


Yours faithfully, 
Knoppingsholme, T. FrrzgEraqp. 
Station-road, Rowlands Gill, 
Co. Durham. 


December 6, 1949. 


‘** HISTORIC RESEARCHES.’’ 
To tHe Eprror oF ENGINEERING. 


Sir,—Having been struck by the statement con- 
tained in Dr. Chalmers’s Historic Researches and 
emphasised in his letter, published on page 622, 
ante, that ‘“‘ the theory of relativity did not owe its 
origin and inspiration to the null results of the ether 
drift experiments,” I should be interested to know 
what evidence there is to support it. 

It seems almost inconceivable that the assumption 
that “the velocity of light in vacuo is the same in 
all co-ordinate systems moving uniformly relative to 
one another,” which is one of the postulates of the 
special theory of relatively and precisely that 
suggested by the Michelson-Morley experiment, 
should have been made entirely independently of 
the result of that experiment. Pending evidence to 
the contrary, the majority of physicists would, I 
imagine, subscribe to the view expressed by R. A. 
Millikan on page 343 of the July, 1949, issue of the 
Reviews of Modern Physics, commemorating the 
70th birthday of Einstein: ‘‘ The special theory of 
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relativity may be looked upon as starting essentially 
in a generalisation from Michelson’s experiment. 
And here is where Einstein’s characteristic boldness 
of approach came in, for the distinguishing feature 
of modern scientific thought lies in the fact that it 
begins by discarding all a priori conceptions about 
the nature of reality—or about the ultimate nature 
of the universe— ... and takes instead, as its 
starting point, well authenticated, carefully tested 
experimental facts, no matter whether these facts 
seem at the moment to be reasonable or not.” 
Yours faithfully, 
G. F. Herrenpen Harker. 
University College, 
Cathays Park, Cardiff. 
Deeember 20, 1949. 





THE “ PRINTED CIRCUIT ”’ SYSTEM OF ELECTRIC WIR- 
1nc.—The Elargol “ printed circuit ’’ process has been 
developed by Messrs. Ward Blenkinsop and Company, 
Limited, Henrietta-place, Wimpole-street, London, W.1, 
to replace the wires, screws and rivets used in electronic 
apparatus for connecting and fixing the various com- 
ponents. It consists of a Bakelite laminated sheet with 
an average insulation resistance of 500,000 megohms after 
24 hours immersion in water, on which a line of pure 
metallic silver is printed by a photo-offset method. 
Where the wires cross the plastic is drilled and the inside 
of the hole is silvered. Good adhesion is obtained by 
soldering the joint directly to the print on the Bakelite 
sheet. The heat generated during this process has no 
detrimental effect on the property of the plastic; in 
fact, an average joint will resist a pull up to 50 Ib. The 
plastic can easily be drilled or tapped and the components 
may be placed closer together than is normal in orthodox 
wiring layouts, owing to the excellent surface resistivity 


OBITUARY. 
MR. H. M. SAYERS. 


ELECTRICAL engineers of the older generation will 
learn with regret of the death of Mr. H. M. Sayers, 
which occurred at Shetlands, Sheepscombe, near 
Stroud, Gloucestershire, on Wednesday, December 
21, in his 90th year. He was among the pioneers 
of electricity supply and traction, both in this 
country and abroad ; and, although he had been in 
retirement for many years, was for long an active 
participant at electrical meetings. 

Henry Mannington Sayers was born at Isleworth, 
Middlesex, in 1860, and received his technical 
education at the City and Guilds Institute, which 
was then established in Cowper-street, Finsbury, 
and at the Telegraphists’ School of Science. On the 
completion of his training, he joined the engineering 
staff of the Post Office and, after several years in the 
Central Telegraph office, in 1881 obtained a post 
at the Lambeth works of the Brush Electrical 
Engineering Company. Shortly afterwards he 
became assistant to Mr. Robert Hammond, who was 
then engaged in establishing electricity supply 
undertakings in various parts of the country, and 
wook charge of the erection of a generating station 
at Eastbourne. In 1885 he returned to the Brush 
Company as assistant engineer and worked with 
them for three years, until his appointment as chief 
engineer of the Companhia de Luz Electrica in 
Oporto, Portugal. He returned to this country in 
April, 1894, to become managing engineer of the 
Bournemouth and District Electric Supply Company, 
but after two years left for Madrid on his appoint- 
ment as chief engineer to the Electricity Company 
for Spain, with headquarters in that city. From 
1898 to 1903 he was chief, and later consulting, 
engineer to the British Electric Traction Company, 
and was subsequently engaged in private practice 
until his retirement shortly after the 1914-18 war. 
He was elected an associate of the Institution 
of Electrical Engineers in 1886, being transferred to 
the class of associate member in 1899 and to that of 
member in 1903. 








MR. HENRY HOOPER. 


WE also regret to record the death of Mr. Henry 
Hooper, which occurred on Tuesday, December 20, 
at Birmingham, after a short illness. Mr. Hooper 
had been actively associated with the South Midland 
Centre of the Institution of Electrical Engineers for 
many years and was well known in Birmingham, 
Henry Hooper received his early education at the 

Birmingham Municipal College and subsequently 
at the University of that city and combined his 
studies with practical training at the Saltley loco- 
motive shops of the former Midland Railway. In 
1908 he was appointed a substation attendant and, 
later, assistant engineer in the Birmingham Electric 
Supply Department. He joined the Royal Engineers 
during che first world waras a Signals Service Officer, 
and was engaged on the installation of telephone 
and telegraph equipment. After being wounded, 
he entered the Air Ministry with the rank of staff 
captain and was responsible for preparing and super- 
vising electrical installation schemes at aerodromes. 
In 1919, Mr. Hooper became manager and district 
engineer of Messrs. Veritys, Limited, Birmingham. 
He also acted as technical sales engineer and when 
the work of standardising the frequency in the area 
was undertaken under the Electricity (Supply) Act, 
1926, dealt with the network of Derby and Notting- 
ham Electric Power Company. He joined the 
Central Electricity Board in 1928, and continued 
for some years to perform duties connected with 
this operation in the Midland counties. Later he 
became a general engineering assistant with the 
Board, and after vesting day was appointed secre- 
tary of the Midlands Division of the British Elec- 
tricity Authority. He was elected an associate 
member of the Institution of Electrical Engineers in 
1918 and transferred to the class of member in 
1928. He had long been connected with the South 
Midland Centre of the Institution, being honorary 
secretary from 1922 to 1937 and again from 1939 
to the present time. He was vice-chairman from 








of the materials. Coils can be printed in the same way. 





1935 to 1937 and chairman in 1937-38. 
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THE 17TH INTERNATIONAL 
NAVIGATION CONGRESS. 
(Concluded from page 651.) 


THE two remaining papers submitted in response 
to Question 2 in Section I (Ocean Navigation) were 
both by Swedish authors, the first being by Major 
Herman Jansson, Chief Engineer to the Stockholm 
Harbour Board, and the second by Major Carl F. 
Westrell, head of the Swedish Control Board for 
Explosives. 

Major Jansson, dealing with the present facilities 
for handling fuel and other oils at Stockholm, and 
the projected extension of the depot, said that the 
quantity of petroleum products imported in 1947 
exceeded the total for 1938 by nearly 70 per cent. 
Of the total of 585,000 tons imported in 1947, 
430,000 tons consisted of fuel oil and motor oils, 
90,000 tons was petrol, and the remaining 65,000 
tons included a variety of oil products ; and, as the 
population and the consumption were both increas- 
ing, the Stockholm Harbour Board expected the 
total oil import to approach a million tons a year in 
the near future. This would require a storage 
capacity of 300,000 to 400,000 cub. m., whereas the 
existing storage at Stockholm was only 178,000 
cub. m.; and no sites were available within the 
area of the port, suitable for the erection of storage 
tanks above ground. The most important existing 
depot was the Oil Harbour at Loudden, 4 km. 
from the centre of the city and on a bay open to the 
Baltic. This depot, almost entirely filled with 
surface tanks, covered about 70,000 sq. m. and 
had seven wooden piers at which the tankers berthed. 
It was proposed to enlarge and modernise the 
Loudden oil harbour by constructing underground 
storage tanks, mainly for petrol; if this scheme 
were completed, there would then be storage for 
About 400,000 cub. m. of oil, of which about 
250,000 cub. m., containing petrol and other 
inflammable oils, would be below ground. An 
experimental underground tank, holding 2,000 
cub. m., was constructed in 1942 in a space excavated 
in rock; it had a hemispherical closed top and a 
cylindrical open bottom, and was sealed with water, 
the petrol floating on top of the water. By varying 
the water pressure, the petrol could be forced out 
through a valve on the top of the tank. 

For the larger plant designed more recently, 
which would add 88,200 cub. m. to the existing 
capacity, a different method was adopted. As in 
the experimental tank, the petrol would be stored 
above water and forced out by water pressure, but 
the tanks would be completely closed, top and 
bottom, and would be able to withstand a working 
pressure sufficient to force the petrol to a proposed 
new petrol station, 40 m. above the top of the tank. 
To keep down the constructional cost per cubic 
metre of capacity, it was desirable to make the 
underground tanks as large as possible, consistent 
with the nature of the rock and the distribution 
facilities. A cylinder diameter of 16-5 m. was 
considered reasonable ; this, with a depth of 38 m. 
below water level, would give a useful capacity of 
6,300 cub. m. Fourteen such tanks were con- 
templated. They would be arranged on each side 
of a horizontal access tunnel, excavated from quay 
level and at right angles to the shore, and con- 
nected to the individual tanks by short transverse 
tunnels. Two pipelines would lead to each tank, 
one supplying and discharging petrol and the other 
water, the head of water being maintained by a 
water tower. When the petrol pumps started to 
fill a tank, the petrol would force down the tank 
water, which would be discharged through an over- 
flow pipe to the Sea. Major Jansson mentioned that 
a similar method would be used for heavier oils, 
but considered that, in that case, compressed air 
might be more suitable. It was thought that the 
saving resulting from the absence of evaporation 
would probably cover the annual instalments on 
the invested capital, plus the compound interest on 
the whole capital of the storage plant. In addition 
to the new tankage, the scheme included 265 m. of 
new quays and a pier, 135 m. long, with a depth 
alongside of 12 m.; this would provide berthing 
accommodation for oceangoing tankers. The total 
cost of the scheme was estimated (in 1947) to be 





10,840,000 Swedish kroner, and the time for com- 
pletion to be between three and four years. 

Major Westrell’s paper was complementary to 
that of Major Jansson, dealing with practically 
every topic put forward in the original Question 2, 
except that of the oil depot which is described in the 
foregoing summary. His figures for imports into 
Sweden, however, were even more striking than 
those of Major Jansson, who was considering the 
port of Stockholm alone; the 1947 totals for the 
whole country, according to Major Westrell, were 
3,100,000 tons, of which petrol accounted for 650,000 
tons. He then proceeded to outline the safety 
precautions insisted on by the Swedish regulations, 
which closely resembled those in force elsewhere. 
Before the war, two foam systems were in use, 
namely, a Danish system with foam pumps, and the 
German “ Komet”’ system, which, since the war, 
had been developed in England by the Pyrene 
Company ; the Komet-Pyrene system had become 
practically predominant in Sweden, largely because 
of its suitability for use by unskilled personnel and 
the fact that, the materials being cheap, regular 
practises could be held. The foam was allowed to 
fall freely down the tank wall, and loss of foam by 
the heat of the wall was counteracted by playing 
water-jets on the outside of the tank. In new instal- 
lations, however, following British experience during 
the war, tanks were being fitted with pipes for the 
sub-surface production of foam. Portable foam 
masts were also used ; these were telescopic, extend- 
ing by the water pressure, and they could be em- 
ployed to fill the safety basins round the tanks. 
Major Westrell added that he was sceptical about 
the merits of reinforced-concrete safety walls, after 
having seen one, in France, which had been burst 
by the expansion of the reinforcement when exposed 
to intense heat: a stone and earth wall, broad 
enough on top to take fire engines, cost only about 
half as much as a concrete wall. 

On the subject of storage and inland distribution, 
Major Westrell questioned whether the storage 
facilities might not be separated, with advantage, 
from the loading and discharging facilities at ports ; 
though he recognised that the port authorities 
might be unwilling to relinquish the revenue- 
producing tank farms. With regard to distribution, 
he saw nothing new except the increasing size of tank 
trucks, which might require attention from the 
safety point of view. The alternative method of 
pipelines, in his opinion, had no immediate applica- 
bility to Swedish conditions. Turning to under- 
ground storage, Major Westrell described the 
“‘caterpillar”’ type of steel tank, set in a rock 
excavation, and described the elaborate precautions 
to ensure proper ventilation of the rock tunnels ; 
but, he added, these also introduced difficulties due 
to condensation on the tanks, and corrosion of elec- 
trical equipment. Various types of tunnel systems 
for underground storage were described in the paper. 
War-time conditions in Sweden had necessitated the 
storing of some petroleum products for long periods, 
without: being changed, and it was feared that some 
chemical deterioration might result ; for example, 
the formation of gum, through polymerisation. 
Examination of the fuel after four years of storage, 
however, showed no deterioration. Where under- 
ground storage was contemplated, the Swedish 
Government required it to be bomb-proof; the 
extra cost incurred was met by the State. 


The above notes complete our summaries of the 
various papers submitted to the Congress under the 
headings of the several ‘‘ Questions ”’ set as subjects 
for discussion ; but, in addition to these, there were 
numerous ‘‘ Communications’ which formed, in 
effect, separate divisions of the programme and were 
discussed as such in the technical sessions. They 
were divided into seven groups, three being appended 
to Section I (Inland Navigation) and the remaining 
four to Section II (Maritime Navigation) ; and they 
were sufficiently numerous to form seven further 
volumes in the series of twelve which were circu- 
lated to delegates before the Congress. The sub- 
jects under Section I were: ‘‘ New Developments 
in the Design and Construction of Locks ”’; ‘‘ Pro- 
tection of Embankments and Beds in Inland and 
Maritime Waters, and in Overflows or Weirs ”’ ; and 
“The Value, from the Economic Standpoint, of 





Large Inland Navigable Waterways, and Particular 
Ways of Developing Inland Navigation Traffic.” 
The corresponding subjects discussed under Section 
II were: ‘ Protective Works Adopted to Limit 
Erosion along the Open Coast ” ; “‘ Recent Evidence 
and New Preventive Measures in regard to Disinte- 
gration of Mortar and Concrete in Sea Water’’ ; 
‘**A Land Traffic-route Crossing a Maritime Canal 
or a Sea-port Canal”; and ‘‘ Penetration of Waves 
and Swells into Harbours—Means of Predicting 
them and Limiting their Action.” As there were 
more than 60 ‘‘ Communications,’? we can do no 
more than review briefly the subjects treated, but 
this survey may be of use for future reference. 
Section I.—ComMMuUNICATIONS. 

The first group of Communications in Section I 
comprised 15 contributions, of which three each came 
from Sweden and Czechoslovakia, two each from 
Belgium and the United States, and one each from 
Spain, France, Great Britain, Italy and Holland. 
The Belgian contributors were Ing. A. Bijls, of Brus- 
sels, and Ing. E. Vuylsteke, of Antwerp, who pre- 
sented jointly a report on the locks on the Albert 
Canal; and Mr. A. Braeckman, of Antwerp, who 
described the large lock at Wijnegem, also on the 
Albert Canal. Senor F. R. Perez (Spain) gave parti- 
culars of the lock at Tablada, Seville, on the Alfonso 
XIII Canal. The two papers from the United 
States were by Major-General P. B. Fleming and 
Mr. J. O. Ackerman, on the locks and dams in the 
St. Paul district of the Upper Mississippi; and by 
Professor G. B. Tschebotarioff, on the design of 
flexible anchored sheet-pile bulkheads. The French 
contribution, presented jointly by Mr. J. Parmen- 
tier, Professor J. Aubert, Mr. M. E. A. Henry and 
Mr. F. A. P. Dumas, comprised two main sections 
prepared by the last-named authors, Mr. Fernand 
Dumas dealing with locks in the Nord region and 
Mr. Henry with the St. Pierre lock associated with 
the Donzére-Mondragon hydro-electric station. Mr. 
H. W. Clark, of the River Nene Catchment Board, 
who was the only British contributor in this group, 
described the improvements carried out on the Nene, 
mainly between 1935 and 1940, including a tidal lock 
near Peterborough and 37 other locks on the canal- 
ised part of the river. The Italian paper, by Dott. 
Ing. P. Brunelli, Dott. Ing. E. Salvi and Ing. G. 
Rodio, described the main features of eleven locks, 
constructed between the two World Wars. The 
Dutcb paper, by Mr. J. P. J. Jitta, Mr. C. de Groot 
and Mr. A. Eggink, reviewed the latest practice in 
Holland in the construction of locks, dealing with 
foundations, piling, walls and sills, lock gates and 
operating machinery, and the control of water 
flow into and out of locks. The first of the three 
Swedish contributions, by Major Herman Jansson, 
of Stockholm, was in two parts, one reviewing 
recent developments in lock construction in Sweden 
and the other dealing more particularly with the 
Falsterbo Canal lock. The second Swedish paper 
was a short one by Mr. Axel Nilsson-Hiort, of 
Stockholm, on regulation works to prevent the flow 
of salt water from the Baltic into the Vecke Fiard, 
where variations in salinity would have affected the 
operation of a pulp mill. The third Swedish paper, 
by Dr. Paul Leimdérfer, discussed the selection of 
the most suitable type of sheet piling for particular 
applications. Of the three Czechoslovak papers, the 
first, by Dr. Frangois Jermar, described various 
proposals for the construction of lock gates designed 
to serve also as barrages; the second, by Ing. J. 
Cabelka, reviewed research work on locks with 
tilting gates, carried out at the Masaryk Hydro- 
logical Institute at Prague; and the third, by 
Professor Z. Bazant, Jun., dealt with the measure- 
ment of soil deformation resulting from seepage. 

In the second group of Communications in Section 
I, there were only six papers, one each being received 
from Belgium, the Suez Canal Company, the 
United States, France, Holland, and Switzerland. 
Ing. A. Bijls, the author of the Belgian paper, dealt 
with the methods adopted to protect the banks of 
the Albert Canal, more especially in sandy soil ; and 
Mr. Max Bahon, of the Suez Canal Company, dealt 
similarly with the stone pitching, amounting to 
220 km. in length, on the banks of the Suez Canal, 
bringing his review (prepared originally for the 
abandoned 1940 Congress) up to date with a supple- 
mentary report. Colonel H. D. Vogel, of the United 
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States Army Corps of Engineers, took as his subject 
the protection of the beds and banks of waterways 
and illustrated the various forms of mattress protec- 
tion. Mr. Frangois Beau, of Paris, and Mr. Fernand 
Dumas, of Lille, collaborated in the French paper, 
on the erosion of banks and beds of waterways and 
the influence upon it of the cross-section, the form 
and speed of vessels, and the speed of currents. The 
contribution from Holland was by Mr. J. B. Schijf, 
of Delft, who presented the results of a detailed 
study of full-scale wave generation caused by the 
passage of a vessel along a canal, and the consequent 
erosive effect of the waves on the banks. The 
vessel was a small steamer, the Christiaan Brunings, 
belonging to the Rijkswaterstaat, and the tests 
were made on the Voorne and Wilhelmina Canals. 
From the results, Mr. Schijf derived limiting propor- 
tions between the immersed cross-section of a canal 
and of a vessel traversing it, and for the desirable 
minimum depth of water under a vessel. The 
Swiss paper, by Dr. M. Oesterhaus, of Berne, and 
Professor R. Muller, of Ziirich, was not circulated 
with the others in this group of Section I. 

The third group of Communications in Section I 
contained six contributions, one each being sub- 
mitted from Belgium, the United States, France, 
Italy, Holland and Switzerland. Professor A. 
Delmer, of Liége, discussed in general terms the 
value of large inland waterways, citing mainly 
European and African examples ; and Colonel C. L. 
Hall, of the United States Army, did the same for 
North American rivers, but adduced many more 
statistics in support. The late Mr. Henri Houpeurt 
and Mr. Frangois Beau were the joint authers of the 
French paper, presenting an economic survey which 
compared, more especially, the merits of different 
types of craft suitable for use on inland waterways, 
and the types of cargo traffic that might be 
developed ;_ self propelled wine tankers, they 
pointed out, had increased greatly in numbers since 
1932, when the first of them was introduced. The 
Italian paper was in two parts, the first contributed 
by Ing. Enrico Mellini, dealing with the physical 
and constructional considerations affecting inland 
waterborne traffic, and the second part, by Professor 
Ing. Umberto Bajocchi, reviewing principally the 
economic aspects. Three authors collaborated in 
the paper from Holland, these being Professor J. 
Hanrath, Dr. H. C. Kuiler and Dr. Ir. Z. I. van der 
Meer ; they followed fairly closely the several sub- 
headings set out by the Congress, dealing with the 
economic development of inland water transport, 
and the use of motor barges, tankers, containers, and 
the transport of valuable commodities. Dr. A. 
Schaller and Dr. A. J. Ryniker, of Switzerland, dealt 
with practically the same topics in relation to the 
Rhine traffic and the industrial economy of Switzer- 
land. 

Section I1.—ComMunIcATIONS. 


Belgium, Spain, the United States, France, Great 
Britain, Italy, Holland and Portugal contributed 
to the first group of Communications under Section 
II of the Congress programme ; Britain supplied two 
papers and the other countries one each. The joint 
authors of the Belgian paper were Mr. J. Verschave 
and Mr. G. Zwaenepoel, both of Ostend, who 
described the tidal régime of the Belgian coast as 
a whole, the methods of protecting the foreshore 
and, more particularly, the problems and solutions 
associated with the beaches to the east of Zeebrugge. 
Sefiors L. D. Vera, A. G. Isla and V. C. Acena 
(Spain) dealt with the general subject of the group 
in the light of experience on the Spanish coasts, 
devoting considerable attention to the research that 
should be undertaken before planning protective 
works ; and Colonel F. F. Frech, District Engineer at 
Philadelphia, United States Army Corps of Engi- 
neers, provided a similarly detailed survey of the 
New Jersey coast, with some notes on the work of 
the Beach Erosion Board of the Corps of Engineers. 
The paper from France, by Mr. A. Grange, Director 
of the port of Bordeaux, described various recent 
protective works on the French coast, especially 
near the mouth of the Gironde. Of the two British 
papers, that by Mr. C. H. Dobbie, B.Sc., M.LC.E., 
gave a wide survey, with an extensive bibliography, 
of erosion and protection as experienced and prac- 
tised, respectively, round the shores of Great Britain ; 
and the second paper, by Mr. Jack Duvivier, 





M.I.C.E., dealt with the formation and movements 
of beaches, the economics of coast protection, the 
design of sea walls and groynes, and recent model 
experiments. The three joint authors of the Italian 
paper—Professor Ing. M. Visentini, Ing. G. Pancini 
and Ing. H. Teuschl—after a review of general 
considerations, dealt particularly with the conditions 
existing on the Venetian coastline. The Dutch 
paper was contributed by Professor Ir. J. W. Thierry 
and Ir. J. H. van der Burgt and discussed the 
features of the Netherlands coast, the problems 
of sand drift, and the function, locatior, shape and 
construction of protective works. Finally, two 
Portuguese engineers, Senhor R. V. de Campos 
and Senhor Henrique Schreck, described the defen- 
sive works at Espinho and at the port of Leixoes, 
both of which were visited by parties of Congress 
delegates and members. 

In the second group of Communications in Section 
Ii—on the disintegration of mortar and concrete 
in sea water—eight contributions were received. 
Professor F. Campus and Mr. J. Verschave (Belgium) 
reported a series of comparative tests of the resistance 
of mortar and concrete to the action of sea water, 
indicating that the cement should have a smal] lime 
content and that the concrete should be well com- 
pacted. Sefior M. E. Fernandez (Spain) described 
the collapse of a mole at Vigo, and subsequent tests 
which showed the superiority of a mixture of Port- 
land cement and a natural rapid-setting cement 
known as Zumaya cement. Mr. F. F. Fay (United 
States), whose paper was prepared for the abandoned 
1940 Congress, described researches carried out at 
the Portsmouth Navy Yard in New Hampshire, by 
the United States Army Corps of Engineers, and 
by the Highways Division, State of California ; to 
which he added a report of experience with un- 
protected concrete and indicated preventive meas- 
ures. Surface treatments, he said, were not 
generally effective, but asphalt impregnation had 
proved successful except under conditions of severe 
frost. 

Professor R. Dubrisay and Professor H. Lafuma 
(France) endorsed the view, expressed in the 
Belgian paper, that compactness was important, 
but differed from that paper in recommending a 
lime-poor cement, made by adding to the Portland 
cement a pozzolana or blast-furnace slag. They 
also recommended a reduction in the amount of 
alumina. Professor L. Greco, Professor C. Mazzetti 
and Professor P. Periani (Italy) reported research 


work in Italian laboratories, especially on pozzolana., 


mortars, and described recent underwater inspec- 
tions of harbour works at Genoa, Naples, Venice and 
elsewhere. Mr. F. J. Nellensteyn and Mr. A. J. P. 
van den Burgh (Holland) gave particulars of the 
concrete mixes used for the sluices in the Zuiderzee 
dam and at Ymuiden; the hydraulic binder for 
the Zuiderzee sluices consisted of a mixture of 
Portland cement and ‘“‘trass ”’ or tarras (a locally- 
found form of pozzolana) and at Ymuiden, blast- 
furnace cement and trass. So far, it was stated, 
the concrete in both cases had been little affected, 
if at all, by sea water. The paper by the three 
Portuguese engineers, Senhor M. Rocha, Senhor A. 
Coutinho and Senhor A. B. Neves, described the 
observed state of mortar and concrete in a number 
of harbour works, several of which (e.g., Leixoes, 
Viana do Castelo, and Povoa de Varzim) were 
visited by Congress parties ; and illustrated some 
examples of deterioration, which were found to 
occur particularly in the northern part of the 
coastline. The final paper in this group was by 
Mr. Torsten Hultin, chief engineer to the Harbour 
Board of Gothenburg, who reported that sea-water 
deterioration of mortar and concrete was not usually 
serious in Swedish ports because the salt content 
of the Baltic water was low (0-5 to 0-7 per cent.) ; 
even on the west coast, where the salt content was 
higher, the inspections that he had carried out 
recently were generally satisfactory, apart from 
some instances of ice and frost damage. He ad- 
mitted, however, that the Swedish engineers had 
not managed yet to produce a concrete completely 
resistant to sea-water. The older concrete quays in 
Sweden usually had a stone protective facing, which 
was very effective, but no longer economic to pro- 
vide. In some cases, the wooden shuttering had 
been left in place, between the high and low water 





levels, with evident advantage ; it protected the 
concrete against floating ice, and, by keeping the 
surface wet between tides, enabled the concrete to 
harden under more favourable conditions. 

The third group in Section II—on methods of 
carrying a land traffic-route across a maritime 
channel—comprised eight communications. Mr. 
J. G. Rode, chief engineer of the port of Copen- 
hagen, described and illustrated the new bascule 
bridges, known as the Langebro and the Knippelsbro, 
which connect the islands of Zealand and Amager, 
on which the city of Copenhagen is built. It was 
not practicable, he said, to lay railway tracks across 
these bridges, and it would be necessary to build a 
special low bridge for the railway ; but, as the rail 
traffic was light, this bridge would be left open 
to the harbour traffic except when trains had to 
cross it. Sefior F. R. Perez (Spain) outlined the 
governing conditions in the principal Spanish ports, 
according to the types of vessels using them, and 
expressed a preference for the two-leaved bascule 
bridge to carry heavy road traffic, rejecting swing 
bridges as unsuitable. On esthetic grounds, in 
urban locations, he favoured the Scherzer type of 
lifting bridge, with the roadway above, and the 
counterweights beneath the road-level. Brigadier 
General G. B. Pillsbury (United States) discussed 
American requirements and governing conditions, 
listing the vessels using the port of New York in 
order of their mast heights and detailing the limiting 
clearances of the chief bridges across United States 
harbours. He also compared the initial and oper- 
ating costs of fixed and movable bridges, tunnels, 
transporter bridges, and ferries ; generally, he found, 
a high fixed bridge was less costly than a tunnel. 

Mr. E. Naud and Mr. J. Prempain (France) com- 
pared the methods of crossing formerly in use on 
the Seine estuary at Rouen, on the estuaries of 
the Loire, the Charente and the Giroude, and at 
Marseille. Many of these bridges having been 
destroyed, the question of the best methods of 
spanning the waterways had to be re-examined on 
the basis of present-day economics, and the means 
proposed to restore the facilities differed in several 
instances from the former methods. The destroyed 
transporter bridges over the Charente and over the 
old harbour at Marseille would be replaced by a 
fixed high-level bridge and a tunnel, respectively. 
Dr. David Anderson (past-President of the Institu- 
tion of Civil Engineers), contributed the British 
paper to this group of Communications, making a 
detailed survey of a large number of important 
bridges and tunnels in various parts of the world, 
and including also a few ferry services. His paper, 
largely presented in tabular form, compared the 
cost of installation and operation of a high bridge, 
a movable bridge, a tunnel, a transporter bridge 
and a ferry, on the basis of various existing struc- 
tures and of estimates for proposed river and 
estuary crossings. From Italy, a paper was sub- 
mitted by Ing. A. Agostini and Ing. G. Strongoli, 
who, after discussing the minimum headway re- 
quired under bridges crossing navigable waterways, 
described the movable bridges over the Fiumicino 
Canal, near the mouth of the Tiber, and at Tarento, 
en the ship canal there. They also described a 
scheme for a tunnel under the canal at Tarento. 
Ir. J. P. van Bruggen and Ir. W. J. H. Harmsen 
(Holland) dealt with a scheme for a bridge at Rotter- 
dam, eventually abandoned in favour of the Maas 
tunnel, and with the crossing of the North Sea Cana] 
at Velsen, where also a tunnel was considered prefer- 
able. The communication from Sweden, by Ing. 
K. A. Fréman, in adddition to some general notes 
on bridge crossings of Swedish canals, examined the 
particular case of Stockholm harbour approaches, 
and the differences of opinion of various authorities 
on the subject of minimum headway. Mr. Fréman 
made the point that there was an obvious need for 
international standardisation on the question of 
clearance under high bridges, on a basis of co- 
operation between shipbuilders, shipowners, bridge 
builders and constructors of overhead power lines. 

The fourth and last group of Communications 
under Section II—on the penetration of waves into 
harbours, and the means of predicting and limiting 
their action—drew ten papers from nine countries, 
Great Britain contributing two and one each coming 
from Belgium, Chili, Spain, the United States, 
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France, Italy, Holland and Portugal. Several of 
the papers were of considerable length and largely 
mathematical, and most of them were accompanied 
by plans of various breakwaters, piers and other 
harbour-entrance works. The Belgian paper, by 
Mr. L. Bonnet and Professor J. Lamoen, described 
the experimental technique employed in the hydrau- 
lic research laboratory, of which Professor Lamoen 
is Director, in producing and studying a swell, and 
illustrated the description with reports of tests on 
scale models of the roadstead at Zeebrugge and the 
harbour of Ostend. Professor J. L. Orrego and 
Sefior R. Santander, of Chili, reported experience 
at the ports of Iquique, Antofagasta, Valparaiso and 
San Antonio, and described the difficulties resulting 
from the peculiar character of the Chilian coast. 
The Spanish paper, by Professor R. Iribarren 
Cavanilles and Seftor C. Nogales y Olano, developed 
in detail the mathematics of wave motion, deducing 
the laws of variation of wave heights, from deep 
water until the point of breaking, on the hypothesis 
of the conservation of energy. The authors claimed 
that it was possible to predict, in the planning of 
harbour works, protective conditions that would 
meet all eventualities. Mr. Harris Epstein and 
Commander F. C. Tyrrell (United States) dealt with 
the design of rubble-mound breakwaters by analys- 
ing the dissipation of the energy of a wave striking 
the breakwater, with the aid of tests made at the 
United States Waterways Experimental Station. 
These tests, they stated, were not yet completed, but 
it was hoped to present the results at the next 
International Navigation Congress. The paper from 
France was presented by Mr. Jean Larras, Director 
of the port of Algiers, who reviewed experience 
gained at a number of ports in France and the 
French Colonies. He questioned the practical value 
of purely theoretical studies of wave behaviour, but 
was strongly in favour of small-scale model tests of 
harbours, quoting a number of instances in which 
they had been of service. 

The first of the two British contributions was by 
Professor Jack Allen, D.Sc., M.I.C.E., of the Univer- 
sity of Aberdeen, who stated that, in spite of much 
research, knowledge of wave motion was still far 
from complete. After summarising the more im- 
portant published work, he discussed the uses and 
possibilities of scale models as guides to harbour 
design, with particular reference to the measuring 
apparatus used. Sir William Halcrow, past-Presi- 
dent of the Institution of Civil Engineers, who pre- 
sented the other British paper, also dealt with 
laboratory methods of research on harbour design, 
citing a number of examples and ending with “‘ an 
assessment of the position which hydraulic model 
research might, but sometimes does not, hold in 
practical engineering to-day.” The Italian paper, 
by Ing. A. Camanzi and Ing. H. Teuschl, was con- 
fined to a consideration of open harbours, excluding 
those situated at the mouths of rivers, the exampies 
taken being Genoa, Spezia, Leghorn, Civitavecchia, 
Naples and Brindisi. Professor J. Th. Thijsse and 
Mr. J. B. Schijf (Holland) discussed the prediction, 
by model tests aided by hydrographical and meteoro- 
logical data, of the waves to be expected in a par- 
ticular location, the changes in waves when ap- 
proaching a coast, the damping of waves by their 
lateral expansion, and the results of reflection and 
interference. Finally, Senhor Carlos Krus Abecasis, 
chief engineer of the Portuguese Government’s 
Department of Maritime Works and Hydraulic 
Services, provided a detailed and liberally illustrated 
paper on the port of Leixoes, which was of particular 
interest to those members of the Congress who subse- 
wuently visited the port—which they did under 
weather conditions that brought out strongly some 
of the difficulties encountered by harbour engineers 
on the Portuguese coast and described in the paper. 





PATENTS AND DESIGNS RULES.—The Board of Trade 
announce that the existing Patents and Designs Acts 
are to be repealed from January 1, 1950, and replaced 
by two new Consolidation Acts, one for patents and one 
for registered designs. Accordingly, the Rules issued 
under the existing Acts are revoked, and new Rules have 
been made under the new Acts. The new Rules provide 
for procedure and fees in connection with patents and 
designs. They maintain the main provisions of the exist- 
ing Rules, and the fees are, it is said, not substantially 
changed. 
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POWER-DRIVEN HOE. 


ALTHOUGH power-driven hoes are now quite common, 
in the majority of cases they are only capable of 
hoeing between the rows and not between the plants. 
Furthermore, with the exception of the rotary type 
of machine, they merely disturb the top soil and 
fail to destroy any weeds. The power-driven hoe 
illustrated on this papge, therefore, is particularly 
interesting as not only is it capable of hoeing in between 
plants but it gives a true draw-hoe action which results 
in the destruction of any weeds and the formation of a 
fine tilth. 

The hoe, which has been designated the Commando, 
is manufactured by Power Hoes, Limited, Ixworth 
House, Ixworth-place, London, S.W.3. It is operated 
by a l-h.p. single-cylinder air-cooled four-stroke 
petrol engine, the speed of which is regulated by a 
variable governor. As shown in the illustration, the 
engine is arranged across the rear of the machine and 
the drive is transmitted to the landwheels and the hoe 
blades by a forwardly extending shaft, a worm and 
worm-wheel assembly being employed in each case. The 
land-wheels are fitted directly to the shaft of the appro- 
priate worm wheel, but in the case of the drive to the 
hoe blades, the ends of the shaft are cranked, and the 
crankpins so formed are connected to the actuating 
arms of the hoe blades by universal joints. The 
actuating arms are suppo near the middle of their 
length by vertical swinging links, the upper ends of 
which are connected to the ends of two horizontal 
forwardly-extending rods through blade-and-fork coup- 
lings. The actuating arms for the hoe blades, the 
swinging links and the forwardly-extending rods, to- 
gether with one of the cranks, can be seen in the illus- 
tration, and it will be appreciated that, with this 
arrangement, the rotary motion of the cranks will be 
transferred to the hoe blades. The horizontal rod on the 
operator’s right-hand side, however, is arranged so that 
it can be turned about its axis; when this occurs, it 
causes the corresponding swinging link to be displaced 
laterally, taking with it the actuating arm for the right- 
hand hoe. The rod is turned by means of two Bowden 
cables; these are operated by one of the handlebars 
which is arranged so that it can be swung through a 
horizontal arc, the ends of the cables remote from the 
rod being fitted to a plate integral with the handlebar. 

The machine is of sound construction, the chassis 
and gearbox forming an integral unit. The drive to the 
landwheels is transmitted through a dog clutch and that 
to the hoe-blade actuating mechanism by a friction 
clutch. The handlebars, which are of tubular-steel 
construction, can be swung to either side so as to 
permit the operator to walk in the row adjacent that 
being hoed. Three different sizes of hoe blade are 
available, namely: 7 in., 9 in., and 11 in., and these 
are capable of covering 9 in. to 14 in. ; 13 in. to 18 in. ; 
and 17 in. to 22 in. widths of und, respectively. 
The machine has a width of 9 mq and a weight of 
215 Ib., but owing to a low centre of gravity, it can 
be operated in comfort on the sides of hills having gradi- 
ents of up to 1 in 4. The ability to swing one blade 
into the row of plants renders it particularly useful as, 
in addition to ordinary hoeing, it can be used for 
gapping; furthermore, with one hoe blade moved 
to the side, it can hoe close up to walls and hedges. 





SOUND TRANSMITTER AT 
SUTTON COLDFIELD TELEVISION 
STATION. 


As mentioned in the article on the television trans- 
mitting station at Sutton Coldfield, which appeared in 
our last week’s issue, on page 661, the sound transmitter 
and its auxiliaries, together with the aerial and feeder 
system, were supplied by Marconi’s Wireless Telegraph 
Company, Limited, Chelmsford. The crystal drive for 
the vision transmitter was also supplied by the same 
firm. It is now possible to add some further informa- 
tion about these parts of the equipment. 

The sound transmitter has an output power of 
12 kW (unmodulated carrier) to the aerial feeder and a 
frequency range of 40 to 67 megacycles per second, the 
power consumption, including that of all the auxiliaries, 
being 73 kVA at 60 per cent. modulation. The overall 
frequency response is level within + 2 decibels from 
30 to 10,000 cycles per second, while the radio-frequency 
harmonics amount to less than 200 milliwatts of 
radiated power. Four stages of radio-frequency 
amplification are used. The first consists of two TT 12 
valves in push-pull, which feed a second amplifier 
stage made up of four TT 16 tetrode valves in parallel 
push-pull. This stage is inductively coupled to the 
penultimate amplifier, which consists of two BR 125 
triodes in a class-C circuit. The final stage is formed 
by a single-ended earthed grid amplifier, in which an 
air-cooled triode type BR 128 valve is used. 

The audio-frequency amplifier is made up of six stages, 
a negative feed-back of 14 decibels being employed in 
the last four stages. The amplifier terminates in a 
pair of ACT 14 air-cooled triodes, which are driven by 
four DET 21 valves arranged in a parallel push-pull 
cathode follower circuit. With a sinusoidal input 
signal of four decibels above | milliwatt into the input 
impedance of 600 ohms, the carrier is modulated to a 
depth of 40 per cent. Some radio frequency power is 
rectified and fed back into the input of the modulator 
with the object of reducing the overall noise level. 

The combined vision and sound aerial, which was 
illustrated in Fig. 3, on page 661, ante, consists of 
eight folded dipole radiators, arranged in two tiers 
of four, with a vertical spacing of one wavelength 
(about 15 ft. 6 in.) between them. The radiators of 
each group are spaced at intervals of 90 deg. round 
the circumference of a circle the diameter of which is 
0-4 wavelength (about 6 ft. 2 in.). The diametrically- 
opposite pairs of radiators are fed from common 
binocular coaxial feeders, so that their radiation is anti- 
phase. On the other hand, the radiation from adjacent 
radiators is phased in quadrature by interposing an 
extra quarter wavelength of line in one of the feeders. 
The system is capable of radiating simultaneously vision 
transmission with a peak power of 40 kW and sound 
transmission with a carrier power of 12 kW. 

The two feeders (one for vision and one for sound) 
from the transmitter to the aerial consist of concentric 
copper tubes, in 12-ft. sections, with a total length of 
850 ft. Each outer tube has an internal diameter of 5 in., 
while the external diameter of the inner tube is 2 in. 
The two tubes are insulated from each other by } in’ 
Frequentite rods, which are bedded against the inner 
tube at 12 in. intervals and are arranged so that those 
forming adjacent pairs are at right angles to each other. 
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The inner tube, with the “spokes ” thus formed, is 
a sliding fit in the outer. Each 12 ft. section is flanged 
like a water pipe, rubber sealing rings being inserted 
to secure air-tightness, while at intervals of 150 ft. there 
is an air-tight sliding joint to allow for expansion. Just 
above these joints the feeder is secured to the mast, 
so that each clamp supports one section, the weight of 
which is about half a ton. There is also a sliding clamp 
on each section to prevent bending and whipping. 
a Bap is pumped continuously into the feeder and 
l out through special bleeder holes. 

At the top of the slot-aeria] structure the feeders are 
connected to a “diplexer,” in which the vision and 
sound signals are combined, so that the mutual inter- 
ference is low compared with the radiated power. 
These combined signals are transmitted to two split- 
drum transformers, in which a balanced pair of outputs 
in anti-phase are produced from a single feeder output. 
These outputs are next taken to the centre point 
between the two tiers of dipoles, where the signals are 
led off to each of the upper and lower tiers. The 
loss in power from the transmitters to the aerials in 
this system is such that the reduction in field strength 
is less than 6 per cent., while the reflection factor of 
the aerial and diplexer is as low as 1 per cent. 

Finally, it may be mentioned that the crystal drives 
for both the vision and sound transmitters were 
designed by the Marconi Company to have a power 
output of 5 watts and an output frequency at any 
value in the 40 to 72 megacycle range. The stability 
is +5 parts in 100,000 and the noise level is more 
than 60 decibels below 5 watts. The crystals, which 
have a low temperature coefficient, have been ground 
for a mean temperature that was determined from their 
position in the chassis; no temperature control is 
therefore necessary. They operate in a vacuum and 
are mounted so that they are insensitive to external 
vibration. The circuit consists of three twin-tetrode 
TT 15 valves. One half of the first valve is the crystal 
maintainer, while the other is the doubler. The 
second valve operates in a Schmidt-type push-pull 
circuit and acts as a trebler, so that the crystal operates 
at one sixth of the output frequency. The trebler is 
capacity-coupled to the third stage, which is a push-pull 
amplifier. By operating a switch, this trebler stage 
can be changed into an oscillator, which is adjustable 
over a limited range on both sides of the mean frequency. 
This enables tests on the radio-frequency response 
of the transmitter and aerial circuits to be carried out. 
This facility is valuable in vision transmitters with 
wide-band tuning which are also tuned asymmetrically 
for vestigial side-band working. The unit is supplied 
from the single-phase alternating-current mains, the 
voltage being stabilised. 





CONFERENCE ON DYNAMIC PROPERTIES OF RUBBER.— 
The London Section of the Institution of the Rubber 
Industry are organising a one-day conference on the 
behaviour and testing of rubber under dynamic condi- 
tions, to be held in London on March 17, 1950. Arrange- 
ments have already been completed for six papers to be 
presented at the conference. Those wishing to attend 
are requested to write to the Institution, 12, Whitehall, 
London, 8.W.1, as soon as possible, stating whether they 
wish to receive advance copies of the papers (price 4s. 6d. 
per set) and to make use of the catering arrangements. 





INSTRUCTIONAL FILM ON THE PRODUCTION OF HyDRAU- 
Lic VALVEsS.—An interesting film dealing with the manu- 
facture of hydraulic valves has been produced by Verity 
Films, Limited, Guild House, London, W.C.2, for Messrs. 
Peglers, Limited, Belmont Works, Doncaster, the manu- 
facturers of the Prestex range of valves, cocks, unions, 
etc. The film covers all phases of production from the 
foundry and extrusion shop to the dispatch bay and has, 
therefore, considerable educational value. It is a 16-1am. 
sound film, with a running time of 20 minutes, and may 
be borrowed either from Messrs. Peglers, Limited, or the 
Film Library, Sound Services, Limited, 269, Kingston- 
road, London, S.W.19. 


NEW METHOD OF PAINTING.—The American journal, 
Railway Age, for December 3, 1949, describes a new 
process for painting metallic surfaces, developed by 
Messrs. A. B. Antros, Stockholm, Sweden, and known 
as the “ Antropahl”’ method. Paint is sprayed through 
an acetylene flame at the nozzle. This flame keeps the 
paint at the correct temperature for application, and 
also serves to pre-heat the surface to be painted so that 
a closer bond between paint and surface can be obtained. 
The paint, manufactured by a secret process, contains 
no solvents, and is transported in a solid, waxy form. 
No lead undercoat is required. When painting is to be 
done, the paint is placed in 4 tank, melted by electrical 
heaters, and is then forced by air pressure through the 
hose and nozzle. The spray gun can paint metallic 
surfaces at a rate of about 350 sq.ft. per hour. Antropahl 
paint is claimed to prevent corrosion for a considerably 


MAGNETIC CRACK DETECTION 
FOR DARK SURFACES. 


A maonetic “ fluid” for revealing fine cracks on 
dark ferrous surfaces by means of white lines has 
recently been produced by the Research Department 
of the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17. In the usual 
method of detecting the presence of such cracks, a 
fluid or fine oil containing small particles of magnetic 
iron oxide in suspension is applied to the surface, 
so that when the material is magnetised, or if there is 
sufficient residual magnetism, the particles are attracted 
towards the poles formed at the cracks. The manner 
in which the particles finally settle after the fluid has 
drained away reveals any cracks, by fine lines coloured 
usually red or black, according to the nature of the 
particles used. If no cracks or discontinuities are 
present, the particles drain away with the fluid. 

Two main requirements have to be met in this 
method of crack detection. Firstly, the particles 
must be buoyant in the fluid, for otherwise they will 
gravitate to the bottom of the fluid before a sufficient 
number have collected at the poles, and then the 
cracks will not be clearly defined. Secondly, there 
must be a reasonable colour contrast between the 
particles and the surface of the material under exami- 
nation. A fluid containing black oxide particles, for 
example, is suitable for use on light surfaces, but is 
less satisfactory on dark unmachined materials like 
forgings or black bars unless these are first painted 
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white. Red magnetic iron-oxide particles have been 
used to detect cracks on dark surfaces, but even so 
there has been a demand for greater colour contrast 
under these conditions, and there has been some diffi- 
culty in meeting both of the above-mentioned require- 
ments. This is because the white or suitably-coloured 
substances hitherto used, either as magnetic particles 
or as the means of tracing them, gravitated too quickly 
or became darkened when wetted. 

The magnetic fluid used to overcome this diffi- 
culty and to reveal the cracks by the presence of 
white lines, is paraffin or methylated spirit containing 
finely divided aluminium and iron-oxide powder in 
approximately equal parts by volume. The best mix- 
tures are obtained, apparently, by ball-milling the two 
powders together prior to mixing with the oil or 
spirit used. The white colour of the aluminium is not 
impaired by the suspending medium, and the metal 
powder is sufficiently light to ensure the slow settling 
required. In practice the fluid is applied to the dark 
surfaces of the material to be examined, and the 
iron-oxide particles are drawn to the poles formed at 
any cracks or discontinuities ; in so doing, they drag 
some of the aluminium particles with them, so that 
any cracks are shown up by the white lines due to 
the aluminium powder collected at the poles. The 
whiteness of these lines is enhanced by allowing ample 
time for draining, and a photograph of the grinding 
cracks revealed by using this fluid on a dark ferrous 
material is reproduced above. When the fluid is 
uséd on brightly finished or machined surfaces, the 
white lines produced at the cracks can still be detected, 
though for such surfaces the normal type of fluid 
containing black particles is more suitable. 





NEw Factory OF MESSRS. MAVOR AND COULSON, 
LIMITED.—The demand for belt conveyors has been 
increasing in recent years, and one of the manufacturers, 
Mesrrs. Mavor and Coulson, Limited, Bridgeton, Glasgow, 
has recently set up a new factory solely for making 
idler rollers. The new factory is situated at Farme Cross, 
Rutherglen, not far from the parent works at Glasgow, 





longer period than ordinary paint. 


ANNUALS AND REFERENCE BOOKS. 


Fire Protection and Accident Prevention Year Book.— 
The 1950 edition of this now well-established annual 
has recently made its appearance. It has been consi- 
derably enlarged and contains some 360 pages, as 
compared with 250 for the ninth or 1948-49 edition. 
Sections devoted to private and industrial fire brigades 
in this country and to fire-fighting organisations of the 
Dominions and Empire and of numerous foreign 
countries have been introduced. Payes have also 
been given to civil-defence matters, and the compre- 
hensive legal section has been completely re-arranged 
into two portions, the one dealing with fire-protection 
and the other with industrial accident-prevention 
subjects. The other main sections in the book, namely, 
the directory of public fire services and fire brigades 
in the United ve pone particulars of Government 
departments and of associations and institutions con- 
cerned with fire fighting; and technical and scientific 
data on fire engineering, hydraulics, etc., have all been 
thoroughly revised. The book is edited by Mr. 
Geoffrey F. D. Pratt and is published by “ Fire Protec- 
tion and Accident Prevention Review,” the proprietors 
of which are Benn Brothers, Limited, Bouverie House, 
Fleet-street, London, E.C.4. The price is 10s. 6d., 
including postage. 

University College Calendar—The Calendar of 
University of London, University College, for the session 
1949-50, contains all the well-known features, in addi- 
tion to complete and detailed prospectuses of the 
College Faculties of Arts and Science, Engineering, 
Laws and the Medical Sciences. These include lists 
of present and former members of the teaching staff, 
officers, and others connected with the College ; manage- 
ment and examination regulations; scholarships and 
prizes ; College societies and other matters of interest 
to the academic staff and present or intending students. 
A history of the College, since its foundation in 1826, 
and a copy of the Act of Parliament of 1905, which 
transferred the College to the University of London, 
are also included. Bound in its familiar buff-cloth 
covers the Calendar is obtainable, price 8s. 6d., postage 
included, from the secretary, University College London, 
Gower-street, W.C.1. It should, perhaps, be pointed 
out that the issue of the present edition of the Calendar 
is limited. 





CATALOGUES. 


Aluminium Castings and Forgings.—An illustrated 
booklet describing in elementary terms the various 
processes involved in the casting and forging of Hidu- 
minium alloys has been sent to us by High Duty Alloys, 
Limited, Slough, Buckinghamshire. 

Electric Trucks.—Messrs. Ransomes Sims and Jef- 
feries, Limited, Orwell Works, Ipswich, have recently 
issued a new edition of a catalogue containing 52 pages 
of descriptive matter, illustrations and dimensioned 
drawings of their range of electric trucks. 


Plastic Mouldings.—Much useful information on 
the design of lds for plastics, the maint of 
tools and the finishing and inspection of plastic mouldings 
is contained in a well-produced 40-page brochure issued 
by United Ebonite and Lorival, Limited, Little Lever, 
near Bolton, Lancashire. 


Safety Goggles and Face Shields.—Leafiets describing 
their ‘‘ Panorama” Perspex safety goggles and face 
shields for works use, have been issued by Stratford 
Products Safety Service Company, 98, Tower Bridge- 
road, London, S.E.1. The goggles and shields are 
moulded in one piece and are light in weight. 


Electric Batteries for Trucks.—We have received 
from the Chloride Electrical Storage Company, Limited, 
Clifton Junction, near Manchester, a brochure describing 
duties which can be performed by battery-powered trucks, 
and illustrating some typical lifting and transport 
operations. 


Sound-Amplifying Equipment.—The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, have issued an illustrated catalogue, describing 
amplifying, monitoring, remote-control and switching 
units, and how they can be assembled together in stan- 
dardised rack frames to provide microphone, gramophone, 
and radio amplification. 

Belt Conveyors.—We have received from the Mining 
Engineering Company, Limited, Meco Works, Worcester, 
two illustrated brochures, in one of which details are 
given of their trunk belt-conveyors for permanent or 
long-term installations, and in the other gate conveyors 
and face belt-conveyors and component parts. Another 
leaflet describes their troughed face belt-conveyor. 

Lubricants for Mining Machinery.—We have recently 
received from Messrs. British Jeffrey-Diamond, Limited, 
Wakefield, Yorkshire, a folder which gives details of the 
lubricants recommended for use with their mining 
machinery. A range of equivalent lubricants supplied 
by different manufacturers is quoted for each particular 








and covers an area of 64,000 sq. ft. 





purpose, the data being presented in tabular form. 
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LABOUR NOTES. 


Tuat deflation under duress is the only alternative 
to their policy of wage restraint, is the judgment of 
the Trades Union Congress general council on the 
economic situation, as given in their report on wages, 
which was published on Wednesday last. Such 
deflation, the report states, would mean mass unem- 
ployment, drastic wage cuts, and “ reductions in the 
standard of living of all our people.” The report 
contains a number of recommendations which will be 
presented to a special conference of officials of the 190 
unions affiliated to the T.U.C., which will meet in 
London on January 12, 1950. The general council’s 
wage-restraining policy is founded on the basis of 
there being no changes in wage rates during the coming 
year and that cost-of-living sliding-scale ments 
should be held in abeyance until Jan 1, 1951, at 
least, provided that the interim index of retail prices 
figure does not fall below 106 or rise above 118. The 
operation of this policy is limited by the recognition 
of the principles that the right of free collective bargain- 
ing must be maintained, that the Government must not 
impose a wage policy on industry, that the T.U.C. 
cannot im wage restrictions on their affiliated 
unions, and that the general council make no sugges- 
tions for a standstill on wages. 


There is insistence throughout the report that wage 
restraint does not mean a standstill on wages. The 
general council call upon managements and employees 
to make big increases in production during 1950. 
Acknowledging that indus has done well during 
1949, they ask that it should accomplish even more 
during the next twelve months. Explaining that 
increases in production would justify increases in 
wages, the general council state: ‘It is to be hoped 
that, as productivity increases throughout the coming 
year, the earnings of large sections of workpeople will 
be increased. The efforts of affiliated unions should 
be directed towards securing such developments over 
the whole range of employment.” Overall production 
during the first nine months of 1949 increased by 
approximately 7 per cent. above that for the corre- 
sponding period in 1948, and, for the manufacturing 
industries alone, the increase was nearly 8 per cent. 
Man-power, however, increased by under 1 per cent. 
during the two comparative periods, thus showing that 
the rate of productivity had shown a firm upward 
trend and this justified the steady rise in average 
earnings which had taken place. 


The general council express their satisfaction with 
these figures, but state that they “ have no hesitation 
in calling on the trade-union movement for renewed 
efforts and in demanding from employers a more 
adequate participation in collective endeavours to 
increase production.” While more production and 
improved efficiency cannot in themselves solve all 
the country’s problems, the general council consider 
that our rate of production is a dominant factor in 
determining the standard of living which we can afford. 
The recommendations in the report are put forward 
in the interests of the country as a whole and “ may 
well call for very real sacrifice.” The difficult position 
of employees who receive only low rates of wages, 
and the fact that wage adjustments are necessary 
periodically to secure man-power for undermanned 
basic industries, have been given special consideration 
by the general council. On the subject of cost-of- 
living arrangements, they state: “For unions with 
sliding-scale agreements, the position is complicated. 
No policy of general restraint can be accepted success- 
fully and applied in the general interest, if there is a 
body of workpeople who remain outside the range of 
its application.” 


Support for the wage-restraining policy of the 
Trades Union Congress was expressed by the general 
council of the Scottish Trades Union Congress in an 
announcement made on December 22. The statement, 
which was issued by Mr. G. Middleton, the secretary 
of the Scottish general council, at the conclusion of a 
council meeting in Glasgow, declared that the council 
desired to associate themselves with the T.U.C. recom- 
mendation that, as a result of devaluation, there was 
a greater need than ever for trade unions to exercise 
with restraint their traditional right to pursue wage 
claims. The statement continued that the council 
took the view “ that the desperately urgent appeal by 
the general council of the British T.U.C. was both 
timely and appropriate in the circumstances,” The 
council maintained, however, it was added, that 
special consideration must be given to the needs of the 
lower-paid employees, in accordance with the declared 
policy of the Scottish Trades Union Congress held at 
Aberdeen some months previously. Such consideration 
could be given to these operatives either by means of 
increases in their basic rates or, where practicable, the 
establishment of incentive schemes, or both. 





Some comments on the T.U.C. wage policy, made 
before the general council’s report on wages was 
available, are contained in The Monthly Journal of the 
Amalgamated Engineeri Union for December. 
While the attitude of its editorial to the T.U.C. policy 
on is not unsympathetic, the article declares 
that it is not the function of its columns to prejudge 
the consideration which the executive committees of 
the unions concerned must give to such claims as that 
which the A.E.U. and other unions in the engineeri 
and allied industries are putting forward through the 
Confederation of Shipbuilding and Engineering Unions. 
The real explanation of why the T.U.C. have assumed 
their present attitude on wages, the editorial states, is 
that “the resources of the country are not at present 
adequate to provide better conditions in wages and 
it will be a grim struggle to maintain the present 
standard of life.” 


“ Therefore,” the editorial continues, “‘ the T.U.C. 
have framed what they believe to be safeguards 
against a recurrence of such a calamity as deflation, 
and a restraint upon the dangers of inflation. It is 
in the light of these two perils that the unions have to 
weigh up the aims and consequences of the T.U.C. 
policy. Donot let us deceive ourselves about the reality 
of the present crisis. On the other hand, do not let us 
exaggerate its possibilities. If the stabilisation policy 
is rigorously and equitably applied by the unions, the 
stabilisation of prices, as well as the maintenance of 
the strong bargaining power of the unions can be 
maintained.” i the wage claims of the 
engineering industries, the editorial declares that 
“there can be no effective challenge to the assertion 
that our industries are making sufficient profits to 
justify our claim to a share in the increased produc- 
tivity of the industries.” The editorial concludes by 
stating that, for the first time, responsible trade-union 
leaders have had the courage to consider whether the 
contribution which the unions are asked to make in a 
dire economic emergency are justified to the extent 
of suspending long-established agreements and refrain- 
ing from the use of strong bargaining powers, in the 
interests of members. “It is up to the unions now.” 


The railway sRopmen’s demands for an unspecified 
but “‘ substantial ” increase in weekly wages, and higher 
pay for work on Saturday afternoons, were discussed 
at a meeting of the trade-union side of the Railway 
Shopmen’s National Council in London on December 21. 
No final decision on the course of action to be taken by 
the unions was reached, however, and the subject will 
be brought up again at the next meeting of the trade- 
union side of the Council, in January. These claims, 
which were put forward by the Confederation of Ship- 
building and Engineering Unions and the National 
Union of Railwaymen subsequently to the report of 
the railway Board of Conciliation on the railway 
shopmen, were rejected by the Railway Executive 
on November 25. About 140,000 employees in the 
railway workshops are affected. 


Membership figures of the Amalgamated Engineering 
Union have shown a steady upward trend for some 
time. Their total membership on November 30 was 
806,280, an increase during the month of 4,842. There 
were, on the same date, 2,395 branches. The number 
of members on benefit increased slightly during Novem- 
ber, reaching a total of 30,884 at the end of the month. 
This was equal to less than 4 per cent. of the Union’s 
full membership figure, quoted above. Of that total, 
6,842 members were in receipt of sick pay, 2,531 were 
receiving unemployment benefit, and there were 21,511 
on superannuation benefit. The number of persons 


belonging to the Union who were unemployed during | peca; 


November totalled 7,887, an increase of 4,387 on the 
figure for October. 


Difficulties which have arisen in connection with the 
plan for providing cheap coal to miners in Cumberland 
and of Lancashire were discussed at a meeting 
of the National Coal Board with officials of the National 
Union of Mineworkers, in London, on December 21. 
It had been proposed that miners in these areas should 
receive six tons of coal each at 24s. a ton, which price 
would represent less than half the cost at the pithead 
in Lancashire, and 30s. less than the pithead price in 
Cumberland. Miners in other areas were asked to 
make good, in proportion to the amount of coal received 
by them, the tonnage of coal to be supplied to the 
Cumberland and Lancashire miners, but no man was 
called upon to donate more than $ ton a year. The 
Board have insisted from the start of the negotiations 
on this question that the total of concessionary coal 
for the industry must not be increased and, therefore, 
that the coal for Cumberland and Lancashire must 
come from other areas. Although the plan was agreed 
to in principle some months ago, several areas have 
objected since, but the N.U.M. are understood to have 
certain adjustments under consideration. 





FUELS AND LUBRICANTS FOR 
PETROL, DIESEL AND GAS-TURBINE 
ENGINES.* 


By F. L. Garton. 


In this paper the author discusses some of the more 
interesting developments during the past few years 
in the utilisation of fuels and lubricants for internal- 
combustion engines, particularly those developments 
in which the ‘‘ Shell ” research laboratories at Thornton 
in England, Delft and Amsterdam in Holland, and 
Emeryville and Wood River in the United States, 
have played a part, although the paper is not confined 
to the results obtained in these laboratories. 

Military requirements during the past decade pro- 
duced several developments of practical importance, 
which have led to improvements in the power, economy 
and reliability of the various types of internal-combus- 
tion engines. In general, improved fuels permit an 
increase in power and economy, provided engines are 
designed to take advantage of such fuels, but have a 
relatively minor effect on reliability, while lubricating 
oils are more concerned with reliability than with 
power or economy, the higher quality oils giving longer 
periods between overhauls and reduced maintenance 
costs. The quality of Diesel and gas-turbine fuels, 
however, has a rather greater influence on reliability 
than in the case of lines. For a long time it was 
considered that deposits in the oil systems of engines 
were due largely to the lubricating oil; it is now 
known that this is not always true. For example, 
lacquer on piston skirts may be due partly to the use 
of an unsatisfactory fuel; in Diesel engines soot 
formed in the combustion chamber by incomplete 
combustion of the fuel may find its way into the 
lubricating oil. 

Crude oils from Middle East oilfields represent an 
increasing proportion of the world production of oil. 
This fact, coupled with the greater application of 
catalytic cracking processes to increase the production 
of higher-octane gasoline, will result in two important 
trends in quality. In the first place, the average sulphur 
content will tend to rise. It is, of course, possible to 
employ some form of treatment to reduce sulphur 
content, but this is expensive, and involves some loss 
of product. In the second place, there will be an 
increase in the percentage of butane produced. Various 
methods of utilising this butane in the manufacture of 
chemicals and for other purposes are under active 
consideration, but this has focused attention on the 
possibility of increasing the percentage included in 
motor gasoline, which would, of course, increase the 
vapour pressure of the latter. With the knowledge of 
vapour lock now available, it appears that something 
can be done along these lines. It is important that 
these two trends should be realised by the engine 
manufacturers, since it is only by close co-operation 
between the two industries that we can ensure the 
best utilisation of natural resources and the greatest 
service to engine users. 

The supply situation may also be affected by the 
advent of the gas turbine. It is not unlikely that the 
larger stationary and marine types will eventually be 
able to burn a fairly wide range of fuels, including 
blends containing high proportions of residual boiler 
fuels, in which case they will offer no serious problem. 
Aircraft gas turbines, however, are at present using 
kerosene-type fuels. A large-scale change-over from 
aviation gasoline to kerosene, particularly in the 
quantities required for extensive military operations, 
would almost certainly involve considerable alterations 
to existing refinery equipment. 

The anti-knock value of gasoline is one of its most 
important properties, particularly for aviation gasolines, 
use higher anti-knock value permits the use of 
higher compression ratios, or a higher degree of super- 
charge, giving higher power output, and, in the former 
case, better fuel economy. For many years the Motor 
Method octane number determined in a C.F.R. engine 
was used as a measure of anti-knock value for aviation 
and motor gasolines. It was found to be not entirely 
satisfactory for evaluating aviation gasolines, and the 
Aviation Method (formerly known as the 1-C or C.R.C. 
F-3 Method) was developed in the United States for this 
p . The Aviation Method employs a modified 
form of C.F.R. engine with different operating condi- 
tions, and also is based on the temperature rise in the 
combustion chamber due to knocking, rather than on 
audible knock as in the Motor Method. Both methods 
are carried out at maximum knock mixture strength, 
i.e., slightly richer than the theoretical mixture strength. 
So far as aviation gasolines are concerned, both methods 
give results roughly related to the anti-knock value 
under cruising conditions. Developments in the size, 
pay-load and range of aircraft increased the importance 





* Paper entitled “‘ Developments in the Utilisation of 
Engine Fuels and Lubricants,” received from the Shell 
Petroleum Company, Limited, Norman House, Strand, 
London, W.C.2. Abridged. 
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of fuel anti-knock value under take-off conditions, 
when a rich fuel-air mixture is used to obtain higher 
power for the relatively short take-off period. Under 
these conditions, neither method gives a satisfactory 
indication of anti-knock value. 

Fig. 1, on this page, is an example of a mixture 
response curve, which shows the way in which the 
power output, as limited by knocking, varies with 
mixture strength, the power being varied by alteration 
of the boost pressure. The Supercharged (3-C or 
C.R.C. F-4) Method is based on a comparison of the 
rich-mixture portions of the mixture response curves 
of the test fuel and reference fuel, and gives a good 
indication of anti-knock value under take-off conditions. 
Fig. 2 shows mixture response curves for two different 
fuels, from which it can be seen that rich- and weak- 
mixture ratings are not necessarily related. So far as 
weak-mixture knock rating is concerned, even the 
Aviation Method is not considered entirely satisfactory 
for aviation gasolines, and co-operative work is in 
progress to develop a more suitable method using a 
supercharged C.F.R. engine. 

The Motor Method is still used for specifying the 
anti-knock value of motor gasolines. In some respects 
the knock problem is more complicated in motor-car 
engines than in aircraft engines. The former operate 
over a much wider range of speed and load than the 
latter. For this reason, it is usual to design the 
distributor in such a way that the spark advance is 
automatically varied with speed and throttle opening, 
8o as to give earlier ignition at higher speeds, when the 
time available for combustion is shorter, and also at 
smaller throttle openings, when the tendency to 
knock is less. The dotted line in Fig. 3, shows the 
type of spark-advance/speed curve which is given 
by a normal car-engine distributor, with the throttle 
vacuum control out of action, i.e., with the centrifugal 
speed control only. By putting the automatic spark- 
advance mechanism out of action, and arranging for 
manual control, it is possible to determine the spark 
advance necessary to give incipient knock at various 
speeds, when a car is accelerated up an incline at full 
throttle. The curve thus obtained is called a. border- 
line knock curve, and an example is shown in the full 
line in Fig. 3, in comparison with the spark-advance 
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curve actually given by the distributor. Knock occurs 
within the shaded areas. By determining border-line 
knock curves of any desired test fuels, and also of a 
series of reference fuels of known octane number, a 
plot of the type shown in Fig. 4 is obtained. By 
interpolation between the reference-fuel curves the 
actual road knock rating of a test fuel can readily be 
determined at any speed of the car under test, as shown 
in Fig. 5, on page 712. Similarly, by superimposing the 
distributor spark-advance curve on Fig. 4, the octane 
requirement of the car at any speed can be read off, 
as in Fig. 6. In this way, a fairly complete picture 
of the actual road knock relationships of any combina- 
tion of car and fuel can be obtained. In practice such 
complete information is not always necessary, and in 
comparing cars frequently only the maximum octane 
requirement is quoted. 

The actual knock rating of any gasoline in practice 
depends on the severity of the operating conditions in 
the engine, tending to be higher under milder condi- 
tions; in the C.F.R. test engine these conditions are, 
of course, standardised for each method of test. The 
extent to which the knock rating of a fuel is increased 
under milder conditions is related to the chemical 
composition of the fuel. As a rough measure of “ fuel 
sensitivity,” the difference between the Research and 
Motor Method octane numbers is used; the Research 
Method is also determined with a C.F.R. engine, the 
jacket and mixture temperatures and speed being 
lower than in the Motor Method. Just as fuels differ 
in sensitivity, so do engines differ in the severity of the 
conditions to which they subject the fuel, i.e., the 
more sensitive fuels show a greater appreciation in 
knock rating over their Motor Method octane numbers, 
the less severe the engine. The road octane number 
of any gasoline will usually be between its Research 
and Motor Method ratings, the actual level in this range 
depending on the sensitivity of the fuel and the severity 
of the car engine. 
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Many years ago it was shown that knocking was due 
to the formation of certain active chemical compounds 
or radicals in the fuel-air mixture in the cylinder, these 
active radicals, etc., initiating a chain reaction and 
thus causing self-ignition of the unburnt gas ahead of 
the flame front in the last part of the mixture to burn, 
this ‘“‘ end-gas,” as it is called, having already been 
heated to a high temperature by the pressure developed 
by the combustion of the first part of the mixture to 
burn. The sudden and uncontrolled explosion resulting 
from this self-ignition causes an increase in temperature 
and pressure, and the audible vibrations which give 
rise to the term “‘ knock.” The experiments of Egerton 
and others had indicated that peroxides were intimately 
involved in knocking, but it was not clear whether the 
responsibility lay with the alkyl peroxides or with the 
nitrogen peroxide also found in gases sampled from 
engine cylinders. Following a suggestion of Professor 
R. G. W. Norrish of Cambridge University, some 
experiments were carried out for “‘ Shell” by Messrs. 
Ricardo and Company (Engineers 1927), Limited, in 
which an engine was operated using synthetic “air” 
containing argon instead of nitrogen. This synthetic 
air caused a slight increase in the highest useful com- 
pression ratio of the fuel, ic., the fuel apparently 
showed a slight increase in anti-knock value. It was 
suspected that this increase was due to the lower 
specific heat of argon. A subsequent experiment using 
a mixture of argon, carbon dioxide and oxygen, of the 
same specific heat as air, gave the same results as the 
latter, thus showing that detonation is not’ connected 
with the presence of nitrogen peroxide. 

Knocking occurs when the temperature and density 
of the “ end-gas ” in the cylinder reach levels at which 
self-ignition of the unburnt “‘end-gas” takes place. 
One method of reducing this temperature is to introduce 
an “ internal coolant ” such as water into the cylinder. 
The effect of the water is partly due to its high latent 
heat of vaporisation and partly to its high specific heat. 
The cooling effect of the water allows an increase in 
boost pressure in aircraft engines, with consequent 
increase in power. Addition of alcohol is necessary to 
provide a low freezing point for aircraft purposes, and 
alcohol-water mixtures are in any case more effective 
as internal coolants than water alone. The mixture is 
usually injected before the supercharger. Internal 
coolants have also been for use in automobile 
engines, and a device known as a “ Vitameter” is 
available in the United States for attaching between 
the carburettor and the intake manifold. Since auto- 
motive engines normally operate for most of the time at 
part throttle, it would be possible to use a lower octane 
gasoline, injecting the fluid only at large throttle 
openings. The Vitameter was developed by Thompson 
Products, Inc., and the fluid used is a mixture of water, 
methyl alcohol, ethyl fluid and a small percentage 
of an anti-corrosive agent. An alternative method 
under consideration is the use of a “dual-fuel” 
carburettor and a two-compartment tank containing 
high- and low-octane gasolines. The system is arranged 
to meter varying proportions of these two gasolines 
to the engine, according to the varying octane require- 
ments of the latter through the load and speed range. 

Ethyl fluid contains, in addition to tetra-ethyl lead, 
some form of “‘ scavenger” to remove lead compounds 
from the combustion chamber. During combustion, 
tetra-ethyl lead forms lead oxide, which has a very 
high boiling point, and therefore easily forms deposits 
on valves, spark plugs and other surfaces in the com- 
bustion chamber. Addition of ethylene dibromide to 
the tetra-ethyl lead causes most of the lead to form 
lead bromide instead of lead oxide during combustion. 
Lead bromide has a boiling point of 918 deg. C., which 
is below the maximum combustion temperature ; 
thus, most of the lead is removed in the exhaust. 
While ethylene dibromide is used in aviation ethyl 
fluid, a proportion of the cheaper ethylene dichloride 
may be used in ethyl fluid for motor gasoline. Lead 
chloride boils at 954 deg. C., and is therefore slightly 
less volatile than lead bromide. 

Although the greater portion of the lead compounds 
pass out of the engine with the exhaust, small deposits 
remain in the combustion chamber, consisting of 
mixtures of lead bromide (or chloride), lead oxide, and 
lead oxybromide (or oxychloride) in different propor- 
tions according to the temperature. At the high 
temperatures involved, this mixture can attack exhaust 
valves by forming deposits, and causing sticking and 
imperfect seating. Resistance to lead attack is really 
a metallurgical problem, and the difficulty can be 
overcome to some extent by the use of suitable valve 
materials. Austenitic steels containing high propor- 
tions of nickel and chromium are almost completely 
resistant to attack by lead compounds, and Bright- 
ray, an alloy of 80 per cent. nickel and 20 per cent. 
chromium, is also used, while Silchrome I has poor 
resistance to hot corrosion by lead salts. The trouble 
can be partly overcome by the use of a facing of Stellite. 
The “Shell” research laboratories at Thornton have 





developed a patented ternary valve coating of nickel, 





cobalt -.and haesiihthing which .has. given promising 
results im experiments with aircraft-engine valves. 
Pre-ighition is sometimes confused with knocking. 
It may have similar destructive effects on aircraft, 
engine pistons, but is quite different in origin. _ Pre- 


ignition is due to self-ignition of the fuel-air mixture | 


in the combustion chamber by hot particles of “carbon,” 
a hot exhaust valve, etc., and occurs before the spark ; 
while knocking occurs towards the end of the normal 
combustion i As pre-ignition occurs before the 
piston has started to move outwards it causes very rough 
running, and acts like a hammer blow on the piston. 
Although there are differences between the pre-ignition 
tendencies of fuels, engine design factors, particularly 
spark-plug design, have a greater influence than the 
fuel or the engine operating conditions. Adequate 
cooling of the spark plug and of other combustion- 
chamber surfaces is usually the best method of avoiding 
pre-ignition. 

A related phenomenon has been observed in some 
cars in the past few years. After switching off the igni- 
tion the engine continues to fire, sometimes for several 
minutes, due to self-ignition of the mixture. It 
differs from pre-ignition in that the ignition occurs 
after top dead centre, with the throttle at the slow- 
running or idling position ; if pre-ignition occurs, it is 
normally at full throttle. The recent incidence of 
this running-on may be connected with increases in 
compression ratio. Engine design appears to exert 
a greater effect on running-on than the fuel used. 
The critical factor appears to be the temperature of the 
fuel-air mixture at the end of compression, and any 
changes in engine design or operating conditions which 
will reduce this temperature will tend to reduce running- 
on. 

In order to ensure smooth running of multi-cylinder 
engines, it is essential that the fuel-air mixture should 
be distributed uniformly between the cylinders, both 

as regards quantity and quality of the mixture. Owing 
to the more symmetrical intake manifolds possible with 
radial engines, uniform distribution is somewhat easier 
to achieve than with in-line engines. In practice, the 
fuel-air mixture entering the cylinders is nearly, but not 
completely, in the gaseous state, and contains small 
droplets of the heavier ends of thé fuel. Uniform 
distribution of the gaseous portion of the mixture is 
relatively easy to attain, but uniform distribution of 
the unvaporised portion of the fuel is more difficult. 
The mixture usually develops a swirl in the inlet pipe 
to the manifold, and the droplets tend to be centrifuged 
out to a thin film on the walls. At the T- or Y-junctions 
in the inlet manifolds of in-line engines there is a 
tendency for more than the correct proportion of this 
liquid to enter one branch, causing one or more of the 
cylinders on this branch to run rich. Since rich 
mixtures tend to suppress knocking, the tendency to 
knock will be greater in those cylinders receiving too 
weak a mixture. 


The distillation end-point of aviation gasolines is | ; 
normally below 180 deg. C., while tetra-ethyl lead | y, 


boils at 200 deg. C. The tetra-ethyl lead will therefore 
tend to concentrate in the liquid fuel on the walls of the 
inlet manifold, and the cylinders receiving too rich a 
mixture will also receive more than their due proportion 
of tetra-ethy] lead, thus further emphasising differences 
in tendency to knock in the various cylinders. If mal- 
distribution is serious, the maximum permissible 
degree of supercharge, and hence the power output, 
of the engine must be reduced, to avoid knock in those 
cylinders showing the greatest tendency to knock. 
There may also be an increase in fuel consumption. 
Mal-distribution is much more serious in air 
engines than in automobile engines, owing to the higher 
tetra-ethyl lead content of aviation gasolines, the 
greater importance of maximum performance, and the 
more serious results of engine failure. The “‘ Shell” 
research laboratories at Thornton have carried out a 
considerable amount of work on this subject, and an 
example of the extent of mal-distribution found in 
actual tests with an in-line aircraft engine is shown in 
Fig. 7, on this page. The variation in mixture strength 
is much less than in tetra-ethyl lead content, the 
maximum spread in fuel-air ratio being only about 
4 per cent. in this test. Experiments with automobile 
engines have shown a maximum variation in tetra-ethyl 
lead between cylinders of the order of 35 per cent., 
using a fuel of rather high tetra-ethyl lead content ; 
the variations in fuel-air ratio were about 6 per cent. 
The quantity of lead compounds from the fuel 
deposited on the combustion-chamber surfaces naturally 
depends on the amount of lead passing through each 
cylinder. In aircraft engines the critical part is the 
spark plug, since the lead deposits may lead to shorting, 
and in severe cases stoppage of the engine. It has 
already been mentioned that tetra-ethyl lead, having a 
boiling point (200 deg. C.) above the end-point (below 
180 deg. C.) of aviation gasoline, tends to remain in 
the liquid entering the cylinders. The lead scavenger, 
ethylene dibromide, has a boiling point of 131 deg. C., 
and therefore enters the engine in the gaseous state. 
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Hence, if mal-distribution occurs, the cylinders receiving 
too high a proportion of tetra-ethyl lead receive a low 
proportion of ethylene dibromide, so that the tendency 
for lead deposits to be formed is greater in these 
cylinders. Experiments ul Thornton showed that 
spark-plug fouling could be minimised by improve- 
ments in fuel distribution, for example, by inserting a 
suitable deflector in the intake manifold to neutralise 
the natural swirl of the fuel-air mixture, or by maintain- 
the mixture temperature above a certain minimum 


“Vapour lock” is the term applied to an inter- 
ference with the smooth flow of fuel to the engine due 
to the release of gas and vapour from the fuel. The 
tendency of any material to form vapour is determined 
by its vapour » which varies with the tempera- 
ture, being higher the higher the temperature. Air 
has an appreciable solubility in petroleum fuels (of the 
order of 25 per cent. by volume at normal atmospheric 
temperatures in the case of gasoline), and the fuel in 
the tank of any engine is normally saturated with air. 
The total pressure exerted by a fuel i is the true vapour 

at the ambient temperature, plus the pressure 
due to the dissolved air. At the boiling point, the 
pressure due to dissolved air is nil, and the vapour 
pressure becomes equal to the ambient ure. 
the fuel flowing through the system is exposed to heat, 
or to a sudden reduction in pressure, as at a sharp 
bend, fuel vapour and dissolved air may be evolved, 
thus tending to restrict the flow of liquid fuel and 
cause vapour lock. The presence of pockets, corners, 
ete., where va and air can collect, accentuates the 
trouble. A form of vapour lock, sometimes called 
percolation, from its resemblance to the action of a 
coffee lator, can occur in cars’ during idling, 
for example, at a traffic stop-light, after a run at 
high speed in hot weather. Owing to the reduction 
in the rate of fuel flow, and the cessation of air flow 
over the engine, parts of the fuel system may be 
heated, and slugs of fuel, and vapour plus air, may 
alternately surge through the system, causing the engine 
to stop in severe cases, 

For specification purposes, etc., the vapour pressure 
of petroleum fuels is normally ed in the Reid 
apparatus at 100 deg. F. (37-8 deg. C.). Gasoline is 
composed of a large number of hydrocarbons with 
different boiling points. Hence, as “the lower boiling 
hydrocarbons are vaporised, the vapour pressure of 
the remaining fuel will decrease. The Reid vapour 
pressure is the air-free vapour pressure at a vapour- 
liquid ratio of 4:1. Actually it differs only slightly 
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from the vapour pressure at the point where vapour is 
initially formed. Fig. 8, above, shows g vapour pres- 
sure curve for a typical aviation gasoline of approxi- 
mately 7 lb. per square inch Reid vapour pressure 
(360 mm. of mercury). It can be seen Pom this that 
the contribution of dissolved air to the total pressure 
exerted by the fuel at sea-level is about 80 per cent. 
at 15 deg. C., 50 per cent. at 40 deg. C., etc. At lower 
atmospheric pressures (for example, at higher altitudes) 
it will be obvious that, since fuel vapour pressure plus 
the pressure due to dissolved air equals atmospheric 
pressure, the contribution of the dissolved air will 
decrease. Fig. 9, opposite, shows the variation of 
atmospheric pressure with altitude, and by comparing 
this curve with Fig. 8 it can be deduced that at 15 deg. C. 
the air contribution would be as shown in Table I, 
herewith. In practice, of course, atmospheric tempera-. 
ture decreases with altitude, causing a reduction in 
fuel vapour pressure, and taking, for example, a 
temperature of —5 deg. C. at 10,000 ft., the air contri- 
bution is increased from 72 per cent. at 15 deg. C. to 
90 per cent. at — 5 deg- These figures show, 
therefore, that due ottention must be paid to the effect 
of dissolved air in any consideration of vapour lock. 
The data given in Table I assume that equilibrium 
conditions are reached. Actually, during a climb, the 


TABLE I. 





Fuel, 


Conditions. Per cent. 








15 deg. C. and sea-level 
10,000 ft. 
Solera 20,000 ft. siz 
— 5 deg. C. oe 10,000 “ae 
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fuel temperature falls more slowly than the ambient 
air temperature, and furthermore air tends to —_ 
in supersaturated solution to a marked degree ; 

latter factor increases the air contribution above - 
figures given. The examples just discussed refer to 
the pol ++ wal in aircraft operation. In automobile 
service, altitudes are much lower, temperatures gener- 
ally higher, and gasolines more volatile, and the 
contribution of dissolved air to vapour lock is corre- 

spondingly less. 

The tendency for motor gasolines to become more 
volatile has already been mentioned. This need not 
lead to difficulties with vapour lock. By seasonal 
variation of vapour pressure, more butane being 
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included in the gasoline during the colder months, and 
less during the summer, the overall percentage of 
butane incorporated in the gasoline can be increased. 
At the present time fuel pumps are able to handle 
fairly considerable quantities of vapour without diffi- 
culty. It is suggested that car manufacturers should 
give careful consideration to the design of fuel pumps 
from this aspect, and to the layout of the fuel system, 
to avoid sharp bends and obstructions, and to prevent 
unnecessary heating by conduction or radiation from 
hot engine or chassis components. 

At the present time a considerable proportion of the 
Diesel engines in service require a distillate fuel of the 
gas-oil type ; indeed, a kerosene-type fuel is used in 
certain cases in the United States. Even the large 
slow-speed engines normally burn fuels containing 
fairly high proportions of gas oil. Now there are many 
competing demands for gas oil. It is largely used as a 
fuel for central heating, particularly in the United 
States, where consumption for this has in- 
creased by 68 per cent. between 1941 and 1947. The 
number of Diesel-engined locomotives on railroads in 
the United States increased from 800 in 1940 to more 
than 4,000 in 1947, causing an increase of over 150 per 
cent. in the consumption of distillate fuels for this 
Purpose. Gas oil is also used as charging stock for 
catalytic cracking plants to produce high-octane gaso- 
line. It would therefore be very desirable, from the 
overall supply angle,.for less gas oil and a higher 
proportion of residual fuel to be used in Diesel engines ; 
since residual fuel is normally cheaper than gas oil, 
this would result in some saving of money to the user. 
Further, the rapidly increasing demand for gas oil 
will make it increasingly difficult to segregate the 
relatively small proportion of high-cetane number gas 
oil for use in engines sensitive to fuel ignition quality, 
and it is therefore important that cetane requirements 
of the more sensitive automotive-type engines should 
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be kept as low as possible. As will be shown later, 


| this may not be entirely to the disadvantage of the 
| user. 


For some years, cetane number has been used as a 


| measure of the ignition quality of Diesel fuels, and in 


many quarters cetane number has been considered to 
have the same importance for Diesel fuels that octane 
number has for gasoline. Cetane number is defined 
as the percentage of cetane in that blend with alpha- 
methylnaphthalene, which gives the same ignition lag 
as the test fuel in the test engine. Cetane and alpha- 
methylnaphthalene are reference fuels of high and low 
ignition quality respectively. Cetane number is there- 
fore a measure of the tendency of a fuel to give rough 
running and Diesel knock, and also gives some indica- 
tion of the ease with which a given fuel permits starting 
at low temperatures. These two statements apply to 
normal Diese] fuels and are not necessarily true if the 
fuel contains additives, such as ethyl nitrate, etc., to 
improve ignition quality. 

One important point to remember is that while 
higher octane-number gasoline permits the use of 
higher compression ratios, with a consequent improve- 
ment in power and fuel consumption, a higher cetane- 
number fuel permits the use of lower compression 
ratios, which give lower efficiency, though admittedly 
some reduction in engine weight may thus be possible. 
Actually, certain types of Diesel engine, in which the 
fuel is injected across the combustion space into an 
air-cell, may give smoother running on low than on 
high cetane-number fuels, because the latter ignite 
before the fuel reaches the air-cell, and the mixing of 
air and fuel will be much less complete than if the 
fuel had reached the air-cell before igniting. In such 
a case, the higher cetane-number fuel may give exhaust 
smoke and a loss in power. Separate-chamber engines 
are generally less sensitive to fuel ignition quality than 
open-chamber engines, and can operate on lower 
cetane-number fuels without giving rise to knock or 
high maximum pressures. Another method of reducing 
ignition lag with low cetane-number fuels is by super- 
charging, as shown in Fig. 10, above. The 
higher maximum pressures due to supercharging can 
be reduced to a normal level by suitable adjustments 
to the injection timing, though with some loss in 
engine performance. 

Another factor which deserves attention is that, in 
general, better fuel consumption is obtained with the 
lower cetane-number fuels. Fig. 11 shows the results 
of tests in a direct-injection engine. One reason for 
this is that the lower cetane-number fuels are generally 
more aromatic in character, and therefore have higher 
specific gravities, and higher volumetric calorific values. 
However, even when the results are corrected for 
differences in calorific value, an advantage in con- 
sumption is still shown for the lower cetane-number 
fuels, as shown in Fig. 12. Relative specific fuel con- 
sumption on a weight basis is shown in Fig. 13. It 
follows from these results that, for the same fuel con- 
sumption, the lower cetane-number fuels will give a 
higher power output. 

The cetane number appears to affect the duration of 
combustion in certain types of engines. Now it can be 
shown that, for the same compression ratio, the con- 
stant-volume cycle shows a higher efficiency than the 





constant-pressure cycle, hence a reduction in the 
duration of combustion can give rise to an increase in 
efficiency. (There are, of course, good reasons why 
Diesel engines cannot be operated on a constant-volume 
cycle,) If the ignition delay in a Diesel engine were 
infinitely short, and the fuel ignited as it emerged from 
the nozzle, distribution of fuel throughout the com- 
bustion space and mixing with air would be exceedingly 
poor, giving poor combustion, smoke, and a loss in 
power. So far as the relationship between ignition 

uality and cold starting is concerned, it must be borne 
in mind that the fuel must flow readily at low tempera- 
tures, and hence “ pour point ” is an important factor. 
However, dewaxing a fuel to improve the pour point 
also involves removal of those hydrocarbons which 
have the highest cetane numbers, so that a compromise 
is often necessary. 

Knock in Diesel engines with fuels of low ignition 
quality is due to the fact that these fuels give rise to a 
relatively long ignition lag; hence a considerable 
amount of fuel has been injected into the cylinder by 
the time ignition starts, and it is the rapid, uncontrolled 
inflammation of this fuel which causes knock. One 
method of overcoming this difficulty, and permitting 
smooth operation with low cetane-number fuels, is by 
arranging to inject only a small quantity of fuel during 
the earlier part of the injection period, and to increase 
the rate after ignition has occurred. In the Atlas 
system, this is accomplished by the use of a two-stage 
cam in the fuel pump, and a speciall y-designed injection 
valve. A particular case of controlled injection is 
pilot injection, in which a small amount of fuel is 
Injected before the main charge. 

It has already been mentioned that separate-chamber 
engines are less sensitive to fuel ignition quality than 
open-chamber types. The former are, however, some- 
what more difficult to start at low temperatures. One 
method of overcoming this difficulty, without the use 
of heater plugs, is the Pintaux nozzle,* patented jointly 
by Messrs. C.A.V., Limited, and Messrs. Ricardo and 
Company (Engineers 1927), Limited. Recent experi- 
mental work has shown that the hottest zone of the 
separate chamber on starting is outside the normal 
spray path. The Pintaux nozzle is designed so that 
on starting (i.e., at slow speeds) partial lifting of the 
needle valve permits a side spray of fuel into the 
hottest zone of the chamber, thus fatilitating starting. 
As the speed increases, the full lift of the needle valve 
results in most of the fuel spraying through the normal 
nozzle, though some delivery through the auxiliary 
nozzle acts as a pilot charge, thus reducing combustion 
noise to some extent. 

Owing to the longer time available for combustion 
in the lower-speed Diesel engines, such as are used in 
stationary and marine service, these engines are less 
critical in their fuel requirements than the higher-speed 
engines. Large marine Diesel engines normally burn 
a mixture of residual and distillate fuels, containing a 
fairly high proportion of the latter. There are obvious 
advantages to be gained in the shape of lower fuel 
costs, if engines of this type can burn residual fuels 
(boiler fuels), or, at any rate, blends containing high 
proportions of boiler fuel. Considerable success on 
these lines has already been achieved.t Previous 
attempts to use residual fuels in Diesel engines had 
failed owing to the deposition of carbonaceous material 
on injection valves, the piston-ring belt, etc. Experi- 
ments were started on a single cylinder Hawthorn- 
Werkspoor unit at the works of Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited. When the 
conditions necessary for satisfactory operation on 
residual fuel had been determined, full-scale service 
trials were made on the M.V. Auricula, a tanker owned 
by the Anglo-Saxon Petroleum Company, Limited, 
of the Royal Dutch Shell Group. This tanker has now 
been operating on residual fuel for over three years, 
with very satisfactory results. The engine is a 
Hawthorn-Werkspoor four-cycle single-acting eight- 
cylinder engine, supercharged and with mechanical 
injection, of 4,000 indicated horse-power; it is of 
standard design, constructed to operate on marine 
Diesel fuel. Most of the residual fuel used in the 
M.V. Auricula has a Redwood 1 viscosity at 100 deg. F. 
of about 1,500 seconds, with approximately 2} per cent. 
sulphur and over 10 per cent. Conradson carbon 
residue. It is treated in the ship in a de Laval purifying 
plant, comprising a purifier and clarifier, which remove 
water and insoluble material. On the maiden voyage 
the fuel consumption was 0-322 Ib. per indicated horse- 
power per hour, with the residual fuel, compared with 
0-320 Ib. with marine Diesel fuel. All temperatures 
and pressures are the same as when using marine 
Diesel fuel. The exhaust is only very slightly coloured, 
the gases being quite invisible at 2 to 3 ft. above the top 
of the funnel, even at 5 per cent. above rated power. 
During the early trials, several observers considered 
that the gases were clearer with the heavy fuel. No 





* See ENGINEERING, vol. 166, page 621 (1948). 
t+ See page 263, ante. 
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difficulties have been experienced with deposits on fuel- 
injection valves, pistons or piston rings, and wear of 
cylinder liners and piston rings is only slightly worse 
than when using marine Diesel fuel. 

Unlike fuels, which as already stated, are concerned 
largely with power and economy, lubricating oils are 
related more to reliability of operation, as evidenced 
by freedom from objectionable deposits on engine sur- 
faces, wear, bearing corrosion, etc. Indirectly, the 
lubricating oil can have some effect on economy, since 
the formation of deposits may influence oil-change 
and overhaul periods ; sticking of piston rings leads 
to an increase in blow-by, and hence to loss of power 
and higher fuel consumption. The main property of 
the oil affecting lubricating-oil consumption is the 
viscosity, which is easily controlled; engine design 
and condition also, of course, have a marked in- 
fluence. 

Engine lubricating oils have two principal functions 
to fulfil. They must, under all operating conditions, 
provide a thin fluid film between adjacent surfaces in 
relative motion, and thus reduce friction and wear, 
and they must also assist in cooling heated surfaces ; 
in so doing the lubricant becomes heated. During 
the power stroke, the thin film of lubricant on the 
upper part of the cylinder wall is subjected to the 
action of the flame, a portion of the film being burnt 
off, and the remainder is thermally decom It 
will readily be seen that these conditions are ideal for 
the formation of unsaturated hydrocarbons, which 
can then polymerise to products of high molecular 
weight, and, in the presence of the oxygen in the 
combustion space, can give rise to organic acids, 
oxy-acids, etc. Furthermore, partial decomposition 
and partial oxidation products (including oxides of 
sulphur), and soot, produced during the combustion 
of the fuel, can find their way via blow-by into the 
crankcase oil. Viewed from this angle, modern 
engines make considerable demands on the lubricating 
oil. It must be remembered that hydrocarbon oils 
derived from petroleum provide the largest and cheapest 
source of lubricating oils, and, so far as can be seen, will 
continue to do so for a long time to come. Hydro- 


carbons have certain fairly definite limitations with 
regard to thermal and oxidation stability, though this 
does not mean that existing oils cannot be improved 
by alterations in refining methods, the use of additives, 
ete. 
Any given lubricating oil is composed of a pe 
0 


large 
number of hydrocarbons of various types and molecular 
weights. It will be evident, therefore that a large 
number of quite complicated chemical reactions involv- 
ing the lubricating oil can occur in an engine. These 
reactions will depend on temperature, exposure to 
oxidation, presence of fuel, and decomposition products 
of the latter, and on catalysis by metallic of the 
engine. The rate of deterioration of the oil in service, 
and the formation of deposits and corrosive products, 
depend to a great extent on the particular engine and 
operating conditions. Close co-operation between the 
oil and engine industries is therefore very desirable. 

Unfortunately, it has not proved possible in all cases 
to ensure satisfactory ormance on the basis of 
simple laboratory tests, and in certain cases engine 
tests must, for the present at least, be the final criterion 
of suitability, and these engine tests are often expensive 
and time-consuming. It has been the general experi- 
ence of all who have undertaken engine tests on 
lubricating oils, that it is quite difficult to achieve good 
reproducibility in such tests. All conditions have 
to be very carefully controlled, and particular attention 
must be given to engine maintenance between tests, 
as regards clearances, conditions of surfaces, etc. In 
developing improved engine lubricants the usual 
procedure is for a rough selection to be made on the 
basis of laboratory tests. These are followed up by 
tests in small single-cylinder engines operated under 
conditions designed to accentuate the desired improve- 
ment in the oil, and finally by duration tests in full-scale 
engines under normal operating conditions. 

The effect of the fuel on engine deposits has already 
been mentioned. A rough indication of the relative 
effects of oil, fuel, and operating temperatures in spark- 
ignition engines is shown diagrammatically in Fig. 14. 
At high operating temperatures, such as may occur in 
aircraft engines and in heavy-duty trucks, conditions 
are favourable for oxidation of the lubricating oil, 
particularly under the piston crown, around the ring 
belt, and in the upper, hotter part of the crankcase. 
Such conditions tend to cause sticking of piston rings, 
and formation of lacquer-like deposits on piston skirts, 
etc. Even under high temperature conditions, the 
fuel tends to have a rather greater effect on deposits in 
Diesel than in spark-ignition engines. In the former 
case a less volatile fuel is delivered to the combustion 
space in the form of a spray which has to be brought 
into intimate contact with the air throughout the 
combustion space. There is also the possibility of 
imperfect spray formation due to wear, maladjustment 
of, and deposits on, the injectors. All these factors 
tend to make combustion less complete in the Diesel 
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engine, and therefore increase the relative effect of 
the fuel on deposits, etc. 

At low operating temperatures, for example, “ stop- 
and-go” driving in cold weather, fuel and its partial 
oxidation products, and moisture containing carbon 
dioxide and oxides of sulphur from combustion, will 
condense and pass into the oil in the crankcase, together 
with soot from blow-by and lead compounds when 
leaded gasoline is used. Under these conditions the 
fuel will obviously have a greater effect, and it is 
these conditions which promote formation of sludge, 
which is a partly-emulsified mixture of lubricating oil, 
water, and “soot,” stabilised by oxidation seoleie 
of the lubricating oil and fuel. is type of sludge is 
sometimes called “mayonnaise” sludge from its 
resemblance in consistency (though not in colour !) to 
mayonnaise. A type of so-called “ sludge,” sometimes 
termed “coffee grounds” sludge, is formed under 
quite different conditions. It is due to carbonisation 
of the oil on the underside of the piston, followed by 
flaking-off of the deposit, which falls into the oil in the 
crankcase. This “ coffee-grounds ” sludge has occurred 
in certain heavy-duty truck engines, particularly of the 
cab-over-engine type, where engine temperatures tend 
to be high. 

While the full chemical composition of the complex 
mixtures which these deposits comprise is not known, 
it is possible to distinguish between them by chemical 
analysis. Crankcase sludges, and the material preci- 
pitated from used oils by 60/80 petroleum spirit, usually 
contain relatively small proportions of oxygen, of the 
order of 10 per cent. The oxidation probably occurs 
in the liquid phase. Lacquer contains about twice as 
much oxygen, and appears to be composed largely of 
oxy-acids ; it is probably formed by oxidation in the 
vapour phase. Its solubility in organic solvents may 
vary considerably, and in some cases, the lacquer 
initially deposited may be changed under the continued 
action of heat to a much less soluble material. Deposits 
on the upper part of the piston (ring-belt, etc.) may 
contain about 35 to 40 per cent. of oxygen, and are 
partly soluble in aqueous caustic potash. They appear 
to be formed by oxidation of the oil in situ at the metal 
inter-face. 

Piston-crown deposits, in the case of engines operating 
on leaded gasolines, consist mainly of lead compounds. 
With clear gasolines and in Diesel engines these deposits 
consist of material with a high content of carbon and 
low hydrogen and oxygen contents. The black 
insoluble material in used lubricating oil seems to 
be derived largely from the fuel. Its X-ray diagram 
closely resembles that of carbon black, and the primary 
particles of insoluble carbonaceous material found in 
used lubricating oils are of about the same size (about 
1 micron) as the soot particles in the exhaust. In some 
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cases these particles in the oil tend to cluster together 
into larger aggregates on continued operation. 

In aircraft engines the oil passing through hollow 
crankpins is subjected to centrifugal force, and a 
slimy greyish sludge gradually builds up in the hollow 
space. A similar deposit may be formed in any part 
of the engine where the oil is subjected to centrifugal 
force, for example, in centrifugal clutches. These 
deposits consist largely of lead compounds derived 
from the fuel, and wear particles, together with some 
carbonaceous material. The metallic constituents 
are of high ific gravity and represent the most easily 
caittah Gatien the oil insolubles ; only a small 
fraction of the total oil insolubles is centrifuged out 
in hollow crankpins. Owing to the high specific 
gravity of the centrifuged material, and the high 
centrifugal forces involved (in some cases as high as 
20,000 g), there is little of finding any additive 
which, when added to the oil, would keep the metallic 
constituents in suspension. The only practicable 
method of reducing such deposits appears, therefore, 
to be by some form of mechanical removal. : 

Particularly during the last 15 years or so, consider- 
able improvements have been made in the direction 
of minimising difficulties from — deposits, along the 
lines of improved refining methods, and by mixing 
small quantities of certain additives with the oil. 
Oils differ in their response to such additives, and it is 
therefore necessary to consider oil and additive in 
relation to each other. In general, the base oil must 
be of high quality, and there is no question of trans- 
forming a poor oil into a high-quality oil by simple 
addition of an additive. Experiments have been made 
with a very large number of different additives. So 
far as deposits are concerned, they may have various 
modes of action. They may reduce the rate of oxida- 
tion of the oil, diminish the catalytic effect of metals 
such as iron, copper, etc., on the rate of oxidation, 
and exert a detergent action, ie., keep insoluble 
matter in suspension in the oil instead of allowing 
it to deposit on engine parts. Copper is an especially 
active catalyst, and the use of copper or copper alloys 
in oil systems should be avoided wherever possible. 
Oils with good detergent properties, by holding insoluble 
matter in suspension, may me darker in use than 
oils of poor detergency ; the criterion of performance 
must therefore be the condition of the engine rather 
than that of the used oil. An unnecessarily high degree 
of detergency may be a disadvantage in some cases. 
A thin of lacquer may protect the metal surfaces 
from wear, by providing some measure of “‘ embedda- 
bility ” for abrasive particles, decrease corrosion, and 
reduce the catalytic effect of metal parts on the rate of 
oil oxidation. detergency is, however, important 
in certain types of heavy-duty Diesel engines, where 
insoluble materials from incomplete combustion have 
to be kept from depositing on engine parts, for example, 
causing lacquer and sticking of piston rings. Engine 
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deposits generally can be reduced by adequate ventila- 
tion of the crankcase, which helps to remove volatile 
acids, water, etc., this process being assisted by keeping 
oil-sump temperatures at about 80 deg. C., and jacket 
temperatures at about 70 to 80 deg. C. These condi- 
tions also tend to reduce corrosive wear. For these 
reasons, the question of adequate crankcase ventilation 
deserves careful attention by engine manufacturers. 

Two different types of corrosion must be distin- 
guished. Corrosion of ferrous-metal parts may occur, 
partieularly at low temperatures or when the engine 
is out of use, owing to condensation of moisture 
containing carbon dioxide, oxides of sulphur, and, in 
the case of spark-ignition engines, of hydrobromic or 
hydrochloric acid from the ethylene dibromide or 
dichloride in leaded gasoline. This type of corrosion 
may occur in pistons, crankcases, valve-cover plates, 
etc., and can be overcome by the use of an additive 
in the oil. Owing to the highly corrosive nature of 
hydrobromic and hydrochloric acids, not only on iron 
but on aluminium alloys, special anti-corrosive fluids 
have been developed for coating the internal surfaces 
of aircraft engines which are to be stored for consider- 
able periods. 

As engine performance was improved and bearing 
temperatures and loads were therefore increased, 
babbitt was replaced as a bearing metal in many 
engines by alloys of more satisfactory mechanical 
properties. Such alloys as copper-lead, cadmium-silver, 
cadmium-nickel, etc., have been used. One of the first 
applications of these new bearing alloys happened to 
coincide with the introduction of solvent-extracted 
oils which in many respects had superior properties. 
The resulting outbreak, in some cases, of severe corro- 
sion of these alloy bearings emphasised the importance 
of close co-operation between the engine manufacturers 
and the oil industry. This trouble, which was particu- 
larly evident in new cars operated under high-tempera- 
ture conditions, was found to be due to organic acids 
formed by catalytic oxidation of the oil. After a few 
thousand miles, bearing corrosion ceased even under 
the severest conditions, and after fitting new bearing 
shells, thus showing that the catalytic action was not 
due to the bearing metals alone. After a period of 
operation the engine surfaces generally become coated 
with a very thin film of lacquer, which effectively 
prevents catalysis of oil oxidation. Corrosion of 
alloy bearings is only liable to occur when engine 
temperatures are sufficiently high. In those engines 
where temperatures are below the critical values, even 
potentially corrosive oils give no trouble of this kind. 
Where corrosion is liable to occur it can be overcome 
by careful attention to the method of refining, and by 
the use of suitable additives. 

Engine wear may be of two types, corrosive wear 
due to condensation of moisture containing products 
of incomplete combustion, carbon dioxide and oxides 
of sulphur ; and abrasive wear. As stated earlier, the 
former can be reduced by keeping engine temperatures 
from falling too low and by good crankcase ventilation. 
Abrasive wear is easily affected by accidental, often 
uncentrollable, factors, and for this reason it is very 
difficult to secure good reproducibility in wear tests 
in engines. The condition and composition of the 
rubbing surfaces, and distortion at high temperatures, 
have a considerable effect on wear. Where airborne 
dust is encountered, efficient air filters are essential 
to avoid excessive wear. Certain lubricating-oil 
additives can reduce wear. Some of these have the 
interesting property of increasing wear with a new 
engine, and reducing wear when the surfaces have 
become smooth. They are thus able to speed up 
running-in and to keep down wear thereafter. 

As atmospheric temperatures decrease, starting tends 
to become more difficult due to the fact that the viscosity 
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of the lubricating oil increases. It is for this reason that 
lower-viscosity oils are used in winter than in summer. 
The rate at which the viscosity changes with tempera- 
ture depends on the type of oil, and is commonly 
expressed in terms of viscosity index, which is based 
on the viscosity of the oil at two temperatures : 
100 deg. F. (37-8 deg. C.) and 210 deg. F. (98-9 deg. C.), 
a certain Pennsylvanian oil, with a relatively low- 
viscosity temperature coefficient being taken as 
100 viscosity index, and a certain Gulf Coast oil of 
relatively high-viscosity temperature coefficient as 
0 viscosity index. Other things being equal, of two 
oils with the same viscosity at engine operating 
temperature, that with the higher viscosity index will 
show easier starting at low temperatures. The intro- 
duction of solvent-extracted oils of high-viscosity index 
has resulted in a general improvement in ease of 
starting. Fig. 15, on the opposite page, shows viscosity- 
temperature curves for two oils with viscosity indices 
of 70 and 100 plotted on an A.S.T.M. chart, in which 
the scales are chosen so that straight lines are obtained. 

In certain applications a very high-viscosity index 
may not be necessary, owing to the conditions of 
operation, and in some cases oils of lower viscosity 
index may show other advantages, and can therefore 
be used where cold starting is not a critical factor. 
Higher viscosity index involves an increase in cost 
and also some loss of oil, so that economic considera- 
tions enter into the picture. At still lower atmospheric 
temperatures, the effect of the fuel on ease of starting 
increases, the temperature at which this effect becomes 
appreciable being higher in the case of Diesel than of 
spark-ignition engines. In gasoline engines a start 
will not be possible if, at the temperature concerned, the 
fuel-air mixture entering the engine is weaker than the 
lower explosive limit; under these conditions some 
form of artificial heating is necessary. In the case of 

i engines, the Worth system may be used, in 
which a portion of the lubricating oil is diluted with 
gasoline before starting at low temperatures, the 
gasoline being vaporised as the engine warms up; 
this may be coupled with the injection of a special fuel 
of high volatility. 

Conditions of operation in gas turbines are quite 
different from those in reciprocating engines, and it 
may be of interest to mention some of the trends in 
development of gas-turbine fuels and lubricants. Gas 
turbines are in a fairly early stage of practical applica- 
tion, and it can be expected that considerable develop- 
ments will occur as experience is gained. ‘“ Shell ” 
research laboratories at Thornton, Emeryville and 
Wood River have for several years been carrying out 
research on fuels and lubricants for aircraft gas turbines, 
and two more large laboratories for studies in connec- 
tion with the larger stationary and marine types are 
under construction, one at Accrington near Thornton, 
the other at Whitchurch near Aylesbury. One of the 
tankers recently completed for the Anglo-Saxon 
Petroleum Company is to have one of its four Diesel 
engines replaced by a gas turbine. 

As in the case of other internal-combustion engines 
the larger, stationary types are less critical in their fuel 
and lubricant requirements than the aircraft types. 
From the twin viewpoints of economy and supply it is 
desirable that the usage of distillate fuel should be kept 
toa minimum. One large gas turbine has already been 
operated successfully on a fuel containing about 70 per 
cent. of “‘ C ” grade boiler fuel, and having a Redwood 1 
viscosity at 100 deg. F. of about 2,300 seconds ; even 
heavier fuels have been used experimentally. These 
large units do not appear to be particularly critical in 
their lubricant requirements, and normal steam-turbine 
oils have proved satisfactory. 

Aircraft gas turbines have been operated on various 
fuels from 100 octane number leaded aviation gasoline 





to Diesel fuel, but the fuel generally used at present is 
kerosene. Engine development no doubt started on 
the latter through the desire to use a “ safe” fuel of 
fairly high flash wae and also to avoid possible 
complications which might arise from the use of heavier 
fuels. At present the supply of kerosene is relatively 
small, the yield being only about 5 or 6 per cent. on 
the crude oil as compared with about 50 per cent. of 

line, and there are also well-established demands 
or kerosene for lighting, heating, cooking, and for 
agricultural tractors. From the supply angle, a wide 
boiling-range fuel, for example 65 to 300 deg. C., would 
be preferable, particularly since this would include a 
proportion of the less volatile fractions of gasoline, 
which aircraft gas-turbine fuel would replace. This 
wide-range fuel would have a flash point somewhat 
above that of gasoline, though considerably below that 
of kerosene. : 

Owing to the relatively high fuel consumption of gas 
turbines, good combustion efficiency is important. The 
combustion efficiency is defined as the amount of heat 
actually released in the combustion chamber, so ag 
as a percentage of the heat theoretically available from 
the complete combustion of the fuel. The method used 
at Thornton for measuring combustion efficiency is 
based on accurate analysis of the exhaust gas for carbon 
dioxide, supplemented where necessary by determina- 
tion of carbon monoxide and hydrocarbons. Special 
problems arise owing to the high air-fuel ratios, and 
the usual absorption methods are unsatisfactory. For 
accurate work a vacuum method is used, involving 
fractional condensation and combustion of each con- 
stituent. Combustion loss is negligible below about 
30:1 air-fuel ratio, but increases nearly linearly with 
air-fuel ratio above this. With one or two exceptions 
the combustion loss does not appear to depend on the 
composition of the fuel. ; 

It will also follow that for aircraft gas-turbines the 
calorific value of the fuel should be as high as possible, 
In high-speed fighter aircraft, which for aerodynamic 
reasons have thin wing sections, the limiting factor is 
fuel-tank capacity, and it is the volumetric calorific 
value which is important. This increases with the specific 
gravity, so that the more aromatic fuels are advantage- 
ous from this viewpoint. On the other hand, in applica- 
tions where fuel weight in relation to payload is the 
criterion, a high mass calorific value is advantageous, 
and a paraffinic fuel would be preferred. In reciprocat- 
ing engines, efficiency is based on the net calorific value, 
since the steam formed during combustion is not con- 
densed. In the jet aircraft this steam, by virtue of 
its mass, adds to the thrust, and the operative calorific 
value lies between the net and the gross values. — 

It will be appreciated that gas turbines require very 
large quantities of air, and hence gas velocities in the 
combustion chambers are high. Flame speed is there- 
fore important, since, if it is too low, the flame may 
blow out. This may occur at high altitude (where the 
pressure is low) at weak mixture strengths. Fig. 16, op- 
posite, shows typical blow-out curves, combustion being 
stable within the curves. Experiments in a single full- 
scale combustion chamber have indicated that at high 
air flows the weak-mixture blow-out limits do not 
correlate with either volatility or viscosity. At low 
air flows, where atomisation is relatively poor, a reason- 
able correlation was obtained between 10 vd cent. 
distillation point and the minimum critical fuel flow. 
The flame should be of satisfactory shape ; if it is too 
long, burning of the turbine blades may occur. is is 
partly a question of design; at present very little 
information on the effects of the composition and 

roperties of the fuel on flame dimensions is available. 
a small-scale laboratory experiments at Thornton 
on the effect of mixture strength, very noisy flames were 
observed under certain conditions. A similar pheno- 
menon afose in experimental work on full-scale gas 
turbines. : i 

One of the limiting factors in gas-turbine operation 
is the formation of carbon on the internal surfaces of 
the combustion chambers. This carbon acts as an 
insulator of heat, and can lead to buckling, and eventu- 
ally to failure of the flame tube. Carbon formation 
tends to be greater the higher the aromatic content of 
the fuel, as shown in Fig. 17, opposite. There are 
also some indications that a high sulphur content 
increases carbon formation. 

In view of the fact that gas-turbine aircraft show to 
particular advantage at high altitudes, where tem- 

ratures are low, aircraft gas-turbine fuels must have 

ow pour points. At these low temperatures, too, 
clogging of filters may occur, owing to the separation 
of solid hydrocarbons or of ice from water dissolved in 
the fuel. So far as the fuel itself is concerned, the 
cloud point gives a fair indication of the temperature 
at which filter clogging may occur. Where the clogging 
is due to separation of ice there is a rough relationship 
between clogging tendency and the solubility of water 
in the fuel; this might be expected since fuels are 
normally saturated with water. 

The relative fire hazards of different types of fuels 
have been the subject of much discussion, and it may 
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be that a final answer will have to await the accumula- 
tion of more practical data on aircraft fires. So far as 
ignition by a flame or spark is concerned, ignition will 
only occur if the volatility of the fuel is such that the 
fuel-air mixture in the neighbourhood of the igniting 
source lies within the inflammability limits of the fuel. 
These limits vary with the pressure of the mixture. 
Fig. 18, on page 715, shows the relationship between 
flash-point and Reid vapour pressure, while Fig. 19 
gives the inflammability limits of aviation gasoline 
and of kerosene as a function of altitude. It will be 
seen from Fig. 19 that, from the viewpoint of ignition 
in the fuel tank during flight, gasoline may actually be 
safer than kerosene, because over a considerable pro- 
portion of the operating range of altitude and tempera- 
ture, gasoline gives fuel-air mixtures which are too rich 
to ignite. In the case of a crash, however, the rate of 
spread of flame is important. This rate is greater with 
the more volatile fuels, and it has been shown experi- 
mentally that this rate is much reduced if the vapour 
pressure of the fuel is less than 8 mm. of mercury, at 
the temperature concerned. Another factor to be 
considered is the possibility of self-ignition on hot 
surfaces in the absence of a flame or spark. Table IT 
gives spontaneous ignition temperatures for several 


TABLE II. 





Spontaneous Ignition 


Fuel or Oil Temperature, deg. C. 





D.E.D. 2472B oil 
D.T.D., 44D oil 
Gas oil .. a 
Aviation kerosene 
100 O.N. gas 


355 
430 
595 
650 
725 





fuels and oils. It will be seen that self-ignition occurs 
at lower temperatures with the less volatile materials. 
It will now be evident why it is difficult to say 
definitely which is the safest type of fuel. 

The lubrication conditions in aircraft gas-turbine 
engines differ considerably from those in reciprocating 
engines. The main components to be lubricated are 
the compressor and turbine bearings, and the various 
bearings and gears of the gearbox and auxiliary drives. 
For the compressor and turbine bearings, ball bearings 
are normally used. The highest operating tempera- 
tures, 125 deg. C. to 150 deg. C., are reached in the 
turbine bearing. When the engine is stopped, heat 
may flow from the hot turbine blades through the disc 
to the turbine bearing, resulting in temperatures up to 
200 deg. C. for a short period. So far it has not been 
necessary to use anti-oxidant, anti-corrosion or deter- 
gent additives in the oil, though the picture might be 
changed in the future if bearing temperatures increase. 
Owing to the low temperatures encountered at high 
altitudes, the oil must have a low pour point, and not 
too high a viscosity at low temperatures. In general, 
the oils used for simple gas-turbine jet-propulsion units 
have viscosities of the order of 3 to 9 centistokes at 
210 deg. F. (99 deg. C.); hydraulic oils to D.T.D. 44D 
specification have been most widely used. 

In propeller turbine engines, reduction gearing is 
ni owing to the considerable difference between 
the turbine speed and practicable propeller speeds. 
This reduction gearing may be quite heavily loaded, 
and tooth loadings approaching 4,000 Ib. per inch are 
being considered. The oil for the reduction gearing 
may therefore require to have some extreme pressure 
properties, in which the low-viscosity oils are somewhat 
deficient. Bronze cages are normally used for turbine 
ball bearings, and it is important that any extreme 
pressure additive should not corrode bronze, otherwise 
an increase in friction and wear, and possibly complete 
failure of the bearing may result. 

The author would like to express his thanks to the 
directors of the Shell Petroleum Company, Limited, 
fer permission to present this paper, and to various 
colleagues for helpful criticism. 
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NOTES ON NEW BOOKS. 


Hot-Tinning. By W. E. Hoang, B.Sc. (Eng.), F.1.M., 
A.I.P.E. The Tin Research Institute, Fraser-road, 
Greenford, Middlesex. [Gratis.] 


Tuis is essentially a practical book, designed to give 
the working details which are necessary for the pro- 
duction of hot-tinned coating upon a variety of pro- 
ducts. The whole process of tinning is traced with 
great clarity through the stages of cleaning, pickling, 
fluxing, tin-dipping, manipulation and __ finishing. 
Separate chapters deal with the tinning of steel, cast 
iron, and copper, and reference is made to the tinning 
of brasses, bronzes, alloy steels and aluminium. Tinning 
with tin-lead alloys is also mentioned, and the last 
chapter of the book is devoted to methods of determin- 
ing the thicknesses and continuity of tin coatings. 
Detailed compositions are given for the various baths 
which are used at successive stages of the process. The 
methods of operation are described, together with the 
respective optimum working conditions ; and there is 
a useful chapter on the treatment of residues. A short 
but representative bibliography is provided as an 
appendix ; and a second appendix gives a selection of 
miscellaneous data and conversion factors, with some 
notes on the thickness of tin coatings which are prob- 
ably not common knowledge among engineers in 
general. The amount of theoretical discussion is small, 
since, as pointed out by the author, the book is pri- 
marily to meet the needs of an operator. Where, 
however, such discussion is given, it is clear and simple. 
The book is pleasant to read, and the many good 
illustrations, photographs and tables considerably 
enhance its value. It should prove of value to those 
who are interested in the practical application of 
hot-tinning. 


Steam Turbine Operation. By Proressor WILLIAM J. 
Kearton. Fifth edition. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kings- 
way, London, W.C.2. [Price 25s. net.] 


INNUMERABLE books have been written for the 
designers of steam turbines, but few of them give any 
helpful information to the men whose duty it is to 
operate turbine machinery. Professor Kearton’s trea- 
tise, therefore, entered an almost unoccupied field 
when it was first published in 1931, and the appearance 
of a fifth edition bears witness to the favour with which 
it has been received. The volume has grown con- 
siderably in the course of time and the latest edition 
is still further enlarged by a chapter on the erection 
and operation of the Brush-Ljungstrom turbine and 
a new section on emergency governors for marine 
turbines. The opportunity has also been taken to 
revise many of the other sections. The particular 
feature of the work is, and always has been, its practical 
character. It contains nothing that could be dignified 
with the name of mathematics nor any calculation that 
could not be followed readily by an ordinary apprentice. 
Beginning with a description of the process of erecting 
an impulse turbine, and of verifying the alignment of 
turbine machinery in general, the author reviews in 
turn all the features of the plant that may need the 
attention of the operating or maintenance staff. These 
are followed by detailed instructions concerning the 
sequence of operations to be carried out when stopping 
and starting large machines. Then, after a few pages 
on the matters that should be attended to during 
periodical overhauls, there is a chapter on troubles that 
may occur in operation, though this is, perhaps, more 
likely to be interesting than useful to the man in 
charge. More useful are the notes on the partial 
choking of turbine blades by deposits carried over from 
the boiler, and the possibilities of cure by “ washing 
out” with wet steam. Another chapter, on matters 
that concern the designer rather than the operator, 
illustrates and describes the apparatus for regenerative 
feed-heating. The testing of steam turbines naturally 





receives attention, descriptions of the instruments 
employed and the calculations required being given. 
Subsequent chapters deal very fully with the mechanical 
features, erection and operation of the Ljungstrom type 
of turbine ; also with the causes of, and remedies for, 
the erosion of turbine blading. Some power station 
engineers may think that the book is rather over- 
balanced on the side of impulse machines and that some 
of the illustrations are rather old; but all, we think, 
will agree that no better manual for a young engineer 
in charge of turbine machinery has been written yet. 


Portable Power Tools and Equipment. By G. THornTon- 
Jones. Crosby, Lockwood and Son, Limited, 39, 
Thurloe-street, South Kensington, London, S.W.7. 
[Price 15s. net.] 


In his preface to this book, the author quotes from a 
White Paper of 1944, on ‘‘ Methods of Building in the 
U.S.A.,” a comment on the widespread use, by Ameri- 
can craftsmen, of small hand power tools, and on the 
contribution that they make towards the high earnings 
characteristic of the United States. The Productivity 
Teams which have visited America more recently have 
reported in similar terms, and it is clear that British 
practice, already tending in the same direction, must 
go much farther along that road if the maximum of 
productive efficiency is to be attained. Mr. Thornton- 
Jones has assembled a useful body of information 
regarding the appliances now available, dealing first 
with their design and construction and then considering 
in more detail contractors’ equipment, and general 
industrial and workshop equipment. There follows a 
section in which the various portable power tools are 
described separately, in alphabetical order of their 
types, and the book is concluded by an appendix 
listing the manufacturers and the types of tools in 
which they specialise ; the list is longer than might 
be generally supposed. The treatment is thoroughly 
practical, and Mr. Thornton-Jones’s survey should be 
a useful source of reference, for those who use such 
tools already as well as for works executives who are 
contemplating their adoption. 


Fifth International Conference of Ship Tank Superin- 
tendents: Papers and Discussion. Edited by Dr. G. 
HvucuHes. H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 7s. 6d. net.] 


Tue series of Tank Superintendents’ Conferences began 
in 1933, when the first was held at The Hague, succeed- 
ing conferences being held at intervals of two years 
until interrupted by the war. They were resumed in 
London in September, 1948, when a five-day meeting 
was held. The report now under review contains the 
contributions to all six of the technical sessions. The 
topics under discussion were: comparative tests of 
propellers in cavitation tunnels, for which the reporter 
was Mr. R. W. L. Gawn; the choice of a suitable 
Reynolds number for model propeller experiments, 
with Dr. J. F. Allan as reporter ; the use of turbulence- 

roducing devices in model experiments, the reporter 
lie Dr. K. S. M. Davidson, director of the Stevens 
Institute tank at Hoboken, New Jersey, U.S.A.; and 
skin friction, the reporter in this section being Dr. F. H. 
Todd, formerly of the National Physical Laboratory, 
but now (and at the time of the conference) senior 
naval architect at the David W. Taylor Model Basin, 
Carderock, Maryland, U.S.A. Each of these discus- 
sions occupied one technical session, after which a 
further session was devoted to a discussion on turbu- 
lence and skin friction. At the concluding session, it 
was announced that the Sixth Conference would be 
held in the United States in November, 1951. The 
report is fully illustrated, but a few of the diagrams 
and reproductions of photographs are rather too small 
to be easily deciphered. 
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